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ABSTRACT 

Seed shattering is a serious problem which complicates seed 
harvesting and is a major cause of high yield losses in many 
commercial grass-seed crops. 

A study was undertaken to obtain information on seed 
dispersal characteristics of nine Dactylis glomerata L. popula
tions collected at sites scattered from North (46°10'N) to South 
(39°05'N) Italy. These natural populations were tested at 
Perugia (Central Italy, 43°05'N). 

From each population 60 panicles were randomly chosen and 
evaluated for seed shattering at 14, 21, 28, 35, and 42 days 
from peak an thesis, with a panicle moisture ranging from more 
than 40% to about 20%. 

The study led to the identification of three natural popula
tions, coming from the southern collection sites, which showed 
no seed shattering at full maturity stage. These ecotypes could 
be very interesting in breeding programs aimed to decrease seed 
shattering in D. glomerata seed crops. A strong rachilla and 
densely packed panicle and spikelets appear to be the main 
causes of seed retention. 

Additional index words: seed shattering, orchardgrass 

INTRODUCTION 

Harvesting seed at the proper time is of particular 
importance to grass seed grow~rs since both yield and 
quality of the seed are determined at that time. 

Because of the growth habit of most grasses, the seeds do 
not mature and ripen uniformly. Early maturing seeds 
frequently shatter before· the late developing seeds are 
mature. 

Seed dispersal mechanisms, well developed in all wild 
grasses, represent important adaptive mechanisms in these 
species (Me William and Gibbon, 1983; Falcinelli et al., 
1983). 

The shedding of seed involves the disarticulation of the 
rachis immediately below the glumes (many tropical 
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species) or of the rachilla immediately above the glumes 
(many temperate species) (Clifford and Watson, 1977; 
McWilliam, 1980). In the former case, the spikelet usually 
contains only one caryopsis and shedding is caused by the 
formation of an abscission layer immediately below the 
glumes, as in the wild sorghums (Karper and Quinby, 
1947). With many temperate species, the abscission layer 
forms in the rachilla immediately above the glumes and, 
where spikelets contain more than one caryopsis, it forms 
between the individual florets (McWilliam, 1980). 

In many temperate pasture grasses, fragility of the 
rachilla at maturity appears to be the most common cause of 
seed shattering. Once the rachilla is fractured the seed is 
free to fall unless restrained by the glumes. 

The nature of the glumes, their shape, flexibility, and 
silica content can be associated with their ability to retain 
seed in the inflorescence after it becomes detached, as 
reported by McWilliam (1963) in Phalaris tuberosa. 

Time of harvest has been studied by many authors. 
Usually the highest yield of the best quality seeds is 
obtained at the time 5% of the seed has shattered (Wilkins 
and Hughes, 1932). Moisture level determinations can be 
useful for determining ripeness in many grass seed crops 
because seed shedding begins at about 40% moisture 
content (Nellist et al., 1965; Nellist and Rees, 1967; 
Roberts, 1969). 

On the basis of the above data, swathing should be done 
at 40% moisture content for maximum yield and ger
mination. On the contrary, for technical reasons, direct 
harvesting cannot be performed before 30% moisture 
content, but at this point the yield is generally reduced due 
to shattering losses. For this reason, the grass seed crops are 
windrowed before combining. 

Although little conscious effort has been made to 
improve seed retention in pasture grasses by selection, 
certain genera, including Lolium, Festuca, and Dactylis, 
have a long history of cultivation and have acceptable levels 
of seed retention (McWilliam and Gibbon, 1983). How
ever, especially in Dactylis glomerata and Festuca arun
dinacea, the problem is not completely solved. 

The present study was undertaken to obtain information 
on seed dispersal characteristics of nine Dactylis glomerata 
L. Italian ecotypes with the aim of identifying germplasm 
resources suitable for breeding programs. 

MATERIALS AND METHODS 

In summer 1977, Italian ecotypes of D. glomerata L. 
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Figure 1. Collection sites. 
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Table 1. Stem color mean values s.e. (1= green, S= yellow) of 
Italian Cocksfoot populations at 5 sampling dates after peak 
anthesis 

Population Days after peak anthesis 
Source 

14 21 

NORTH 
Passo ck:ll 'Aprica 1.0±0.2 1.3±0.2 
Cellarda 1.0±0.3 1.6±0.3 
Cavaglia 1.0±0.1 3.0±0.5 

CENTRAL 
Cesanatico 1.0±0.2 2.5±0.5 
Perugia 1.0±0.3 2.0±0.4 
Pescara 3.5±0.3 4.1±0.2 

SOUTH 
Crotone 2.5±0.2 3.0±0.2 
Castel del Monte 3.0±0.2 3.0±0.2 
S. Cataldo 

.. 
' 

.· 
.·. . \ 

3.5±0.2 4.0±0.2 

,, 
1 I 

1 I 
1 I 

I 

28 

2.0±0.2 
2.3±0.3 
2.8±0.3 

2.6±0.3 
3.8±0.4 
4.5±0.2 

3.5±0.3 
3.5±0.3 
4.2±0.2 

35 

3.3±0.3 
3.0±0.2 
3.2±0.3 

3.6±0.3 
4.2±0.1 
5.0±0.1 

3.6±0.3 
4.0±0.3 
4.3±0.2 

. 
' 

I 

I 

I 
I 

I 

. . . ' \ 

42 

3.5±0.2 
3.5±0.1 
4.0±0.1 

3.3±0.1 
4.9±0.1 
5.0±0.1 

3.6±0.2 
4.0±0.2 
4.3±0.2 
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Figure 2. Temperature and rainfall patterns of representative sites of Northern, Central, and Southern Italy (modified from 
Lorenzetti et al., 1983) 

were collected at sites scattered from north (46°10'N) to 
south (39°05'N) in the Italian peninsula (Fig. 1): Three 
populations (Passo dell' Aprica, Cellarda, and Cavaglia) 
will be referred to as Northern populations, three as Central 
populations (Cesanatico, Perugia, and Pescara), and three 
as Southern populations (Castel del Monte, San Cataldo, 
and Crotone). The different climatic conditions under which 
the different populations evolved are shown in Fig. 2. 

All the populations were tested at Perugia (43°05'N). 
Two hundred seeds of each population were sown in boxes 
in autumn 1977. Thirty genotypes were selected and planted 

in the field in a randomized block design with three 
replications in March 1978. 

In 1980, 60 randomly chosen panicles (2 per plant) were 
selected from each ecotype at 14, 21, 28, 35, and 42 days, 
after peak anthesis. 

The following characters were recorded at each sampling 
date: 
Percentage moisture content was determined on 30 ran
domly chosen panicles per ecotype dried at 100 C for 48 
hours. 
Shattering percentage was evaluated on the remaining 30 
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Days After Peak Anthesis 

Figure 3. Panicle moisture content, germination, and seed shattering percentages of populations from Northern, Central, and 
Southern Italy at five sampling dates after peak anthesis when grown at Perugia in central Italy. Shattering of Southern Italy 
populations was zero. 

panicles per ecotype which were passed ten times through 
the device proposed by Bonin and Goplen (1963). Shat
tering percentage was then calculated as follows: 

weight of shattered seed x 100 

weight of shattered + non-shattered seed 

Germination percentage was determined by conducting 

germination tests on 200 seed samples replicated four times, 
of mixed dropped and retained seed after having evaluated 
seed shattering percentage. 
Stem color was evaluated by scoring each plant from 1 
(=green) to 5 (=yellow). 

Observations were made with a stereoscopic microscope 
to determine the dispersal mechanism. 
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RESULTS AND DISCUSSION 

Percentage moisture content, shattering and germination 
of Northern, Central, and Southern populations are reported 
in Figure 3. Stem color results are reported in Table 1. 

Panicle moisture. Percentage moisture content had a 
similar trend in all populations decreasing from 50-60% at 
first sampling date to 10-20% at last sampling date. 

Seed shattering. Populations from contrasting climatic 
regions differed remarkably for seed shedding (Fig. 3). 

In Northern populations, seed shattering increased with 
time. Seed shattering began 21 days after peak anthesis in 
populations from Passo dell' Aprica and Cellarda, and after 
35 days in Cavaglia reaching quite high values at the last 
sampling date. In these populations, the rachilla easily 
breaks below the caryopsis or just above the glumes 
(Photograph 1) and let the seed fall. 

Populations from Central Italy showed a lower shattering 
percentage and seed shedding began only at the full 
maturity stage (Fig. 3). 

Southern populations showed a very high degree of seed 
retention: no seed shattering was observed 42 days after 
peak anthesis. The stronger rachillas and the densely packed 
panicles and spikelets prevent seed shedding in these 
populations (Photographs 2 and 3). 

Photograph 1. Disarticulation below the caryopsis, on the left, 
or above the glumes, on the right (x 20). 

Photograph 2. Densely packed panicle of a southern population, 
on the left, and lax panicle of a Northern population, on the 
right (X 1.8). 

Germination. The three groups of populations showed 
different trends in germinability. 

Northern populations achieved maximum germinability 
21 days (Passo dell' Aprica) and 28 days (Cellarda and 
Cavaglia) after peak anthesis (Fig. 3); thereafter, steep 
declines in germinability are recorded. 

Central and Southern populations showed instead, with 
the exception of Cesenatico, a constant increase (Fig. 3). 

In D glomerata, the extent of dormancy appears to be 
regulated by the amount of growth inhibitors associated 
with the seed during germination (Fendall and Canode, 
1971); different patterns of accumulation of growth inhib
itors might have determined the different trends of germin
ability observed. This point needs further investigation. 

Stem color. In Northern European and Northern American 
varieties, the onset of seed shedding appears to be 
correlated with internal moisture content. Consequently, a 
progressive decrease in the amount of green coloration of 
the stem can prove valuable for judging ripeness and 
minimizing seed losses in the field (Dujardin, 1958; 
Roberts, 1969). 

In our materials, this character could be of relevant 
interest only for Northern Italian ecotypes in which 



Photograph 3. Portion of densely packed panicle of a Southern 
population, on the left, and portion of lax panicle of a 
Northern population, on the right (X 2.6). 

yellowing occurred at the first sign of seed shattering. On 
the contrary, Central and Southern populations showed seed 
retention also when the stem was completely yellow (Table 
1). 

CONCLUSIONS 

The study led to the identification of three groups of 
natural Italian cocksfoot populations. Populations from 
Northern Italy began to shed seed much earlier, populations 
from Central Italy showed an intermediate behavior, while 
populations from the southern collection sites showed no 
seed shattering even at the full maturity stage. 

Seed retention was not related to moisture content or stem 
color. Consequently, the use of moisture meters or visual 
scoring of greeness in order to judge optimum time for seed 
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harvest does not apply to populations from the hot and dry 
Mediterranean regions. 

Strong rachillas and densely packed panicles and spike
lets appear to be the main causes of this high degree of seed 
retention. 

Ecotypes from Southern Italy could be very useful in 
breeding programs aimed at decreasing seed shattering in 
D. glome rata seed crops, since our preliminary data suggest 
that this character is simply inherited. 
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