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ABSTRACT 
The seed yield of grasses needs improvement, and seed yield 

should become a more important selection criterion in grass 
breeding. Seed yield depends largely on the degree of floret site 
utilization (FSU). This term is extensively discussed in this paper 
and several definitions are reviewed. A distinction is made be
tween biological and economical FSU. Causes of variation in 
FSU and various determination methods are discussed. Sugges
tion for breeding for increased FSU are also given. 

Additional index words: Seed yield, pollination, fertilization, 
seed set, seed development, seed harvest, abortion, shattering, 
harvest losses. 

INTRODUCTION 

The success of a herbage cultivar in commercial produc
tion not only depends on its forage attributes, but also on its 
ability to produce seed. In forage varieties, characteristics 
such as high vegetative production, persistency and quality 
are of importance to the farmer. The seed producer, how
ever, desires high seed yields of good quality. 

There are two alternatives for maximizing seed yields: 
1. Cultural manipulation of the grass seed crop to max

imize development of flowering stems and fertile 
florets. 

2. Breeding for improved seed production jointly with 
forage production when developing new varieties. 

Breeding perspectives for higher seed production are the 
focus of this paper. 

Floret Site Utilization (FSU), Definitions and Components 

Grass seed crops have a high yield potential, but this 
potential is never fully realized. Griffiths et al. (1973), 
Hebblethwaite (1977) and Burbidge et al. (1978) found real
ized yields to be much lower. Based on seed yield compon
ents, the theoretical production or potential yield can be 
calculated as inflorescences m-z x spikelets/inflorescence x 
florets/spikelet x FSU x average seed weight. Owing to the 
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negative feedback on forage production, it is not desirable to 
increase the size of the reproductive system, i.e. florets m-z. 
Instead, the efficiency should be increased (Bean, 1972), 
which can be achieved by improving the FSU. The meaning 
of this term, however, is not clearly defined. Bean (1972) 
defines efficiency of the reproductive system as the percen
tage of flowers which produce seed, and the size to which 
these seeds develop. Several other terms have been used to 
describe FSU. For example, seed set, floret fertility or fertility 
index have been used. However, some of these last terms are 
already used for other traits, being components of the total 
''floret site utilization''. For a full understanding ofFSU it is 
necessary to analyze which processes occur from the time of 
anthesis until determination of the final seed yield. It is 
important to know how these processes are influenced by 
environmental and genetic factors, and by genotype x envi
ronment interactions. 

In a biological sense, FSU can be defined as the percen
tage of florets, present at anthesis, resulting in a viable seed. 
For seed growers, the percentage and quality of the seeds that 
can be harvested is of interest. After harvesting and cleaning, 
the commercial seed yield can be expressed as a percentage 
of the potential seed yield. In an economical sense, FSU can 
be defined as the percentage of florets present at anthesis 
which contribute to the harvested seed. Economical FSU 
results from the following processes: pollination, fertilization, 
seed set, seed development, harvesting and cleaning. During 
each of these processes losses may occur (Table 1). 

Pollination 

The term 'pollination' is used to describe processes occur
ring from the time of anther dehiscence until the pollen 
reaches the stigma. Pollen grains on the stigma have a mu
tually stimulating effect on pollen germination. Reduction of 
the number of pollen grains on the stigma may reduce fertil
ization. Early lodging limits pollen transport and successful 
pollination. On the other hand, uniform flowering and high 
pollen production favor pollination. Pollination is influenced 
by environmental factors. 

Fertilization 

In the progamic phase of fertilization, seed set may be 
reduced due to non-viability of pollen grains or incompatibil
ity. Non-viable egg cells may also reduce FSU. 

Pollen grains of grasses have a low retention of viability, 
especially at low humidity. Jones and Brown (1951) stated 
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Table 1. Processes occurring after an thesis and associated losses 
that reduce floret site utilization. 

Florets at anthesis 

Pollination------------------------------------------
Fertilization -----------------------------------------
Seed set----------------------------------------------

Seed development 
- Early growth stage-------------------------------
- Food reserve accumulation stage--------------

Losses 

Empty florets 
Empty florets 
Empty florets 
Early abortion 

Abortion 
Diseases 
Abortion 

- Ripening stage------------------------------------ Diseases 
Shattering 

Harvesting------------------------------------------- Shattering 
Damage 

Cleaning--------------------------------------------- Empty florets 
Light seeds 
Heavy seeds 

Seed yield 

that the poor seed set observed in some grass species may be 
due to the susceptibility of stigmas to damage under high 
temperatures and to desiccation of the pollen. Stigma wither
ing in grasses begins a few hours after pollination. On the 
stigma, about 60-80% of the grass pollen germinates. The 
germination percentage increased with greater maturity of 
pollen and stigma (Watanabe, 1961). Hebblethwaite and 
Hampton (1981) mentioned that possibly not all florets are 
potentially fertile, either because of pest damage (Johnston, 
1960) or because they are morphologically sterile and in
capable of developing seed (Johnston, 1960; Hill, 1980). 
Johnston (1960) found up to 10% morphological sterility in 
flowers of Dactylis glomerata. Part of the 'sterility' in 
Bromus inermis and Agropyron spp. is genetically determined; 
the environment also strongly influences the percentage of 
flowers that set seed (Knowles and Baenziger, 1962). 

Fertilization may be reduced due to self-incompatibility, 
which is quite common in grasses. In ryegrass, for example, 
there is a 2 loci gametophytic system, but under certain 
conditions some self-fertilization can occur. Probably the 
absence of other pollen favors self-fertilization. Poor seed set 
might occur when synthetic varieties are based on a few 
clones. 

Seed Set 

According to Hill (1980), the term 'seed set' describes the 
early growth of the embryo and endosperm. "Set" is indi
cated by the presence of cell division following successful 
fertilization. 

As shown by Hill (1971) and Burbidge et al. (1978), 
approximately 60% of all florets are capable of being fertilized. 
The position of a floret in the inflorescence influences the 
probability of seed set (Anslow, 1964). In rye grass, abortion 
may occur after fertilization up to approximately 21 days 

after anthesis. Soon after fertilization, cell division can be 
disrupted resulting in a misshapen ovary. At a later stage, 
seed development is often resumed. In other cases, cells 
disintegrate and the entire ovule collapses (Hill, 1980). 

It is not clear whether abortion occurs more often after 
self-fertilization. Burbidge et al. (1978) noticed in Lolium 
perenne that many more seeds were set than were harvested, 
even when the crop was not lodged. They mentioned two 
possible reasons for abortion of developing seeds: hormonal 
inhibition of seed growth and competition for assimilates. 

Seed Development 

Hyde et al., (1959) distinguished three stages in seed 
development in ryegrasses: 
Stage 1: the growth stage, duration 10days after pollination. 

Characteristics: rapid increase in seed weight, 
high seed moisture content and non-viability. 

Stage 2: the food reserve accumulation stage, duration a 
further 10-14 days. Characteristics: a threefold 
increase in seed dry weight. Seeds attain full via
bility. 

Stage 3: the ripening stage, duration 3-7 days. Character
istics: dry weight remains approximately constant, 
but moisture content falls from about 10% to equi
librium with the atmosphere. 

The stage of seed development affects three important 
aspects of seed quality: viability, seedling vigor and storage 
life (Hyde, 1950). Perennial ryegrass seed harvested 14 days 
after pollination would be viable, but would give rise to 
seedlings with poor vigor as high seedling vigor is not present 
until about 24 days after pollination. Immature seeds deteri
orate rapidly in storage. 

A study by Hill (1971) with perennial ryegrass has shown 
that different genotypes may have different patterns of em
bryo maturation. Furthermore, genotypes differ with respect 
to dehydration and the time taken to attain harvest ripeness 
(Hill, 1980). Cultural practices have a major effect on seed 
development. 

During seed development, shedding losses occur. Besides 
trying to increase seed set, loss of viable seed can also be 
reduced. Burbidge et al. (1978) did not consider shedding to 
be a major factor, which contrasts with the results of Stoddart 
(1964). According to Stoddart (1964), one of the principal 
sources of yield loss in grass seed crops is the amount of seed 
shed from the inflorescence. Environmental factors, such as 
heavy winds, affect shedding. Spread in ripening time also 
promotes shattering. In Lolium multiflorum, genetic variation 
for seed retention was found between populations (Harun and 
Bean, 1979). Several authors reported improved seed reten
tion resulting from breeding for this character (McWilliam, 
1980; Phalaris aquatica (syn. tuberosa); Bean, 1969; Phleum 
pratense; Falcinelli et al., 1984; Dactylis glomerata). 

Seed retention does not affect forage qualities and seems to 
be a very desirable character in grass seed crops. When 
growth regulators are introduced into commercial seed pro
duction, seed retention will become even more significant. 
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Harvesting 

Not all seed that is produced can be harvested because of 
spread in ripeness, lodging and harvest losses. Within a seed 
crop, differences in ripeness exist within and between spike
lets, between inflorescences and between plants. The apical 
florets in the spikelet, the apical part of an inflorescence and 
the oldest inflorescences ripen fast. The harvest time is a 
compromise between seed yield and quality. When the crop 
is harvested too early, many immature seeds are harvested, 
resulting in: 

-drying costs 
-increased risk of damage 
-cleaning losses (light seed) 
-loss of quality (light seed with low seedling vigor) 

If harvest is late, many seeds are lost through shedding. At 
first, apical seeds will shatter which contain light seed. Then, 
the oldest inflorescences which carry the heaviest and the 
greatest number of seeds also start to shed. Bonin and Goplen 
(1963) found that within clones of Phalaris arundinacea 
shattered seeds were heavier than non-shattered seeds. Jensen 
(1976) found that shed seeds had a lower moisture content 
than non-shattered seeds. As the time of harvesting differs 
more from the mean ripeness date, the risk of genetic shift 
also increases (Davies, 1954). 

A lodged crop is difficult to harvest. Morover, new veg
etative tillers may grow through the lodged inflorescences 
and hamper harvesting. Seed quality decreases when the 
seeds are attacked by fungi. In a lodged crop, shattering is 
reduced. The harvest method, i.e. combining or swathing, 
affects seed yield losses. Seeds can be damaged, resulting in 
decreased quality. Harvest losses are greatly influenced by 
weather conditions. 

Cleaning 

After harvesting and drying, the seed is cleaned. Normal 
or "heavy" seed is separated from dust, sand, stalks, entire 
spikelets, empty florets, light seed and weeds. The cleaned 
seed is weighed, providing the final (economical) seed yield. 
The number of clean seeds can be calculated from the thou
sand seed weight (TSW). 

BREEDING PERSPECTIVES 

Possible breeding perspectives for improved FSU, indi
cated in the above review, are presented in Table 2. More 
research is needed to investigate which process has the high
est correlation with grass seed yield, which characteristic has 
the largest genetic variation and which trait has the highest 
heritability. 

It is interesting to note that several authors (Knowles and 
Baenziger, 1962; Ross and Adams, 1955; Lowe and Murphy, 
1955; Raeber and Kalton, 1956; Nielson and Kalton, 1959; 
Ibrahim and Frakes, 1984; Slinkard, 1965 and Davies, 1954) 
reported FSU to be a fairly stable and highly heritable charac
ter. Others, (Mackay, 1960; Bean, 1969; and Bugge, 
1981), mentioned large environmental effects on FSU. 

A good relationship between ''seed set'' or ''fertility index'' 
and seed production is reported by Knowles and Baenziger 
(1962), Ross and Adams (1955), Nielsen and Kalton (1959), 
Slinkard (1965), Davies (1954), Dewey and Lu (1959) and 
Hearn and Holt (1969). However, the determination method 
of FSU influences the correlation between FSU and seed 
yield. 

METHODOLOGY 

Several studies have been made ofFSU, "fertility index" 
or "seed set" in grasses. The results however, cannot easily 
be compared, because different characters appear to have 
been determined in various ways. Three aspects of deter
mining FSU should be taken into account: time of deter
mination, determination method and sampling technique. 

The time of determining the number of florets for calcu
lating the potential yield is important. If florets are counted at 
anthesis, the estimated potential yield is much higher than 
when counted after the harvest, because florets are lost during 
development and harvest. The time of determining the num
ber of seeds for calculating the realized yield is also impor
tant. If seeds are counted before ripening, realized yield is 
much higher than when they are counted after harvest, be
cause seeds are shed and lost during ripening, harvesting and 
cleaning. 

Several determination methods have been described pre
viously: 

1. Number ratio between filled and total florets. This 
method has been applied quite often to uncleaned seed 
harvested just prior to ripeness. (Bean, 1969; Davies, 
1954; Knowles and Baenziger, 1962). Empty and filled 
florets were separated by feeling, pressing or by examina
tion over illuminated glass. Developing seeds are included 
in the seed fraction so this method gives a measure of 
biological FSU. 

Table 2. Prospects of breeding for improved floret site utilization 
in grasses. 

Process: 
Pollination 

Fertilization 
and seed set 

Seed development 

Selection for: 
- High pollen production 
- Uniform flowering (heading) 
- Lodging resistance 

- Pollen viability 
- Ovule viability 
- Retention of pollen and 

ovule viability 
- Disease resistance 
- Lodging resistance 
- Compatibility 

- Disease resistance 
- Lodging resistance 
- Reduced embryo abortion 
- Uniform ripening 
- Seed retention 
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2. Germination percentage. This method is similar to 
method 1 in that developing, viable seeds are included. 
Very young seeds in the early growth stage which do not 
germinate are not included, however. Biological FSU 
measured in this way will therefore be lower than FSU as 
estimated by method 1 (Lewis, 1966; van Wijk, 1985). 

3. Weight ratio between cleaned and uncleaned seed. This 
method is easy to apply, but does not give relevant infor
mation about FSU. After threshing, seeds are separated 
from empty florets and light seeds with a wind blower. 
Cleaned seed is much heavier than light and empty seed, 
so the percentage of cleaned seed is very high. This results 
automatically in a high, significant correlation between 
estimates of FSU and final seed yield (van Wijk, 1985; 
Raeber and Kalton, 1956). 

4. Volume ratio between cleaned and uncleaned seed. 
This method gives a better estimation of the percentage of 
well-developed seeds than method 3 because seeds and 
empty florets differ less in volume than in weight (Hearn 
and Holt, 1969). 

5. Number ratio between cleaned and uncleaned seed. 
This method is more precise than the fourth, but is very 
laborious. After threshing, all potential seeds are counted. 
Seeds are separated from empty florets and light seeds 
with a wind blower. Cleaned seeds are counted. Like 
methods 3 and 4, method 5 underestimates potential seed 
yield, i.e. the number of floret sites, because losses of 
floret sites are not included. Estimated FSU based on 
these methods will, therefore, be too high. Because only 
cleaned seeds are counted, a measure of economical FSU 
is given.(Lewis, 1966; Johnston, 1960). 

6. Calculated ratio between realized and potential seed 
yield: FSU =yield m-2/(inflorescences m-2 x TSW /1000 x 
florets/inflorescence). This method calculates economical 
FSU. Number of inflorescences m-2 and florets/ 
inflorescence are determined at anthesis to obtain a ''real
istic" potential yield. FSU-values calculated in this way 
are much lower than values obtained with the other methods 
(Meijer, pers. comm.). 

Method 1 seems most suitable for determining biological 
FSU. Shattering losses are not measured when applying 
these methods. For determination of biological FSU, how
ever, shed seed should also be taken into account. For deter
mination of economical FSU, method 6 seems the best. 

The sampling technique for FSU should depend on the 
purpose. If the aim is to determine the FSU of a crop, 
inflorescences must be taken at random. If the aim is to detect 
genetic differences in FSU between genotypes or popula
tions, variation due to age, developmental stage or size of 
the inflorescence should be reduced. Therefore, spikelets 
should be taken from similar positions in the infloresences 
and florets from the same positions in the spikelets. 

SUMMARY 

The seed yield of grasses needs improvement. Seed yield 

should become a more important selection criterion in grass 
breeding. The yield potential, i.e. florets m-2 is much higher 
than the realized yields. Seed yield depends largely on the 
degree of floret site utilization (FSU). This term is not clearly 
defined. A distinction should be made between biological 
and economical FSU. Biological FSU can be defined as the 
percentage of florets resulting in a viable seed. This charac
teristic results from several processes, i.e. pollination, ferti
lization, seed set and seed development. Economical FSU 
can be defined as the percentage of florets resulting in a 
harvested seed. This characteristic results from biological 
FSU, harvesting and cleaning. 

In this paper the processes composing FSU in grasses are 
discussed. During each process losses may occur, resulting 
in decreased FSU. For several traits, genetic variation has 
been found which might offer perspectives when breeding 
for improved seed yield in grasses. 

There is no agreement on heritability of FSU. However, 
results can hardly be compared among experiments because 
several definitions ofFSU and various determination methods 
have been used. In this paper, three aspects of the method
ology of FSU are discussed: time, method and sampling 
technique. FSU should be determined in a proper way, and 
methods and terms should be standardized. More research is 
needed on FSU in grasses to develop better selection criteria 
for improved seed yields. 
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