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This study was conducted in order to determine the performances of some world wide used C4 warm-
season turfgrasses (Buchloe dactyloides, Cynodon dactylon, C. dactylon x C. transvaalensis, 
Stenotaphrum secundatum, S. variegatum, Paspalum notatum, P. vaginatum, Pennisetum 
clandestinum, Zoysia japonica) under mediterranean ecological conditions of Izmir/Turkey in 2006 - 
2007. The experimental design was a randomised complete blocks with four replications. Results 
indicated that, all tested warm-season turfgrasses except Z. japonica cultivars and Stenotaphrum 
variegatum, performed very well on the experimental area in terms of leaf blade width, ground cover, 
weed competition, total clipping yield, spring green-up, fall colour retention and visiual turf quality.  
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INTRODUCTION 
 
The turf is an integral and significant part of the land-
scape and enhances its beauty when established proper-
ly, while a poor turf will detract from the overall appea-
rance (Brede, 2000). It is a general idea that turfs increa-
se the aesthetic, economic and environmental value of 
the landscape and provides recreational canvas, erosion 
control and other ecological benefits (Beard, 1973; 
Busey, 2003).  

Main characteristics of mediterranean climate are 
represented by mild, rainy winters and hot, dry summers. 
Because of those climatic conditions, Mediterranean 
regions are considered as transition zones. Due to the 
dry summer and high temperatures as well as low tem-
peratures in winter are of tremendous significance in 
terms of turfgrass and proper medium growing selection 
(Croce et al., 2001). Traditionally and depending on very 
old information on turf sector, C3, cool-season turfgrasses 
such as Lolium perenne, Festuca rubra and Poa 
pratensis have been commonly used in mediterranean 
part of Turkey and similar regions of neighbouring coun-
tries (Volterrani et al., 1997). On the contrary, very limited 
summer rainfalls of the mediterranean regions, along with 
the limited water supplies are dictating the need to use 
the warm-season turfgrasses with low water use rate and  
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drought tolerant properties. Although, winter dormancy is 
the most important drawback of warm season turfgrasses 
and in order to obtain evergreen turf, overseeding with 
cool-season turfgrasses required (Harivandi, 1996). How-
ever, this species could be used more extensively with 
regard to water conservation strategy (Dernoeden and 
Carroll, 1992; Dotray and McKenney, 1996; Croce et al., 
2003).  

The higher quality, C4, warm-season turfgrasses used 
on sport fields, golf courses and reclamation areas have 
been vegetatively propagated (Beard, 1973). The charac-
teristics of the seeded materials have typically been of a 
low density, open growth habit, particularly when com-
pared to the vegetatively propagated C4 turfgrasses 
(Croce et al., 1999). The lack of readily available vegeta-
tive production sources were the contributing factors for 
the preferences to use seeded grasses instead of bene-
fiting from the improved vegetatively propagated, hybrid 
cultivars in the mediterranean regions of Europe (Patton 
et al., 2004). Another objection to the warm-season turf-
grass which occurs generally in the mediterranean region 
is the lack of green colour during the winter dormancy 
period. 

Considering the superiority of warm-season species in 
drought resistance and low water use rate preferences 
for seeded types of C3, cool-season turfgrasses has been 
unfortunate (Beard, 1989). Successful turfgrass manage-
ment begins with the selection of a turfgrass species  and  
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Table 1. Monthly average temperatures and total precipitations recorded 
at experimental area. 
 

Months Temperature (ºC) Precipitation (mm) 

2006 2007 
1980 

2000 
2006 2007 

1980 

2000 

January 6.9 10.6 8.1 77.5 33.1 109.7 

February 9.6 10.6 8.6 93.4 22.6 89.8 

March 12.1 13.4 10.8 180.9 29.7 72.3 

April 17.4 16.2 15.0 29.4 19.3 48.9 

May 21.1 22.4 20.2 0.2 44.1 32.2 

June 25.7 27.5 25.0 10.0 0.3 8.2 

July 28.1 30.1 27.6 - - 3.6 

August 29.2 29.2 27.0 - - 2.1 

September 23.8 24.4 22.2 167.2 0.0 17.0 

October 19.2 19.7 18.0 114.5 107.7 46.8 

November 12.4 13.9 13.2 63.1 111.6 80.3 

December 9.7 9.0 9.9 9.1 118.8 122.3 

����- ΣΣΣΣ 17.9 18.9 17.1 745.3 487.2 633.2 

 
 
 

cultivars adapted to the wide fluctuation of mediterranean 
climate (Busey, 2003).  

As a group the Cynodon, Buchloe, Paspalum species 
have superior drought resistance, heat stress resistance, 
deep rooting and wear stress tolerance, but have poor 
shade adaptation (Beard and Sifers, 1997; Goss et al., 
2006). Moreover, the Stenotaphrum and Zoysia species 
have superior shade tolerance in addition to heat resis-
tance but poor drought resistance and high soil pH avoi-
dance (Brede, 2000; Patton et al., 2004; Lee et al., 2005). 
Accordingly, the objective of the present study was to 
asses the turfgrass performances and adaptations of 6 
genus and a total of 11 C4 warm-season turfgrass 
species under mediterranean conditions of Turkey. 
 
 
MATERIALS AND METHODS 

 
Experiments were conducted in 2006-2007 at Bornova experi-
mental area (38°27.236N, 27°13.576E) in Ege University, Izmir-
Turkey, at about 28 m a.s.l. with typical mediterranean climate 
characteristics (Table 1). The native root zone was composed of 
80.2% sand with 95% above 0.25 mm in diameter, 18.1% silt and 
1.84% clay. The infiltration rate was 89 mm h

-1
 and the organic 

matter content was 3.8% and a pH of 7.2. 
The following turfgrass species and cultivars entries were tested 

(Table 2). A randomized complete block design arranged with 4 
replications was used. Plot size was 2 m long by 1 m wide. A 0.5 m 
bare soil corridor was maintained between plots. Sprigs of an ave-
rage length of 15 cm with an average of 5 nodes, were planted by 
hand in 5 rows, 20 cm apart in each plot on 20 July 2005. Sprigged 
areas were rolled and irrigated to encourage sprig–soil contact and 
to avoid desiccation. Pre-herbicide, oxadiazon, was applied at 2.4 
kg ai ha

-1
 a week before spriging.  

N was applied to soil at 50 kg ha
-1

, beginning 2 weeks after plan-
ting and continuing monthly through September in both years. P 
and K were applied twice annually as needed based on chemical 
soil tests. Supplemental irrigations were applied as needed to 

prevent visual wilt of the turf by sprinkling during summer season. 
No turf cultivation or vertical cutting was practiced on the experi-
mental area in order to avoid interplots contamination. Invading 
weeds were hand removed during the establishment period, but 
after the turfs were fully established the weed is allowed to invade 
due to better evaluation of competition with turfgrass cultivars. The 
first mowings were carried out 5 weeks after spriging with a rotary 
mower at 50 mm cutting height. During following mowing the cutting 
height was gradually reduced to 25 mm from the first year. After 
establishment, mowing was carried out with a rotary mover at 20 - 
25 mm cutting height. The following evaluations were carried out 
during the trial. 

Leaf blade width was measured on the midpoint of the second-
youngest, fully expanded leaf blades of 20 samples. Ground cover 
was determined by quadrate (dm

2
, 4 replications) on each plot as 

percent ground cover after second mowing for each turfgrass. 
Weed competation was based on vying ratings (1 = very weak, 9 = 
highly competitive). Clippings were collected after every mowing 
(1.5 m x 0.50 m) and were dried in a forced-air oven at 70ºC for 48 
h and continued until the end of the experiment in both years. 
Number of cuttings displayed in Table 2. Fall colour retention was 
based on weekly visual evaluations on percent green cover during 
fall turfgrass transition to dormancy (De Luca et al., 2008). Spring 
green-up were determined by weekly visual evaluations on percent 
green cover during spring. Visual turfgrass quality estimates were 
made at 15- to 30-day intervals throughout the growing season. 
These ratings were based primarily on a composite of 2 compo-
nents; turf colour and uniformity of appearance. The rating scale 
used was 1 = poorest quality and 9 = highest quality. A rating of 6.5 
or higher represented an acceptable quality (De Luca et al., 2008). 

The data were processed and statistically analyzed using 
analysis of variance (ANOVA) with the Statistical Analysis System 
(SAS 1990). Probabilities equal to or less than 0.05 were consi-
dered significant. If ANOVA indicated differences between treat-
ment means a LSD test was performed to separate them. 

 
 
RESULTS 
 

The results are summarized in Table 3. 
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Table 2. Tested C4 warm-season turfgrass species, cultivars and number of cuttings. 
 

No. Turfgrass species Cultivar Establishment Number of cuttings 

2006 2007 

1 B. dactyloides (Nutt.) Engelm Bowie Sprig 7 6 

2 B. dactyloides (Nutt.) Engelm Cokey Sprig 7 6 

3 C. dactylon (L.) Pers. SR-9554 Sprig 10 8 

4 C. dactylon x C. transvaalensis  Burtt. Davy Tifway-419 Sprig 9 8 

5 S. secundatum (Walter) Kuntze Floratam Sprig 16 14 

6 S. variegatum (Walter) O. Kuntze * Sprig 9 7 

7 Paspalum notatum Flueggé Pensacola Sprig 10 8 

8 P. vaginatum Swartz Seaspray Sprig 16 14 

9 Pennisetum clandestinum Hochst ex Chiov. Whittet Sprig 12 10 

10 Z. japonica Steud. Meyer Sprig 12 10 

11 Z. japonica Steud. Zenith Sprig 15 14 
 

*Ornamental, no registration. 
 
 
 

Leaf blade width 
 

Significant differences were obvious among the leaf 
blade width of tested warm-season turfgrass species and 
cultivars in both years. Tifway-419 of Cynodon hybrid had 
the narrowest average leaf blade (1.2 mm), whereas leaf 
blade width was largest in Stenotaphrum species (6.6 - 
7.1 mm). Second year records displayed similar results 
with the first year and Tifway-419 had the narrowest 
average leaf blade (1.4 mm) which was slightly larger 
than the first year. 
 
 

Ground cover 
 
There were also significant differences among the tested 
turfgrasses in terms of coverage. Maximum cover 
detected in Cynodon species (SR-9554 and Tifway-419) 
being 85-95% and lowest average ground cover was 
obtained from S. variegatum with 58% in 2006 and from 
Z. japonica (Zenith) 47% in 2007 (Table 3). Some turf-
grasses such as B. dactyloides species (Bowie and 
Cokey) and P. vaginatum (Seaspray) increased their rate 
of ground cover; on the contrary, Cynodon and Z. 
japonica species (Meyer and Zenith) decreased the rates 
of same property in the second year. Average results of 
the individual years also displayed a general decrease. 
 
 

Weed competition 
 

Warm season turfgrass stands tested in the study, except 
Z. japonica and B. dactyloides species (6.2 - 6.6) and S. 
variegatum (6.8) were quite vying turfs to weed in the first 
year. Better weed competition ratings were shown by C. 
dactylon (8.7), P. vaginatum (8.9) and P. clandestinum 
(Whittet) (8.9) in the second year.  

Total clipping yield 
 

Turfgrass species exhibited significantly different perfor-
mances in terms of clipping yields which were the indica-
tion of biomass production and vigor. P. clandestinum 
and C. dactylon ranked at the top of the list in 2006 and 
2007, former having an average clipping yield of 3887 kg 
and 4047 kg ha

-1
, respectively. S. variegatum and Z. 

japonica species ranked far below the successful turf-
grasses in the list of both years (Table 3). 
 
 

Spring green-up 
 

Higher rates of spring green-up scores of P. vaginatum 
were evident in both years, as 78 and 82%, respectively. 
S. secundatum (Floratam) exhibited similar accomplish-
ment, having the rates of 73 and 81%, respectively. Z. 
japonica displayed also satisfactory rates of spring green-
up. In contrast, B. dactyloides cultivars were very limited 
in spring green-up performances, having only 6 and 9% 
in the first year and 9 and 14% in the second year, 
respectively. 
 
 

Fall colour retention 
 

There were significant differences among the turfgrasses 
in term of fall colour retention in both years, consequently 
Tifway-419 of Cynodon hybrid and P. vaginatum had 
higher rates compared to the other warm-season turf-
grass material, former having 88 and 91% and latter 
having 88 and 94% in different years, respectively. B. 
dactyloides cultivars had lower fall colour retentions 
compared to the other grass material, indicating the long 
term winter dormancy periods of this turf grass which is 
not a desirable property in turfs. All turfgrasses  tested  in  
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Table 3. Comparative turf characteristics among 11 vegetatively propagated C4 warm-season turfgrass cultivars at Bornova in 2006 
- 2007. 
 

Turfgrass 

species 

Leaf 
blade 
width 
(mm) 

Ground 

cover 

(%) 

Weed  

competition 

Total 
clipping 

yield 
(kgha

-1
) 

Spring 
green-

up
1
 

(%) 

Fall colour 

 retention
2 
(%) 

Mean 
visual 

turfgrass 

quality 

2006 

B. dactyloides {Bowie} 2.2 82 6.5 2478 9 47 6.6 

B. dactyloides {Cokey} 2.2 78 6.2 2366 6 38 6.4 

C. dactylon 2.8 95 8.7 3672 52 67 8.2 

C. d.xC. transvaalensis 1.2 85 7.2 3250 57 88 7.6 

S. secundatum 6.6 75 8.1 3368 73 73 7.3 

S. variegatum 7.1 58 6.8 1915 48 51 4.6 

P. notatum 3.1 78 7.4 3120 51 63 6.8 

P. vaginatum 2.7 87 8.3 3317 78 88 8.1 

P. clandestinum 5.2 72 8.1 3887 52 68 7.3 

Z. japonica {Meyer} 4.3 61 6.6 2261 63 59 5.4 

Z. japonica {Zenith} 3.9 63 6.2 2058 69 78 4.8 

Mean 3.8 75.8 7.3 2881 50.7 65.5 6.6 

LSD (.05) 0.9 4.7 0.8 353 6.1 10.7 0.9 

F-test ** * ** * * * ** 

2007 

B. dactyloides {Bowie} 1.9 85 7.1 2596 14 54 6.8 

B. dactyloides {Cokey} 2.1 69 5.8 2189 9 46 6.6 

C. dactylon 2.5 90 8.7 3821 58 79 8.2 

C. d.xC. transvaalensis 1.4 83 6.9 2966 63 91 7.0 

S. secundatum 6.3 81 8.0 3517 81 79 7.4 

S. variegatum 6.7 55 6.2 1623 54 60 4.2 

P. notatum 3.2 69 6.6 2514 51 72 6.5 

P. vaginatum 2.5 91 8.9 3766 82 94 8.1 

P. clandestinum 5.4 84 8.9 4047 56 71 7.5 

Z. japonica {Meyer} 3.8 56 5.8 1863 65 68 4.9 

Z. japonica {Zenith} 4.0 47 4.6 1539 76 85 4.1 

Mean 3.6 73.6 7.0 2767 55.4 72.6 6.5 

LSD (.05) 0.8 3.9 1.2 261 7.3 5.7 0.8 

F-test ** ** ** * * * ** 
 

1
Last decade of March; 

2
first decade of November. 

*Significant at P ≤ 0.05; **Significant at P ≤ 0.01. 
 
 
 

the study were completely brown (dormant) during winter 
period. 
 
 
Visiual turf quality 
 
Mean visiual turf quality characteristic ratings depending 
on turf colour and uniformity of appearance indicated the 
superiority of C. dactylon (8.2) and P. vaginatum (8.1) 
over the other turfgrasses tested in both years. On the 
contrary, Z. japonica species and S. variegatum had 
lower ratings with regard to mean visiual turf quality. B. 
dactyloides cultivars and P. notatum could also sustain a 
minimum acceptable turf quality (6.5 -6.8). 

DISCUSSION 
 
Overall results of the experiment conducted for 2 years 
indicated that a group of C4 turfgrasses such as Cynodon 
species (SR-9554 and Tifway-419) and P. vaginatum 
(Seaspray) performed better than the other grasses 
tested. These results were based on a cutting height of 
20-25 mm which is typical mowing practices on recrea-
tional and minimal use areas. All cultivars did not exhibit 
visually significant disease or insect pest problems during 
the experimental period under the mediterranean climatic 
conditions of Bornova, Izmir, Turkey. 

The narrow leaf blade widths of C. dactylon x C. 
transvaalensis and  B.  dactyloides  cultivars  which  were  



 

 
 
 
 
classified as fine textures by Beard (1973) and De Luca 
et al. (2008) clearly displayed their advantages with 
regard to turf texture. P. vaginatum had also favourable 
leaf width in both years reminded that this feature was 
the natural result of the genetic structure of this grass 
(Trenholm et al., 1999), confirming Lee et al. (2005)’s 
findings which describe the morphological and physio-
logical features of seashore paspalum. Stenotaphrum 
species and P. clandestinum cultivar displayed highly 
coarser textures which were confirmed by many turf 
researchers (Cudney et al., 1993; Salman, 2008). 

The ground cover rate of C. dactylon was much higher 
compared to the other turf grasses due to the higher re-
growth rate of C. dactylon (Beard, 1989; Croce et al., 
2003). Harivandi (1996) and Avcioglu (1997) described 
C. dactylon as an agressive warm season turf grass that 
spread rapidly by above-ground (stolons) and below-
ground (rhizomes) stems. P. vaginatum had also an 
extensive network of stolons or rhizomes resulting in a 
densed ground cover which was in accordiance with the 
Salman (2008)’s findings describing P. vaginatum 
(Seashore) as a fast growing turf grass with very high 
rates of ground cover. P. clandestinum had also an 
extensive network of stolons and rhizomes (Cudney et 
al., 1982), however, stolons were relatively thick and 
fleshy compared to the other turf grasses tested. 
Although Zoysia species also spread by stolons and 
rhizomes, the rate of regrowth was quite slow so that the 
lowest coverage were detected in Zoysia plots. It was 
concluded that, ground cover rates of Zoysia were the 
lowest because of the alkaline reaction of the soil in the 
experimental area. Patton et al. (2004) claimed that, soil 
reaction has a significant impact on growth and develop-
ment of Zoysia grass and soil pH of 6 to 6.5 is the most 
proper levels for regrowth. 

High ground cover rates in C. dactylon, P. vaginatum, 
P. clandestinum resulted in a good weed control. Many 
researchers emphasized that the ground cover and 
stolon density are key components in turf quality and also 
are strong factors impacting the relative competitive 
ability of the turfgrass under weed invasion (Cudney et 
al., 1994; Dotray and McKenney, 1996; Goss et al., 
2006). Rate of regrowth was very slow in Zoysia japonica 
species so that the limited coverages were detected in 
Zoysia plots, most probably creating favourable condi-
tions for weed seed germination due to the rich radiant 
energy penetration in to the soil.  

Clipping yield characteristic provides useful assess-
ment criteria for turfgrass growth and vigour, although it is 
an operationally cumbersome and labour-intensive proce-
dure. Harivandi (1996) and Avcioglu (1997) put forward 
that a high clipping yield is also a significant dimension 
contributing to enhanced intraspecies wear stress tole-
rance. C. dactylon, P. vaginatum and P. clandestinum 
had higher clipping yields in both years, whereas second 
year yield values were variable probably because of the 
differentiating climatic parameters (De Luca et al., 2008). 
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Spring green-up characteristic of C4 warm-season turf 
grasses is a dependable indication of early regrowth and 
greening in stands (De Luca et al., 2008). As far as 
spring green-up is concerned, P. vaginatum and S. 
secundatum showed far higher green cover percentages 
compared to the other turfgrasses, except Z. japonica. 
Those were the evidence of superiority of above men-
tioned turfgrasses over the others, confirming many other 
research workers who suggested this feature as the proof 
of the longer green period of turf stands (Beard, 1989; 
Salman, 2008). 

Results displaying fall colour retention which is an indi-
cative diamension of green period of turfgrasses through-
out the years confirmed that, Cynodon hybrid (Tifway-
419) and P. vaginatum were the most succesful warm-
season turfgrasses under the experimental conditions. 
Many researchers (Croce et al., 1999; Gibeault et al., 
2002; Bunnell et al., 2003) also confirmed our results, 
including some Z. japonica cultivars. B. dactyloides had 
lowest fall colour retention which indicated the long term 
dormany characteristic of this turfgrass which is not a de-
sirable property in turfs. Our findings were also confirmed 
by Dotray and McKenney (1996) and Avcioglu (1997). 

As conclusion, considering the visiual turf quality 
results which are the overall expression of compatibility of 
turfgrasses to the local habitat (Salisbury and Ross, 
1992) and depending on the general results of the tests, 
it was suggested that Cynodon species and Paspalum 
vaginatum were the most successful turf grasses in terms 
of many aspects in the experimental area and those were 
selected as targeted C4 warm-season turfgrasses for the 
local recreational areas under Mediterranean conditions. 
It is also concluded that Z. japonica and S. variegatum 
are not promising turfgrass choices at all under the 
experimental conditions. 
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