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Abstract. As turfgrass quality of seeded bermudagrass (SB) [Cynodon dactylon (L.) Pers.]
cultivars has increased over the past 20 years, so has their use. Improved SB cultivars offer
ease of establishment and convenience of storage while providing an economic advantage
over vegetative propagation. Currently, most improved seeded cultivars are marketed with
a seedcoating unique to each seed company. However, germination of some of the new
cultivars is not ideal. The objectives of this study were to determine commercial coating
effects on germination, compare germination among cultivars, and evaluate the effect of
temperature on germination of five bermudagrass cultivars. ‘Princess-77’, ‘Riviera’,
‘Transcontinental’, and ‘Yukon’ were selected for a series of 21-day germination studies
with ‘Arizona Common’ included as a standard cultivar. The study compared two seed lots
of coated and uncoated samples of the five cultivars for germination response to six
temperature regimes. Cumulative count intervals occurred on Day 7, Day 14, and Day 21.
Overall, commercial seedcoating did not significantly affect SB germination. However, both
temperature regime and cultivar were significant factors. Germination percentage was
greatest with either the 35/25 8C or the 30/20 8C temperature regimes. ‘Riviera’ exhibited the
lowest overall germination, whereas ‘Transcontinental’ and ‘Arizona Common’ exhibited
the highest.

In recent years, many improved seeded
bermudagrass [Cynodon dactylon (L.) Pers.]
cultivars have become commercially avail-
able. As the turfgrass quality of several SB
cultivars have reached the level of vegetative
industry standards (Morris, 2002), the use of
SB has increased. With the new focus on
improved SB cultivars, germination charac-
teristics have become increasingly important
to improve stand establishment and overall
turf quality. Bermudagrass can germinate and
grow in a wide range of environments from
the transition zone to tropical climates (Duble,
1989), and improved SB cultivars continue to

be planted across temperate areas in the
United States and throughout the world.

Bermudagrass is a warm-season species
and optimal growth and development occur
during the summer months when favorable
temperatures are present. Likewise, germina-
tion of SB is also favored when environmen-
tal conditions include daytime temperatures
of 30 to 35 �C (Sandlin et al., 2006). Dating
back to the early 20th century, alternating
temperatures of 35 and 22 �C have been used
to germinate bermudagrass seed (Bryan,
1918; Harrington, 1923). Although bermu-
dagrass can germinate in daytime tempera-
tures as low as 20 �C and as high as 45 �C,
optimal germination has been reported as
a daytime/night temperature combination of
30/20 �C (Ahring and Todd, 1978). The pos-
itive benefit of alternating temperatures
during germination is well established

(Steinbauer and Grigsby, 1957) and may be
the result of structural changes within the
seed that cause a change in the balance
between germination inhibitors and pro-
moters (Copeland and McDonald, 2001).

Although irradiance is not an absolute
requirement for germination of many species,
bermudagrass has improved germination in
the presence of light. Morinaga (1926) first
established the benefits of irradiance regard-
ing bermudagrass germination by demon-
strating how a 24-h photoperiod provided
a 56% improvement in germination over
seeds in constant darkness. Additionally,
Ahring and Todd (1978) successfully per-
formed germination experiments with a pho-
toperiod of 8 h. Currently, the Association of
Official Seed Analysts (AOSA) recommends
an 8-h photoperiod for all germination studies
involving C. dactylon var. dactylon (AOSA,
2009). Bermudagrass plantings in the United
States commonly occur between the vernal
equinox in March and the autumnal equinox in
September. This indicates that photoperiod
during a typical planting season exceeds 12
h (Bonan, 2002).

Bryan (1918) first described the difficulty
of obtaining adequate germination of bermu-
dagrass seed and demonstrated improved
germination results through sulfuric acid treat-
ments. Scarification of the seedcoat by chem-
ical or physical processes can improve
imbibition and decrease embryonic inhibitors
of germination. Bermudagrass seed has tradi-
tionally demonstrated decreased germination,
and in recent studies, time to germination
varied significantly among cultivars (Patton
et al., 2004b; Richardson et al., 2004b).
Additionally, in a recent germination study,
Sandlin et al. (2006) reported low germina-
tion of several cultivars at various tempera-
tures as well as significant differences among
cultivars regarding germination.

Seedcoating has been a common practice
in many crops but until recently has not been
extensively used on turfgrasses. Several coat-
ings have been tested on grass seed germina-
tion, including lime (Scott, 1975; Vartha and
Clifford, 1973), cytokinin (Greipsson, 1999),
fungicides (Newell et al., 1999; Richardson
and Hignight, 2010), fertilizer (Bruneau et al.,
1989), talc (Scott, 1975), and starch-based
polymers (Leinauer et al., 2010; Richardson
and Hignight, 2010) to varying levels of
success. Reports on bermudagrass seedcoating
are rare. Published reports show either no
benefit from coating bermudagrass seed
(Leinauer et al., 2010; Serena et al., 2012)
or reduced germination from seedcoated with
fertilizer (Hickey and Engleke, 1983). No
research was found that tested the effect of
commercially applied seedcoatings on ber-
mudagrass germination.

Two major hypotheses have been put forth
concerning differences in SB germination
between cultivars: 1) genetic differences; 2)
seed preparation such as seedcoatings; or 3)
a combination of the two. Currently, improved
SB cultivars are available almost exclusively
with a commercially applied seedcoating of
various materials depending on the seed
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producer. Although it is known that seedcoat-
ings improve ease of planting and seed supply
demands while decreasing planting rate error
(Kaufman, 1991), it is not well established
whether seedcoatings influence bermudagrass
germination. Thus, the objectives of this study
were to 1) compare germination percentages
of five SB cultivars; 2) evaluate the effect of
various temperature regimes on germination
of five SB cultivars; and 3) determine whether
seedcoating influences germination. Because
germination and stand establishment are key
factors in selecting a SB cultivar, elucidating
a cultivar-specific optimal temperature regime
for germination, establishing effects of a seed-
coating on germination, and identifying culti-
vars with increased germination potential
should provide valuable information to turf-
grass managers.

Materials and Methods

Seed treatment. ‘Arizona Common’ (Seeds
West, Inc., Maricopa, AZ), ‘Princess-77’
(Seeds West, Inc., Maricopa, AZ), ‘Riviera’
(Johnston’s Seed Company, Enid, OK),
‘Transcontinental’ (Pure-Seed Testing, Hub-
bard, OR), and ‘Yukon’ (Seed Research of
Oregon, Halsey, OR; Johnston’s Seed Com-
pany) were evaluated in a germination experi-
ment. Coating effects on seeded bermudagrass
germination were examined at six different
temperature regimes.

Fresh samples of coated and uncoated
bermudagrass seed were obtained from each
seed source. Coated and uncoated samples
came from the same lot, and seed from two
lots were obtained for each cultivar. Seeds were
stored in sealed plastic bags at room tempera-
ture (22 �C) before germination experiments.
Seed samples were tested exactly as supplied
by each seed company, irrespective of hull
status. For this study, ‘Princess-77’ and ‘Ari-
zona Common’ seed were coated with a green
commercial coating at a 1:1 seed-to-coating
weight ratio and composition of the coating is
proprietary (C. Rodgers, personal communica-
tion, 2007). ‘Riviera’ seed was coated with
a purple commercial seedcoating in a 1:1 ratio;
the coating contains 46% CaCO3 plus fludiox-
onil and mefenoxam (M. Hills, S. Barclay,
personal communication, 2007). The ‘Trans-
continental’ selected for this study contained
a gray experimental coating composed of
CaCO3 plus zinc (J. Frelich, personal commu-
nication, 2007). ‘Yukon’ seed was coated with
a blue seedcoating in a 1:1 ratio; the composi-
tion of the coating is 45.5% calcium carbonate,
2.5% monocalcium phosphate, and 2.0%
calcium lignosulfonate (M. Hills, personal
communication, 2007).

Seed samples were initially aspirated
through a number 16 U.S.A. standard testing
sieve (Fisher Scientific Company, Pittsburgh,
PA) before counting. Seeds were counted
into allotments of 50 by a photodetective
electronic seed counter (The Old Mill Com-
pany, Savage, MD). Calibration of the elec-
tronic counter was verified by five test counts
with each cultivar and random sampling
during counting.

Sterile petri dishes measuring 100 mm ·
15 mm (Kord Products, Inc., Brampton,
Ontario, Canada) were used for the germina-
tion study. Substrata were two circles of
Whatman #1 qualitative filter paper (What-
man International, Maidstone, U.K.). Filter
paper was moistened with distilled water
before a single plot of 50 seeds was placed
in each petri dish. Seeds were then watered
before being placed in the germination cham-
bers. Further watering of seeds took place
daily or as needed to maintain filter paper
moisture.

Six germination chambers (Percival Sci-
entific, Boone, IA) were used for the study.
Chambers were randomly set with daytime
temperatures 10 �C higher than night tem-
peratures (Ahring and Todd, 1978; ISTA,
2004). Day/night temperatures consisted
of 45/35, 40/30, 35/25, 30/20, 25/15, and
20/10 �C. Bermudagrass is most commonly
planted between the vernal and autumnal
equinox when photoperiod meets or exceeds
12 h in the northern hemisphere (Bonan,
2002), so a daylength of 12 h was chosen
(Evers and Parsons, 2010). Fluorescent light-
ing was supplied for a 12-h photoperiod.
Illuminance was measured at 55 micro-
Einsteins using an integrated quantum
radiometer/photometer (LI-COR Incorporat-
ed, Lincoln, NE). Temperature calibration of
the chambers was verified with mercury
thermometers (Fisher Scientific Company).
Temperatures were maintained within ± 1 �C
of the targeted day or night temperature.

Germination and statistics. The statistical
design to evaluate bermudagrass seed germi-
nation was a factorial design with three fixed
effects with varying levels: bermudagrass
cultivar, temperature regimen, and seedcoat-
ing. Seed lot was considered a random factor.
Four hundred coated and 400 uncoated seeds
(AOSA, 2009) of five bermudagrass cultivars
from differing lots were tested for germina-
tion at six temperature regimes.

Seed germination was defined by the pres-
ence of both a radicle and plumule (AOSA,
2009; Barden et al., 1987; Campbell, 1993).
Seed size and vigor were not considered. Per
AOSA guidelines for bermudagrass seed, the
length of each experiment was 21 d (AOSA,
2009). Counting of seedlings occurred at 7, 14,
and 21 d after planting. Petri dishes were
temporarily removed from the germination
chambers during counting. Seedlings were
extracted from petri dishes, counted, and then
discarded.

Germination data were analyzed using the
GLIMMIX procedure of Statistical Analysis
Software (SAS, Cary, NC) for each measure-
ment date. Square root of germination percent-
ages was arcsine transformed to normalize
germination data for pairwise comparisons
(Baldwin et al., 2009) with untransformed data
reported. Because seedcoatings are proprietary
and differed between some cultivars, statistical
comparisons between coated and uncoated
bermudagrass seed germination means across
temperature regimes occurred only within each
cultivar tested using Tukey’s procedure at P #
0.05. Mean comparisons of bermudagrass seed
germination across cultivars at various tem-
perature regimes occurred only on uncoated
seeds using Tukey’s procedure at P # 0.05.

Results

Significance levels of main effects and
their interactions at three count intervals are
presented in Table 1. All main effects other
than coating are highly significant at all three
count intervals. Two-way interactions of
temperature · cultivar and temperature ·
seedcoating were also highly significant
(P # 0.0001) at all three count intervals.
Because there was a seedcoating · cultivar ·
temperature interaction, the 3-week germina-
tion results are presented separately for each
cultivar in Table 2.

‘Arizona Common’. Commercial coating
had very little effect on the germination of
‘Arizona Common’ (Table 2). Within the
35/25 �C temperature regime, coated seed
had less germination than uncoated seed;
however, the difference was only significant
at Day 7. The effect of coating resulted in no
other differences at any other counting in-
terval or temperature regime.

Temperature regime had a significant ef-
fect on the germination of ‘Arizona Com-
mon’. At all three count intervals, in both
coated and uncoated seed, the 35/25 and
30/20 �C temperature regimes had the highest
germination. The 20/10 �C temperature re-
gime exhibited the lowest amount of germi-
nation with coated or uncoated seed at all
count intervals. Temperature regime rank-
ings for total germination (Day 21) of coated
seed were as follows: 30/20 = 35/25 > 25/15 >
40/30 > 45/35 > 20/10 �C. For uncoated seed,
the rankings were as follows: 30/20 = 35/25 =
25/15 > 40/30 > 45/35 > 20/10 �C.

‘Princess 77’. At the 40/30 and 45/35 �C
temperature regimes, the commercial coating

Table 1. Analysis of variance results for seed lot, coating, temperature, and cultivar in a bermudagrass
germination experiment at three count intervals (2008).

Effect

Count intervals (days)

Day 7 Day 14 Day 21

Temperature <0.0001z <0.0001 <0.0001
Cultivar <0.0001 <0.0001 <0.0001
Seed lot (cultivar) <0.0001 <0.0001 <0.0001
Seed coating 0.8846 0.1649 0.1757
Temperature · cultivar <0.0001 <0.0001 <0.0001
Temperature · seed coating <0.0001 <0.0001 <0.0001
Cultivar · seed coating <0.0001 <0.0001 <0.0001
Temperature · cultivar · seed coating 0.0015 0.0052 0.0059
zPr > F.
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exhibited a significant positive effect on
germination of ‘Princess 77’ at all three count
intervals (Table 2). However, coating was not
significant at any other counting interval or
temperature regime.

Temperature regime had a significant ef-
fect on the germination of ‘Princess 77’. For
coated and uncoated seed at Day 7, the 30/20
and 35/25 �C temperature regimes exhibited
the highest germination. However, for coated
and uncoated seed at Day 21, the 30/20,
35/25, and 25/15 �C temperature regimes
had the highest germination. The 20/10 �C
temperature regime exhibited the lowest
amount of germination at Days 7 and 14
count intervals for coated and uncoated seed.
The 20/10 and 45/35 �C temperature regimes
exhibited the lowest germination at the 21-d
count interval for coated and uncoated seed.
Temperature regime rankings for total ger-
mination (Day 21) of coated seed were as
follows: 30/20 > 25/15 = 35/25 > 40/30 >
45/35 = 20/10 �C. Uncoated seed temperature
regime rankings were as follows: 30/20 >
25/15 > 35/25 > 40/30 > 45/35 = 20/10 �C.

‘Riviera’. Commercial coating had a sig-
nificant negative effect on germination of
‘Riviera’ at the Day 7 counting interval in

both the 25/15 and 35/25 �C temperature
regimes (Table 2). At the Day 21 interval,
only the 25/15 �C temperature regime
showed a significant negative effect as a re-
sult of coating. No other counting interval
or temperature regime showed differences
resulting from coating.

Temperature regime had a significant ef-
fect on germination of ‘Riviera’. In both
coated and uncoated seed at all three counting
intervals, the 30/20 and 35/25 �C temperature
regimes showed the highest germination. The
20/10 and 45/35 �C temperature regimes
exhibited the lowest amount of germination
with coated and uncoated seed at all three
count intervals. Temperature rankings for total
germination (Day 21) of coated seed were as
follows: 30/20 = 35/25 > 40/30 = 25/15 >
20/10 = 45/35 �C. Temperature regime rank-
ings for uncoated seed were as follows: 30/20 =
35/25 > 25/15 > 40/30 > 20/10 = 45/35 �C.

‘Transcontinental’. Commercial coating
had a significant positive effect on germina-
tion of ‘Transcontinental’ at all three count-
ing intervals for both the 40/30 and 45/35 �C
temperature regimes (Table 2). Coating
showed no other differences at any other
counting interval or temperature regime.

Temperature regime had a significant ef-
fect on germination of ‘Transcontinental’.
For both coated and uncoated seed, the
30/20 and 35/25 �C temperature regimes
exhibited the highest germination at all three
counting intervals. The 20/10 and 45/35 �C
temperature regimes exhibited the lowest
amount of germination with coated or un-
coated seed at all count intervals. Tempera-
ture rankings for total germination (Day 21)
for coated seed were as follows: 30/20 =
35/25 > 25/15 > 40/30 > 45/35 > 20/10 �C.
For uncoated seed, the rankings were as
follows: 30/20 = 35/25 > 25/15 > 40/30 >
20/10 = 45/35 �C.

‘Yukon’. Commercial coating did not
have a significant effect on germination of
‘Yukon’ at any counting interval or temper-
ature regime (Table 2).

Temperature regime had a significant ef-
fect on the germination of ‘Yukon’. At all
three count intervals, the 30/20, 35/25, and
40/30 �C regimes exhibited the highest ger-
mination for coated and uncoated seed. The
20/10 �C temperature regime exhibited the
lowest amount of germination with both
coated and uncoated seed at all count in-
tervals. Temperature regime rankings for

Table 2. The effect of temperature and seedcoating on the germination of five bermudagrass cultivars at three count intervals (2008).

Cul T (�C)

Count intervals (days)

7 14 21

cv uc c uc c uc

Germination (%)

ACx 20w 1.1Dz ay 2.1 Da 24.3 Ea 26.0 Da 29.8 Da 31.5 Ca
25 28.6 Ca 35.5 Ca 68.3 Ba 72.4 Ba 76.3 Ba 78.8 Aa
30 68.6 Aa 72.6 Aa 86.6 Aa 85.1 Aa 88.0 Aa 85.9 Aa
35 68.1 Ab 75.9 Aa 80.1 Aa 85.3 Aa 81.4 Aa 85.8 Aa
40 49.6 Ba 51.8 Ba 55.8 Ca 54.5 Ca 59.4 Ca 55.6 Ba
45 34.1 Ca 33.5 Ca 35.6 Da 34.3 Da 35.8 Da 34.8 Ca

PR 20 0.1 Fa 0.3 Da 14.9 Fa 10.9 Ea 26.3 Da 21.9 Ea
25 21.8 Ea 23.3 Ca 55.1 Ca 56.5 Ba 63.5 Ba 65.9 Ba
30 57.9 Aa 53.1 Aa 73.1 Aa 73.1 Aa 77.0 Aa 78.5 Aa
35 52.5 Ba 50.4 Aa 61.5 Ba 58.0 Ba 62.9 Ba 60.4 Ca
40 38.0 Ca 29.3 Bb 39.6 Da 30.6 Cb 39.9 Ca 31.0 Db
45 29.3 Da 23.1 Cb 29.6 Ea 23.4 Db 29.6 Da 23.4 Eb

RV 20 0.0 Ca 0.0 Ea 2.0 Ca 2.6 Ca 4.1 Ca 3.9 Da
25 2.0 Cb 5.9 Da 11.1 Ba 18.1 Ba 17.4 Bb 26.0 Ba
30 17.6 Aa 19.3 Ba 48.3 Aa 47.8 Aa 55.3 Aa 56.0 Aa
35 18.8 Ab 31.0 Aa 45.9 Aa 51.0 Aa 51.6 Aa 53.9 Aa
40 6.7 Ba 9.9 Ca 14.3 Ba 17.1 Ba 18.4 Ba 17.2 Ca
45 1.9 Ca 3.1 Da 2.3 Ca 3.5 Ca 2.4 Ca 3.9 Da

TR 20 1.4 Ea 2.0 Da 20.0 Da 21.1 Da 23.5 Ea 24.4 Da
25 26.3 Da 29.6 Ba 59.5 Ba 59.5 Ba 68.8 Ba 69.0 Ba
30 69.5 Aa 66.8 Aa 87.9 Aa 87.0 Aa 89.9 Aa 90.8 Aa
35 68.1 Aa 71.1 Aa 83.6 Aa 83.6 Aa 84.8 Aa 85.0 Aa
40 49.0 Ba 36.1 Bb 54.8 Ba 42.6 Cb 57.5 Ca 43.9 Cb
45 34.4 Ca 20.8 Cb 35.3 Ca 20.8 Db 35.4 Da 20.9 Db

YK 20 0.0 Da 0.1 Da 4.9 Ca 3.6 Ca 8.1 Da 9.3 Ca
25 8.5 Ca 15.1 Ca 56.4 Ba 54.8 Ba 61.6 Ba 60.6 Ba
30 68.4 Aa 64.3 Aa 74.4 Aa 75.0 Aa 74.6 Aa 75.8 Aa
35 71.4 Aa 71.3 Aa 73.9 Aa 74.9 Aa 74.6 Aa 75.1 Aa
40 70.3 Aa 66.8 Aa 73.6 Aa 69.6 Aa 74.4 Aa 71.3 Aa
45 52.0 Ba 54.0 Ba 54.6 Ba 58.8 Ba 54.8 Ca 58.9 Ba

zValues followed with different uppercase letters within the same column and cultivar (comparing temperatures within cultivar) are significantly different (P =
0.05).
yValues followed with different lowercase letters within a row and count interval (comparing coated vs. uncoated seed) are significantly different (P = 0.05).
xAC = ‘Arizona Common’; PR = ‘Princess-77’; RV = ‘Riviera’; TR = ‘Transcontinental’; YK = ‘Yukon’.
wDay/night temperature regimes 20/10; 25/15; 30/20; 35/25; 40/30; 45/35 �C.
vc = coated; uc = uncoated.
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total germination (Day 21) of coated seed
were as follows: 30/20 = 35/25 = 40/30 >
25/15 > 45/35 > 20/10 �C. Uncoated seed
rankings were as follows: 30/20 = 35/25 =
40/30 > 25/15 = 45/35 > 20/10 �C.

A comparison of total germination percent-
ages of uncoated seed for the five bermuda
grass cultivars (Fig. 1) tested showed germi-
nation, in general, was highest at the 30/20 or
35/25 �C temperature regimes. The higher and
lower temperature extremes tested negatively
affected germination. ‘Arizona common’,
‘Transcontinental’, and ‘Princess 77’ generally
had greater germination compared with ‘Riv-
era’ at all temperature regimes.

Discussion

Under optimal controlled temperatures,
commercial coating does not have a signifi-
cant effect on bermudagrass germination.
When viewed as a whole, the total germina-
tion was not different between coated and
uncoated seed at all three counting intervals.
Although a commercially applied seedcoat-
ing may help decrease damping off caused by
Pythium or Rhizoctonia species, reduce seed
loss from feeding birds or insects, and reduce
planting rate error (Rodgers, 2003), the ex-
perimental results indicate uncoated SB will
have the same germination results as coated
SB under the conditions tested.

Although seedcoat and temperature affect
bermudagrass seed germination (Table 1),
based on uncoated bermudagrass seed germi-
nation results, it is evident genetics have an
integral role in germination (Fig. 1). For
example, ‘Riviera’ exhibited the lowest germi-
nation of all the cultivars at each temperature
regime with peak germination occurring at 30
and 35 �C regimes. In comparison, ‘Yukon’
had a wider tolerance to temperature in terms of
consistent germination between 60% to 75% at
25 to 45 �C. The remaining cultivars of
‘Princess 77’, ‘Transcontinental’, and ‘Arizona
Common’ peaked with germination between

25 and 35 �C before germination rates declined
at higher temperatures. It appears that although
new SB cultivars have been selected for turf
quality traits, there has been little advancement
in seed germination. Cultivar rankings from
this experiment agree with the findings of
Sandlin et al. (2006).

The science of seedcoating does not
appear to be completely understood for all
species. A review of literature shows nega-
tive to no effect of seedcoating on germina-
tion is as common as seedcoating having
a positive effect. Very little is known about
seedcoatings on bermudagrass; however, an
early study reported a reduction in time to
emergence of coated vs. uncoated bermuda-
grass (Hickey and Engleke, 1983). For ‘Prin-
cess 77’ and ‘Transcontinental’ at selective
temperature regimes, coating had a significant
positive effect on germination (Table 2).
These findings are similar to positive findings
of Vartha and Clifford (1973) testing lime
coating, Greipsson (1999) testing cytokinin
coating, and Scott (1975) testing a lime or
talc coating. For ‘Transcontinental’, the sig-
nificant positive increase in germination may
be attributed to the CaCO3 contained in the
coating. The coating contents for ‘Princess
77’ are proprietary, but nonetheless benefi-
cial. In contrast, ‘Riviera’ showed a signifi-
cant negative effect resulting from coating at
two counting intervals and at two tempera-
ture regimes. The coating of ‘Riviera’ con-
tains CaCO3 and two fungicides, fludioxonil
and mefenoxam. The possibility exists
that fludioxonil, mefenoxam, or the combi-
nation of the two fungicides may be causing
a temperature-specific effect resulting in de-
creased ‘Riviera’ germination. The effects of
these fungicides have been well studied in
many species but are lacking in turfgrasses.
In a study with fludioxonil-treated perennial
ryegrass (Lolium perenne L.) and tall fescue
(Festuca arundinacea Schreber), Leyronas
et al. (2006) reported only one of 10 seed
lots experienced significantly decreased

germination resulting from the fungicide
treatment. Furthermore, Kaur and Bishnoi
(2011) examined the effect of mefenoxam
on winter canola (Brassica napus L.) and
found only a slight, non-significant reduction
in germination of coated vs. uncoated seed.
However, the addition of two fungicides
could plausibly have an antagonistic effect
on the ‘Riviera’ seed resulting in the signif-
icantly decreased germination.

The 30/20 and 35/25 �C temperature
regimes resulted in significantly greater ger-
mination at all counting intervals for every
cultivar studied. Sandlin et al. (2006) also
reported temperature specific SB germination
differences, and the 30/20 and 35/25 �C
regimes can be considered an ideal environ-
ment for obtaining optimal germination of
SB. Although AOSA recommends a day/
night regime of 35/20 �C for C. dactylon
var. dactylon seed trials (AOSA, 1998), the
results of the 21-d experiment indicate that
SB also has a high germination percentage at
the 30/20 and 35/25 �C regimes. Addition-
ally, the 30/20 �C findings related to coated
SB correlate with the experimental reports of
Ahring and Todd (1978) in which a trial with
14 SB cultivars resulted in establishing sig-
nificantly greater germination with a day
temperature of 30 �C and a night temperature
of 20 �C.

For seeding considerations, environmental
conditions closest to 30/20 and 35/25 �C
during the months of May through August in
the southern United States will most likely
result in optimal germination of SB. Because
bermudagrass seed is very small, it is typically
planted shallow in the soil (Evers and Parsons,
2010). These shallow soil temperatures should
better correlate to air temperatures rather than
temperatures at a 4-inch soil depth. The 35/25
and 30/20 �C temperature regimes correspond
to average field temperatures for the months of
June (32/19 �C), July (33/22 �C), and August
(33/21 �C) in Starkville, MS. Based on
previous data (Munshaw et al., 2009; Patton

Fig. 1. Total germination of uncoated seed of five bermudagrass cultivars after 21 d under various temperature regimes. Day/night temperature regimes are 20/10,
25/15, 30/20, 35/25, 40/30, 45/35 �C. AC = ‘Arizona Common’; PR = ‘Princess’; RV = ‘Riviera’; TR = ‘Transcontinental’; YK = ‘Yukon’.
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et al., 2004a; Richardson et al., 2004) and the
data generated in the current study, a seeding
date during the month of June would be ideal
for optimum germination.

The experimental results from Day 7 are
quite important because environmental con-
ditions favoring germination can be more
accurately forecasted over a 7-d period vs.
a 21-d period. Also, from a turf manager’s
perspective, controlling water, traffic, and
nutrients in a germination zone can be more
precisely accomplished over a short period.
Lastly, weed pressure will become more
severe with slower germination resulting in
competition and the potential for a diminished
grass stand (Evers and Parsons, 2010). Al-
though speed of germination and seedling
vigor are not necessarily related, because of
the reasons listed, favoring cultivars display-
ing early germination may result in improved
overall stand establishment and time to es-
tablishment. In addition, total germination
percentages can help provide turf managers
with accurate expected results leading to
better management strategies.

For spring seeding considerations, the re-
sults from the 20/10 �C regime indicate that
poor germination will occur until temperatures
increase to provide a more favorable germina-
tion environment. Once day/night temperatures
improve to the 25/15 �C regime, a significant
increase in germination occurs vs. the 20/10 �C
regime. Therefore, if considering germination
alone, bermudagrass spring seeding is not
recommended until soil surface temperatures
at least reach 25/15 �C. These findings are in
agreement with Evers and Parsons (2010) who
reported temperatures below 25/15 �C reduced
bermudagrass germination. The authors go on
to suggest that hulled bermudagrass seed
should be planted from mid-April to June in
the southeastern United States. However,
Shaver et al. (2006) demonstrated that dormant
seeding of ‘Riviera’ or ‘Princess 77’ in Febru-
ary and March in the southern United States
still produces statistically similar coverage as
more traditional April and May seeding dates.
This again indicates that speed of germination
is only one of several factors leading to a fully
established stand.

For summer seeding considerations, the
45/35 �C regime also displayed significantly
less germination than the majority of temper-
ature regimes. Although very few geograph-
ical locations experience the 45/35 �C regime
for 3 weeks, the 40/30 �C regime is present
throughout many locations in the southern
United States during the months of July and
August. During these summer months when
conditions are similar to the 40/30 �C regime,
SB germination can be expected to decrease
compared with 30/20 and 35/25 �C temper-
ature regimes. Mid- to late summer plantings
in the southern United States will likely have
reduced overall germination and diminished
stolon/rhizome development that may result
in reduced first winter survival (Munshaw
et al., 2009; Richardson et al., 2004a). There-
fore, summer seeding of bermudagrass at
temperatures greater than 35/25 �C is not
recommended.

In late summer, when early germination is
paramount to increase stolon development and
promote first-year winter survival (Munshaw
et al., 2001), seeding ‘Yukon’ and ‘Transcon-
tinental’ may be good options as a result of
quick germination at high temperatures (70% at
7 d, 35/25 �C). If early germination results in
quicker maturity, these cultivars may be able to
produce stolons before dormancy, thus improv-
ing cold tolerance.

Although winter survival is very important
to a turf manager, most new established turf
areas are played on during the establishment
year. Choosing a cultivar with fast germina-
tion may result in earlier stand maturity and
thus increased usability. Matching cultivars
with specific temperature regimes in the field
may also lead to improved early cover and
maturity. Ideally, however, turf managers will
opt for field temperature regimes that will
result in the longest possible growing season
to improve winter survival.
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