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Summary

Several studies have demonstrated that the establish-
ment of bermudagrass [Cynodon dactylon (L.) Pers.] in
transition zones should take place as early as possible
in spring in order to avoid damage in the winter of the
first year. To define the base germination temperature
of some commercial common bermudagrass cultivars
in Europe, a laboratory study was conducted from
April to May 2013 at the Agricultural Research Council
Laboratory of Tavazzano (Lodi). Ten bermudagrass cul-
tivars: ‘Gobi’, ‘Sunbird’, ‘SR9554’, ‘Princess77’, ‘Yukon’,
‘Riviera’, ‘Transcontinental’, ‘Casinò Royal’, ‘Savannah’,
and ‘La Paloma’ were tested at alternating temperature

regimes 0/10 °C, 5/15 °C, 10/20 °C, 15/25 °C to
assess final germination percentage and seed vigour
through calculation of the Germination Rate Index
and Corrected Germination Rate Index. This study
shows that seeded bermudagrass cultivars have sig-
nificantly different germination capacity at the tested
temperatures. In addition, findings indicate that seeded
bermudagrass can even germinate at temperatures of
10/20 °C, corresponding to an average temperature of
15 °C. Among tested cultivars ‘Riviera’ showed the
slowest germination.
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Introduction

Bermudagrass [Cynodon dactylon (L.) Pers.] is a warm-
season perennial species with a broad spectrum of adap-
tation from tropical to subtropical climates and is currently
the most used warm-season turf species in European
countries (RIMI et al. 2011, 2013; SEVERMUTLU et al. 2011).
Bermudagrass cultivars include seeded cultivars and veg-
etatively propagated cultivars, the majority of which are
hybrids (Cynodon dactylon × C. transvaalensis), often pre-
ferred over seeded cultivars for quality. Thanks to breed-
ing activity over the last twenty years seeded cultivars,
formerly not suitable for ornamental purposes, are now
widely used and their quality is comparable with that of
hybrids (BALTENSPERGER and KLINGENBERG 1994; PATTON et
al. 2004). Moreover, seeded cultivars are cheaper than
hybrids and can be used on steep slopes, or where it
would more difficult to use sprigs. Temperature is one of
the limiting factors for bermudagrass in the upper transi-
tion zones where the use of superior freeze-tolerant culti-
vars is required (ANDERSON et al. 2007). Seeded bermuda-
grass cultivars vary greatly in response to winterkill tem-
peratures. Several studies have documented that in tran-

sition zone environments early seeding ensures a good
establishment and increases winter survival (MUNSHAW et
al. 1998; RICHARDSON et al. 2004; PATTON et al. 2004).
SHAVER et al. (2006) reported preliminary observations of
Richardson in Arkansas (unpublished data 2003), who
observed a faster establishment of plots seeded in late-
winter (February, March) than plots seeded in spring
(April and May). Therefore, one of the aspects worth con-
sidering is the ability of seed to germinate at low temper-
ature. Germination is a complex process that depends on
various factors, the main ones being: temperature, water,
oxygen and light, and consists of three stages: 1. imbibi-
tion, 2. priming, 3. mobilization of food reserves. The
sequence of events includes activation and synthesis of
enzymes, sucrose and amides translocation to embryonic
axis for energy and new protein, RNA and protein synthe-
sis, radicle extension and protrusion, and finally seedling
production (BEWLEY et al. 1994). Once germination is com-
pleted, seedlings should self-sustain and quickly become
autotrophic organisms (FENNER and THOMPSON 2005).
Seed vigour is defined by the International Seed Testing
Association (ISTA 2013) as the sum of those properties
that determine the activity and performance of seed lots
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of acceptable germination in a wide range of environ-
ments. Both germination and vigour are essential features
of seed quality, which are generally assessed through
field and laboratory tests that have been validated by the
ISTA. Germination is usually determined by counting the
number of normal seedlings expressed as a percentage of
total seeds (RANAL and SANTANA 2006). The germination
laboratory test verifies the ability of seed to germinate
and has a fairly good correlation with emergence in the
field in optimal conditions. Seeds are sensitive to various
environmental conditions and when these are unfavour-
able they can lead to a low level of germination even in
seed lots with high germination because of different seed
vigour (MARCOS-FILHO 1998; POWELL 2009). International
rules provided by ISTA (2013) for bermudagrass seed test-
ing in the laboratory require alternating temperatures of
20/35 or 20/30 °C, with first seedling count at 7 days
and final count at 21 days. Additional recommendations
are provided for breaking dormancy (prechill, KNO3,
light). Current ISTA methods measure the ability of seed
to germinate under optimal temperature, moisture and
light conditions, which do not always reflect field condi-
tions where abiotic stress factors may play an important
role in seed germination. More information can be ob-
tained from tests for indexes of seed quality that are more
sensitive than the germination test, such as the vigour
tests, which are related to field emergence. Germination
rate describes the amount of seed that germinates over a
given period. One of the most widely-used indexes is the
Germination Rate Index (GRI), that measures the germi-
nation speed and quantifies seed vigour (MAGUIRE 1962;
HOLT and ORCUTT 1996; STEINMAUS et al. 2000; RANAL and
SANTANA 2006; TRAVLOS and KARAMANOS 2007; EVERS and
PARSONS 2010; DEWIR et al. 2011). Several studies have
investigated germination and establishment of seeded
bermudagrass cultivars. ANDERSON (1999) reported that
bermudagrass germination occurs when daily tempera-
ture reaches 65 °F (18 °C) while SHAVER et al. (2006) in a
field study observed first germination of ‘Princess 77’ ber-
mudagrass when mean soil temperatures were 15.5 °C in
2004 and 15.0 °C in 2005. SANDLIN et al. (2006) consider
the optimum range between 77 and 104 °F (25 and 40 °C).
However, these studies were field experiments, and in-
formation is limited on germination phase at low tem-
peratures (SANDLIN et al. 2006). EVERS and PARSONS (2010)
conducted laboratory tests at different temperatures of
5/15 °C to 30/40 °C on seed previously stored at –3 °C.
The highest level of germination was found at 20/30 °C
for hulled seed and at 25/35 °C for unhulled seed. They
observed no germination at the lowest temperature of
5/15 °C and poor germination at 10/20 °C. In addition,
DEATON (2012) found large differences in germination
among nineteen commercially seeded bermudagrass
cultivars tested in the laboratory, while no significant
differences were noticed between coated and uncoated
seeds within cultivars. In order to provide information on
how early bermudagrass can be successfully sown in tran-

sition zone environments, the aim of the present study
was to investigate the base germination temperature of
some turf-type seeded cultivars of bermudagrass.

Materials and Methods

A laboratory study was conducted at the Agricultural
Research Council Laboratory of Tavazzano (Lodi), Italy,
to define the base germination temperature of ten seeded
bermudagrass cultivars. The experiment was conducted
from April to May 2013 in conditioning chambers (mod.
CRIOCABIN 2004, Cavallo srl, Milan). The bermuda-
grass cultivars tested were: ‘Gobi’, ‘Sunbird’, ‘SR9554’,
‘Princess77’, ‘Yukon’, ‘Riviera’, ‘Transcontinental’, ‘Casinò
Royal’, ‘Savannah’, and ‘La Paloma’. One hundred un-
hulled seeds for each cultivar were placed on filter paper
saturated with deionized water (4.5 ml) in glass Petri
dishes (11 cm diameter). A 8 h day photoperiod was
adopted. The levels of alternating temperatures used for
the tests were: 0/10, 5/15, 10/20, 15/25 °C. Irradiance
was provided with cold white fluorescent tubes at 880 lux
m–2 during the high temperature period. The experimen-
tal design was a split plot with temperature level as the
main plot and cultivars as subplot with four replications.
Before the tests seeds were stored at a temperature of
5 °C for about a year to interrupt the possible seed dor-
mancy. The final germination percentage (FGP) was
calculated by counting the number of germinated seeds
every 7 days starting from seeding for a total of 49 days.
In addition to germination percentage, seed vigour was
assessed through the calculation of the Germination Rate
Index (MAGUIRE 1962). The method is an adaptation of
that of THRONEBERRY and SMITH (1955) and provides a
quantitative measure of seed vigour. Germination Rate
Index (GRI) was calculated using the formula:

Germination Rate Index (GRI) = [(G7/7) + (G14/14) + …
+ (Gx/x)]

where Gx is the number of normal seedlings germinated
from the last count on day (x) and × represents the cor-
responding day of the count (7, 14, 21, … 49) (ESECHIE

1994). The formula may also be presented as in STEINMAUS

et al. (2000):

where gi is the number of seeds that germinated between
times ti-1 and ti.

The Corrected Germination Rate Index (CGRI) was also
calculated for the evaluation of seed vigour using the fol-
lowing formula:

Corrected Germination Rate Index (CGRI) = * 100

GRI gi ti⁄
i=0

n

=

GRI
FGP
---------- 
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where FGP is the final germination percentage. The for-
mula is similar to the germination rate index GRI1 used
by HOLT and ORCUTT (1996):

GRI1 = (G1T1–1 + G2T2–1 + … + GnTn–1)/%G

where G1 is the number of seeds germinating at T1, T1 is
days from planting to first count, G2 is the number of
seeds germinating between T1 and T2, T2 is days from
planting to second count, and %G is germination per-
centage of viable seeds. In our study germinated seeds
were counted every 7 days and the formulae were calcu-
lated for 7-day intervals (7, 14, 21, 28, 35, 42, 49 d). The
data of FGP, GRI, and CGRI were subjected to analysis of
variance using SAS Proc Mixed (version 9.2; SAS Insti-
tute, Cary, NC). When necessary, data were transformed
to achieve normal distribution, and Fisher’s protected
LSD test at the 0.05 probability level was used to identify
significant differences among means.

Pearson’s correlation analysis between FGP and GRI
was performed using XLSTAT (version 2012.4.03; Addin-
soft, NY).

Results

Final germination percentage

Germination occurred only at the higher temperature
regimes (10/20 and 15/25 °C). As expected, the pattern
of germination percentage showed higher values at the
warmest temperature tested (15/25 °C) (Fig. 1 and 2).
At both 15/25 °C and 10/20 °C, maximum germination
rate for most of the cultivars tested occurred from the
second to the third week after the beginning of the exper-

iment and germination was observed within 49 d (Fig. 1
and 2). At 10/20 °C a group of cultivars including ‘Casinò
Royal’, ‘Savannah’, ‘SR9554’, ‘Princess 77’, ‘Transconti-
nental’ and ‘La Paloma’ showed an intermediate germina-
tion rate, two cultivars (‘Gobi’ and ‘Sunbird’) a high ger-
mination rate and two (‘Yukon’ and ‘Riviera’) a low ger-
mination rate. At 15/25 °C the cultivars tested displayed
a similar germination rate, except for ‘Riviera’ that seemed
to be little affected by the temperature level.

The analysis of variance for FGP revealed significant ef-
fects of temperature (P = 0.0014) and cultivars (P < 0.0001)
and their interactions (P < 0.0001). The interaction between
temperature regimes and cultivars revealed the lowest
FGP for ‘Riviera’ at both temperature regimes, while
‘Gobi’ was the cultivar with the highest FGP. However, at
15/25 °C the ‘Gobi’ FGP did not differ from that of ‘Trans-
continental’ and ‘Savannah’. ‘Yukon’ showed higher FGP
than ‘Riviera’ but lower than all the remaining cultivars
except for ‘Princess 77’ at 15/25 °C (Table 1). Differences
between temperature regimes within cultivars demon-
strated an increase of FGP with increasing temperature
level, except for ‘Riviera’ and ‘Sunbird’.

Germination Rate Index

Similarly to FGP, the analysis of variance for GRI revealed
significant effects of temperature (P = 0.0018) and cul-
tivars (P < 0.0001) and their interactions (P < 0.0001).
‘Riviera’ showed the lowest GRI at both 10/20 °C and
15/25 °C temperature regimes, while ‘Gobi’ and ‘Trans-
continental’ showed the highest at 10/20 °C and 15/25 °C
respectively. At 15/25 °C, ‘Gobi’ fell into the second sta-
tistical group which also included ‘Savannah’ and ‘Sun-
bird’ (Table 1). Differences between temperature regimes
were observed for ‘Casinò Royal’, ‘Savannah’, ‘SR9554’,

Fig. 1. Laboratory germi-
nation percentage deter-
mined at 7-day intervals
on ten seeded bermuda-
grass cultivars with alter-
nating temperatures of
10/20 °C. Vertical bars rep-
resent the standard error.

‘Gobi’
‘Sunbird’
‘SR9554’

‘Princess77’
‘Riviera’

‘Yukon’

‘Transcontinental’

‘Casinò Royal’

‘Savannah’

‘La Paloma’
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‘Sunbird’, ‘Transcontinental’ and ‘Yukon’. All these culti-
vars showed an increase of GRI from 10/20 °C to 15/25 °C.
Correlation analysis revealed that GRI was closely and
positively correlated with FGP (R2 0.89; P < 0.001). The
scatter plot of the confidence ellipses between FGP and
GRI for both temperature levels is shown in Figure 3.

Corrected Germination Rate Index

The analysis of variance for CGRI revealed a significant
interaction between temperature level and cultivar

(P = 0.0014) and significant differences among cultivars
(P < 0.0001), whereas the temperature effect was not sig-
nificant (P = 0.0636). At the lower temperature regime
(10/20 °C) the highest CGRI was reached by ‘Transconti-
nental’, which also had the highest CGRI together with
‘Sunbird’ at 15/25 °C. On the contrary ‘Riviera’ showed
the lowest CGRI at both temperature regimes, but not
inferior to that of ‘La Paloma’ and ‘Casinò Royal’ at
10/20 °C and ‘La Paloma’ at 15/25 °C. The interaction
between temperature regime and cultivar also displayed
differences in magnitude between 10/15 °C and 15/25 °C

Fig. 2. Laboratory germi-
nation percentage deter-
mined at 7-day intervals
on ten seeded bermuda-
grass cultivars with alter-
nating temperatures of
15/25 °C. Vertical bars rep-
resent the standard error.

‘Gobi’
‘Sunbird’
‘SR9554’
‘Princess77’

‘Riviera’
‘Yukon’

‘Transcontinental’
‘Casinò Royal’
‘Savannah’

‘La Paloma’

Table 1. Final Germination Percentage (FGP), Germination Rate Index (GRI) and Corrected Germination Rate Index (CGRI)
determined with alternating temperatures (10/20 and 15/25 °C) for ten bermudagrass cultivars.

Cultivar FGP GRI CGRI

Temperature regime

10/20 °C 15/25 °C 10/20 °C 15/25 °C 10/20 °C 15/25 °C

‘Casinò Royal’ 50.0 Bbc 63.5 Abcd 2.45 Bd 3.26 Acd 4.87 Aef 5.14 Ade

‘Gobi’ 64.0 Ba 71.2 Aa 4.02 Aa 4.47 Ab 6.28 Ab 6.27 Ac

‘La Paloma’ 51.0 Bbc 58.5 Ade 2.45 Ad 2.71 Ae 4.80 Aef 4.63 Aef

‘Princess77’ 43.0 Bc 52.7 Aef 2.25 Ade 2.74 Ade 5.22 Ade 5.18 Ade

‘Riviera’ 12.7 Ae 13.2 Ag 0.58 Af 0.57 Af 4.57 Af 4.30 Af

‘Savannah’ 48.0 Bbc 66.2 Aabc 3.03 Bbc 4.62 Ab 6.32 Bb 6.98 Ab

‘SR9554’ 45.0 Bc 62.0 Acd 2.49 Bcd 3.45 Ac 5.55 Acd 5.56 Ad

‘Sunbird’ 55.0 Ab 59.0 Ade 3.43 Bb 4.52 Ab 6.24 Bb 7.67 Aa

‘Transcontinental’ 47.0 Bc 68.5 Aab 3.34 Bb 5.59 Aa 7.11 Ba 8.13 Aa

‘Yukon’ 29.0 Bd 47.0 Af 1.74 Be 2.96 Acde 6.05 Abc 6.29 Ac

Values followed by the same letter are not significantly different from one another (Fisher’s protected LSD, P ≤ 0.05). Lowercase 
letters denote differences between cultivars for each temperature regime separately (in columns), uppercase letters denote differ-
ences between temperature regimes for each cultivar separately.
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for three of the ten cultivars tested: ‘Savannah’, ‘Sunbird’
and ‘Transcontinental’ (Table 1). The CGRI resulted pos-
itively correlated with FGP (R2 0.47; P < 0.0001), how-
ever the correlation was not as strong as that between
GRI and FGP.

Discussion

This study demonstrates that seeded bermudagrass culti-
vars have different germination capacity at temperatures
that typically occur in late winter or early spring in
Mediterranean transition zones. The research confirms as
reported by DEATON and WILLIAMS (2013) that there are
large differences into germination characteristics of culti-
vars tested which represent some of the most used seeded
bermudagrass in the upper transitional climatic zone
environments. The results also indicate that seeded
bermudagrass can even germinate at temperatures of
10/20 °C, corresponding to an average soil temperature
of 15 °C, which is slightly lower than the 18 °C found by
other studies in field experiments (ANDERSON 1999) but in
line with the observations of SHAVER et al. (2006) that
found first germination of bermudagrass when soil
temperature was 15°C. Among the ten cultivars tested,
‘Riviera’ showed the slowest germination, corroborating
what has been known since its release (DEATON 2012,
DEATON and WILLIAMS 2013). Poor germination and seed
vigour was also displayed by ‘Yukon’, particularly at the
lower temperature regime. The cultivar ‘Gobi’ is charac-
terized by high germination and seems to be the most
suitable for a successful early seeding. The seed vigour

expressed as Germination Rate Index resulted as being
less influenced by the increase of temperature than germi-
nation percentage. In addition, the correlations between
Final Germination Percentage, Germination Rate Index
and Corrected Germination Rate Index demonstrated a
relationship between the variables involving dependence.
Consequently, germination and seed vigour cannot be
considered separate features because they influence one
another. Further field studies should be conducted to
better understand the role played by germination and
seed vigour on the speed of turfgrass establishment.
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