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The ryegrass species are visually similar, and therefore, correct identification of short-lived spe-
cies is very important in breeding work. The aim of the current study was to identify short-lived
ryegrass species and subspecies using anatomical and morphological characteristics. The study
was carried out at the Institute of Agriculture, Lithuanian Research Centre for Agriculture and For-
estry (during 2007-2010). The assessment of morphological and anatomical traits showed that
average values for species diverged, but values for individual plants often overlapped between
species. One of the most characteristic traits of Lolium. x hybridum was darker leaf colour (6.7
score). Awns are characteristic for both Lolium multiflorum subspecies, while perennial ryegrass
plants are awn-less. Lolium x hybridum has a short awn or no awn, depending on which parental
(Lolium perenne or Lolium multiflorum) species trait was stronger. As a result, identification of
short-lived species according to this trait is difficult, and sometimes impossible. Analysis of leaf
cross-section of short-lived ryegrass species indicated that a characteristic of Lolium multiflorum
subsp. multiflorum was conjugation of sclerenchyma fibres not only in the central but also in lat-
eral bundles, in contrast with Lolium multiflorum subsp. italicum and Lolium x hybridum. Lolium
multiflorum subsp. multiflorum. This difference occurs only at the inflorescence emergence stage.
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The ryegrass (Lolium spp.) genus comprises about ten spe-
cies (Terrell, 1968; Llpenes, 1976). The two most common
forage ryegrass species are Lolium perenne L. and Lolium
multiflorum Lam. (Humphreys et al., 2010). The hybrid of
these ryegrasses, Lolium hybridum Haussskn., is less com-
mon.

Italian ryegrass includes the biennial L. multiflorum subsp.
italicum and annual Lolium multiflorum subsp. multiflorum
(Reed et al., 2000). Some authors discriminate Lolium
multiflorum subspecies italicum or multiflorum (Lenuwiet et
al., 2002; Humphreys et al., 2010), others consider only the
species Lolium multiflorum (Lacefield et al., 2003).

Lolium multiflorum subsp. italicum grows rapidly, has a
long growing season, produces high yield, has good feed
value, and therefore, is widely used not only for grazing but
also for hay, haylage and silage production (Wilkins, 1991;
Reheul et al., 2003). This ryegrass species is grown in pure
stands or in mixtures with clover (Trifolium spp. L.) (Lenu-
weit et al., 2002).

Lolium multiflorum subsp. multiflorum was undeservedly
forgotten, although annual ryegrasses in a pure stand or in
mixture with oat (Avena sativa L.), vetch (Vicia sativa L.)
or annual clover (Trifolium spp.) can be suited for re-
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seeding of decayed perennial grasses and winter cereal
crops (Humphreys et al., 1998; de Ruiter et al., 2002; Opitz
v. Boberfeld er al., 2005; Cojocariu et al., 2008).

Seeking to improve resistance to adverse growing condi-
tions, Lolium multiflorum was crossed with Lolium perenne,
which produced Lolium x hybridum (Peeters, 2004). Lolium
x hybridum is higher-yielding than Lolium perenne and
more resistant to adverse winter conditions than Lolium
multiflorum (Hannaway et al., 1999a; 1999b; Reed et al.,
2000).

Breeding programmes for short-lived ryegrasses are being
carried out in Lithuania to create new varieties that are
adapted to local conditions. The ryegrass species are visu-
ally similar, and therefore, correct identification of short-
lived species is very important in breeding work. The aim of
the current study was to identify short-lived ryegrass spe-
cies and subspecies using anatomical and morphological
features.

A collection of short-lived ryegrass species, including
Lolium (L.) multiflorum subsp. multiflorum varieties (24) ,
Lolium (L.) multiflorum subsp. italicum (72) and Lolium
(L.) x hybridum (24) varieties, was set up in experimental
fields of the Institute of Agriculture, Lithuanian Research
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Centre for Agriculture and Forestry. Eighteen individuals
were planted per plot (nine plants in two rows) at a distance
of 50 x 50 cm, using a randomised complete block design
with three replications.

The short-lived ryegrass species were identified by morpho-
logical and anatomical analysis (Natkevicaité-Ivanauskiene,
1963; Lisenes, 1976; Ilpokymun u ap., 1977).

For the analysis of morphological and anatomical traits, her-
baria were collected for flowering individuals in the first (L.
multiflorum subsp. multiflorum) and second years of growth
(L. multiflorum subsp. italicum ir L. x hybridum). Plant
height (cm), leaf colour (score), length and width of flag
leaf (cm), inflorescence, glume, lemma, awn and spikelet
length (mm) were measured, and spikelet number per inflo-
rescence and number of vascular bundles were counted.

For anatomical leaf analyses, cross-sections of leaves were
taken from the herbarium material. Conjugation of scleren-
chyma fibres was determined by a biological microscope.

Computer software STAT adapted by P. Tarakanovas in Vis-
ual Basic for use as a macro-programme in EXCEL was
used for calculation of coefficient of variation (CV) and
standard error (Tarakanovas and Raudonius, 2003).

Analysis of leaf cross-section showed that L. multiflorum
subsp. italicum and L. x hybridum could be characterised by
conjugation of sclerenchyma fibres in the central and 2-3
lateral bundles (Fig. 1). L. multiflorum subsp. multiflorum
sclerenchyma fibres conjugated in the central and in all lat-
eral bundles.

Analysis of morphological and anatomical traits showed av-
erage differences of short-lived ryegrass species (Table 1).

The assessment of morphological-anatomical traits showed
their average values differed, but those of individual plants
often overlapped between varieties.

High or moderate variation of morphological traits was ob-
served for short-lived ryegrass varieties of different origin
(Table 1). An exception was length of lower glume. This
trait was most stable. In contrast, awn length was most
polymorphic. In breeding, high variation between varieties
is a positive indicator (Jafari et al., 2003). Currently, this is
especially important, since registration of a ew variety re-
quires traits to be not only stable, but also distinct from
other varieties.

The ryegrass species had light green to dark green leaf col-
our (Anonymous, 2006), depending on short-lived ryegrass
species. Lolium x hybridum had a significantly darker leaf
colour, compared with Lolium multiflorum, as described
earlier (Richardson 2004). Leaf colour is important when
ryegrasses are used in mixtures for turf. This trait is not im-
portant when ryegrasses are grown for forage. Darker leaf
colour can be obtained when turfs are fertilised with mineral
nitrogen (Ahmad et al., 2003). Lolium x hybridum is often
used for turf (Richardson, 2004), while Lolium multiflorum
subsp. italicum is less popular. Italian ryegrass was initially
used as the primary grass in overseeding due to its rapid
germination, establishment and availability, but it had poor
cold and heat tolerance, poor density and texture, and re-
quired frequent mowing due to its rapid growth (Richard-
son, 2004). Lolium multiflorum subsp. multiflorum is pro-
duces dense lawns in the sowing year (Cosgrove et al.,
1999).

The short-lived ryegrass species are visually similar to each
other, and also to perennial ryegrass. Therefore, it is diffi-
cult to visually distinguish plants in the infancy stage (be-
fore inflorescence emergence). The spikelets of Lolium
multiflorum have short awns in the head of the glume. Pe-
rennial ryegrass does not have awns. The obtained data con-
firmed observations of S. A. Mirjalili et al. (2008). The dif-
ference in awn features appears after inflorescence
emergence. L. x hybridum has a short awns or no awn (Fig.
2). This trait depends on which parental (L. perenne or

Table 1
MORPHOLOGICAL AND ANATOMICAL TRAITS OF SHORT-LIVED RYEGRASS SPECIES, AVERAGE IN 2007-2009
Trait Lolium multiflorum Lolium x hybridum
subsp. multiflorum subsp. italicum

X +SD vV % X +SD vV % X +SD V %
Plant height, cm 49.6 = 1.20 27.17 51.6 £0.47 12.97 50.2 £0.62 11.84
Leaf colour (points) 53+0.26 26.77 5.1+£0.16 26.79 6.7 £0.42 30.28
Length of flag leaf, cm 12.6 +0.37 33.19 14.0+1.04 28.57 17.1 £0.45 25.01
Width of flag leaf, cm 0.6 +£0.01 22.46 0.7 +£0.04 20.46 0.7 £0.02 21.23
Number of bundles 21.0+£2.02 27.18 19.3£1.35 19.78 19.3+1.18 21.19
Inflorescence length, cm 21.0 +0.37 20.17 26.1 +0.93 13.84 22.6 +0.42 17.83
Number of spikelets 16.8 £0.30 20.25 23.9+0.92 14.93 19.6 £0.28 13.81
Spikelet length, cm 23+0.11 13.56 2.1 +£0.08 10.75 2.0+0.10 16.36
Length of lower glume, cm 0.7+0.02 7.33 0.8 £0.05 17.17 0.8 £0.02 9.20
Length of upper glume, cm 1.1+0.04 10.68 1.0 +0.08 22.06 1.1 £0.06 17.58
Awn length, cm 0.3+0.07 62.05 0.4 +0.05 28.80 0.2+0.04 74.98
Number of flowers 12.6 £ 0.65 14.63 12.0 £0.76 17.82 10.5£0.44 14.36
1000 seed weight, g 34+0.17 18.46 4.1+£0.19 32.06 42+0.15 23.47
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c)

Fig. 1. Leaf cross-sections of short-lived ryegrass species, 2008-2009. Let-
ters denote different species: a, Lolium multiflorum subsp. Italicum; b,
Lolium x hybridum; c, Lolium multiflorum subsp. multiflorum.

a) b) e)

Fig. 2. Spikelets of ryegrass: a, Lolium perenne; b, Lolium x hybridum
(type of Lolium perenne); c, Lolium x hybridum (type of Lolium
multiflorum); d, Lolium multiflorum subsp. italicum; e, Lolium multiflorum
subsp. Multiflorum.

L. multiflorum) species traits are stronger (Ryan et al.,
2007). As a result, identification of short-lived species ac-
cording to this trait is difficult, and sometimes impossible.

Literature sources indicate that weight of 1000 seeds of
Lolium multiflorum subsp. italicum is 2.5-4.6 g, Lolium x
hybridum — 2.0-3.5 g and Lolium multiflorum subsp.
Multiflorum — 2.5-4.5 g (Venuto, 2002; Peeters, 2004).
Ploidy has an important influence on weight of seeds. Dip-
loid varieties have smaller, and tetraploid varieties have
larger seeds. A similar number diploid and tetraploid variet-
ies of both subspecies of Lolium multiflorum were investi-
gated. However, many varieties of Lolium x hybridum were
tetraploid. This might explain why the 1000-seed weight of
Lolium x hybridum was slightly higher than that given in lit-
erature.

In literature, Lolium multiflorum is mostly compared with
Lolium perenne (Bennet et al., 2000; Mirjalili et al., 2008;
Brown et al., 2009). Lolium multiflorum is taller and has
wider leaves and longer glumes than Lolium perenne. Gen-
erally, Lolium multiflorum inflorescences are larger than
those of Lolium perenne, and have more spikelets, more flo-
rets per spikelet and larger seeds. This can explain why
Lolium x hybridum showed mostly intermediate results
compared with the parental species. However, Lolium x
hybridum is a hybrid between perennial and Italian ryegrass,
and therefore, depending on the variety, can be similar to
both parental species.

Short-lived ryegrass species differ according to the conjuga-
tion of sclerenchyma fibres in leaf vascular bundles: for
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Lolium multiflorum subsp. multiflorum, sclerenchyma is
conjugated in all bundles, for Lolium x hybridum and
Lolium multiflorum subsp. Italicum — in central and in ev-
ery 2-3 lateral bundles. This difference occurs only at the
inflorescence emergence stage when sclerenchyma is
formed. The schlerenchyma is conjugated only in the cen-
tral bundle in young plants of all species.

Bennett et al. (2000) and Mirjalili et al. (2008) distin-
guished Lolium perenne and Lolium multiflorum species, al-
though introgression between them is possible and some
characters are similar between the species. As a result, mor-
phological traits of short-lived ryegrass species (especially
of individual plants) mostly are similar betwen the subspe-
cies Lolium multiflorum and Lolium x hybridum.
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ISMUZA AIRENU MORFOLOGISKAS UN ANATOMISKAS PAZIMES

Aprakstitas morfologiskas un anatomiskas pazimes vairakam ismuZa airenes sugam (Lolium multiflorum subsp. multiflorum, Lolium
multiflorum subsp. italicum and Lolium X hybridum), tas audzg&jot Lietuvas apstaklos.
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