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ABSTRACT 
Prior to harvest of perennial ryegrass seed crops much higher 

seed numbers are observed than are recovered after threshing 
and cleaning. A considerable amount of light seeds must be lost 
during threshing and cleaning. In recent literature most of these 
losses are attributed to assimilate shortage and abortion of devel
oping seeds. The significance of uneven ripening is discussed as 
another major factor contributing to the poor utilization of yield 
potential. 

Additional index words: seed set, grass seed, seed abortion, 
Lolium perenne L. 

INTRODUCTION 

Some weeks after anthesis in seed crops of perennial 
ryegrass the maximum number of developing seeds are re
corded (Burbidge et al., 1978; Hampton and Hebblethwaite, 
1985). During the seed filling stage the number of seeds 
decreases as a result of abortion and seed shedding. Abortion 
that occurs soon after fertilization is difficult to detect. Cy
tological methods are required to distinguish between unfer
tilized and early aborted florets. Abortion later in the seed 
filling stage results in an increased fraction of light seeds. 
These florets appear as early maturing seeds. It depends on 
how abortion is defined whether this late abortion decreases 
seed set. A second important reduction in seed number oc
curs during harvest and cleaning. Not all of these losses can 
be attributed to abortion, or shedding at harvest. This paper 
suggests that the uneven development of ears and uneven 
ripening within ears substantially contribute to the fraction of 
light seeds which is lost during the cleaning procedures. 

DISCUSSION 

Observed and Calculated Floret Site Utilization 

Often percentage seed set just prior to harvest is assessed 
by recording the presence or absence of a developing seed for 
each floret position in a number of inflorescences. Even in 
lodged crops, initially 50-80% seed set is observed (Anslow, 
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1963; Akpan and Bean, 1977; Hampton and Hebblethwaite, 
1985). Calculation of seed set from cleaned seed yield, seed 
weight and the floret numbers (assessed before harvest), 
often results in values approximately half of the observed 
seed set (Wright and Hebblethwaite, 1979; Hampton et al., 
1983; Hampton and Hebblethwaite, 1984). 

Burbidge et al.(1978) observed a maximum seed set of 
about 60% 3 weeks after peak anthesis. However, during the 
6-13 days before harvest, seed set decreased to 20-30%. 
From this decline it was concluded that abortion of develop
ing seed reduces the number of seed harvested. Not mentioned 
by Burbidge et al. (1978), however, is how abortion was 
defined. Abortion of developing seed late in the filling period 
may give rise to an increased proportion of light seed. How
ever, in recording presence or absence, these light seeds may 
be scored as present. Hampton and Hebblethwaite (1985) 
reported a small decrease in seed set until shedding of mature 
seed became important. Anslow (1963) observed an increase 
in seed set of 59% just after last anthesis to 69% at ripeness. 
This increase was attributed to shedding of predominantly 
empty florets during the early stages of maturity. 

In some of our experiments with perennial ryegrass (treat
ed with nitrogen fertilizer and growth retardant), floret num
bers were recorded at the end of an thesis and prior to harvest. 
Shedding considerably decreased floret number. Often two 
distal florets per spikelet were shed. Probably many of these 
florets are morphologically incomplete. 

During the second half of the seed filling period some 
yellowing, early maturing seeds were observed in otherwise 
green inflorescences. However these apparently late aborted 
seeds never exceeded 3% of the total. From the seed number 
observed at harvest, 40-70% was recovered after cleaning 
(Table 1, 2). Shedding at harvest can explain only a minor 
part of this seed loss. Minimum losses at harvest of 5-10% 

Table 1. Losses of floret and seed number during seed filling 
and at harvest observed in a nitrogen application experiment 
in perennial ryegrass (cv. Barlenna, 1981). 

Spring Nitrogen 
no. florets ear -1 no. seeds ear -I 

kg N ha-l End of Prior to Prior to Calculated 
an thesis harvest harvest from yield 

60 115 81 55 32 
120 110 81 46 29 
210 108 76 41 29 
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Table 2. Seed yield components in two experiments on a growth retardant in perennial ryegrass. Observed ear, floret and seed number 
just prior to harvest. Calculated seed number from seed yield (cv. Pablo, 1982 and 1983). 

Paclobutrazol Florets m-2 No. seeds m-2 10 -3 %seed set % 
(kg ha-l) Ears m-2 10-3 

Observed 

1982 
0 2260 312 200 
0.75 2880 400 268 

1983 
0 1980 386 208 
0.50 2570 506 253 

are recorded (Madsen, 1972; Andersen and Andersen 197 5). 
Probably the light seed was removed with the empty florets 
while cleaning. 

Poor seed filling can result from reduced assimilate pro
duction in lodged crops (Burbidge et al., 1978) or early 
senescence of photosynthetic tissue (Hampton and 
Hebblethwaite, 1984). Also, competition for assimilates 
from the enlongating stem (Clemence, 1982) and from vege
tative tillers (Hampton, 1983) can impede seed filling. 

Uneven Ripening 

Also uneven ripening can explain a great deal of the low 
recovery from the potential yield observed before harvest. 
With perennial ryegrass, ears can be produced by tillers 
emerging from the previous autumn and until late spring. 
However, this flexibility may increase unevenness. Anslow 
( 1963, 1964) assessed variation in an thesis and ripening in an 
early-sown, low-fertilized and therefore relatively uniform 
ryegrass crop. At optimum harvest time, mean seed weight 
of the earliest heads to flower was 2 mg and of intermediate 
flowering ears was 1.6 mg. About 40% of the fertile tillers 
emerged late. These late heads produced 27% of seed num
bers, their mean seed weight was 1. 2 mg. Within each head, 
even greater variation in seed weight was recorded. 

The importance of even ripening was also detectable in 
some of our trials with application of the growth retardant 
paclobutrazol in perennial ryegrass (Table 2). Lodging was 
delayed and less severe and in both years higher ear numbers 
were recorded compared with untreated crops. Probably the 
better light penetration in the treated crops explains these 
greater numbers. In the early-lodging, untreated crops, fewer 
of the late emerging and late elongating fertile tillers would 
have survived. This increase in ear number resulted in a 
higher floret and seed number at harvest. All crops were 
harvested when shedding of full seeds became significant. 
Although in the treated crops the potential yield was much 
greater, recovery was considerably lower. It seems likely 
that at harvest many seeds of the late ears were only poorly 
filled and subsequently lost in cleaning. Probably adaptation 
of harvest method and time is needed after growth retardant 
applications (Hampton and Hebblethwaite, 1985) however 
these results suggest that a higher potential has to be com
bined with more even ripening. 

Calculated Observed Calculated Recovery 

118 64 38 59 
131 67 33 49 

99 54 25 48 
96 50 

Implications for Agricultural Research 

The low percentage recovery clearly demonstrates the 
need to aim at even ripening. Early establishment of rye grass 
crops allows for adequate tillering which results in a uniform 
seed head population, (Foster, 1969). This gives some pos
sibility to improve crop evenness for growers. However, 
improvement in uniformity of ripening by breeders is to be 
recommended. In cross-pollinating cultivars, variation in 
period of anthesis and maturity is always evident. These 
differences seem even more pronounced in years of adverse 
flowering conditions. Strong selection for even ripening 
should be given high priority by plant breeders. 

Another means to increase recovery would be to improve 
seed retention. Better seed retention would allow harvest to 
be delayed until late-emerging heads have fully ripened. 
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The Influence of Environmental and Agronomic Factors on Floret Site Utilization 
in Perennial Ryegrass 

P.D. Hebblethwaitet 

ABSTRACT 
This paper reviews some of the work carried out at the 

University of Nottingham on environmental and agronomic 
factors which affect floret site utilization in the ryegrass seed 
crop. Low average temperature at anthesis was shown to 
decrease floret site utilization. Level, timing of nitrogen appli
cation and lodging influenced floret site utilization. The use of 
growth regulators increased floret site utilization and yield. The 
future role of chemical manipulation and its influence on floret 
site utilization is discussed. 

Additional index words: florets, seed set, t4C-assimilate, growth 
regulators, macro-environment, nitrogen, water. 

INTRODUCTION 

Much work has been carried out on the development of 
potential yield in ryegrass seed crops (Anslow, 1963; Ryle, 
1964; 1966; Hebblethwaite, Wright and Noble, 1980; 
Hampton, 1983) but little on the utilization of that potential 
(Hill, 1980). Most ryegrass seed crops produce large 
numbers of floret sites per unit area and therefore potential 
yields. Estimates indicate that if all floret sites are utilized 
yields of around 8 t ha-I would be achieved in most crops 
(Hebblethwaite et al., 1980; Hampton, 1983). Actual per
centage floret site utilization under farm conditions is 
usually only about 10% which results in yields of well under 
1 tha-t. 

Consequently this paper deals with environmental and 
agronomic factors affecting floret site utilization and not 
floret production. 
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ENVIRONMENTAL FACTORS 

At the University of Nottingham an examination of 
macro-environmental factors during anthesis and its rela
tionship to yield of the perennial ryegrass seed crop ( cv. 
S.24) was carried out using data collected over a ten year 
period (Hampton and Hebblethwaite, 1983). Minimum 
screen temperature during the month of June, during the 
week of anthesis and during the week after anthesis was 
significantly related to seed numbers and yield. This factor 
accounted for over 70% of the variance in seed numbers 
recorded. Although measurement of the macro-environment 
is crude compared to micro-environmental measurements 
within the crop this finding which takes 10 differing seasons 
into account agrees well with micro-environmental respon
ses reported by others (Jones and Brown, 1951; Hill, 1971; 
1980). Consequently it must be assumed that low average 
temperatures at anthesis (i.e. below 8 C) are likely to 
decrease floret site utilization. Little is known why this 
should be the case and what sort of damage occurs. Further 
work into the effects of low temperature on floret site 
utilization needs to be carried out. 

The only other weather factor related to seed numbers 
was wind velocity in the week following anthesis where a 
reduction was recorded with increasing velocity. Rainfall, 
radiation, and relative humidity had no significant influence 
on seed numbers (Hampton and Hebblethwaite, 1983). 
Irriga-tion experiments have also indicated that water stress 
equivalent to a profile soil water deficit of 90-100 mm will 
have little effect on floret site utilization (Hebblethwaite, 
1977). Excess water during the period of seed set and 
development can increase secondary tillering and this could 
be at the expense of seed fill and consequently decrease 
yield. 

AGRONOMIC FACTORS 

Nitrogen experiments have shown that increasing the 
amount of spring applied nitrogen can increase the number 
of florets per unit area but percentage seed set can be 


