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Abstract

Efficient germination of fescue seeds is essential for successful establishment of meadows and pastures. This research was conducted to
ascertain the effects of various acid and temperature treatments on seed germination in three fescue species: Festuca rubra, F. ovina, and F.
pratensis. Seeds from different cultivars, populations, or lots were exposed cither to four concentrations of sulfuric acid at chree different
time intervals (12 treatments) or six different temperatures at three different time intervals (18 treatments). Despite all belonging to the
genus Festuca, the seed from different species responded differently to the treatments. The three optimum treatments for F. rubra seed
involved soaking in a 75% solution of sulfuric acid for 20 minutes (improved the germination rate by 19%), soaking in a 50% solution
of sulfuric acid for 30 minutes (improved the germination rate by 18%) and exposure to cither 60°C or 70°C for 90 minutes (improved
the germination rate by 17%). For F. ovina seed, optimal treatments included soaking seeds for cither 10 or 20 minutes in a 50% sulfuric
acid solution (both treatments improved germination rates by 13%) or exposing seeds for 30 minutes in a 25% sulfuric acid solution and
80°C for 60 minutes (improved germination rate by 12%). Two optimal treatments were identified for £ pratensis sced. Whereas the
first involved soaking the seeds in a 75% sulfuric acid solution for 30 minutes (improved germination rates by 22%), the second involved
cither exposing the seeds to 90°C for 90 or 60 minutes, or exposing the seeds to 80°C for 90 minutes (improved germination rate by 21%).
Our findings indicate that if fescue seed is to be sown during the autumn (two to three months after seed collecting), treating it with acid

and temperature can significantly enhance its germination.
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Introduction

Red fescue (Festuca rubra), sheep fescue (E ovina), and
meadow fescue (F pratensis) are the subjects of intensive
research. All are valued for both forage production and
special purposes, ranging from the preparation of sport
grounds, parks, and house gardens, to preventing the ero-
sion of soil from embankments and railroads.

When grown under the agroecological conditions
found in Serbia, biomass accumulation of red fescue can
reach approximately 7-10 t ha' of dry matter per year;
however, it is more commonly grown in grass—legume
mixtures, resulting in substantially higher forage yield and
quality (Tomi¢ e a/., 2007). Red fescue, especially popu-
lations taken from natural environments, makes a good
quality component for turf grass (Kroumov, 2009) and
slope grass used to cover ski runs to prevent soil erosion
(Bjedov ez al., 2011). It is also beneficial for the recultiva-
tion of ash deposits (Mitrovi¢ ez a/., 2008).

Red fescue and sheep fescue have been extensively stud-
ied and show promising results with regard to preparing
sport grounds (Dernoeden, 1998) and decorating parks

and home-gardens (Casler, 2006). Both species have been
studied for use in parks under Mediterranean conditions,
although the use of neither was as attractive as the use of
tall fescue (F. arundinacea) (Demiroglu ez al., 2010). Dec-
orative applications of red fescue have not been extensively
studied in continental Southeastern Europe. Red fescue is
a dominant species in the mountainous region of Stara
planina in Eastern Serbia and Western Bulgaria. Although
sheep fescue is less established, both species are important
for sheep and goat grazing (Tomi¢ ez al., 2011).

Meadow fescue (F pratensis) is a classic forage spe-
cies, which produces high outputs of forage dry matter
(approximately 10 t ha per year). It is grown primarily in
grass-legume mixtures, resulting in considerably higher
yield and better forage quality (Tomié ez al., 2007). Mead-
ow fescue noticeably improves grassland forage quality un-
der natural meadow conditions (Tomi¢ ez /., 2010; Vintu
etal.,2011).

Under natural conditions, seed dormancy and post-
poned germination of forage grasses may increase the
overall percentage of seeds that eventually germinate, and
promote seedling emergence during frost-free periods
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(Simpson, 1990; Stanisavljevi¢ ¢# al., 2010c). However,
successfully growing these species requires a high and con-
sistent germination rate, coupled with fast and vigorous
seedling growth. On the other hand, there are dormant
grass seed that never germinate, regardless of whether
conditions are favorable (Simpson, 1990). The complex
physiological and biochemical processes in seeds that dic-
tate the level of seed dormancy and the inability of seeds
to germinate (Bewley, 1997) vary according to the genetic
origin of the seeds and its environment during growth,
even including the position of the seed on the parent plant
(Andersson and Milberg, 1998; Fenner, 1991).

The aim of the experiment was to determine the level
of seed dormancy and germination of seeds of fescue spe-
cies, both immediately upon harvesting and two and a half
months after harvesting, as well as to determine an opti-
mum acid and temperature treatment for breaking dor-
mancy and enhancing the germination rate.

Materials and methods

The fescue seeds were taken from near the city of
Krusevac (Central Serbia) and the mountainous regions
of Eastern and Southern Serbia. Batches of seed of mead-
ow fescue cv. ‘K-21; originally derived from commercial
seed production, were harvested at three locations, and
the seed was cleaned manually (Tab. 1). Cultivars, popula-
tions, and lots were tested to evaluate the impact of treat-
ments with 98%, 75%, 50%, and 25% solutions of sulfuric
acid. Aliquots of the seed were each soaked in one of the
four different concentrations of acid for either 30, 20, or
10 minutes. After soaking, the seed was rinsed with dis-
tilled water for 10 minutes. The effects of different tem-
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peratures (90°C, 80°C, 70°C, 60°C, 50°C, and 40°C) on
fescue seeds were also investigated. Seeds were exposed to
each of these temperatures for 90, 60, and 30 minutes be-
fore their rates of germination were tested.

Germination test

Germination rate and seed dormancy without any acid
or temperature treatments were established immediately
after seeds had been collected and dried. After storage for
two and a half months, acid and temperature treatments
were applied to 8 batches of seeds, each containing 100
seeds. During germination, seeds were incubated at 25°C
for eight hours in light and at 15°C for 16 hours in dark-
ness. Seeds were germinated on filter paper moistened
with water. For meadow and red fescue, germinated seed-
lings were counted 14 days after seeds were sown, whereas
for sheep fescue germinated seedlings were counted 21
days after seeds were sown. The tetrazolium test for seed
viability, which was performed in accordance with ISTA
rules (ISTA, 2011), was used to establish whether unger-
minated seeds were either dormant or dead.

Statistical analysis

The data were analysed using parametric tests (ANO-
VA and LSD test) and the Statistica 8.0 software package
(StatSoft, Inc.). For statistical analysis, germination and
dormancy-related data percentages were arcsine trans-
formed.

Results and discussion

Significant differences in both germination rate and
dormancy (p < 0.05) were detected between seeds of sheep

Tab. 1. Cultivars, populations, lots, regions, and locations from where seed was sourced

Red fescue Sheep fescue Meadow fescue
Seed category and Site Seed category and Site Seed category and Site
seed source seed source seed source
Buki (fp and sp) 44°48' N Ridu (sp) 43°34 N ‘K-21' Lot 43°50'N
Northern Bosnia and 17713’ E Central Serbia 21°34E Eastern Serbia 22°22’E
Herzegovina (1) 145 masl. (1) 575 mas.l. (1) 35l masl.
Reanj (p) 43°48' N Deli Jovan I (p) 44°10N ‘K-21’ Lot 43°53'N
Eastern Serbia 21°41'E Eastern Serbia 22°16E Eastern Serbia 22°18°E
() 364masl. (2) 445 masl. (2) 128 masl.
Cestobrodica (p) 43°50'N Reanj I (p) 43°46'N ‘K-21' Lot 43°17’N
Eastern Serbia 21°39°E Eastern Serbia 21°56'E Southern Serbia 21°S6 E
(3) 570 ma.sl. (3) 763 masl. (3) 265 mas.l.
Tresibaba (p) 43°SI'N Reanj 11 (p) 43°43’'N ‘K-21" Lot 44°48' N
Southern Serbia 22°76 E Eastern Serbia 21°56 E Central Serbia 17713 E
(4) 419 masl. (4) 733 masl. (4) 145 masl
Maxima (sp) 44°48' N Tupi$nical (p) 43°50'N ‘K-21' Lot 43°24' N
Central Serbia 17713 E Eastern Serbia 21°41'E Southern Serbia 21°48'E
(5) 145 masl. (5) 560 masl. (5) 206 mas.l.
‘K-14 (fp) 44°48' N Tupisnica II (p) 43°50'N ‘K-21' Lot 43°34 N
Central Serbia 17°13’E Eastern Serbia 21°41E Central Serbia 2I°19°E
(6) 145 masl. (6) 560 mas.l. (6) 232masl

asl., above sea-level; fp, cultivar is intended for forage production; sp, special purpose varicty; p, population
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Tab. 2. Germination rate (G, %) and dormancy (D, %) of

fescue species seeds, immediately upon harvesting

Fescue Cultivar - population - lot cvV
species 1 2 3 4 5 6 X %
Red G 66 62 67 64 60 67 64" 45
fescue D 30 33 31 31 34 31 32 48
Sheep G 72 68 71 70 68 70 70° 23
fescue D 30 31 28 27 31 29 29 56
Meadow G 62 59 61 63 60 62 61° 24
fescue D 35 33 34 34 32 32 3% 36

Different letters between cultivars denote significant differences (LSD test, p <
0.05)

and meadow fescue immediately after they were collected
and dried (Tab. 2). Germination of seeds from different
cultivars and populations of red fescue had a variation
coeflicient of 4.5%. Smaller variation coefficients for ger-

mination were determined in seed of varieties and popu-
lations of sheep fescue (CV = 2.3%) and meadow fescue
(CV =2.4%).

In the continental region of Central and Southeastern
Europe, approximately two and a half months elapses be-
tween the time of seed collection and the sowing of for-
age or amenity grasses during the autumn. Sowing in this
period provides sufficient time for germination, seedling
development, and survival during the winter. Compared
with sowing seed during the spring of the following year,
autumn sowing provides for substantially better turf
formation, more forage yield, and increased seed yield
(Stanisavljevi¢ e al., 2010c). Amenity grasses and sport
turfgrasses can be intensively managed using optimal con-
ditions for soil-bed preparation, irrigation and fertiliza-
tion, with agroecological conditions playing little part.
Under these circumstances, sowing during the autumn is

Tab. 3. The influence of acid and temperature treatments on the germination rate and dormancy of seeds from different varieties

and populations of red fescue

Cultivar or population

Treatment Germination % CV Dormant seeds % CV
1 2 3 4 S 6 X % 1 2 3 4 S 6 X %
Control 73 69 69 72 70 71 718 23 25 24 26 25 24 27 25 47
30° 0 0 0 0 0 0 oh - 0 0 0 0 0 0 0 -
H;; (;;) 4 20° 0 0 0 0 0 0 oh - 0 0 0 0 0 0 0 -
10° 1 1 0 1 0 0 1 110 0 0 0 0 0 0 0 -
30° 74 70 76 71 82 79 75 62 0 0 0 0 0 0 0 -
H;;;))“ 200 89 85 95 85 96 92 90° 5.3 0 0 0 0 0 0 0 -
10 90 80 87 87 89 89 87+d 42 0 0 0 0 0 0 0 -
30° 88 84 92 86 94 87 89+t 43 0 0 0 0 0 0 0 -
1_1525(24 20° 86 83 88 84 92 89 87+ 39 1 0 1 2 1 0 I 90.3
10° 83 80 87 81 920 88 85+ 4.8 3 2 3 4 3 2 3hi 26.6
30° 86 77 86 83 87 76 83+f 59 6 5 7 6 5 4 6t 19.1
HZZSSO/? 4 200 84 74 80 80 83 75 798 5.2 7 8 8 6 7 6 7¢h 12.8
10 80 72 76 79 77 73 7648 42 9 8 9 8 9 7 8® 9.8
90’ 77 75 72 71 73 79 75¢% 4.1 0 0 0 0 0 0 0 -
T90°C 60’ 80 78 77 79 78 80 798 1.5 0 0 0 0 0 0 0 -
30 82 75 76 77 76 79 788 33 0 0 0 0 0 0 0 -
90’ 79 78 77 80 79 82 798 22 0 0 0 0 0 0 0 -
T 80°C 60’ 83 80 80 81 78 80 80¢ 2.0 4 3 5 3 4 5 481 22.4
30° 85 82 79 86 76 78 81+¢ 49 6 5 7 4 5 6 @ 19.1
9 90 89 89 88 87 86 88+¢ 1.7 2 3 1 4 2 3 3hi 42.0
T70°C 60’ 91 920 88 88 76 78 85%¢ 7.6 5 6 5 7 6 7 6t 14.9
30° 88 86 76 84 85 76 83+f 63 8 7 6 8 8 8 88 11.2
90’ 89 88 88 87 86 88 88+ 12 5 7 8 7 5 7 7¢h 18.8
T 60°C 60’ 86 84 83 82 84 83 84+ 1.6 9 8 9 9 8 9 9<f 6.0
30° 83 80 81 79 81 81 81*¢ 1.6 10 9 11 12 11 12 IS 10.8
90’ 83 81 79 80 79 78 80¢ 22 6 8 9 10 8 9 88 16.4
T50°C 60’ 80 79 76 77 76 74 778 29 10 12 11 12 11 12 NS 72
30° 78 76 75 76 74 73 75¢¢8 2.3 13 14 15 14 15 13 144 64
90’ 81 79 76 77 76 74 778 32 10 15 19 18 20 19 17¢ 224
T 40°C 60’ 78 75 73 73 74 73 74¢¢ 2.6 14 20 21 22 20 20 200 14.4
30° 75 72 70 71 72 72 72f¢ 23 22 23 23 23 23 25 23 42

Different letters between cultivars denote significant differences (LSD test, p < 0.05)
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Tab. 4. The influence of acid and temperature treatments on the germination rate and dormancy of seed from various sheep fescue

populations and varieties

Cultivar or population

Dormant seeds %

Treatment Germination % (6% Cv
1 2 3 4 5 6 X % 1 2 3 4 5 6 X %
Control 72 68 71 70 68 69 70° 2.3 23 24 22 26 22 24 24" 6.5
30° 0 0 0 0 0 0 0¢ - 0 0 0 0 0 0 0" -
H;;;O) 4 20° 0 0 0 0 0 0 0¢ - 0 0 0 0 0 0 0" -
10° 0 0 0 0 0 0 0¢ - 0 0 0 0 0 0 0" -
300 48 45 41 40 42 35 424 10.6 0 0 0 0 0 0 0" -
H;SSW? < 200 Sl 49 48 44 46 46 474 5.3 0 0 0 0 0 0 oh -
10 64 53 57 Sl 60 59 S7¢ 83 0 0 0 0 0 0 0h -
300 76 72 70 66 70 69 71 47 0 0 0 0 0 0 oh -
Hs’g(y? 4 20 9 8 80 79 8 75 83° 6.7 0 0 0 0 0 0 0" -
10 8 84 8 76 8 82 83 5.1 0 0 0 0 0 0 oh -
300 8 82 79 78 8 8l 82 46 4 2 3 2 4 4 3fh 31.1
HZZSS‘;: < 200 8 79 75 73 T4 76 77 5.8 5 4 4 3 6 6 S 260
100 82 75 73 71 68 70 73 68 7 6 5 4 7 7 68 21.1
%0 75 73 74 73 77 76 75 22 0 0 0 0 0 0 0" -
T90°C 60 78 74 76 76 79 79 77 26 0 0 0 0 0 0 0" -
3079 7779 76 81 82 79 29 0 0 0 0 0 0 oh -
9 8 75 77 8 8 83 80 42 0 0 0 0 0 0 0" -
T80°C 60 8 80 79 84 82 84 82 26 0 1 0 2 0 1 1sh 1221
30 8 77 77 81 81 81 80 25 2 3 4 3 1 3 3fh 387
90" 81 80 79 78 83 84 81 29 0 0 0 0 0 0 0h -
T70°C 6 78 76 77 76 77 78 77 1.2 3 3 5 4 5 5 4fh 23.6
30 76 74 75 76 75 76 75%® 1.1 5 7 6 7 6 4 68 20.0
90 8l 81 80 82 8 80 81 1.4 3 4 5 3 5 4 4Eh 224
T60°C 60 76 74 74 T4 75 77 75 1.7 6 7 7 6 8 7 7¢f 11.0
3075 73 73 73 74 74 74 1.1 10 9 10 11 9 8 10% 11.0
%0 8 77 78 79 81 79 79 1.8 6 6 8 6 9 6 7 195
T50°C 60 75 73 74 73 73 73 74P 1.1 9 10 8 10 12 10% 14.1
300 74 73 73 72 73 73 73 0.9 12 14 11 13 14 9 12¢ 16.0
%0 78 76 77 77 79 77 77 1.3 14 17 15 14 16 14« 22,6
T 40°C 60 74 72 72 74 72 75 73 1.8 18 19 18 1719 17% 23.0
3. 72 70 72 74 70 70 71 23 20 21 20 19 20 21 20° 37

Different letters between cultivars denote significant differences (LSD test, p < 0.05)

superior to sowing during the spring (Salchi and Khosh-
Khui, 2004).

On the other hand, current seed trading regulations in
the Southeastern European countries require agermination
rate that exceeds 70%. Currently the germination rate of
tall oatgrass (Arrhenatherum elatius) is 63% (Stanisavljevi¢
et al., 2010a), that of Italian ryegrass (Lolium multiflo-
rum) is 66%, that of cocksfoot (Dactylis glomerata) is 57%
(Stanisavljevi¢ ef al., 2011), and that of meadow fescue
(E. pratensis) is approximately 63% (Stanisavljevi¢ ez al.,
2010b). These germination rates prevent commercial sale
of the seed in southeastern Europe. Red fescue, tall fescue,
and meadow fescue all belong to the genus Festuca, and all
reach a germination rate of 75% after a seed-ripening pe-
riod that lasts two and a half months (Stanisavljevié¢ ez 4/.,
2010b). In contrast with the situation for seeds of Festuca

species, Rozman ez al. (2010) reported different seed ger-
mination rates among seeds of different Lolium species.

Red fescue

Sulfuric acid and different temperatures had different
effects on the breaking of dormancy and enhancement
of germination rates of F. rubra seeds. Ripening over the
course of two and a half months reduced dormancy of red
fescue seed by 7% and increased the germination rate by
7%, when data from all F. 7ubra genotypes were averaged
(Tab. 3). Soaking seeds for 20 minutes in a 75% solution
of sulfuric acid proved to be the treatment most effective
with regard to increasing germination rates, promoting a
19% increase in germination compared with the control
treatment. The next most effective treatment involved
soaking the seeds in a 50% sulphuric acid solution for 30
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Tab. 5. The influence of acid and temperature treatments on the germination rate and dormancy of seed from different lots of

meadow fescue seed

Seed lots
Treatment Germination % CcV Dormant seeds % CcV
1 2 3 4 5 6 X % 1 23 4 5 6 X %
Control 70 69 72 72 71 71 71f 1.7 25 27 26 24 28 26 26* 5.4
30° 0 0 0 0 0 0 0¢ - 0 0 0 0 0 0 0 -
HSO, , v
98% 20 2 4 3 2 3 4 3¢ 29.8 0 0 0 0 0 0 0 -
10 6 7 10 9 8 9 8¢ 18.0 0 0 0 0 0 0 0 -
30 92 94 95 91 93 91 93* 1.8 0 0 0 0 0 0 0 -
1_172;/?4 20° 89 91 91 920 89 88 90+ 1.4 0 0 0 0 0 0 0 -
100 88 85 87 86 85 83 86 2.0 0 0 0 0 0 0 0 -
30° 89 90 92 89 88 90 90+ 1.5 0 0 0 0 0 0 0 -
H;(?‘;? 200 85 82 86 83 82 81 83+ 2.3 0 0 0 0 0 0 0 -
10 82 81 83 81 80 80 81+f 1.4 1 1 1 1 0 0 D 77.5
30° 83 82 84 82 83 79 82 2.1 0 0 0 0 0 0 0 -
1_122;24 200 81 80 82 81 83 78 81+f 2.1 1 2 1 1 1 1 U 35.0
10° 80 78 80 79 80 76 79+ 20 4 3 2 4 2 3 30 29.8
90° 91 93 93 91 92 89 92+ 1.7 0 0 0 0 0 0 0 -
T90°C 60’ 89 94 94 89 95 92 o 29 0 0 0 0 0 0 0 -
30 89 89 91 88 93 88 90°-¢ 22 0 0 0 0 0 0 0 -
90’ 90 92 95 90 94 89 92> 26 0 0 0 0 0 0 0 -
T80°C 60 87 89 93 87 92 87 89d 3.0 1 0 1 1 1 0 D 77.5
30° 88 88 92 86 91 95 90+ 3.7 4 4 3 4 3 3 4hi 15.7
90’ 89 91 93 88 91 88 90+ 22 0 0 0 0 0 0 0 -
T70°C 60’ 87 89 920 86 920 87 8g+d 2.0 5 4 5 4 5 5 Shi 11.1
30 86 87 88 85 89 85 g7+d 1.9 7 8 6 8 6 7 7¢h 12.8
90’ 88 87 89 86 87 86 874 1.3 1 2 1 2 1 1 U 377
T 60°C 60’ 86 87 87 85 86 84 86™ 1.4 5 7 6 4 7 5 68 214
30° 83 84 84 85 84 83 84 0.9 9 11 10 9 8 10 105 11.0
90’ 86 85 83 83 85 83 84 1.6 b} 6 4 7 6 5 6! 19.1
T50°C 60’ 84 83 81 81 83 81 82 1.6 10 8 9 10 9 8 9Fs 9.9
30° 82 81 79 78 79 80 80>F 1.8 13 15 10 13 14 12 134 134
90’ 80 82 80 77 81 78 80°>F 23 10 12 14 11 13 14 12 132
T 40°C 60’ 77 76 78 77 77 78 774 1.0 16 14 13 17 15 16 15¢ 9.7
30° 75 74 77 76 74 76 75¢¢ 1.6 21 22 21 23 22 23 22b 4.1

Different letters between cultivars denote significant differences (LSD test, p < 0.05)

minutes (18% increase in germination). Soaking the seeds
in a75% sulfuric acid solution for 30 minutes substantially
damaged the seed and improved the germination rate by a
mere 4%. Concentrated sulfuric acid (98%) caused severe
burns and seed mortality.

Optimal temperature treatments (exposure to either
70°C and 60°C for 90 minutes) increased the germination
rate of F. rubra by 17%. Following pretreatment at 70°C
and 60°C, 3% and 7% of the seed remained dormant, re-
spectively. However, both temperature treatments caused
both minor seed damage and incomplete termination of
seed dormancy. Dormancy was broken completely after
pretreatment at 90°C, although substantial seed damage
occurred at 90°C. Enhancement of the germination rate
was less dramatic following pretreatment at lower temper-
atures (40°C and 50°C) (Tab. 3). Whenever treatments
were associated with high germination rates (88%-90%),

little variability in seed germination was seen between dif-
ferent cultivars and populations (CV = 1.2%-5.3%).

Sheep fescue

Following a ripening period that lasted two and a half
months, dormancy of sheep fescue seeds was reduced by
5%, with no signs of an increased germination rate (Tab.
4).

Exposure of sheep fescue seed to acid and/or elevated
temperatures could enhance germination rate by as much
as 13%. Soaking seeds for either 10 minutes or 20 minutes
in a 50% sulfuric acid solution was optimal, providing an
83% germination rate. Soaking seeds in 25% sulfuric acid
for 30 minutes or exposing seeds to 80°C for 60 minutes
also significantly increased germination rates to 82% (p <
0.05). As much as 3%-6% of seed remained dormant fol-
lowing exposure to a 25% sulfuric acid solution. Exposure
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to concentrated sulfuric acid (98%) resulted in complete
seed mortality. At a concentration of 75%, sulfuric acid
impacted seed mortality and substantially reduced the rate
of germination to 42%-57%.

Seed dormancy was completely broken following pre-
treatment at 90°C, but this temperature treatment failed
to achieve the maximum germination rate. The treatment
may have caused a low level of seed mortality, especially
after a 90-minute exposure to 90°C, when the germina-
tion rate was 75%. Variations in the rates of germination
of different categories of sheep fescue seed were low (CV =
2.6%-6.7%) following treatments associated with maximal
germination rates (82%-83%).

Meadow fescue

The highest germination rate of 93% was achieved in
meadow fescue seed after soaking in a 75% solution of
sulfuric acid for 30 minutes (Tab. 5). Exposure of the F.
pratensis seeds to 90°C for 90 and 60 minutes, as well as
exposure to 80°C for 90 minutes, increased germination
rates to 92%. Compared with seeds of red fescue and sheep
fescue, germination of seeds of meadow fescue was only
promoted by exposure to higher sulfuric acid concentra-
tions and higher temperatures, as well as by the prolonged
exposure periods that were needed to achieve the highest
germination rates.

Accordingly, seeds of F. pratensis had a higher tolerance
of high concentrations of H,SO, than seeds of £ rubra
and F ovina. Accordingly, even after immersion in 98%
H_SO, for cither 20 minutes or 10 minutes, the respective
rates of germination were 3% and 8% (Tab. 5). The acid
treatment used to break seed dormancy was the most ef-
fective in promoting seed germination, with minimal seed
dormancy (1%-3%) persisting when seeds were soaked for
10 minutes or 20 minutes in the lowest concentration of
sulfuric acid tested. In general, the temperature treatments
tested on seeds of meadow fescue had less effect on the re-
duction of seed dormancy than the acid treatments tested.
The same effect was observed for both red and sheep fes-
cue seeds (Tab. 3,4, and S).

The variability coefficient for rates of germination of
meadow fescue seed was significantly lower (CV = 1.4-
3.7 for treatments with germination rates of 90%-93%)
compared with seeds of red fescue and sheep fescue. Thus,
treatments with the highest germination of seed of culti-
vars and populations of F. rubra and F. ovina had higher
variability in rates of germination compared with meadow
fescue seed lots (Tab. 3,4, and 5).

The tests were undertaken to identify the acid and tem-
perature treatments capable of optimally enhancing rates
of grass seed germination produced varying results. For in-
stance, whereas rates of germination of seeds of a variety of
Brachiaria brizantha were optimal after treatment at 75°C
for 10-15 minutes (Martins and Silva, 2001), soaking in
a 50% sulfuric acid solution for 25 minutes ensures opti-
mal germination of Cynodon dactylon seeds, soaking in a
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25% sulfuric acid solution for 15 minutes ensures optimal
germination of F. rubra seeds, soaking in a 50% sulfuric
acid solution for 10 minutes ensures optimal germination
of Lolium perenne seeds, soaking in a 50% sulfuric acid so-
lution for 15-20 minutes ensures optimal germination of
Poa pratensis seeds (Salehi and Khosh-Khui, 2005), and a
4-minute exposure to a 100% sulfuric acid solution ensures
optimal germination of a variety of Buffel grass (Bhattarai
et al., 2008).

According to the conclusions of Stanisavljevi¢ ez al.
(2010a,2010b,2011) and Rozman ez 4/ (2010), increased
rates of germination of seeds of perennial forage grasses is
accompanied by increased seedling vigour. A high rate of
seed germination this creates conditions for successful es-
tablishment of grass species when competing with weeds
and other species found in mixtures of seeds.

Conclusions

Exposure to sulfuric acid and elevated temperature en-
hances germination of Festuca seed. Optimal treatments
enhanced the seed germination rate by 19% for red fescue,
by 13% in sheep fescue, and by 22% in meadow fescue.
Following exposure to the treatments with the highest ger-
mination rates (F. rubra, 88%-90%; F. ovina, 82%-83%; F.
pratensis, 90%-93%), the coeflicients of variability (CV') of
germination were 1.2-5.3 for F. rubra, 2.6-6.7 for F. ovina,
and 1.7-3.7 for F. pratensis. Our results may enable more
successful establishment of grassland for agricultural and
horticultural applications, or for preventing soil erosion.
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