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ABSTRACT 
The main agronomic interest in bermudagrass (Cynodon dactylon (L.) Pers.) in the last quarter of the 20th Century was in environments 
with harsh weather condition when the species was used as a turfgrass. Suitable varieties were mainly released in the USA and were well 
adapted to warm conditions of the USA bermudagrass belt, while information on their establishment and performance in Mediterranean 
sites was scant. An experiment on turf lawns using the most popular seed market bermudagrass varieties was established on a site with 
typical Mediterranean climate (Foggia, southern Italy). In July of 1999, the varieties were hand seeded in an experimental block design 
and evaluated across five years for qualitative, spring greenup and dormancy traits. The range of scores over the years was 7.9-8.4, 6-6.3 
and 7.8-8.2, respectively for turf quality, colour and cover traits. A larger range of variation was observed in shoot density, in spring and 
summer assessment (21.6-29 and 21.2-30.4 stems 25 cm-2, respectively). Results over seasons showed differences among cultivars for all 
qualitative characteristics. Spring score values were higher than those of other seasons for all traits. Autumn score was lower by 14.1%, 
25.6% and 6.4% than the spring and summer season values, respectively for turf quality, colour and cover traits. All cultivars evaluated 
adapted well to the Mediterranean environment. When data was processed by a cluster method, a different adaptability among varieties to 
different seasons was shown. Varieties ‘Jackpot’ and ‘Shangri-La’ were in a group of best varieties in all seasons and for all qualitative 
traits. 
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INTRODUCTION 
 
Bermudagrass is a warm season grass characterized with a 
four-carbon molecule as the first step in carbonate assimila-
tion. This confers more efficient crop growth at high light 
intensity and temperatures than the C3 pathway (Brown 
1988; Eastin and Sullivan 1988; Moss 1988). Plants of this 
species are characterized by stolons able to exploit the 
moisture of topsoil and preserve active physiological meta-
bolism in a temperature range from 13 to 38°C. Outside of 
these limits, the plant becomes dormant and remains in that 
physiological stage until the temperature returns to the limit 
for plant development (Beard 1989; Zhang and Davies 
1989; Beard and Sifers 1997; Huang et al. 1997a, 1997b; 
Huang and Fu 2001). The morphological and physiological 
peculiarity of bermudagrass plant contributed to its wide 
geographic diffusion around the world in tropical, sub-tro-
pical and transitional zones (Harlan et al. 1970a, 1970b; 
Taliaferro et al. 1996). 

Since the beginning of the 19th Century, bermudagrass 
was considered an important forage grass crop in the sou-
thern part of the USA (Burton and Hanna 1985). Later in 
the Century, the high agricultural incomes achieved by 
other crops [cotton (Gossypium herbaceum L.), corn (Zea 
mays L.) and peanut (Arachis hypogea L.)] led to the dec-
line of bermudagrass cultivation. The reduced interest in the 
species for forage crop cultivation favoured the use of 
bermudagrass in establishing turf lawns for commercial 
sports grounds and the use of turfgrass mats to combat soil 
erosion in degraded environments (Burton and Hanna 1985). 
These new tasks for bermudagrass were supported by the 
USA government which funded breeding and agronomic 
programmes (NETP, National Turfgrass Evaluation Prog-
ram) for developing and evaluating genotypes adapted to 
environments of the southern bermudagrass belt of the Mis-

sissippi State of USA (Alderson and Sharp 1994; Goatley et 
al. 1997). The landraces that carried alien germplasm from 
warm countries (Africa and Afghanistan) were the base 
germplasm used for developing turf varieties available in 
the seed today (Beard and Sifers 1998; Croce et al. 2001; 
Müller and Santoro 2001). 

Despite these developments in the USA, bermudagrass 
was considered a dangerous weed of cultivated crops in the 
Mediterranean area. In view of the adaptability of bermuda-
grass to weather conditions, it now seems appropriate to 
evaluate the species for sowing sports green lawns during 
spring-autumn seasons. The warm season turf of bermuda-
grass, when grown in Mediterranean environments, presents 
more efficient physiological activity in spring-summer-au-
tumn seasons and has lower management costs than cool 
season turfgrass (Kentucky bluegrass, Poa pratensis L.; tall 
fescue Festuca arundinacea Schreb.; perennial ryegrass, 
Lolium perenne L.; slender creeping red fescue, Festuca 
rubra spp. tricophylla Guaud. (Ricter); creeping red, Fes-
tuca rubra spp. rubra L.; chewing red, Festuca rubra spp. 
commutata Gaud.) (Eastin and Sullivan 1988; Croce et al. 
2001; Miele et al. 2000; Volterrani et al. 2001; Martiniello 
and D’Andrea 2006). However, the lack of agronomic in-
formation on lawn management has limited the utilization 
of bermudagrass for public and private outdoor recreational 
and competitive sports turfgrass grounds in Mediterranean 
areas (Mitchell 1953; Baker and Jung 1968; Miele et al. 
2000; Croce et al. 2001). 

Because most bermudagrass varieties available on the 
international seed market were well adapted to the ber-
mudagrass belt zone of America, knowledge on the adapta-
bility of qualitative and performance characteristics of the 
varieties used for bermudagrass lawns in countries of Medi-
terranean climate remains essential for successful turf green 
establishment (Volterrani et al. 1977; Miele et al. 2000; 
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Croce et al. 2001; Volterrani et al. 2001). 
The aims of this experiment were to evaluate agrono-

mically the cultivars most widely used in worldwide turf 
lawns for performance and turf quality during the vegeta-
tive spring-summer-autumn period and for winter dormancy 
and greenup activity and to identify by a cluster method the 
varieties better adapted to Mediterranean climate in sou-
thern Italy. 

 
MATERIALS AND METHODS 
 
The experiment was established in July 1999 at the Forage Crops 
Institute of Foggia (15°13 E, 41°18 N and 76 m above sea level). 
The average values of monthly precipitation, mean temperatures 
and evaporation from a Class A water pan (Eto), verified across 
the years of evaluation, are reported in Fig. 1. The experiment was 
sown in a Chromic Vertisoil (FAO-ISRIC-ISSS 1998) character-
ised by the following soil properties: sand (2-0.02 mm) 471 g kg-1; 
silt and clay (0.02-0.002 mm) 529 g kg-1; pH (water) 8.2; cation 
exchange capacity 456 cmole g-1; total nitrogen (Kjeldal) 1.3 g  
kg-1; organic matter (Walkley-Black) 23 g kg-1; available phospho-
rous 17 mg kg-1; and exchangeable potassium 920 mg kg-1. 

Before seedbed preparation, the experimental field was 
equipped with a permanent irrigation system based on buried pipes 
with Rain-bird Mod. 5004’s automatic disappearing rotary sprink-

lers. The seedbed was prepared at the end of June by ploughing to 
35 cm depth with a mouldboard stubble of previous seed of com-
mon vetch (Vicia sativa L.). Fertiliser (30 kg ha-1 of N and 72 kg 
ha-1 P2O5) was applied before smoothing the soil with a field cul-
tivator and tine harrow. Plots were 6 m2 (2 m x 3 m) and arranged 
in a completely randomised block design with three replications. 
To avoid invasion of stolons, plots were separated in the long and 
short side by a 75 cm gap of bare soil. The plot size and alley 
adopted for establishing the experiment were uniformly used as by 
NTEP for evaluation trials of the National Bermudagrass Test in 
the United States and Canada (Gibeault and Aiuto 1999; Hall et al. 
1999; Morris 2005). 

In the first week of July, seeds of nine common bermudagrass 
varieties were hand sowed at a rate of 2.6 g m-2. In this month the 
temperature (33-35°C) was, as suggested by Skerman and Riveros 
(1992), optimal for seed germination and seedling establishment 
and growth of tropical bermudagrass. The varieties used in the 
experiment, whose origin, year, selection breeding method and 
donor are given in Table 1, represent the most popular cultivars 
used for sowing turfgrass lawns around the world. Seed germina-
bility of the varieties used in the experiments was over 95% at 
floating and visual test. 

To avoid interaction between fertilisers and adaptability pot-
ential of the varieties, during the 5 years of evaluation all plots 
received an equal amount and type of fertilizer. Fertilizer applica-
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Fig. 1 Meteorological events during field evaluation. Climatic observation represents monthly mean (initial capital letter) across the year of experiment.
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tion was made by hand. Nitrogen fertiliser was applied as am-
monia nitrate (NO3, 27 g kg-1) at a rate of 50 kg ha-1 of nitrogen 
three times per year (beginning of March, June and October). 
Phosphorous (P2O5, 46 g kg-1 was applied as superphosphate at a 
rate of 40 kg ha-1 of P2O5 at the beginning of spring growth. In 
February the plots were aerated using self-propelled equipment 
with a hollow-core and 16 mm tines at 60 mm intervals. The resul-
ting cores were removed by sweeping the plot. The amount of 
water distributed by the irrigation system took seasonal rainfall 
and Eto from the crop into account. To avoid drought stress during 
turfgrass growth, water was applied when the topsoil moisture 
content reached pF 4.0 (80-82% of water holding capacity). The 
volume of water and the number of waterings applied in the year 
of evaluation are reported in Table 2. During the experiment, 
dicotyledonous weed encroachment was controlled by appropriate 
herbicide treatment (Mondak 21 S at rate of 1.5 l ha-1) while the 
monocotyledonous species were hand pulled. 

The procedure of timing and record keeping of traits evaluated 
in the experiment was uniformized to protocols and guidelines 
used by NTEP, USA for evaluation in variety trials of bermuda-

grass turfgrass (Gibeault and Aiuto 1999; Hall et al. 1999; Morris 
2005). The following traits were assessed on each plot during the 
five years of evaluation since 2000. 

Turf quality. This trait was recorded at monthly intervals 
from April to November. Establishment, density, texture and uni-
formity of the turf were visually estimated based on a 1 to 9 scale, 
where 1 = dormant and 9 = highest quality of ideal turf;  

Turf colour. This rating assessed the ability of the variety to 
hold colour over the period April to November. The rating was on 
a scale from 1 to 9, where 1 = brown stem and 9 = a dark green 
coloured stem; 

Live ground cover. Living ground cover scores were based 
on the surface area covered by the shoots. This trait was assessed 
using a visual estimate of living stems present in the plot. The 
rating was assigned a score on a scale of 1 to 9, where 1 indicated 
poor stands (bare soil) and 9 the maximum coverage density. The 
rating was determined once a month from April to November;  

Dormancy. The timing of dormancy was assessed using the 
colour of shoots from the beginning of the winter vegetative stasis. 
The colour of stems was visually determined every day from the 
beginning of December until the colour of the plant was totally 
brown. At that time the variety was considered dormant. Dor-
mancy was expressed as the number of days from the first of 
December until the vegetation was dormant; 

Spring greenup. This rating measured the transition from 
winter dormancy to active spring growth. It was based on a visual 
estimate of plot colour. The trait was expressed as the number of 
days from the first of April to the day when the tillers in the plot 
reached normal growth and development (after middle April) and 
when the plot was completely green; 

Density. Turf density was determined in two picks made when 
the stems of the varieties in the plots completed spring green up 
(May) and before dormancy (October) by counting the shoots pre-
sent in a core of 25 cm-2 harvested with a homemade circular cut-
ter. After counting the shoots, the core was returned to the plot to 
plug the turf hole; 

Thatch. The thickness of the spongy organic above the soil 
carpet was determined in the same sample used for counting shoot 
density. Measurements of thatch were expressed in mm of the 
organic layer over the soil, following application of the pressure of 
40 g cm-2 on the thatch surface. 

Table 1 Bermudagrass cultivars, breeding method, origin, year and breeder releaser and seed seller. 
Variety Breeding method of release Origin Year of release Breeder Donor Company 
Jackpot Intercross from old Columbia River clones with those 

cold-tolerant of Washington State. Plants of two selected 
lines were pollinate and used for breeder seed 
production. 

USA 1995 Jacklin Seed 
Company 

Jacklin Seed Company 
Post Falls, Idaho, USA 

Mirage  Phenotypic recurrent selection from breeding material 
derived by intercrossing six highly clones collected from 
germplasm of the southern and northern State of USA. 

USA 1992 Oklahoma Agricul-
tural Experimental 
Station 

International Seeds Inc. 

Mohawk Synthetic variety of eight winter dormant and cold 
tolerant selected clones of cv. ‘Vamont’ with a repeated 
cycle of mass selection. 

USA 1993 Virginia Turfagrass 
Research Centre in 
Arizona 

Seeds West, Inc., Company, 
Arizona  

Panama  Interpollination among clones selected by Pure Seed 
Testing from old turfs. Seed nursery harvest was the lot 
of the cultivar. 

USA 1999 Burcley Research in 
California 

Burenbrug 

Pyramid  Intercrossing of Afghanistan self-compatible germplasm 
for introducing warm blood in the domestic turf grass 
industry adapted to bermudagrass belt. The cultivar was 
beaked from breeding material by mass selection. 

USA 1996  International Seeds Inc. 
Company 

Shangri-La Intercrossing among Pure seed Testing from germplasm 
of Maryland landrace. Breeding germplasm was selected 
for mass selection for seed vigour and yield, turf quality 
and cold tolerance. 

USA 1995 Pro Seeds of 
Oregon. 

Pro Seeds Marketing, Inc. 
Company 

Savannah Synthetic cultivar developed among three clones of old 
cv. ‘WA Savannah’ crossed with clones of ‘Dandridge’ 
old turf. 

USA 1997 Pure Seed Testing in 
Rossville, NC. 

Seedland Marketing, Inc. 
Company 

Sultan  Intercross among eight clones selected from old cvs. 
‘Common’ and ‘Guymon’ turfs subjected to two cycle of 
phenotypic recurrent selection. 

USA 1992 New Mexico 
Agricultural Experi-
mental Station 

Farmer Marketing 
Corporation, Seed West, Inc. 
Company 

Sydney Polycross among 7 Australian and USA domestic clones 
of phenotypic recurrent selection for seedling vigour and 
turf density characteristics. 

USA 1996 New Mexico 
Agricultural Experi-
mental Station 

Seeds West, Inc. Company 

Table 2 Clippings, water irrigations and total water applied by season 
and year in bermudagrass turf in a Mediterranean environment 

Year Agronomic 
application 2000 2001 2002 2003 2004 

                      N° clippings 
  6   7   7   7   7 
  8   9   7 11 11 

 
Spring 
Summer 
Autumn   4   4   4   6   4 
Total clippings 18 20 18 24 22 

                  N° water irrigation 
10 11   9 15  9 
22 19 18 18 18 

 
Spring 
Summer 
Autumn   5   9   4   4   4 
Total irrigations 37 39 31 37 31 

                  mm water applied 
210 231 189 315 189 
462 399 378 378 378 

 
Spring 
Summer 
Autumn 105 189 84 84 84 
Total water applied 777 819 651 777 651 
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Plots were clipped when the turfgrass was 5 cm tall, with a 
riding triplex mover at a height of 3.5 cm recovering and discar-
ding the clippings. 

Prior to ANOVA analysis, data were subjected to Bartlett’s 
test of homogeneity of variance. The traits for the months which 
presented a null hypothesis not significantly different to Bartlett’s 
were grouped for further statistical analysis. Data of April, May 
and June in spring; July, August and September in summer; and 
October and November in autumn were not statistically significant 
following Bartlett’s homogeneity test, thus they were considered 
as a mean of spring, summer and autumn seasons in the ANOVA 
analysis. 

Statistical analysis was conducted by using PROC ANOVA 
procedure of SAS (SAS Institute1997). In the model, varieties 
were analysed according to a split-plot over time with the year of 
evaluation considered as the main plot. The repeated model has 
two error terms, one of which is used to test the main plot-factor 
(year) while the other (the residual term) for the sub-plot factor 
(variety) and the interaction (year × variety). ANOVA was per-
formed considering varieties as a fixed factor and year as a ran-
dom factor. Comparisons among varieties were made using the 
pooled error term (Steel and Torrie 1980). 

To identify the variety with the highest adaptability to the 
environmental conditions, all the parameters recorded across the 
period of evaluation were analysed according to the Scott and 
Knott (1974) cluster analysis method for grouping means in the 
analysis of variance, as described by Gates and Bilbro (1978). The 
data of each trait over the period of evaluation were grouped 
according to the null distribution of �. This statistic, as defined by 
Edwards and Cavalli-Sforza (1965), when applied to univariate 
means of data, is a random variable with Student’s distribution. 
Calculation of � partitions the mean varieties of parameters in 
groups, for which the inter-group and intra-group showed a maxi-
mum and minimum sum square variability, respectively. Analysis 
of data across the five study years identifies, on the basis of the 
likelihood ratio test (Gates and Bilbro 1978), two cluster groups. 
The means within each cluster group never overlap, had minimum 
mean square interactions and were not statistically significant 
while the means between clusters were significant at P�0.05 level 
of probability. 
 
RESULTS 
 
Analysis of variance revealed significant year and variety 
effects for all traits (Table 3). Autumn presented a lower 
max temperature than other seasons and the mean square 
value for all qualitative traits was lower than those of spring 
and summer seasons (Table 3). Turf colour showed a lower 
mean square among seasons than turf quality and turf cover 
traits. A statistical significance was observed in the inter-
action of the year and variety (Y×V) in summer and autumn 
for turf cover. The only other trait for which the Y×V inter-

action reached statistical significance was shoot density in 
autumn. 

The rating mean values over the years of evaluation for 
turf quality, turf colour and turf cover traits (Table 4), 
namely 0.9, 2.8 and 1.0 point, respectively, were discard 
from the values of the ideal score by evidencing a weather 
condition affect higher on turf colour than other traits. 
Furthermore, because the score values of turf quality, turf 
colour and turf cover traits of the varieties evaluated in the 
study, in all years were higher than the considered the mini-
mum acceptable score values (6 or over 6 point of score 
values) by Hall et al. (1999) and Morris (2005), they may 
bee successful used for implanting turf bermudagrass sport 
field grounds in Mediterranean environments. 

The effect of year across the period of evaluation 
ranged from 7.8 to 8.4, 6.0 to 6.3 and 7.8 to 8.2 respectively, 
for turf quality, colour and cover traits (Table 4). The thatch 
measurement displayed significant difference between years 
of evaluation with depth, across the seasons, ranging from 
3.0 to 3.9 and from 4.7 to 5.2 mm, respectively for spring 
and summer observations. 

The seasonal average across varieties over the years for 
turf quality and colour traits showed a higher rating in 
spring and summer, with respective mean scores 14.1% and 
25.6%, than those observed in autumn (Table 4). 

 Autumn was the season which strongly affected turf 
colour rather than turf quality (Table 5). In this season, the 
colour ratings were lower (16.4%) than those of turf quality. 
The seasonal variability in varieties for cover was 42.9% 
and 33.3% lower than those for turf colour and turf quality, 
respectively. The mean rating of varieties for turf cover in 
summer was 3.4 and 9.2% wider than the values of spring 
and autumn, respectively. Winter dormancy and spring 

Table 3 Mean squares and significance of turf bermudagrass traits over years of evaluation in a Mediterranean environment. 
Turf quality a Turf colour b Turf cover c Source of 

variation 
df 

Spring Summer Autumn Spring Summer Autumn Spring Summer Autumn 
Year (Y) 4 3.4** 3.3** 2.3** 5.8** 5.5** 5.1** 2.3** 2.8** 21.3** 
Variety (V) 8 0.7** 0.4* 1.1** 0.6 * 0.7 * 0.5* 1.1** 0.5 * 1.3** 
Interaction           
Y×V 32 0.2 ns 0.3 ns 0.2 ns 0.2 ns 0.4 ns 0.3 ns 0.7** 0.6* 
Pooled error 75 0.3 0.2 0.4 0.3 0.4 0.3 0.4 0.3 0.4 

Shoot density f  Thatch g Source of 
variation 

df Dormancy d Spring greenup e 
Spring Autumn  Spring Autumn 

Year (Y) 4 1.7**  142.6**  1096.8** 1105.4**  3.1** 1.2** 
Variety (V) 8 0.21ns  62.8 ns  134.3** 145.8**  0.6 ns 1.2* 
Interaction           
Y×V 32 0.07 ns  47.1 ns  36.0 ns 62.8**  0.4 ns 0.3 ns 
Pooled error 75 0.3  56.3  20.7 22.9  0.4 0.5 

*and **, Significant at the 0.05 and 0.01 probability levels, respectively. ns= not significant  
a=b=c Score values from 1 to 9 
d days from first December  
e days from first April 
f Shoots 25 cm-2 

g mm 

 
Table 4 Bermudagrass average parameters over years of evaluation. 

Year Turf trait 
I II III IV V 

Mean LSD 0.05

Score values from 1 to 9 
Turf quality 8.3 7.9 8.4 8.1 7.8 8.1 0.1 
Turf colour 6.2 6.1 6.0 6.1 6.3 6.2 0.1 
Turf cover 8.1 7.8 8.1 8.2 7.9 8.0 0.1 

Days 
Dormancy 4.9 5.1 5.0 5.2 5.1 5.1 0.2 
Spring greenup 4.8 5.0 4.9 5.1 4.8 4.9 0.2 

Shoot density (Shoots 25 cm-2) 
May 27.1 23.4 22.2 21.6 29.0 24.6 1.3 
September 29.4 28.1 21.2 26.1 30.4 27.2 1.1 

Thatch (mm) 
May 3.0 3.5 3.4 3.7 3.9 3.5 0.3 
September 4.8 5.2 4.9 5.0 4.7 4.9 0.2 
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greenup performances showed a modest variability among 
varieties (Table 6). The varieties ‘Jackpot’, ‘Mohawk’, 
‘Savannah’ and ‘Sultan’ had later times for the beginning of 
winter stasis while ‘Jackpot’ and ‘Savannah’ had an earlier 
spring greenup than other varieties. Shoot density in spring 
was 9.6% lower than those recorded in autumn. ‘Panama’ 
was the variety with a higher number of shoots in spring 
and autumn (21.1 and 15.0%, respectively) than the mean 
of other varieties. The variability among varieties for depth 
of thatch across the seasons (8.6% lower in spring than in 
autumn) showed a different morphological development of 
the varieties in summer rather than in spring and autumn 
(Table 6). 

Analysis of all data was processed according to the 
Scott and Knott (1974) cluster method identified for each 
season, and varieties were characterized to have a mini-
mized year × season mean square interaction with meteoro-
logical events during the period of evaluation. The number 
of varieties included in the selected group for the turfgrass 
traits was dependent on the season of growth (Table 7). 
Spring was the season which presented most varieties in the 
selected group for all traits than other seasons. The number 
of varieties belonging to the selected spring group were 4 
for both turf quality and colour and 3 for turf cover. The 
means of the varieties belonging to the selected group for 
turf quality, colour and cover in spring were 4.7, 3.6 and 
4.7% higher than those of the discarded ones, respectively. 
By contrast, the number of varieties in the selected group 
for summer and autumn was reduced: 2 varieties in summer 
(turf quality and turf colour) and 2 in autumn (turf colour 
and turf cover). The selected group for winter stasis and 
spring greenup included one (‘Jackpot’) and two varieties 
(‘Shangri-La’ and ‘Savannah’), respectively (Table 7). 
 
 
 
 

Table 5 Seasonal variety mean values of parameters over 5 years of evaluation in Mediterranean environment. 
Spring Summer Autumn Spring Summer Autumn Spring Summer AutumnBermudagrass 

variety Turf quality a 
 
LSD 0.05 Turf colour b 

 
SD 0.05 Turf cover c 

 
LSD 0.05

Jackpot 8.5 8.8 7.5 0.6 8.3 8.5 6.2 0.8 8.8 9.0 8.3 0.4 
Mirage 8.1 8.6 7.4 0.6 8.2 8.1 6.1 0.8 8.2 8.3 7.6 0.4 
Mohawk 8.3 8.5 7.2 0.6 8.1 8.2 6.1 0.8 8.0 8.7 8.0 0.5 
Panama 8.6 8.5 7.0 0.7 8.2 8.1 5.9 0.8 8.6 8.7 8.0 0.4 
Pyramid 8.7 8.3 7.1 0.7 8.3 8.1 6.0 0.8 8.6 8.6 7.7 0.5 
Shangri-La 8.4 8.9 8.0 0.5 8.5 8.7 6.5 0.8 8.4 8.7 8.4 0.3 
Savannah 8.4 8.5 7.5 0.5 8.4 8.3 6.0 0.8 8.4 8.6 7.9 0.4 
Sultan 7.9 8.5 7.0 0.6 8.1 8.2 5.9 0.8 8.4 8.7 7.8 0.5 
Sydney 8.3 8.4 7.1 0.6 8.0 8.0 5.8 0.8 8.6 8.7 8.4 0.3 
Mean 8.4 8.6 7.3 8.1 8.2 8.2 6.1 7.5 8.4 8.7 8.0 8.4 
LSD 0.05 0.4 0.3 0.4  0.3 0.3 0.3  0.4 0.3 0.4  
(variety × season) 0.6  0.7  0.4  
a=b=c Score values from 1 to 9 
 

Table 6 Seasonal variety mean values of parameters over 5 years of evaluation in Mediterranean environment. 
Shoot density c Thatch d Variety Dormancy a Spring 

greenup b Spring Autumn 
LSD 0.05 

Spring Autumn 
LSD 0.05 

Jackpot 5.2 4.5 22.7 22.3 ns 3.4 4.7 0.8 
Mirage 5.0 4.9 22.4 27.8 2.2 3.7 5.1 0.9 
Mohawk 5.2 5.2 23.4 28.1 1.9 3.5 4.7 0.8 
Panama 5.1 5.0 31.2 32.0 ns 3.6 4.9 0.8 
Pyramid 5.1 5.0 21.6 26.1 2.0 3.3 5.5 0.9 
Shangri-La 5.1 4.9 26.5 30.0 2.2 3.6 5.1 0.8 
Savannah 5.4 4.7 25.8 30.6 2.2 3.8 5.1 0.8 
Sultan 5.2 5.1 24.9 25.3 ns 3.4 4.7 0.8 
Sydney 5.0 5.2 22.7 22.3 ns 3.3 4.6 0.8 
Mean 5.1 4.9 24.6 27.2 1.3 3.5 4.9  
LSD 0.05 0.2 0.3 1.2 2.1  0.3 0.4  

ns= not significant 
a Days from first December 
b Days from first April 
c Stems 25 cm-2 
d mm 

 
Table 7 Average seasonal values of turf parameters in bermudagrass 
homogeneous groups identified according to the Scott and Knott (1974) 
method. 

Season Bermudagrass variety 
Spring a Summer a Autumn a 

Turf quality 
Jackpot 8.5 8.8 8.0 
Panama 8.6   
Pyramid 8.7   
Shangri-La  8.9  
Savannah 8.4   
Mean selected group 8.6 8.9 8.0 
Mean discarded group 8.2 8.5 7.5 

Turf colour 
Shangri-La 8.5 8.7 6.5 
Savannah 8.4   
Pyramid 8.3   
Jackpot 8.2 8.5 6.2 
Mean selected group 8.4 8.6 6.4 
Mean discarded group 6.6 6.7 5.4 

Turf cover 
Jackpot 8.8 8.9 8.3 
Panama 8.5   
Sydney 8.6  8.4 
Mean selected group 8.5 8.9 8.4 
Mean discarded group 8.1 8.1 7.9 

Dormancy b 
Savannah 5.1   
Mean selected group 5.1   
Mean discarded group 5.3   

Spring greenup c 
Jackpot   4.5 
Savannah   4.7 
Mean selected group   4.6 
Mean discarded group   5.3 
a Scale of evaluation: 1 to 9 score 
b days from first December  
c days from first April 
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DISCUSSION 
 
The performance of varieties used in the study exceeded 
those of advanced and most popular seeded bermudagrass 
cultivars evaluated at NTEP of the National Bermudagrass 
Test of the USA (Gibeaut and Autio 1999; Hall et al. 1999; 
Morris 2005). The differences between results of scale 
values of similar trait reported by Philley et al. (1999) in 
seeded turf bermudagrass cultivars in the four years of 
evaluations (1995-1998) at Mississippi State University, 
presented point value scores of the spring greenup, turf 
quality and cover characteristics, respectively 0.6 lower and 
2.4 and 2.0 higher than the scores recorded in Table 4 of the 
experiment. 

Hall et al. (1999) and Morris (2005), following the eva-
luation of the NTEP bermudagrass test program concluded 
that a variety with a rating value of trait turf quality, turf 
colour and turf cover with score �6 is considered acceptable 
for use in a sports field ground or golf course fairway 
(Table 5). One should always bear in mind, though, that the 
traits of turfgrass are based on a turf evaluator’s judgement, 
and that the score on turf colour trait is assessed only after 
greenup (specific phenological stage of plant development). 
The mean value of the score recorded at Foggia (Hall et al. 
1999) and USA (Morris 2005) was 8.3 and 7.3, respectively 
for common varieties in experimental fields (‘Jackpot’, 
‘Mirage’, ‘Panama’, ‘Pyramid’, ‘Savannah’ and ‘Shangri-
La’). Furthermore, the rating recorded at Foggia was always 
over a range of 0.3 to 1.0 more than those of the USA (Hall 
et al. 1999). However, the high score values of the three 
traits recorded in the experiments established at Foggia 
were evidence that the environmental conditions of the 
Mediterranean environment were more favourable to the 
establishment and growth of the same varieties. I conclude, 
after considering the ratings of quality traits of plant perfor-
mance in winter, spring, summer and autumn as reported in 
Table 5, that the varieties evaluated may be retained well 
adapted to Mediterranean climates and may be useful base 
genetic material for developing improved bermudagrass in 
this environment for multiple purposes (sports fields, pri-
vate and public gardens and mats for ecological proposes). 

According to studies made on genetic variability by 
Caetano-anollés (1998), Yerramsetty et al. (2005) and 
Anderson and Wu (2007) using DNA amplification finger-
printing techniques on seeded bermudagrass varieties deve-
loped over the past two decades, a narrow genetic basis of 
diversity across varieties for turfgrass quality and perfor-
mance characteristics was found. Genetic studies made by 
Kneebone (1966), Baltensperger et al. (1993) and Yerram-
setty et al. (2005) on the progenitor used in the initial seed 
industry programme naturalized germplasm from the region 
along the Colorado river of Arizona and California. A study 
on genetic relationships by Zhang et al. (1999) and Yerram-
setty et al. (2005) showed the most popular varieties to be 
very closely related to each other. Furthermore, Caetano-
anollés (1998) and Yerramsetty et al. (2005) in a study 
carried out on DNA analysis, reported that the initial low 
diversity among parental lines may be further reduced by 
mechanical mixing of seed production fields leading to 
genetic contamination. 

The values for all qualitative parameters observed in 
spring and summer seasons were favoured by environmen-
tal conditions which promote better development of the 
plants for turf quality, colour and cover traits in all varieties 
(Table 5). These results were in agreement with those ob-
tained by Huang et al. (1997a, 1997b) under controlled 
growth conditions. The authors noted that in their experi-
ments established in a greenhouse and based on four C4 
plants (bermudagrass, centipedegrass (Eremochloa ophiu-
roides ([Munro] Hack.), seashore paspalum (Paspalum 
vaginatum Swartz), and zoysiagrass (Zoysia japonica 
Willd.) grown under two soil drying and four rewatering 
conditions that rewatering after a spate of dry conditions did 
not influence shoot and root development of bermudagrass. 
Thus the environmental conditions during the period of 

vegetative growth of turfgrass (Fig. 1) favoured the deve-
lopment of plants with high turf quality, colour and cover 
traits in all varieties. By contrast, the reduced rating of au-
tumn values for the turf quality and colour traits may be due 
to the lack of the environmental conditions (reduction of 
photoperiod and soil and air temperatures) which interfered 
with the physiological process of plant development (Batten 
et al. 1981; Di Paola et al. 1982; Daget 1985; Sinclair et al. 
2003). The weather factor which most influenced the turf 
quality of bermudagrass, in agreement with Sinclair et al. 
(2004), was the reduction of photoperiod of daylength 
which occurred in the autumn months. This assumption was 
supported by experiments made by Sinclair et al. (2004) on 
four warm-season grasses (bahiagrass (Paspalum notatum 
Flugge), bermudagrass, florakirk bermudagrass (Cynodon 
dactilon var. elegans) and florona stargrass (Cynodon nlem-
fuensis Vanderyst var. nlemfuensis) grown under field con-
ditions during two seasons of short daylength under a gra-
dient of photosynthetic photon flux density (0.1 to 30 �mol 
m-2 s-1) on plant development. The results of Sinclair et al. 
(2004) experiments clearly showed that physiological pro-
cesses in plant development were activated after photosyn-
thetic photon flux density was light saturated. Thus, under 
the limit of light saturation in autumn months, bermuda-
grass plants have reduced physiological processes during 
development and turf quality in autumn (Table 5). 

In the beginning of December as air temperature fell 
below 10°C all varieties lost their green colour and the 
plants remained yellow-brown and dormant until April 
when the soil temperature reached 18°C. This is in agree-
ment with the results reported by DiPaola et al. (1982) and 
Sifers et al. (1985), The variability observed among varie-
ties for dormancy and greenup traits was very small. How-
ever, the varieties ‘Jackpot’ and ‘Savannah’ differed from 
other species for early spring greenup and late dormancy, 
respectively (Table 6). In agreement with the results of 
Sifers et al. (1985), the min temperature of the winter 
months (Fig. 1) did not apparently injure the physiological 
activity of the roots system during winter vegetative stasis 
as shoot numbers and the rating values for turf cover and 
quality traits in spring were maintained well from year to 
year.  

The mean square variability among seasons in turf qua-
litative parameters was related to the sensitivity of the trait 
to climatic parameters. Turf colour presented wider suscep-
tibility across the seasons to climatic conditions than other 
qualitative characteristics. Turf colour was influenced by 
light rather than temperature and consequently the trait pre-
sented lower mean square variation among season than turf 
quality and turf cover trait while plant development was in-
fluenced mainly by temperature and Eto during the seasons 
(Fig. 1). 

The low variability existing for cover in the spring and 
summer seasons reflected the adaptability of all varieties to 
the weather conditions experienced during these seasons 
while the decrease of cover score observed in autumn was a 
consequence of reduced light and temperature on plant 
development (Table 5). 

 The reduction of the scores for turf colour in autumn 
was a consequence of the effects of low seasonal tempera-
tures on green chlorophyll pigments which result in a reduc-
tion of photosynthetic activity of the leaves (Moss 1988). 
The number of varieties in the different cluster groups was 
related to the magnitude of the variety × season interaction 
effect. The higher thatch values of summer were apparently 
a direct reflection of the higher plant development that oc-
curred in this season rather than in others. 

The varieties differently adapted to the environmental 
condition of the year. Among varieties, ‘Pyramid’ in spring 
and ‘Shangri-La’ in summer and autumn were well adapted 
for turf quality while ‘Jackpot’ and ‘Shangri-La’ were well 
established for cover in all seasons. The variability among 
varieties for winter dormancy and spring greenup and num-
ber of shoot in spring performances, as effect of low variety 
× environmental interaction, showed a different adaptation 
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to the weather condition of the site. However, the reduction 
in shoot number in spring (9.6% lower than those of au-
tumn) may be attributed to some stolons buds still being 
dormant at the time of shoot assessment in spring (Table 6). 

The variation in number of varieties in the selected 
group among seasons (wider in spring a lower in summer 
and autumn) was a consequences of increase of the variety 
x environmental interaction effect caused by harsh weather 
conditions (high temperature and reduced rainfall) occurred 
in the seasons (Table 7 and Fig. 1). Furthermore, the large 
number of varieties included in the cluster groups of spring 
parameters, may be due to favourable weather condition for 
plant development and to the lack of damage of the root 
system during winter stasis. Because the varieties ‘Jackpot’, 
‘Shangri-La’ and ‘Savannah’ were present in the selected 
cluster group for turf quality traits in all seasons and ‘Jack-
pot’ and ‘Savannah’ in the group of dormancy and spring 
greenup traits, they may be considered better adapted to 
cope with the environmental condition of the seasons in the 
Mediterranean environment. 

In conclusion, all the bermudagrass varieties studied 
were well adapted, demonstrated by turf quality, colour and 
cover traits in spring, summer and autumn seasons in the 
Mediterranean climate of the experiment. Furthermore, the 
results indicate that the inputs required for good turfgrass 
are less than with alternative species. When the results from 
this experiment are compared with work of Martiniello and 
D’Andrea (2006) for cool season turfgrass species (Ken-
tucky bluegrass, tall fescue, perennial ryegrass, chewing, 
creeping and slender creeping red fescue) with bermuda-
grass, the number of clippings was reduced by 46.6%, the 
number of water applications by 38.6% and the total 
amount water by 36.9%. Considering the values of the turf 
traits in spring season, winter soil temperature did not 
damage the morphological organs and the nutritive reserve 
compounds stored in the root system during winter stasis. 
On the basis of the variety × environmental interaction, the 
Scott and Knott (1974) cluster method analysis singled out 
varieties with the genetic potentiality (‘Jackpot’, ‘Savannah’ 
and ‘Shangri-La’) to be able to establish bermudagrass 
lawns with better turf quality and performance during 
spring, summer and autumn periods in the Mediterranean 
environment. 
 
CONCLUSIONS AND PERSPECTIVES 
 
The establishment of turfgrass lawns for sports fields, pub-
lic and home gardens and mats for landscaping in Medit-
erranean basin environments have constantly been increas-
ing over the last decades. A survey carried out by the Italian 
National Olympic Committee on lawns used for sports 
grounds (golf courses, rugby, baseball, softball and football 
fields) has been increasing annually at a rate of about 3.2% 
in Italy (Martiniello 2005). However, instead of the ecolo-
gical, agronomic and economic advantages of bermudagrass 
lawns, the new green surfaces in areas of Mediterranean 
zones (UNESCO-FAO 1963) are still being planted with 
cool season grasses. Several authors agreed on the wider 
adaptability of available bermudagraas varieties to Mediter-
ranean environments (Volterrani et al. 1997; Mieli et al. 
2000; Croce et al. 2001) over other turfgrasses that included 
cool and warm season grasses. Despite the potential interest 
of the scientific community in bermudagrass turfgrass 
rather than cool season grass, the diffusion of lawns made 
using warm season grasses in Mediterranean environments 
remains scant. The fail to use bermudagrass in implanting 
new lawns in Mediterranean environments has been due to 
a lack of agronomic facilities, specific knowledge and 
skilled operators able to take care of green surfaces made 
with bermudagrass. 

However, the enhancement of bermudagrass turf in a 
Mediterranean environment requires an institution similar 
to that in the USA, the NTEP, which is designed to develop 
and coordinate uniform trials of bermudagrass to determine 
the adaptation, performance and characteristics of the culti-

vars evaluated. 
The results of this study make several varieties selected 

from subtropical and transition zones of the US (‘Chey-
enne’, ‘Guymon‘, ‘Jackpot’, ‘Mirage’, ‘Mohawk’, ‘Numex 
Sahara’, ‘Panama’, ‘Primavera’, ‘Princes’, ‘Pyramid’, 
‘Savannah’, ‘Shangri-La’, ‘Sultan’, ‘Sydney’ and ‘Sonesta’) 
available for use, having adapted well in experimental trials 
established under Mediterranean environments. The varie-
ties used could be the most commonly used for implanting 
bermudagrass lawns in Mediterranean environments and 
could also be used as base genetic material for improving 
local germplasm and for the turfgrass industry for seed pro-
duction. Moreover, seed availability of adapted bermuda-
grass varieties in Mediterranean environments represents a 
perspective for establishing bermudagrass lawns in golf 
courses and landscaping in Mediterranean countries such as 
Portugal, Spain, Italy, Greece, Israel, and North African 
countries. 
 
ACKNOWLEDGEMENTS 
 
Research was funded by the special project “Inerbimenti e tappeti 
erbosi per la valorizzazione agricola, ricreativa e sportiva del 
territorio” of the Ministry of Agricultural and Forestry Policy. 
Paper No. 160. The author thanks the technician Egisto D’Andrea 
for the assistance given in carrying out the agronomic assessment 
of the traits in the field experiment. 
 
REFERENCES 
 
Alderson J, Sharp WC (1994) Grass varieties in the United State. U.S. De-

partment, Soil conservation Service USDA-SCS, Agriculture Handbook N° 
170, pp 42-50 

Baker BS, Jung GA (1968) Effect of environmental conditions on the growth 
of four perennial grasses. Agronomy Journal 60, 155-158 

Baltensperger A, Dossey B, Taylor L, Klingenberg J (1993) Bermudagrass, 
Cynodon dactylon (L.) Pers., seed production and variety development. Inter-
national Turfgrass Research Journal 7, 829-838 

Batten SM, Beard JB, Johns D, Almodares A Eckhart J (1981) Characteri-
zation of cool season tufgrasses for winter overseeding of dormant bermuda-
grass. International Turfgrass Research Journal 4, 83-94 

Beard JB (1989) Turfgrass water stress: drought resistance components, phy-
siological mechanisms, and species-genotypes diversity. International Turf-
grass Research Journal 6, 23-28 

Beard JB, Sifers SI (1997) Turfgrass water stress: drought resistance compo-
nents, physiological mechanisms, and species-genotype diversity. Interna-
tional Turfgrass Research Journal 9, 855-859 

Beard JB, Sifers SI (1998). Comparative assessment of turf characteristics and 
stress resistance for three Cynodon hybrids on putting green. Science and 
golf. In: Cochran AJ, Farrally MR (Eds) 3rd Proceedings of the World Science 
Congress of Golf, London 3, pp 655-661 

Brown RH (1988) Growth of the green plant. In: Tesar MB (Ed) Physiological 
Basis of Crop growth and Development (2nd Reprint), ASA and CSSA, Madi-
son, Wisconsin, USA, pp 153-174 

Burton GW, Hanna WW (1985) Bermudagrass. In: Heath ME, Barnes RF, 
Metcalfe DS (Eds) Forages. The Science of Grassland Agriculture (4th Edn), 
Iowa State University Press, Ames, Iowa, USA, pp 247-254 

Caetano-anollés G (1998) DNA analysis of turfgrass genetic diversity. Crop 
Science 38, 1415-1424 

Croce P, De Luca A, Mocioni M, Volterrani M, Beard JB (2001) Warm-sea-
son turfgrass species and cultivar characterizations for a Mediterranean cli-
mate. International Turfgrass Research Journal 9, 855-859 

Daget P (1985) The Mediterranean bioclimates and some of their consequences 
on vegetation. International Turfgrass Research Journal 5, 25-35 

DiPaola JM, Beard JB, Brawand H (1982) Key events in the seasonal root 
growth of bermudagrass and St. Augustinegrass. HorScience 17, 829-831 

Eastin JD, Sullivan CY (1988) Environmental stress influence on plant persis-
tence, physiology, and production. In: Tesar MB (Ed) Physiological Basis of 
Crop Growth and Development (2nd Reprint), ASA and CSSA, Madison, Wis-
consin, USA, pp 201-236 

Edwards AWF, Cavalli-Sforza LL (1965) A method for cluster analysis. Bio-
metrics 21, 362-375 

FAO-ISRIC-ISSS (1998) World reference base for soil resources. World Soil 
Resources Report No. 84, Rome, Italy, 90 pp 

Gates GE, Bilbro JD (1978) Illustration of a cluster analysis method for mean 
separation. Agronomy Journal 70, 462-465 

Gibeault VA, Autio R (1999) Turfgrass cultivar evaluations: UC Riverside. In: 
University of California (Ed) Proceedings of UCR Turfgrass and Landscape 
Management Research Conferences and field day, September 1999, River-
side (CA), USA, pp 25-38 

80



The European Journal of Plant Science and Biotechnology 2 (1), 74-81 ©2008 Global Science Books 

 

Goatley JM, Smith DB, Gerard PD, Coats GE (1997) Comparing sod 
strength parameters of warm-season turfgrasses using a hydraulically driven 
sod strength machine. HortTechnology 7 (4), 421-426 

Hall MH, Gaudreau JE, White RH, Menn WG, Taylor GR (1999) Update on 
the 1997 National Turfgrass Evaluation Program (NTEP) bermudagrss trial-
1998. Texas Turfgrass Research Turf- 99- 12, 12 pp 

Harlan JR, de Wet, JMJ Rawal KM (1970a) Geographic distribution of the 
species of Cynodon L. C., Rich (Gramineae). East African Agriculture and 
Forestry Journal 36, 220-226 

Harlan JR, de Wet JMJ, Rawalk KM (1970b) Origin and distribution of the 
seleucidus race of Cynodon dactylon L. Pers. Var. dactylon (Gramineae). 
Euphytica 19, 465-469 

Huang B (1998) Water relations and root activities of Buchloe dactyloides and 
Zoysia japonica in response to localized soil drying. Plant and Soil 208, 179-
186 

Huang B, Duncan RR, Carrow RN (1997a) Drought-resistance mechanisms 
of seven warm-season turfgrasses under surface drying. I. Shoot response. 
Crop Science 37, 1858-1863 

Huang B, Duncan RR, Carrow RN (1997b) Drought-resistance mechanisms 
of seven warm-season turfgrasses under surface drying. II. Root aspects. 
Crop Science 37, 1863-1869 

Huang B, Fu J (2001) Growth and physiological responses of tall fescue to sur-
face soil drying. International Turfgrass Research Journal 9, 865-869 

Kneebone WR (1966) Bermudagrass wordly, wily, wonderful weed. Economic 
Botany 20, 94-97 

Martiniello P (2005) Variability of turf quality and phytocoenoses in areas of 
playing football grounds in Mediterranean environments. Agricoltura Medi-
terranea 135, 209-220 

Martiniello P, D’Andrea E (2006) Cool season turf grass species adaptability 
in Mediterranean environments and quality traits of varieties. European Jour-
nal of Agronomy 25, 234-242 

Miele S, Volterrani M, Grossi, N (2000) Warm season turfgrasses: results of 
five-year study in Tuscany. Agricultura Mediterranea 130, 196-202 

Mitchell KJ (1953) Influence of light and temperature on the growth of rye-
grass (Lolium spp.). I. Pattern of vegetative development. Physiologia Plan-
tarum 6, 21-46 

Morris KN (2005) A guide to NTEP turfgrass rating. National turfgrass evalua-
tion program (NTEP). 2002 National bermudagrass test. Progress Report 
NTEP N° 06-5, National Turfgrass Federation, Inc., Beltsville, Maryland, 
USA, 120 pp 

Morris KN, Sherman RC (1999) NTEP turfgrass evaluation guidelines. In: 
Morris KN (Executive Director) and Shearman RC (Special Projects Coordi-
nator), National turfgrass evaluation program, National Turfgrass Federation, 
Inc., Beltsville, Maryland, USA, pp 1-5 

Moss DN (1988) Photosynthesis, respiration, and photorespiration in higher 

plant. In: Tesar MB (Ed) Physiological Basis of Crop Growth and Develop-
ment (2nd Reprint), ASA and CSSA, Madison, Wisconsin, USA, pp 131-152 

Müller C, Santoro F (2001) Chemical control of Pennisetum clandestinum 
Hochst ex Chiov. (Kikuyugrass) in Cynodon dactylon (L.) Pers. (common 
bermudagrass). International Turfgrass Research Journal 9, 1030-1035 

Philley HW, Goatley JM, Krans JV, Maddox VL (1999) Turf performance of 
seeded bermudagrass cultivars in Mississippi. Mississippi Agricultural and 
Forestry Experiment Station Bulletin 1088, 1-8 

SAS Institute (1997). SAS/STAT Software: Changes and enhancements 
through release 6.12. SAS. Inst. Inc., Cary, NC, USA 

Scott AJ, Knott M (1974) A cluster analysis method for grouping means in the 
analysis of variance. Biometrics 30, 507-512 

Sifers SI, Beard JB, Di Paola JM (1985) Spring root decline (SRD): discovery, 
description and causes. International Turfgrass Research Journal 5, 777-787 

Sinclair TR, Ray JD, Mislevy P, Premazzi LM (2003) Growth of subtropical 
forage grasses under extended photoperiod during short daylenght months. 
Crop Science 43, 618-623 

Sinclair TR, Ray JD, Premazzi LM, Mislevy P (2004) Photosynthetic photon 
flux density influences grass responses to extended photoperiod. Environ-
mental and Experimental Botany 51, 69-74 

Skerman JP, Riveros F (1992) Gramíneas Tropicales. FAO N° 23, Roma, Italy, 
849 pp 

 Steel RGD, Torrie JH (1980) Principles and Procedures of Statistics. A Bio-
metrical Approach (2nd Edn), McGraw-Hill, New York, USA, 633 pp 

Talliaferro CM, Hopkins AA, Anderson MP, Anderson JA (1996) Breeding 
and genetic studies in bermudagrass and switchgrass. In: Smith GR (Ed) Pro-
ceedings of 52nd Southern Pasture and Forage Crop Improvement Conference, 
Oklahoma, USA, pp 41-52 

UNESCO-FAO (1963) Arid zone research. Ecological study of Mediterranean 
zone. Bioclimatic map of Mediterranean zone. Explanatory notes 21 
UNESCO-FAO. Rome, Italy, 58 pp 

Volterrani M, Grossi N, Pardini G, Miele S, Magni S, Gaetani M, Pardini G 
(1997) Warm season adaptanion in Italy. International Turfgrass Research 
Journal 8, 1344-1348 

Volterrani M, Miele S, Magni S, Gaetani M, Pardini G (2001) Bermudagrass 
and seashore paspalum winter overseeded with seven cool-season turfgrasses. 
International Turfgrass Research Journal 9, 957-961 

Yerramsetty PN, Anderson MP, Talliaferro CM, Martini LM (2005) DNA 
fingerprinting of seeded bermudagrass cultivars. Crop Science 45, 772-777 

Zhang J, Davies WJ (1989) Abscisic acid produced in dehydrating roots may 
enable the plant to measure the water stress status of the soil. Plant Cell and 
Environment 12, 73-81 

Zhang LH, Ozias-Akinss P, Kochery G, Kresovch S, Dean R, Hanna W 
(1999) Differentiation of bermudagrass (Cynodon spp.) genotypes by AFLP 
analyses. Theoretical and Applied Genetics 98, 895-902 

 
 

81


