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INTRODUCTION

iploid hybrid ryegrasses are bred to combine the
tsistency and winter hardiness of perennial ryegrass (Loliwm
#nne L) with the high dry marter yield and quality of Iralian
orass {Lolium multiflorim Lam.) (Jones and Humphreys,
94);. The hybridisation of Italian ryegrass with perennial
grass enables the production of hybrids with a wide range
ean inflorescence date thar in terms of agronomic
rmance can resemble the Ttalian ryegrass or perennial
pgrass parent, or be intermediare in type. The objective is
produce culdvars which increase the flexibility of use of
-gtasses providing high quality forage for both conservation
and grazing over an extended number of years, providing
aprions for UK grasstand agriculrure (Jones and Humphreys,
1994). Early hybrid cultivars resembled the Italian ryegrass
sarént but more recently developed hybrid cultivars contain
1higher proportion of the perennial ryegrass genome (Jones
and Humphreys, 1993).

Sced yield potential is also an important agronomic trait that
art' influence the commercial success of a cultivar. The early
hybrids to emerge from the plant breeding programme ar
IGER resembled the Italian ryegrass parent (Jones and
Humphreys, 1993). Seed crop management guidelines
sugpested that they should be treared like an Iralian ryegrass
(Bean, 1978) so that spring defoliation could safely take place
up to the second week of April without a reduction in seed
vield. The objective of this defoliation is to remove excessive
spring growth so as to avoid lodging before defoliation that
@n resulr in poor pollination and seed set. On farms with
livestock the forage removed at defoliation is also used to make
gh quality silage. Perennial ryegrasses do not have the
Wierent capacity to produce high numbers of reproductive
ers following spring defoliation. Recent research (Hides,
Marshall and Jones, 1996) has shown thar new hybrid
“Wrivars, which conrain a higher proportion of the perennial
Iyegrass genome, need to be treated like a perennial ryegrass
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ABSTRACT

d hybrid ryegrasses (Lolium x boucheanum Kunth.) are bred to combine the persistency and winter hardiness of
ial ryegrass (Lolium perenne L.) with the high dry matter yield and quality of ltalian ryegrass (Lolium multiflorum
i The effect of spring defoliation on the seed yield and seed yield components of three hybrid ryegrass cultivars of
parable heading date but differing perenniality was studied in two separate harvest years. Cv. Augusta (Italian type) had

ced yields than the other cultivars and produced highest seed yields when cut in mid and late
AberFxcel) showed the greatest response to defoliation, as all cutting treatments significantly reduced seed yield compared
« uncut control. Cv. AberLinnett (intermediate type) showed a response to defoliation berween the perennial and Iralian
' The effects of cutting date on the seed yield components and consequences for sced and forage production are discussed.

vional index words: hybrid ryegrasses, Lokium x boucheanum Kunth., defoliation, seed production.

April. The perennial type

as they can incur higher than accepeable seed yield losses if
managed in the manner devised for Italian ryegrass (Hides ez
al., 1996). However perennial and Italian type hybrids can
also differ in heading date from early (up to 11 May},
intermediate {12 ro 22 May) 1o late (after 22 May) types which
can confound the effect of spring defoliation. This present
paper reports the resules of a field study to assess the seed
vield response to spring defoliation of hybrid ryegrasses of
similar heading date but which ranged in rype from the Italian

to the perennial parent.

MATERIALS AND METHODS

A field crial was carried out at the Institute of Grasstand and
Environmental Research, on soil of the Denbigh series. Three
cultivars of hybrid ryegrass (Lolium x boucheanum Kunth.)
{Table 1) were sown in August in each of two years (1993
and 1994) in plots measuring 5m?, ar a seed rate of
15 kg ha™* with 15cm between the rows. The experimental
plots were randomized in four replicates and given four
defoliation managements in the spring of each of the harvest
years (1995 and 1996). In the spring of 1995 and 1996 plots
were either not defoliated (C0) or defoliated to a heighr of
Scm on one of four dates (Table 2).

The experiment, which consisted of 3 cultivars x 4 defoliadon
treatments x 4 replicates, was analysed in a factorial design.
Management inputs consisted of the application of 200 kg
ha” compound fertiliser (36.4 kg N, 17.6 kg P and 33.2 kg
K) applied o the seed bed. In the spring (16/2/94; 21/2/95),
200 kg ha'! of nitro-chalk (54 kg ha* N) was applied 10 all
plots and a further 200 kg ha' (54 kg ha' N) applied after
each defoliation. Uncur plots were given a second applicadon
on the same date as the C1 defoliation. The following
characteristics were measured in each plot:
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Table 1. Description of the hybrid ryegrass cultivars sown in the experiment.

Cultivar Heading date Description

Augusta 20 May [talian ryegrass type

AberLinnett 15 May Intermediate between Italian and perennial
ryegrass

AberExcel 20 May Perennial ryegrass type

Table 2. Date of defoliation treatments in each of the two harvest years.

Treatment 1994 1995

Co - -

C1 18 April 15 April
C2 26 April 26 April
C3 3 May 3 May
C4 16 May 16 May

Seed crop development

In the spring of cach year, the height of the growing point
above ground level was determined at each cutting date by
sampling ten tillers per plotand exposing the developing apex
using a scalpel.

Seed yield components and seed yield

After anthesis, a 450cm’ quadrat was placed at random along
a drill row in each plot, and all tiliers within the quadrat
removed about two weeks before harvest and before shedding
had commenced. The number of reproductive tillers, spikelets
per tiller and seeds per inflorescence were determined as
described previously (Hides er al, 1996).

The timing of harvest was determined by monitoring the
development of seed maturity of the cultivars using an infra-
red moisture meter. All plots were harvested when the seed
moisture content had reached approximately 45%. Plots were
harvested by hand by harvesting an area of 2.5m? within each
plot with hand shears and placing the cur material in a linen
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bag. Harvested material was dried on a cold air floor drier
until the moisture content had reached 12-14%, then threshed
in a static thresher. Dried seed samples were then cleaned on
a Seven L seed cleaner and clean seed weight determined.
The moisture content of all seed samples was then determined
using the approved ISTA method (ISTA, 1993), and clean
seed yields corrected to 10% moisture content. -

Weather

Table 3 shows monthly averages for 1994 and 1995 and the
overall means for the 25 years (1968-1993) for the Institure
of Grassland and Environmental Research, Aberysewyth.

RESULTS

Apical development

The heighr of the developing growing point of each hybrid ac
the time of spring defoliation in the two years of the
experiment is shown in Table 4. Although there were some
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Weather data (monthly means) during the experiment in 1994 and 1995 and 25 year average

93)-

Mareh April May June  July  August Total

Min. temperature (°C)
; 5.5 4.2 7.4 9.9 12.1 11.9 -

23 4.6 6.9 9.3 139 132 -
1968-1993 2.8 4.0 6.8 9.6 11.8 11.6 -
Max. temperature (°C)
1994 9.9 11.6 149 16.3 202 185 -
1995 8.9 124 151 18.3 219 242 -
1968-1993 9.5 11.9 149 17.5 189 189 -
'Rainfall (mm per month)
1994 1582 796 1224 492 63.6 104.6 379.6
1993 66.6 36.6 31.8 396 48.0 4.8 227.4
1968-1993 739 59.1 62.1 707 80.5 897 436.0

rences between years the growing poeints of the three
vars were all above the cutting height of Sem in treatments
C3 and C4 in 1994 and in weatments C1, C2, C3 and
in 1995,

yield
¢ effect of spring defoliation on seed yield of the hybrids
similar in both harvest years. Consequently seed yields
1) are a mean of the two harvest years. There were
ghificant differences among the hybrids as in the absence of
defoliation, the perennial and intermediate type hybrids
produced a significandy higher seed yield than the Italian type
Lv. Augusta (Fig. 1). Generally seed yield declined with larer
‘Gefoliation though the response differed among the three
'C‘_lltivars. Cv. Augusta (Tralian type) produced significantly
higher seed yields when cut in the middle and end of April
L1 and C2) than the uncur treatment (CO) or when cut in
tarly and mid-May (C3 and C4). The perennial type (cow.
_Aberf.xcel} showed the greatest response to defoliation, as all
ting treatments significantdy reduced seed yields compared
the uncur controls, with seed yield tollowing the mid April
: C2) cur comparable to the late April cut of Cv. Augusta and
‘hﬁ carly May (C3) cut of Cv. AberLinnert. Cv. AberLinnert

(intermediate type) showed a response to defoliation

somewhere between the perennial and Iralian type as
defoliation in May (C3 and C4) significandly reduced seed

vield compared to the control.

Number of fertile tillers
The number of fertile tillers was significantly influenced by
defoliadon in both harvest years (Table 5). Defoliation inttiatly
tended ro increase fertile tiller number, but defoliation
treatments in early and mid-May (C3 and C4) decreased the
number of fertile tllers. There were no significant cultivar
differences in 1994 or 1995 or cultivar x defoliation
interactions in 1994, In 1995, all cultivars had similar
numbers of fertile dllers at C0 and C1 followed by a significant
increase at C2. The number of fertile dllers of cv. Augusta
decreased ar C3 but remained relatively stable ar C4, whilst
those of cvs. AberLinnett and AberFxcel decreased at C3 and
showed a further significant decrease ar the last cut (C4) .

Spikelets per tiller

Generally, defoliation reduced the number of spikelets per tiller in
both harvest years {Table 6). In 1994 there was a significant decline
in spikelet number berween treatments Cl and C3 and in 1995 a
significant decline berween treatments C0 and C1. There was no
significant cultivar x defoliation interaction in either year.
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Table 4. Height of the growing point (cti) _-'( o
. . \Ne3n : uteh
cutting dates in each of rwo harvest years (1994 an d 1995) S

'1'9:'94:5' i o 2.7 3.6 27
N C2 7.9 6.9 83
C3 30.0 15.6 18.2
¢4 42.5 26.3 37.2
1995 C1 137 14.2 12.8
C2 19.3 12.4 16.7
C3 23.7 24.8 294
Cd 71.0 30.8 61.9
1600 1
__ 1400 I
g 1200 -
= 1000 -
T 800 -
2 |
> 600
(§§ 400 -
200 -
0 !
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Figure 1. Effect of defoliation on seed vield of three hybrid ryegrass cultivars (data are a mean of two harvest
years; 1994 and 1995). Vertical bar represents Ls.d. at p=0.05) CO=control; C1=18/4/94,15/4/95;
C2-26/4/94,26/4/95; C3=3/5/94,3/5/95; C4=16/5/94,16/5/95.
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Table 6. Effect of time of spring defoliation on the mean number of s

ryegrass cultivars in 1994 and 1995.

pikelets per inflorescence of three hybg;

1994 1995
Treatment  Augusta AberLinnett AberExcel  Mean Augusta AberLinneft AberExcel
Co 234 235 21.8 229 27.7 289 243
Cl 23.2 225 21.9 225 20.2 20.6 14.8
2 206 22.4 19.4 20.8 21.2 8.4 8.0
C3 19.6 20.1 18.7 19.5 17.4 18.2 16.4
4 13.9 17.1 16.9 16.0 17.2 i8.0 i7.9
Mean 20.2 211 19.7 2.7 20.9 19.3

cuitivars
defoliation

cultivars x defoliation
P<3.03. **P<(.01. *+*P<{.0001. NS Not significani

s.e. means and significance level

101 NS
R
200 NS

330 NS
0.70% %
1.14 NS

Table 7. Effect of time of spring defoliation on the mean number of see

ryegrass cultivars in 1994 and 1995.

ds per inflorescence of three hybrid

1994 1995

Treatment  Augusta AberLinnett AberExcel  Mean Augusta AberLinnett AberExcel  Mean
Co 514 67.6 728 63.9 96.9 87.5 88.0 90.8
CI 42.1 48.1 695 332 56.8 58.7 60.4 58.6
Ccz 585 75.5 G7.1 67.0 55.5 54.9 67.9 594
3 46.5 65.8 68.3 61.2 56.3 45.4 30.9 44,2
C4 46.8 59.8 04.4 37.0 523 64.1 63.7 60.0
Mean 49.7 63.4 68.5 63.6 62.1 62.2

cultivars

defoliation

cultivars x defaliation

s.e. means and signilicance level

4.46%*
6.47 NS
10.97 NS

P<0.05, ¥*P<0.01, #**¥P<{.0001. NS Not significant

367 NS
4.59%%

9.09 NS

Seeds per inflorescence

The effect of defoliation on the number of seeds per

inflorescence differed berween years (Table 7). In 1994 cvs.

AberLinnett and AberExcel had significantiy more seeds per
inflorescence than Cv. Augusta but there was no significant

40

effect of defoliation or a cultivar x defoliation interaction. In
1995 there were no cultivar differences but defoliation
significantly reduced the number of seeds per inflorescence

from 90.8 at CO to 60.0 at C4.




DISCUSSION

. figle work has been carried out on the reproductive
brid ryegrasses. Management guidelines for the
¢ seed of hybrid ryegrasses have been based on
devclOPCd in the 1960s and *70s such as Sabrina,
\ugusta (Wilkiams, 1973; Roberts, 1977; Bean,
“ese tended to resemble the Iralian ryegrass parent
carch suggested that they should be treated like Italian
when being grown for seed. ‘This enabled seed
ors with livestock to cut seed crops up to the first week
i no detrimental effect on seed yield, allowing the
' of high quality forage with reasonable seed yields.
iinary research by Hides er af. {1996) has shown that

_hebrid ryegrass cultvars, which have more of the
‘ryegrass genome, may require somewhat different
onts to maximise seed yield, and that a careful
otween the need for forage and the effect on seed
‘necessary. However, that study used cultivars of
heading date and so the response of the cultivars to
foliation was confounded by this difference. In the
At experiment, the three cultivars examined had similar
ediate heading dates, but ranged from the perennial to

in cype (Jones, pers. comm.) and consequently any
terice in response to defoliation can be directly related to

orphological type.

tion ©

ree cultivars differed in their seed production potential.
erFxcel and AberLinnett produced significantly higher
d yields than cv. Augusta in the uncut treatment. There
few differences in the number of fertile tillers or spikelets
iller among cultivars but Augusta had fewer seeds per
rescence than the other cultivars in one of the two years.
ian ryegrasses (Lolium multiflorum) normally have higher
d yields than perennial ryegrasses (L. perenne) and therefore
s surprising that seed yields of cv. Augusta, the Italian
hybrid were low compared to the perennial and
mediate type hybrids, despite having relatively high
bers of reproductive tillers. The low number of seeds
nflorescence in 1994 may be one contributing factor. It
may also reflect the fact that selection of plants with high
sced yield was an important part of the breeding of cvs.
Excel and AberLinnett but was not part of the breeding
ogramme of cv. Augusta (Jones, pers. comm.).

he cultivars also differed significandy in response to
foliation. Cv. Augusta (Italian type) maintained a similar
seed yield even after relatively late spring defoliation (16 May),
whilst any defoliation significantly reduced seed yields of cv.
AberExcel, the perennial type hybrid, even when defoliated
the third week of April. Cv. AberLinnett, the intermediate
e hybrid, showed a response somewhat between the other
cultivars with reasonably high seed yields maintained until
the beginning of May, whereupon defoliation significantly
reduced seed yield. These results were obrained on cultivars
that were comparable in terms of heading date and apical
development when they were defoliated. As perennial ryegrass
does not have the inherent capacity to produce high numbers
of reproductive tillers after late spring defoliation (Bean, 1978),
the low seed yields of perennial type hybrids after spring
defoliation has been attributed to the perennial ryegrass
genome (Hides et 4, 1996). This was to some extent
confirmed by this present study as tiller numbers of both Cvs.
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AberFxcel and AberLinnert were reduced by the late (16 May)
defoliation and for this treatment were lower than that of cv.

Augusra.

Generally, the other measured components of seed yield
tended to show similar responses to defoliation in all three
cultivars with no significant cultivar x defoliation interactions.
Late defoliation reduced the number of spikelets per
inflorescence of all cultivars in both years. In 1995 the number
of seeds per inflorescence of all cultivars tended to be reduced
by later defoliation, and there was a general trend tha this
was greater in cvs. AberLinnett and AberExcel than in cv.
Augusta. However there was no evidence of this trend in
1994. This may reflect the difference in the climatic
conditions between the two harvest years. In 1994 there was
higher than average rainfall with May having almost twice
the average rainfall after defoliation. In contrast, 1995 was a
very dry year with May having half the average rainfall. These
differences in rainfall between harvest years are likely to have
had a significant effect on the regrowth of the hybrids after
defoliation, particularly in 1995, where low rainfall after
defoliation may have had a detrimental ffect on regrowth
and consequently on seed yield.

These results confirm there is a considerable danger of a
reduction in seed yield potential if all hybrids are treated rhe
same and that the spring managements suitable for Iraliui
type hybrids appear unsuitable to maximise seed yiclds of
perennial type hybrids. However the effect of defoliation date
on seed yield was less dramatic than in previous research.
Hicdes et al. (1996) reported harvested seed yields of only 40%
and 24% of the uncut control for intermediate type hybrids
and 42% and 20% for perennial types when cut on the 7*
and 20% May. These cultivars were both early types, with a
heading date of the 11* May, some 7 days earlier than cv.
Augustaand 9 days earlier than cv. AberExcel, the two cultivars
used in this present study. This suggests that later defoliation
may have a greater detrimental effect on the seed yield of the
early heading intermediate and perennial types than the
intermediate heading types used in this present study. Farmers
therefore need to be careful in the choice of hybrid ryegrasses
whete the production of silage is an integral component of
the seed production system. As future breeding of hybrid
ryegrasses seeks to produce hybrids with more of the
characteristics of perennial ryegrass (Jones and Davies, 1993),
careful consideration needs to be given to the appropriate
seed crop management system suitable for the type of hybrid
and its heading date.
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