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Abstract
Forage grass seed quality is influenced by plant genetics as well 
as seed density, storage conditions, age of seed, and endophyte 
infection status.  We used eight seed lots of tall fescue (three 
cultivars, with natural endophytes, endophyte-free, or novel 
endophyte) to test the effect of seed density on germination 
and seedling vigour.  Seed lots were separated into nine density 
fractions using a cylinder air column. Thousand seed weight 
values were determined. Three runs of four replications of plots 
consisting of 25 seeds of each entry were seeded in greenhouse 
experiments to determine seedling mass at 8 weeks after planting.  
Early germination counts as well as laboratory germination tests 
indicated significant differences among weight classes in speed 
of germination as well as seedling vigour. The lightest fraction 
of seed clearly contained inferior seed, but higher density seed 
lots tended to have better germination and seedling vigour than 
lower density ones.
Keywords: seed density, seedling vigour, germination, tall 
fescue, endophyte

Introduction
Tall fescue [Schedonorus phoenix (Scop.) Holub] is the 
predominant perennial cool season forage and turfgrass species 
in the transition zone of the U.S. (Buckner et al. 1979).  Adverse 
effects on animals grazing tall fescue have been noted for many 
years and are attributed to alkaloids produced by tall fescue 
infected with its endophyte [Neotyphodium coenophialum 
(Morgan-Jones & Gams) Glenn, Bacon, & Hanlin] (Stuedemann 
& Hoveland 1988).  Removal of this seed-transmitted endophyte 
eliminates the severe detrimental effects on animals grazing the 
grass or consuming hay.  However, agronomic performance of 
endophyte-free tall fescue cultivars has been less consistent than 
that of infected cultivars (Bacon & Siegel 1988).  New, novel 
endophytes without harmful effects to grazing livestock are now 
available in different cultivars. 

Several factors contribute to the difficulties encountered in 
establishment and maintenance of endophyte-free (or any other) 
tall fescue pastures.  Among these factors, low seedling vigour is 
partially responsible for slow establishment (Clay 1987).

Seedling vigour has been studied in grass species using 
numerous experimental methodologies (McKell 1972).  Some of 
the characteristics that have been measured include seed size and 
mass, speed of germination, germination force, root and shoot 
growth rates, and time to first tiller appearance.  Recent research 
suggests that seed density can have a large effect on germination 
rate in grasses (Larsen & Andreasen 2004). 

Our objectives in these experiments were to compare seedling 
vigour in different tall fescue seed lots (different varieties, 
different endophyte status) grown in the same year and location, 
and separated into different seed densities. 

Materials and Methods
Three tall fescue cultivars with different endophyte status were 
used in these experiments.  All seed lots were produced in 2005 
at the University of Kentucky Spindletop Agronomy Research 
Farm.  All seed lots were conditioned to commercial standards.  
The following eight seed lots were used: EFKY31, EIKY31, 
EFKYFA9301, KYFA9301/AR542, KYFA9301/AR584, 
EFKYFA9821, KYFA9821/AR542, and KYFA9821/AR584.  
Each seed lot was divided into eight weight classes (designated 
LLL, LLH, LHL, LHH, HLL, HLH, HHL, and HHH) by three 
equal separations using an air column blower (South Dakota 
Seed Cleaner, Seedburo, Chicago, Illinois).  Each seed lot also 
had an ‘original’ sample (O) reserved as an entry, in addition to 
the eight weight classes. 

Standard seed laboratory germination tests (ISTA 1999) were 
conducted by the Seed Testing Laboratory of Regulatory Services 
at the University of Kentucky.  

For the greenhouse seedling vigour measurements, plots 
consisted of 25 seeds planted in a randomised complete block 
design experiment with four replications and three runs. 
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Containers were 8 cm x 12 cm x 6 cm plastic trays with a peat-
based growing medium.  Trays were placed in a greenhouse 
during the summer 2006, with natural sunlight.  Seedling numbers 
were counted for 3 weeks, and 55-60 days after planting, tiller 
number and above ground seedling mass (after oven drying) were 
recorded for each plot.  Statistical analyses of data were made 
using the general linear model procedure of SAS (SAS 1988).

Results and Discussion
All traits showed highly significant differences among cultivars 
and among weight classes (Table 1).  Thousand seed weights 
(Table 2) confirmed differences in initial seed weights among 
seed lots.  For all three cultivars, the endophyte-free seed lots 
had higher germination percent than infected seed lots (Tables 
3 & 4), with means for EFKY31 and EFKYFA9301 being 
statistically significantly higher than the means for EIKY31 
and KYFA9301/AR542, respectively; and strain AR584 seed 
lots had superior germination (in the greenhouse) to seed lots 
containing strain AR542.  The LLL (lightest weight class) had 
much lower germination than other weight classes (mainly due to 
~50% empty seed, data not shown).  Seedling mass was greater 
in infected seed lots than endophyte-free (Table 5).  The three 
heaviest weight classes produced the greatest seedling mass of 
all weight classes.  EFKY31 produced more tillers than EIKY31, 
and strain AR584-containing seed lots had more tillers than 
EF or AR542 seed lots of KYFA9301 or KYFA9821 (Table 
6).  Again, the three heaviest weight classes had superior tiller 
numbers, with LLL having the fewest.  To account for some of 
the confounding effects of germination on other traits, weight per 
plant was analysed (Table 7).  EIKY31 and KYFA9821/AR584 
had the heaviest per plant weight, as did the LLL weight class 
(with fewer plants germinating, each plant had more space to 
grow).  Tillers per plant (data not shown) were highest in the LLL 
seed lots for the same reason, and KYFA9821/AR584 produced 
more tillers than other combinations.

Seedling vigour can be improved by removing the lightest seed 
from the seed lots. These results provide evidence that novel 
endophytes confer superior seedling vigour, often better than the 
common, toxic endophyte in KY31.
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