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SUMMARY. Warm-season grasses are not widely accepted in Mediterranean countries
because they lose color during the winter months. A study was conducted at the
University of Padova (Padova, Italy) to determine whether fall and spring water-
soluble carbohydrate (WSC) content in stolons of seeded bermudagrass cultivars
(Cynodon dactylon) influenced spring green-up in the first year of establishment.
Nine bermudagrass cultivars (La Paloma, Mohawk, NuMex Sahara, Princess 77,
Riviera, SR 9554, Barbados, Contessa, and Yukon) were seeded in July 2005, and
dry weight and WSC content in stolons were measured in Fall 2005 and again in
Spring 2006. The percentage of green cover and days needed to achieve 80% green
cover (D80) were regressed against November and March values of stolon dry
weight and WSC content to determine if they were good predictors of D80.
‘Yukon’ showed earliest spring green-up by end of April, and ‘Princess 77’ and
‘Riviera’ were slowest, needing 43 to 46 days more than ‘Yukon’ to reach D80.
There was a significant inverse relationship between November (r2 = 0.57) and
March (r2 = 0.77) WSC content in stolons and D80 for all nine bermudagrass
cultivars. These results suggest that bermudagrass cultivars with high WSC in
stolons recover more rapidly from dormancy during establishment than
those with low WSC content.

M
aintaining cool-season grass-
es in temperate or transition-
al climate zones has been

criticized because of the relatively
high irrigation requirements during
the summer. As a result, the use of
warm-season turf species that require
less water than cool-season grasses is
encouraged in Mediterranean coun-
tries in an effort to reduce water con-
sumption for landscape irrigation.
Unlike cool-season grasses, warm-
season species such as bermudagrass
are cold sensitive and will lose color
when dormant during the cooler pe-
riods of the year. Although warm-
season turf may not provide active
growth and green color year round,
they can be used successfully in transi-
tional climate zones, even when dor-
mant (Anderson et al., 2007; Patton
et al., 2008). However, a winter dor-
mancy period that prevents year-round
green color is currently the main

impediment to a more widespread
use of warm-season grasses in these
transition zones.

Bermudagrass is one of the warm-
season turf species that is best suited to
transitional zones in Europe (Croce
et al., 2004). Over the last few years it
has become more widely used in Italy
and is grown on athletic fields, parks,
and lawns. While athletic turf areas are
usually overseeded with cool-season
grasses such as perennial ryegrass
(Lolium perenne) or annual ryegrass
(Lolium multiflorium) during the fall
to provide green cover during winter
months (Gaetani et al., 2004, 2007;

Schmidt and Shoulders, 1980), areas
that are primarily used during the
warmer periods can be managed with-
out overseeding. Winterhardiness and
early spring green-up are considered
the most important factors in selecting
bermudagrass cultivars in transitional
zones (Patton et al., 2008; Richardson
et al., 2004).

Numerous studies have reported
on the significant role of carbohy-
drates in turfgrass stress tolerance.
White (1973) described two major
carbohydrate groups in plants, the
nonstructural and the structural car-
bohydrates. Nonstructural carbohy-
drates include all major reserve
constituents such as reducing sugars
(glucose and fructose), non-reducing
sugars (sucrose), fructosans, and
starches. Hemicellulose (pentosans
and hexosans) and cellulose are con-
sidered structural carbohydrates and
do not provide significant reserves
(White, 1973). Most of the nonstruc-
tural carbohydrates [also referred to
as total nonstructural carbohydrates
(TNC)] are water-soluble saccharides,
but also include larger polysaccha-
rides (starches) that are insoluble in
water. Therefore, water-soluble car-
bohydrates (WSC), or water soluble
non-structural carbohydrates repre-
sent a subgroup of TNC.

A positive correlation has been
reported between TNC and freezing
tolerance in turfgrasses (Di Paola and
Beard, 1992; Fry et al., 1993; Rogers
et al., 1975). Carbohydrates are
stored inside the plant during fall
when growth and metabolism are
slow, which in return improves cold
hardiness by reducing the freezing
point and delaying or avoiding cell
freezing (Stier and Fei, 2008). In
the spring, the carbohydrates are used
as an energy source to support the
renewed shoot growth (Di Paola and
Beard, 1992; Rogers et al., 1975).

Units
To convert U.S. to SI,
multiply by U.S. unit SI unit

To convert SI to U.S.,
multiply by

0.3048 Ft m 3.2808
0.0929 ft2 m2 10.7639
2.54 inch(es) cm 0.3937

25.4 inch(es) mm 0.0394
1.1209 lb/acre kg�ha–1 0.8922

305.1517 oz/ft2 g�m–2 0.0033
62.5000 oz/lb g�kg–1 0.0160
6.2500 oz/lb g/100 g 0.1600
1 ppm mg�kg–1 1

(�F – 32) O 1.8 �F �C (1.8 · �C) + 32
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Differences in cold hardiness among
species depend mostly on plant metab-
olism during the autumn months,
which in turn affects TNC accumula-
tion in storage organs. Unlike bermu-
dagrass, cold tolerance in zoysiagrass
(Zoysia japonica) has been attributed to
an increased photosynthetic rate dur-
ing the cold hardening period (Rogers
et al., 1977). However, Dionne et al.
(2001) observed that low temperature
tolerance in cool-season annual blue-
grass ecotypes was not correlated to
sugar levels of sucrose and fructan.
Similarly, freezing tolerance of warm-
season st. augstinegrass (Stenotaphrum
secundatum) could also not be corre-
lated with TNC content (Fry et al.,
1991; Maier et al., 1994).

Rhizomes and stolons are the
principal locations of carbohydrate
storage in well-established bermuda-
grass (Dunn and Nelson, 1974). In
comparing the relative importance
of the two organs, Dunn and Nelson
(1974) suggested that carbohydrate
content in stolons was more impor-
tant to the winter survival of these
grasses than the content in rhi-
zomes. In a later study, however,
Dunn et al. (1980) reported a strong
positive correlation between carbo-
hydrate content in rhizomes of 20
mature bermudagrass cultivars and
the speed of spring green-up, an
indicator of successful winter sur-
vival. In contrast, Goatley et al.
(1994) reported that while fertility
had an effect on spring green-up of
mature Tifgreen turf, no correlation
between carbohydrate (TNC) con-
tent in rhizomes and spring green-
up was observed. Munshaw et al.
(2006) and White and Schmidt
(1990) documented the importance
of management practices such as late
season fertilization on fall color re-
tention, cold tolerance, and spring
recovery of bermudagrass.

All of these studies were con-
ducted on mature bermudagrass,
and information is lacking on the role
of carbohydrates in the timing and
speed of spring green-up during spring
after establishment. Although the pres-
ence of rhizomes in bermudagrass at
the end of the first growing period
have been reported (Ahring et al.,
1975; Trenholm et al., 1998), more
recent studies (Hensler et al., 1999;
Munshaw et al., 2001; Richardson
et al., 2004, 2005) have all concluded
that seeded bermudagrass do not

produce rhizomes during the estab-
lishment year. These results concur
with our preliminary observations that
no rhizomes were produced during the
first year of establishment, and suggest
that carbohydrates in stolons may play
an important role in winter survival and
early green-up of newly established
bermudagrass. Munshaw et al. (2001)
showed a positive correlation between
total nitrogen applied to ‘Mirage’ ber-
mudagrass during establishment and
TNC in stolons at the end of the first
growing season. The plots were un-
affected by winter kill, confirming the
importance of TNC in winter survival,
but no timing or rate of spring green-
up was reported. Early green-up is
not only important to ensure success-
ful winter survival of bermudagrass
(Ahring et al., 1975), but it also reflects
a shorter dormancy period, a feature
that would help this grass gain greater
market acceptance in transition
zones. Numerous studies have inves-
tigated the role of nonstructural
carbohydrates on cold or freeze tol-
erance and on fall or spring color
(e.g., Dunn et al., 1980; Dunn and
Nelson, 1974; Goatley et al., 1994,
1998, 2005; Miller and Dickens,
1996; Munshaw et al., 2001, 2006;
Pedreira et al., 2000; Trenholm et al.,
1998), and few report on the specific
role of WSC content in cold and
freeze tolerance and in bermuda-
grass color in fall and spring (Dunn
and Nelson, 1974; Dunn et al.,
1980; White and Schmidt, 1989;
Zhang et al., 2006). No published
studies exist on the importance of

WSC on spring recovery in newly
seeded bermudagrass.

To address the gap in knowledge
about the role of stolon WSC reserves
in regrowth and greening of seeded
bermudagrass during and after the
first growing season, a study was con-
ducted at the University of Padova
(upper transition zone, northern
Italy). The objectives of the study were
to examine the seasonal trend in WSC
content in stolons of seeded bermuda-
grass during the first year of establish-
ment and during spring after the first
winter, and to determine whether the
timing of spring green-up and recov-
ery from winter stress was affected by
WSC in stolons.

Materials and methods
A field experiment was con-

ducted at the Experimental Farm of
Padova University from Nov. 2005 to
July 2006 to examine the change in
carbohydrate content in stolons of
seeded bermudagrass cultivars in re-
sponse to seasonal variation in tem-
perature of northeastern Italy (similar
to U.S. Department of Agriculture
plant hardiness zone 8). The climate
in the area is considered subcontinen-
tal with an annual mean temperature
of 12.3 �C and average minimum and
maximum temperatures of –5.5 and
32.8 �C. The average annual rainfall
is 811 mm and is mostly distributed
during the growing season from April
to November. Climate data during
the investigative period were collected
at a weather station in close proximity
to the research area (Table 1). Plots

Table 1. Monthly average maximum and minimum air temperature, soil
temperature at 100 mm (3.94 inches) depth, and monthly precipitation at the
University of Padova research station in Legnaro, Italy, from July 2005 through
June 2006.

Month

Air temp (�C)z
Soil

temp (�C)
Precipitation

(mm)zMaximum Minimum

July 2005 29.3 18.3 23.3 66.6
Aug. 2005 26.3 16.2 21.4 241.0
Sept. 2005 25.0 15.1 19.7 71.8
Oct. 2005 17.7 10.7 14.2 181.0
Nov. 2005 11.4 5.2 7.4 142.8
Dec. 2005 6.8 0.0 2.2 49.4
Jan. 2006 5.8 –1.2 1.6 30.8
Feb. 2006 8.8 0.5 3.4 33.2
Mar. 2006 12.1 3.5 6.8 44.4
Apr. 2006 17.9 8.2 11.8 41.6
May 2006 22.2 11.9 16.5 92.4
June 2006 27.1 15.7 21.3 14.6
z(1.8 · �C) + 32 = �F, 1 mm = 0.0394 inch.
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were seeded on 4 July 2005 with
bermudagrass cultivars Princess 77,
Mohawk, NuMex Sahara, Barbados,
Contessa, Riviera, Yukon, La Paloma,
and SR 9554. Cultivars were seeded
at a rate of 4 g�m–2 pure live seed on
a silty loam. The soil at the site had
a pH of 8.1, an organic matter con-
tent of 2.3%, a total nitrogen content
of 0.13 g/100 g soil, an available
phosphorus content of 38.3 mg�kg–1

soil, and an exchangeable potassium
content of 178.1 mg�kg–1 soil.

Slow-release fertilizer (20N–
2.2P–6.6K) was applied twice in 2005
(August and September) and twice
in 2006 (April and June) at a rate of
40 kg�ha–1. During the growing pe-
riod, plots were mowed weekly with
a rotary mower at a height of 27 mm.
Supplemental irrigation from a sprin-
kler system was provided only during
the first month of the establishment
period. The experimental design was
a randomized complete block with
four replications and a plot size of
7.2 m2 (1.6 m · 4.5 m).

In Nov. 2005 and Mar., May,
and July 2006, turf samples measur-
ing 20 cm (length) · 20 cm (width) ·
4 cm (depth) were randomly col-
lected from each plot to measure
stolon development and WSC in the
stolons. Turf samples were washed to
remove any soil from the vegetative
parts, and stolons were removed
from the plugs with scissors and were
immediately frozen at –22 �C. The
stolons were later freeze-dried and
weighed using an analytical balance
to determine stolon dry weight in
grams per square meter. Water-soluble
carbohydrates were then extracted
from dried and ground tissue using
an 80% ethanol solution followed by
a hot water extraction (Suzuki, 1968).
Carbohydrates were colorimetrically
quantified after reacting with anthrone
reagent (Thomas, 1977).

Spring green-up was determined
weekly from 1 Apr. to 22 June 2006
by visually assessing the percentage of
green color of each plot. A sigmoidal
model (GraphPad Prism 5.0 for Win-
dows; GraphPad Software, La Jolla,
CA) was used to calculate days of year
(beginning 1 Jan. 2006) needed by
each plot to reach 80% green color
(D80). Stolon dry weight, WSC data,
spring green-up, and D80 were sub-
sequently subjected to analysis of
variances using SAS Proc Mixed (ver-
sion 9.2; SAS Institute, Cary, NC)

followed by Fisher’s protected least
significant difference test to identify
significant differences between means.
November and March values of stolon
dry weight and WSC were regressed
against D80 to determine whether the
speed of spring green-up could be
predicted from stolon dry weight or
WSC in fall and spring.

Results and discussion
STOLON DRY WEIGHT. The data

analysis revealed significant sampling
date · grasses interactions (P < 0.001).
Data were subsequently analyzed sep-
arately for all sampling dates. Stolon
dry weight of ‘La Paloma’, ‘Princess
77’, ‘Riviera’, ‘SR 9554’, ‘Barbados’,
and ‘Yukon’ plots decreased between
Nov. 2005 and Mar. 2006, and con-
tinued to decrease for ‘Princess 77’
and ‘Barbados’ plots until May
(Fig. 1). Compared with other ber-
mudagrass cultivars, Yukon was earli-
est to significantly increase stolon
weight (March–May) (Fig. 1). Stolon
dry weight in all other cultivars in-
creased later, from May to July. When
data were averaged for all cultivars,
stolon dry weight quadrupled from
142 to 600 g�m–2 between May and
July 2006. Of all cultivars tested,
‘Barbados’ showed the greatest spring
increase in stolon dry weight (Fig. 1).

WSC CONTENT. A significant in-
teraction effect between sampling date
and turfgrasses’ WSC was detected
(P < 0.001), thus, data were analyzed
separately for all sampling dates.
Figure 2 shows changes in WSC from

Nov. 2005 to July 2006. WSC did not
change during the winter months
(Nov. 2005–Mar. 2006) for ‘La
Paloma’, ‘Mohawk’, ‘SR 9554’, or
‘Yukon’. During the same period,
WSC decreased in ‘NuMex Sahara’,
‘Riviera’, and ‘Barbados’, and increased
in ‘Contessa’. During Spring 2006
(March–May) WSC decreased sharply
in ‘Barbados’, ‘Contessa’, and ‘Yukon’,
but increased in ‘NuMex Sahara’. WSC
in all other bermudagrass cultivars
remained constant from Mar. to May
2006 (Fig. 2). During early summer
(May–July 2006), WSC also increased
in ‘Princess 77’, ‘Riviera’, ‘Barbados’,
‘Contessa’, and ‘Yukon’, and all culti-
vars tested had accumulated equal
amounts of WSC in their stolons
(Fig. 2). The high content of WSC
observed in most species in November
can be attributed to a reduction in
grass growth that is accompanied by
an accumulation of carbohydrates
when the plants’ metabolism is still
active. These findings support those
of Dunn and Nelson (1974) and
Trenholm et al. (1998) who found
increased fall levels of total carbohy-
drates and sucrose in ‘Midway’ and
‘U3’ bermudagrass cultivars (Dunn
and Nelson, 1974) and of TNC in
‘FloraDwarf’ bermudagrass (Trenholm
et al., 1998). Zhang et al. (2006) also
reported TNC accumulation in ‘Rivi-
era’ and ‘Princess 77’ bermudagrasses
after cold acclimation. Similarly, the
depletion of carbohydrates during early
spring is associated with the utilization
of carbohydrate as an energy source to

Fig. 1. Stolon dry weight of nine bermudagrass cultivars as affected by sampling
date. Data points represent an average of four replicates. Error bar in the top
left corner of the graph shows Fisher’s protected least significant difference at
a = 0.05 (LSD) and can be used to determine significant differences between grasses
and sampling dates; 1 g�m22 = 0.0033 oz/ft2.
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support spring green-up and growth
(Rogers et al., 1975). The increase of
carbohydrate content observed in early
summer can be attributed to photo-
synthesis in new leaves (Fig. 2). Differ-
ences in WSC among bermudagrass
cultivars occurred at the end of the
winter months, with ‘Yukon’ exhibit-
ing the highest values in March co-
inciding with highest stolon dry weight
in ‘Yukon’ and ‘Contessa’. Dunn and
Nelson (1974) also reported differ-
ences in fall and winter stolon dry
weight between bermudagrass cultivars
and concluded better winter survival
for cultivars with higher stolon weight.
In March, carbohydrate concentration
in ‘Yukon’ was more than double than

that of ‘La Paloma’, ‘Mohawk’,
‘NuMex Sahara’, ‘Princess 77’, ‘Rivi-
era’, ‘SR 9554’, and ‘Barbados’. ‘La
Paloma’ and ‘NuMex Sahara’ depleted
their carbohydrate reserves to their
lowest levels in March, while ‘Barba-
dos’, ‘Contessa’, and ‘Yukon’
exhibited lowest WSC content in May.

SPRING GREEN-UP. ‘Yukon’
(group 1) showed earliest green-up
(Fig. 3) and reached 80% green cover
by end of April (Table 2). ‘Mohawk’,
‘La Paloma’, ‘NuMex Sahara’, ‘SR
9554’, ‘Barbados’, and ‘Contessa’
reached 80% green cover by mid-
May (Table 2). Last, ‘Riviera’ and
‘Princess 77’ showed the slowest
greening (Fig. 3) and needed over
40 d longer to reach 80% green cover
than Yukon (Table 2). These spring
green-up results are in part confirmed
by the National Turfgrass Evaluation
Program’s (NTEP) 2002 bermuda-
grass trial (NTEP, 2009). From a total
of 20 test locations across the conti-
nental United States, three reported
that ‘Yukon’ was the earliest to
achieve green-up, followed by ‘Rivi-
era’ and then ‘Princess 77’ during
spring after establishment. However,
in this trial there was no difference
in green-up between ‘Riviera’ and
‘Princess 77’. These results, equal
green-up after establishment between
‘Riviera’ and ‘Princess 77’, have been
reported by three locations in the
NTEP trial (NTEP, 2009).

PREDICTING GREEN-UP FROM

STOLON DRY WEIGHT AND WSC. The
regression analysis revealed that nei-
ther November (P = 0.735) nor March
(P = 0.414) stolon dry weight values
were significant predictors of D80.
However, November (P = 0.018)
and March (P = 0.002) WSC values
were significant predictors of D80
with regression coefficients of 0.57
and 0.77, respectively. These results
demonstrate the equal importance of
fall and spring WSC for early spring
green-up in bermudagrass after estab-
lishment, and show that cultivars with
highest WSC concentrations in fall
and spring recovered more rapidly
from dormancy than those with low
concentrations.

Conclusion
These results demonstrate that

bermudagrasses with the highest win-
ter concentrations of WSC in stolons
showed the earliest spring green-up.

Fig. 3. Green cover based on visually assessing the plots’ green cover of nine
bermudagrass cultivars (La Paloma, Mohawk, NuMex Sahara, Princess 77, Riviera,
SR 9554, Barbados, Contessa, and Yukon) as affected by day of the year in 2006.
Data points represent an average of four replicates and error bars indicate SE.

Fig. 2. Water-soluble carbohydrate content in stolons of nine bermudagrass
cultivars as affected by sampling date. Data points represent an average of four
replicates. Error bar in the top left corner of the graph shows Fisher’s protected least
significant difference at a = 0.05 (LSD) and can be used to determine significant
differences between grasses and sampling dates; 1 g�kg21 = 0.0160 oz/lb.

Table 2. Number of days (starting
1 Jan. 2006) to reach 80% green cover
[D80 (assessed visually and based on
sigmoidal model estimates)] for nine
bermudagrasses.

Cultivar D80 (d)

Barbados 145 bz

Contessa 143 bc
La Paloma 139 c
Mohawk 142 bc
NuMex Sahara 145 b
Princess 77 156 a
Riviera 159 a
SR 9554 139 c
Yukon 113 d
zValues followed by the same letter are not signifi-
cantly different from one another via Fisher’s pro-
tected least significant difference at a = 0.05.
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Thus, to achieve short dormancy
periods and rapid spring green-up,
cultivars need to be developed that
promote storage and maintenance of
large amounts of WSC until the end
of winter. Furthermore, fall fertiliza-
tion and other maintenance strategies
that promote WSC storage during
hardening-off periods and that help
maintain high levels until the end of
winter should be developed. More
research is needed to determine the
effect of different climatic conditions
on WSC storage and early spring
green-up. These results also demon-
strate the need for additional longer-
term research on the importance of
WSC in early spring green-up of
bermudagrass. Our study focused on
WSC in stolons in the first year of
establishment, but further research
is needed to determine if fall WSC
concentrations in stolons and rhi-
zomes of mature grasses have a similar
effect on spring green-up.
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