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Summary

Persisting drought conditions and diminishing water
resources are common in arid and semi-arid zones;
therefore, it is important to find turf species and culti-
vars that can survive with less water. A field study was
conducted in 2009 and 2010 at the University of Cali-
fornia, Riverside USA to assess the drought tolerance
of 8 tall fescue (Festuca arundinacea Schreb.) cultivars,
and 2 populations of Festuca × Lolium hybrids (Festulo-
lium [FL]). Commercial tall fescue cultivars were: 2nd

Millennium, Avenger, Bonsai 3000, Fawn, Firenza,
Forrest Green, Mason, and Silver Hawk. Festulolium
populations were created through wide hybridization of
tetraploid perennial ryegrass (Lolium perenne L.; Lp)
with diploid meadow fescue [Festuca pratensis (Huds.)
P. Beauv. (Fp)] backcrossed to Lp. Also evaluated were
commercial cool-season blends or mixtures consisting
of tall fescue cultivars; a perennial ryegrass, Kentucky

bluegrass (Poa pratensis L.), creeping red fescue (Fes-
tuca rubra rubra L.), and chewings fescue (Festuca rubra
commutata Gaudin) mixture; a tall fescue and annual
ryegrass mixture; and a perennial ryegrass and Kentucky
bluegrass mixture. Irrigation was suspended during
the summer for 21 days and subsequently resumed at
100 % ETo for the following month. No differences
were detected after 21 days without water among indi-
vidual tall fescue cultivars and FL populations. The two
FL populations showed the highest quality (6.8) and
colour (6.6) before the drought period, but showed
the lowest ratings during recovery (3.4). Although no
differences were observed 21 days after irrigation was
withheld, blends or mixtures containing tall fescue re-
covered better than perennial ryegrass or Kentucky
bluegrass.
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Introduction

Limited availability of water resources underscores the
importance of water conservation for turfgrass manage-
ment, especially in arid and semi-arid zones. Selecting turf-
grass species and cultivars with low water use requirements
is one of the most important approaches in water man-
agement (CHRISTIANS 1998; HUANG and FRY 1999; FIORIO et
al. 2012). Long winter dormancy periods prevent warm-
season species from widespread use in transition zones
(FIORIO et al. 2012). Therefore, despite their higher water
use requirements, cool-season species are still most widely
used in Mediterranean climates like California USA to
maintain year round green colour. Although developing
warm-season species with shorter to no dormancy periods
would be an ideal solution, currently the best approach is
to identify cool-season species and cultivars with high
drought and heat tolerance characteristics.

Tall fescue (Festuca arundinacea Schreb.) is the most
widely used turf species in California (BAIRD et al. 2009).

Tall fescue is one of the most drought tolerant cool-sea-
son species because of its deep root system (SHEFFER et al.
1987; QIAN et al. 1997). Several studies have demonstrated
that tall fescue posseses greater drought tolerance than
Kentucky bluegrass (Poa pratensis L.) and hybrid blue-
grass (Poa pratensis L. × Poa arachnifera Torr.) (BREMER et
al. 2006; BAIRD et al. 2009; FIORIO et al. 2012). However,
its performance during summer months without rainfall is
dependent upon having adequate supplemental irriga-
tion. RICHIE et al. (2002) reported that an average of 80 %
ETcrop and allowance for irrigation uniformity was neces-
sary to maintain acceptable tall fescue quality in Riverside,
CA. According to this estimate, ca. 1,160 mm of water
applied either through irrigation or coupled with natural
precipitation is necessary to maintain healthy tall fescue
(GREEN 2005). The amount of potable water that can be
used landscape irrigation is often hindered by laws and
regulations (STATE OF CALIFORNIA 1993) and natural precipi-
tation alone is not sufficient to maintain healthy turf stands,
especially during the summer months. Hence, maintain-
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ing acceptable turf quality, colour, and playing conditions
in arid conditions has become a challenge for many stake-
holders in the landscape industry.

Diversity in drought stress responses among tall fescue
turf cultivars has been reported by many studies (CARROW

and DUNCAN 2003; SU et al. 2007; KARCHER et al. 2008;
RICHARDSON et al. 2012). However, the number of tall
fescue cultivars commercially available is higher than 100
(CARROW and DUNCAN 2003), and most studies have com-
pared only a limited number of varieties. KARCHER et al.
(2008), comparing 12 different experimental tall fescue
entries, showed that some varieties can hold up to 16 days
longer in comparison to others without showing drought
stress symptoms. The researchers also concluded that cul-
tivars with delayed drought symptoms are also those who
recover faster from the stress when irrigation is restored.
Moreover, some cultivars, such as Axiom, maintained 50 %
of green colour after 53 days without irrigation when
grown under a rain shelter (KARCHER et al. 2008). However,
despite the high number of commercially available tall fes-
cue cultivars, BAIRD et al. (2012) found that limited genetic
diversity is present in current turf-type tall fescue germ-
plasm; therefore, limited improvement can be made in
drought tolerance and other traits without adequate diver-
sity.

Recent studies have reported higher drought tolerance of
tall fescue in comparison to Kentucky bluegrass (FIORIO et
al. 2012; RICHARDSON et al. 2012). Comparing six tall fescue
cultivars and six Kentucky bluegrass cultivars, RICHARDSON

et al. (2012) reported that water requirements to maintain
turf above 40 % green cover during summer ranged from
57 to 99 mm for tall fescue, and from 64 and 140 mm for
Kentucky bluegrass. However, cool-season stands are
rarely formed by a single species. Mixtures of different

species are available commercially, and they are often used
to seed landscape areas. Although studies have been con-
ducted to compare cool-season mixture quality (MISHIA

1991; SALEHI and KHOSH-KHUI 2004), and wear tolerance
(NEWELL et al. 1996), information on drought tolerance of
cool-season grasses when used in a mixture is lacking.

Recently, hybrids of fescues (Festuca spp.) and ryegrasses
(Lolium spp.), called Festulolium (FL), have been created
through wide hybridization. Although FL is not common
in the U.S. turfgrass industry, these hybrids have been used
by forage breeders in both Europe and the U.S. to exploit the
complementary agronomic characteristics of the two genera
(GHESQUIÈRE et al. 2010a, b). Drought stress tolerance
traits of Festuca have already been introduced into Lolium
backgrounds (HUMPHREYS et al. 1997, 2005). Therefore, FL
can be a high potential hybrid for the landscape industry,
combining the high quality of Lolium with stress resistance
of Festuca. The objective of this study was to evaluate
drought tolerance and recovery potential among several
tall fescue cultivars, FL experimental lines, and commer-
cially available blends and mixtures of cool-season turf-
grasses during two summers in southern California when
turf was subjected to progressive dry down.

Materials and Methods

The study was conducted at the University of California,
Riverside turfgrass research facility in Riverside, CA USA
(USDA plant hardiness zone 9b) during the summers of
2009 and 2010 on a Hanford fine sandy loam (70.5 %
sand, 19.8 % silt, 9.8 % clay; superactive, nonacid, thermic
Typic Xerorthents) with 0.6 % organic matter. Climate
data during the study period are provided in Table 1.

Table 1. Monthly average air temperatures (°C), reference evapotranspiration (ET0; mm), and precipitation (mm) for the
UCR turfgrass research facility in Riverside, CA USA during 2009 and 2010 and 25 year monthly averages (25 yr. avg.; 1988–
2012).

Jan Feb March Apr May June July Aug Sep Oct Nov Dec

Air Temperature (°C)

2009 14.7 11.9 13.9 15.8 19.7 19.6 25.3 24.4 24.7 18.4 15.9 11.4

2010 12.7 12.6 14.5 14.3 17.1 20.2 22.5 23.7 22.9 18.2 14.7 12.6

25 yr. avg. 12.4 12.8 14.3 16.1 18.1 20.8 23.9 24.6 22.9 19.0 15.1 12.0

ETo (mm)

2009 84 61 117 142 161 136 193 170 150 112 81 53

2010 60 62 119 130 157 169 167 178 138 53 82 45

25 yr. avg. 63 74 106 134 151 166 183 175 136 103 75 65

Precipitation (mm)

2009 2 75 2 0 0 0 0 0 0 0 3 45

2010 135 51 8 24 2 0 0 0 0 10 25 218

25 yr. avg. 54 62 35 14 5 2 1 0 2 7 14 31
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Festulolium hybrids were created through wide hybrid-
ization of tetraploid perennial ryegrass (Lolium perenne
L.; Lp) with diploid meadow fescue [Festuca pratensis
(Huds.) P. Beauv. (Fp)] obtained from Poland and back-
crossed to Lp. Although preliminary material revealed
good potential for drought stress resistance, it was too
vigorous to be suitable for direct turfgrass breeding;
therefore, to depress vigour, ploidy level was reduced to
diploid by androgenesis (KOPECKÝ et al. 2005). The plants
presenting desirable turf characteristics were selected
among the diploid progeny and subsequently mated in
open cross-pollination with L. perenne ‘SR4220’ (Seed
Research of Oregon, Corvallis). Two populations, “high”
(B7.1142) and “low” (B7.1143) introgression levels with
critical values of 15 % of the genome, were separated by
karyotyping, and plants with desirable turf traits were
intermated. The progeny was grown at Blue Moon Farms,
LLC (Lebanon, OR) in fall 2004 to develop adequate seed
amount. The seeds were germinated in a greenhouse and
transplanted in the field in January 2005. In the summer
of 2005 plants presenting undesirable traits (light colour,
rust susceptibility, or poor seed yield) were removed from
both populations. Seeds were collected in the fall of 2005
and sent to UCR for field evaluation.

Commercial tall fescue cultivars were: ‘2nd Millennium’,
‘Avenger’, ‘Bonsai 3000’, ‘Fawn’, ‘Firenza’, ‘Forrest Green’,
‘Mason’, and ‘Silver Hawk’. The blends or mixtures were:
Turf Type Tall Fescue (TF blend) (39 % ‘Forte’, 29 %
‘Duranna’, and 29 % ‘Signia’ tall fescue; Pennington Seed,
Inc., Madison GA); Sun and Shade Mix (PRKBF) (49 %
‘Integra’ perennial ryegrass; 10 % ‘Blue Bonnet’ and 10 %
‘Kenblue’ Kentucky bluegrass; 15 % ‘Flyer’ creeping red
fescue; 15 % ‘Shadow II’ chewings fescue; Pennington
Seed, Inc., Madison GA); Select Turf Landscapers’ Mix
(TFAR) (44 % ‘Adobe’ and 44 % ‘Chinook’ tall fescue;
12 % ‘Gulf’ annual ryegrass; The Scotts Company, Ger-
vais, OR); and Pure Premium High Traffic Mix (PRKB)
(30 % ‘Roadrunner’, 25 % ‘Inspire’, and 19 % ‘Showtime’
perennial ryegrass; 25 % ‘Abbey’ Kentucky bluegrass;
The Scotts Company, Gervais, OR).

The plots were established on 11 July 2008. Festulo-
lium was seeded at a rate of 20 g m–2, and all the other
treatments were seeded at 35 g m–2. Between January
and August plots received 20 g N m–2, 5 g P2O5 m–2, and
10 g K2O m–2. Beginning in the second week of April, the
plots were mowed two times per week at 5 cm with a
walk-behind rotary mower; clippings were collected.
During establishment, prior to dry down, and in between
years, the plots were irrigated with a sprinkler system
using Toro 300 Stream Rotor Series. Irrigation distribu-
tion uniformity (DU) was conducted on the plots every 4
weeks to ensure that average DU did not drop below
77 %. All treatments were well established and well
watered before the irrigation was cut off.

Irrigation was suspended on 5 September 2009 and on
6 August 2010 for 21 days and subsequently resumed at
100 % ETo for the following month. Turf visual quality

and visual colour ratings on a scale from 1 to 9 (1 = poorest
quality/brown plants, 9 = best quality/dark green plants)
were collected the day when irrigation was suspended,
and subsequently 14 and 21 days after the beginning of
the drought period. Moreover, 30 days after the restart of
irrigation visual quality was collected to assess plant re-
covery from the drought.

Plots were arranged in a completely randomized block
design with 9 replications for the tall fescue cultivars and
4 replications for the turf blends or mixtures. Data were
tested with analysis of variance (ANOVA) using SAS Proc
Mixed (version 9.2; SAS Institute, Cary, NC). Where appro-
priate, means were differentiate using Fisher's protected
least significant difference test at the 0.05 probability
level.

Results

Environmental conditions

Monthly average air temperatures, ETo, and precipitation
are listed in Table 1. Cumulative ETo during the study
was higher in year 2 in comparison to year 1 (316 mm vs.
262 mm). No precipitation occurred during dry down
or recovery in both years (Table 1). Data were initially
subjected to ANOVA using repeated measures. Data
collection day always had a significant effect on the
results, as turf lost quality and colour progressively
during the study; therefore, in order to implement the
clarity of the discussion, data were subsequently ana-
lyzed and presented separately for each collection date
(Table 2).

Tall fescue and festulolium quality and colour under 
drought

When drought began, visual turfgrass quality and colour
were affected by cultivar effect (Table 2), therefore data
were pooled over year. The highest quality was collected
in both FL populations while, with the exception of ‘Fawn’,
tall fescue cultivars did not show any difference in quality
at the beginning of the study (Table 3). The same trend
was observed for visual colour ratings, with FL receiving
the highest ratings, and ‘Fawn’ the lowest.

Fourteen days after drought was initiated, a significant
interaction between cultivar and quality was detected for
turf quality and colour (Table 2). The highest quality (6.0)
was collected in 2010 in ‘Bonsai 3000’ and ‘Firenza’ plots
(Table 3). While in 2009 the lowest quality was harvested
by ‘Fawn’, FL populations had the poorest performance in
2010 (Table 3). Only two cultivars of tall fescue (‘Fawn’
and ‘Firenza’), and the two FL populations exhibited dif-
ferent quality ratings in 2009 in comparison to 2010.
However, unlike FL populations, ‘Fawn’, and ‘Firenza’
showed highest quality in 2010 in comparison to 2009
(Table 3).
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A similar trend was recorded for visual colour ratings.
‘Bonsai 3000’, ‘Firenza’, and ‘Avenger’ showed the darkest
green colour overall 14 days after the beginning of the
drought (Table 3). Moreover, with the exception of ‘2nd

Millennium’, ‘Forrest Green’ and ‘Mason’, higher colour
ratings were collected on tall fescue plots in 2010. Similar
to quality ratings, a significant drop in turf quality was
detected in 2010 in both FL populations (Table 3).

Year had a significant effect on turf visual quality and
colour (Table 2), therefore data were pooled over cultivar
and presented separately for each combination of year. At
the end of the 3 weeks of drought, higher turf quality and
colour ratings were detected in 2009 (data not shown).
However, the average for turf colour and quality after
21 days during both years was below the level of accepta-
bility; in fact, average colour ratings recorded 21 days

Table 2. Results of analysis of variance testing on the effects of turfgrass cultivar (or blend/mixture), year, and their
interactions on turf visual colour and quality on 0, 14, 21 days after the beginning of the drought and on turf recovery
(51 days).

Effect 0 Days 14 Days 21 Days 51 Days

Colour Quality Colour Quality Cover Quality Colour Quality

Tall Fescue + Festulolium

Cultivar (C) *** *** *** *** n.s.. n.s. n.s. ***

Year (Y) n.s. n.d. * n.s. *** *** n.s. ***

C*Y n.s. n.d. *** *** n.s. n.s. n.s. ***

Cool-season Mixture

Mixture (M) n.s.‡ *** *** *** * * n.s. ***

Year (Y) *** *** *** ** n.s. n.s. *** n.s.

M*Y * *** *** *** n.s. n.s. *** ***

* Significant F test: * at the 0.05; ** at the 0.01, and *** at the 0.001 level of probability.
n.s. Not significant at the 0.05 probability level.
n.d.: not determined

Table 3. Turf visual quality and colour on a scale from 1 to 9 (1 = worst/yellow, 9 = best/dark green) of 2 festulolium
populations (B7.1142 and B7.1143) and 8 tall fescue cultivars (‘2nd Millennium’, ‘Avenger’, ‘Bonsai 3000’, ‘Fawn’, ‘Firenza’,
‘Forrest Green’, ‘Mason’, and ‘Silver Hawk’) in Riverside, CA during 2009 and 2010 at 0 and 14 days after the beginning of
the drought. Data represent an average of 18 (2 years and 9 replicates) and 9 replicates at 0 and 14 days, respectively.

Cultivar Turf Visual Quality Turf Visual Colour

0 days 14 days 0 days 14 days

2009 2010 2009 2010

B7.1142 6.8 ax 5.3 abAy 3.3 dB 6.6 a 5.3 abcA 2.6 fB

B7.1143 6.8 a 4.8 bA 2.2 dB 6.6 a 4.8 cA 2.4 fB

‘2nd Millennium’ 6.3 b 5.6 a 5.2 bc 6.2 b 5.9 a 5.6 bcd

‘Avenger’ 6.3 b 5.4 ab 5.9 ab 6.2 b 5.4 abB 6.5 abA

‘Bonsai 3000’ 6.4 b 5.2 ab 6.0 a 6.3 b 5.2 bcB 6.8 aA

‘Fawn’ 4.5 c 3.9 cB 4.5 cA 3.9 c 3.9 dB 4.9 eA

‘Firenza’ 6.4 b 5.1 abB 6.0 aA 6.4 b 5.1 bcB 6.5 abA

‘Forrest Green’ 6.3 b 5.6 a 5.3 bc 6.1 b 5.6 a 6.1 bc

‘Mason’ 6.4 b 5.5 a 5.6 ab 6.3 b 5.5 ab 6.1 bc

‘Silver Hawk’ 6.4 b 5.1 ab 5.8 ab 6.3 b 5.1 bcB 6.1 bcA

x,y Values with the same letter are not significantly different from one another at P = 0.05.
Values followed by the same lower case letter are not significantly different in a column.
Values followed by the same capital letter are not significantly different in a row.
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after the beginning of the drought were 3.9 in 2009, and
1.3 in 2010, and average quality ratings were 3.1 and 1.9
in 2009 and 2010, respectively (data not shown).

Tall fescue and festulolium recovery from drought

When irrigation was restored, 51 days after the beginning
of the study, cultivar and year had a significant effect on
turf visual quality (Table 2). In 2009 all cultivars, includ-
ing FL, recovered equally with the exception of ‘Fawn’
(Table 4); however, differences were detected in 2010.
‘Avenger’, ‘Bonsai 3000’, ‘Firenza’, ‘Forrest Green’ and
‘Mason’ showed the highest ratings, all matching or ex-
ceeding an acceptable level of 6.0 (Table 4). As in 2009,
‘Fawn’ had the lowest rating among tall fescue cultivars
(5.0), while the two FL populations showed the lowest
quality of all treatments (Table 4). No differences in col-
our were detected during drought recovery (Table 2).

Cool-season blend/mixtures quality and colour under 
drought

Significant blend/mixture type by year interaction affected
turf visual quality and colour on both 0 and 14 days after
the beginning of the drought (Table 2). Highest quality
and colour ratings were found with PRKBF and PRKB
mixtures in 2009 and 2010 before the drought was im-
posed to the mixtures (Table 5). No differences in quality
and colour were found in 2009 among the treatments
after 14 days of drought. However, the TF blend showed
higher colour and, together with PRKBF, higher quality
in comparison to the other mixtures in 2010 (Table 5).
Three weeks after the drought was initiated, only mixture
affected mixture quality and colour (Table 2), therefore
data were pooled over year. The two treatments contain-
ing tall fescue, TF blend and TFAR, showed the highest
quality and colour (Table 5). Conversely, PRKB ranked
last among the blend or mixtures (Table 5).

Cool-season blend/mixtures recovery from drought

The interaction between blend/mixture type and year
affected mixture quality and colour during recovery from
drought (Table 2). The highest quality was observed for
PRKBF and PRKB in 2009 (Fig. 1). However, the quality

Table 5. Turf visual quality and colour on a scale from 1 to 9 (1 = worst/yellow, 9 = best/dark green) of 4 different cool-
season blends or mixtures (TF, PRKBF, TFAR, and PRKB) in Riverside, CA USA during 2009 and 2010. Data collected at 0
and 14 days after the beginning of the drought represent an average of 4 replicates; values for 21 days after the beginning
of the drought are pooled over year and represent an average of 8 data points (2 years and 4 replicates).

Turf Visual Quality Turf Visual Colour

0 days 14 days 21 days 0 days 14 days 21 days

Mixture 2009 2010 2009 2010 2009 2010 2009 2010

TF blend 5.9 bxBy 7.0 aA 5.4 5.7 a 3.8 a 6.0 abB 6.7 aA 5.5 B 6.7 aA 3.9 a

PRKBF blend 6.7 aB 7.5 aA 5.3 5.7 a 3.2 ab 6.7 a 7.0 a 5.7 5.7 b 3.3 ab

TFAR blend 5.5 b 5.0 b 5.0 A 4.3 bB 3.8 a 5.5 bA 4.7 bB 5.3 A 4.3 cB 3.4 a

PRKB blend 6.8 a 7.0 a 5.5 A 2.0 cB 2.8 b 6.8 a 7.0 a 5.5 A 2.0 cB 2.8 b

x,y Values with the same letter are not significantly different from one another at P = 0.05.
Values followed by the same lower case letter are not significantly different in a column.
Values followed by the same capital letter are not significantly different in a row.

Table 4. Turf visual quality and colour on a scale from 1 to
9 (1 = worst/yellow, 9 = best/dark green) during drought
recovery (51 days after drought initiation) of 2 festulolium
populations (B7.1142 and B7.1143) and 8 tall fescue cultivars
(‘2nd Millennium’, ‘Avenger’, ‘Bonsai 3000’, ‘Fawn’, ‘Firenza’,
‘Forrest Green’, ‘Mason’, and ‘Silver Hawk’) in Riverside, CA
USA during 2009 and 2010. Data represent an average of
9 replicates.

Turf Visual Quality

Cultivar 2009 2010

B7.1142 5.9 aAy 3.4 dB

B7.1143 5.8 aA 3.4 dB

‘2nd Millennium’ 5.9 a 5.6 bc

‘Avenger’ 5.9 a 6.0 ab

‘Bonsai 3000’ 5.8 a 6.3 a

‘Fawn’ 4.0 bB 5.0 cA

‘Firenza’ 5.9 a 6.1 ab

‘Forrest Green’ 5.7 a 6.0 ab

‘Mason’ 5.7 a 6.0 ab

‘Silver Hawk’ 5.8 a 5.6 bc

x,y Values with the same letter are not significantly different 
from one another at P = 0.05.
Values followed by the same lower case letter are not 
significantly different in a column.
Values followed by the same capital letter are not 
significantly different in a row.
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of the two mixtures was significantly lower in 2010 when
temperatures and ETo were higher during the drought
period. Conversely, the recovery of the blend or mixtures
containing tall fescue was not influenced by year effect
(Figure 1). A similar trend was also observed for turf
colour, but in this case, the TF blend was the only treat-
ment that maintained the same colour ratings across the
two years (Fig. 1).

Discussion

Quality data taken before the drought stress was initiated
suggested that FL populations present potential to consti-
tute high quality turf stands. However, the largest drop in
quality during drought in 2009 occurred from the FL
populations, and was consistent the following year when
these populations displayed the lowest quality 14 days after
the beginning of the stress. While FL quality decreased in
2010 in comparison to the previous year, it surprisingly
increased in ‘Fawn’ and ‘Firenza’ tall fescue cultivars. As
ETo rates increased in 2010 (Table 1), the trend of FL was
to be expected in tall fescue cultivars. It has been shown
that increasing root:shoot ratio can improve drought tol-
erance in tall fescue cultivars (BONOS et al. 2004; KARCHER

et al. 2008). Our plots were established during the sum-
mer of 2008, and the first drought was imposed only one

year after establishment. Although root mass and length
were not recorded in our study, ‘Fawn’ and ‘Firenza’ might
have developed a deeper root system two years after es-
tablishment, with a consequent improvement of drought
tolerance. Nevertheless, quality and colour ratings dropped
well below acceptable levels 3 weeks after the beginning
of the stress. These results conflict with that of KARCHER

et al. (2008) who found that some tall fescue cultivars
maintain 50 % of green colour for 53 days without being
irrigated. As the study published by KARCHER et al. (2008)
was conducted in Arkansas, environmental differences such
as higher water holding capacity of the soil (silt-loam) are
likely to be the cause for the higher drought tolerance
recorded by the authors.

Both FL populations displayed lower ratings than any
tall fescue cultivars in 2010 when temperature and evap-
otranspiration were higher. Although the FL did not per-
form well under drought imposed in this study, the popu-
lations represented the early stages of our breeding pro-
gram aimed at improving drought and heat tolerance.
Subsequently, BARNES et al. (2014) found that FL pos-
sessed drought tolerance similar to tall fescue, and the FL
populations used in their study were subjected to an
additional cycle of selection for drought stress. Moreover,
results for the recovery period in this study suggest that
plants in the FL populations can regain colour after
drought equally well as some fescue cultivars. Therefore,

Fig. 1. Turf visual quality
(A) and colour (B) on a scale
from 1 to 9 (1 = worst/yel-
low, 9 = best/dark green)
of 4 different cool-season
mixtures or blends (TF,
PRKBF, TFAR, and PRKB)
in 2009 and 2010 after
recovery from drought.
Data represent an aver-
age of 4 replicates.
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the potential exists with FL for development of high
turf quality combined with drought tolerance among
cool-season turfgrass species. However, additional breed-
ing and selection are needed before introduction in the
turf market.

Quality and colour of the turf-type tall fescue blend
improved significantly from 2009 to 2010, suggesting that
the establishment of this blend may have been delayed in
comparison to the other mixtures. In fact, tall fescue
establishment is usually slower than perennial ryegrass
(SHERRATT and STREET 2005); moreover, failure to reach
100 % ground cover one year after seeding has already
been documented in tall fescue by SCHIAVON et al. (2013).
Our results for quality and colour of blends and mixtures,
combined with the results of turf quality and colour after
3 weeks of drought, confirm that tall fescue drought tol-
erance and recovery is superior to other cool-season turf-
grasses at the present time.

Very few differences, and only during the warmest
year, were detected in tall fescue recovery, confirming
that little genetic diversity appears to exist for tall fescue
improvement. However, based on our results, cool-sea-
son mixtures containing a high percentage of tall fescue
appear to be best adapted to dry, hot environments. In
fact, when drought stress was coupled with elevated
temperature and evapotranspiration, only tall fescue
mixtures recovered to an acceptable quality ratings of 6.
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