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Seed Abortion and Yield in Perennial Ryegrass Following Selective Pre-anthesis
Defoliation of Reproductive and Vegetative Tillers
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ABSTRACT

The effects of selective pre-anthesis defoliation and two management levels on floret dynamics and seed yield
of perennial ryegrass (Lolium perenne L.), were investigated near Elora, Ontario, Canada. Low management (LM)
was defined as 60 kg N ha" applied in the spring. High management (HM) was a composite of 120 kg N ha", split
between autumn (30 kg ha) and spring (90 kg ha") applications, 2 kg a.i. ha’ of the plant growth regulator
paclobutrazol and 0.25 kg a.i. ha” of the fungicide propiconazole. Paclobutrazol was applied at spikelet initiation and
propiconazole at the beginning of ear emergence. Defoliation (factorial combinations of flag and basal leaf removal
from reproductive tillers and removal of subtending vegetative tillers) did not affect seed set which was about 75-80%
two days after anthesis. Seed set was higher under HM following some defoliation treatments. Effects on the number
of florets per spikelet were inconsistent, varying from reductions following some defoliation treatments under LM
to no effects. Seed shedding began 6-8 days after anthesis, but no clear pattern associated with management or
defoliation treatment was found. Significant seed abortion (about 30% of seed set at day 2) was recorded at day 10
following anthesis, under all treatments and control. However, abortion increased following some defoliation
treatments under both management levels. Seed yield was not affected by management or defoliation treatments. The
consistent occurrence of early seed abortion under different source-sink relationships would suggest that it is
determined by factors other than nutrition. '
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INTRODUCTION

Photoassimilate in crop plants is unevenly partitioned
among metabolic sinks. The physiological mechanism of
control of assimilate distributton is unclear. A currently
accepted view of regulation of partitioning among alternative
routes is based on the concept of competition among sinks of
different sizes and strengths, located at different distances
from metabolic sources (Cook and Evans, 1978). It is also
accepted that increases in crop vield are dependent on the
balance of assimilate partitioning between harvestable and
non-harvestable crop fractions (Gifford, Thore, Hitz and
Giaquinta, 1984). Studies concerning perennial ryegrass seed
crops have shown that carbon compounds produced by
photosynthesis in leaves, stems and floral structures move
along competing altemative routes to various metabolic sinks.
Hampton (1983} found a net movement of assimilate from the
flag and penultimate leaves down the stem to the subtending
vegetative tillers. Clemence and Hebblethwaite (1984) found
that the distribution of current assimilate is dependent upon
the stage of development of the reproductive crop. They
suggested that the flush of vegetative tiller growth which
occurs by peak anthesis (Hebblethwaite, Hampton and
McLaren, 1982) can compete for and reduce the flux of
assimilate to the seed head. Colvill and Marshall (1984)
observed that following anthesis, the lower internodes of the
stem, rather than the head, are the major sink for assimilate
from the leaves.

Based on the conceptual framework of sink competi-
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tion and resource limitation, paired to the evidence of differ- .
ential assimilate allocation, several authors have inferred that ;':
seed setting in perennial ryegrass is substrate limited (Hamp- :
ton and Hebblethwaite, 1985a; Marshall, 1985). However,
the notion that assimilate supply governs seed production
through seed abortion has recently been challenged by Marshall
and Ludlam (1989). They hypothesised that if the degree of
seed abortion is related to assimilate supply to the head,
improving photosynthetic performance via the control of
lodging or by fungicide application might be expected to
effect a reduction in seed abortion. They found that seed
abortion was not affected by experimental treatment and
concluded that the high frequency of abortion in ryegrass may
be an inherent characteristic related to the outbreeding system
rather than an effect related to assimilate supply. Source-sink
relationships can also be altered by defoliation, as shown by
Chapin and Wardlaw (1988) who found that removal of
alternative sources of assimilate modified photosynthetic:
rates of the remaining tissues and changed assimilate parti-"
tioning in barley plants. -

The present study tested the hypothesis that specific
defoliation of reproductive tillers and removal of subtending
vegetative tillers at anthesis will affect seed abortion and seed:_
vield, by modifying source-sink relationships during early.
seed development. Also, the study tested the hypothesis that
level of management and chemical control of lodging alter the.
response to defoliation by modifying source-sink intera
t1ons.



MATERIALS AND METHODS

Two field experiments were conducted at the Elora
Research Station, University of Guelph, on a silt Joam soil
(Typic Hapludalf-grey brown podsolic). Perennial ryegrass
cv. Fiesta I1, an early maturing turf type, was sown by drill at
arate of 6kg ha' in 7 row plots, 7m long with 18 cm between
rows (Exp 1) and in 4 row plots, 7 m long with 36 cm between
rows (Exp 2). Exp 1 was sown in August 1987 and Exp 2 in
August 1988. Treatment combinations of level of manage-
ment and patterns of defoliation were imposed to promote
'qualitative and quantitative changes in source-sink relation-
- ships. Two levels of management were imposed. Low
management was defined as 60 kg N ha" applied in the spring.
' High management was a composite of 120 kg N ha", split
"“between autumn (fall) (30 kg ha) and spring (90 kg ha')
~applications, 2 kg al. ha' of the plant growth regulator
: paclobutrazol [(2RS,3RS)-1-(4-chlorophenyl)-4,4-dimethyl-
9-(1,2 4-triazol-1-yl) pentan-3-ol] and 0.25 kg a.i. ha" of the
. fungicide propiconazole [1-(2-(2 4-dichlorophenyl)-4-propyl-
‘1,3-dioxolan-2-yl-methyl)-1H, 1,2 4-triazole]. Paclobturazol
‘was applied at spikelet initiation and propiconazole at the
“beginning of ear emergence. Spikelet initiation was moni-
-“tored microscopically by dissection of 24 tillers taken ran-
domiy and frequently from the experimental area. Defoliation
treatments were factorial combinations of removal of the flag
léaf {FLR), removal of the basal leaves from reproductive
tillers (BLR) and removal of subtending vegetative tillers
{(DVT). Defoliation was carried out one week before anthesis
in both experiments. Experimental units were replicated four
'til_ﬁes in a split-plot design with management levels as the
:_'Iha"t-in blocks and patterns of defoliation as subplots. An
‘undefoliated control was included within each main plot.

'.'Sﬁbplots were 1 m long sections of the sown rows.
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In Exp 1, twenty five phenologically comparable tillers
per subplot were tagged at anthesis for subsequent sampling.
Five tagged tillers were sampled every second day, starting at
day 2 after tagging. Tillers were identified and preserved in
FAA (5:5:45:45 10% formalin, glacial acetic acid, 95%
ethanol, distilled water) for subsequent counting of develop-
ing seeds. From the preserved tillers, data were collected on
the number of empty (non fertilised and aborted) and full
{developing seed) florets, taking as subsamples one spikelet
from each of the top, middle and bottom sections of the spike.
This was carried out for each of the five sampling dates during
early seed development. Florets were counted as either empty
or full, using a stereoscopic microscope providing 64X mag-
nification. A floret was regarded as full when the endosperm
looked plump and milky. A floret was counted asempty when
the endosperm was absent, watery or collapsed. Small, round
and milky ovaries showing evidence of pollen grains in the
vicinity were counted as full. Coellapsed, watery ovaries were
counted as empty. _

Subplots were harvested by hand on July 18, 1988 for
Exp 1 and July 31, 1989 for Exp 2. Harvested spikes were
dried at fow temperature (35°C) for four days and the seed was
threshed and cleaned before weighing. Seed yield, thousand
seed weight (TSW) and percent germination were deter-
mined. Data analyses were performed by the methods of
analysis of variance and least square regression.

RESULTS
Seed weight
Thousand seed weight was reduced by HM when the
flag and hasal leaves were Temoved from the flowering stem
(Table 1). In Exp 2, HM significantly reduced TSW regard-
less of defoliation treatment.

: Table 1. Thousand seed weight (TSW) response to low (LM) and high (HM) management level and defoliation
~treatment (DVT, subtending vegetative tillers; BLR, basal leaves from reproductive tillers; FLR, flag leaf removal).

Experiment 1

Experiment 2

BLR+FLR

LM HM LM HM
TSW g P
1.83 1.81 1.98 1.75
1.83 1.81 1.99 1.92
B 1.89 1.63 1.99 1.64
DVT+BLR+FLR 1.84 1.81 2.12 1.83
1.85 1.78 1.82 1.77
1.95 1.71 2.07 1.89
1.85 1.65 1.89 171
1.96 1.68 2.02 1.75
1.87 1.74 1.98 1.78

-L_SD (P < 0.05) to compare management x defoliation means Exp 1 = 0.14
SD (P < 0.05) to compare management means Exp 2 = 0.13




" Total number of florets per spikelet :

~'Significant interactions between level of manage-
ment and defoliation treatment occurred. At day 2 after
anthesis, the mean number of florets per spikelet under LM
(9.4) and HM (9.0) did not differ in intact plants. However,
for the DVT, DVT+BLR-+FLR, and BLR defoliation treat-
ments, the number of florets per spikelet was significantly
lower under LM than under HM. Compared to the control,

Table 2. Mean number of florets per spikelet, 2 and 10 days after anthesis, in response to management level and
defoliation treatment for Exp 1,

removal of the vegetative tillers and basal leaves signifi-
cantly reduced the number of florets under LM. UnderHM,
the defoliation treatments were inconsistent, as the
DVT+FLR treatment significantly reduced and the
DVT+BLR+FLR treatment increased the number of florets
{Table 2}. Differences in the number of florets per spikelet
at day 2 after anthesis were not related to any particular
section of the spike (data not shown). '

Day 2 Day 10
LM HM LM HM
number

Control 94 9.0 8.7 8.5
DVT 7.9 9.5 8.2 7.9
BLR+FLR 8.8 972 7.7 9.1
DVT+BLR+FLR 8.5 10.2 8.3 8.7
DVT+FLR 8.8 8.2 8.0 8.6
DVT+BLR 8.1 8.7 7.7 8.8
FLR 8.9 8.9 7.8 9.2
BILR 8.6 9.8 9.4 8.6
Mean 8.6 972 8.2 8.7

L3D (P < 0.05) management x defoliation means = 0.6.

At the initial count (day 2), the number of florets per
spikelet in the middle section of the spike (10.2), averaged
over both management levels, was significantly higher (P <
0.01} than floret numbers in both the apical (7.6) and the
basal (8.9} sections, whereas the mean number of florets at
the basal section was higher (P < 0.01) than at the apical
section. The mean number of florets per spikelet decreased
gradually over the 10 day period following anthesis, and the
difference between the mean initial count (8.9) and the final
count (8.5) was significant (P <0.01). The reduction in the
number of florets per spikelet was not uniform during the
period for management level, defoliation treatment and
positionon the spike and no meaningful pattern is suggested
by the data (which are not presented). However, the
reduction started earlier at the bottom and middle section of
the spike and was noticeable (P < (1.05) at the third sampling
date, whereas for the top section a significant reduction
occurred at the fourth date. These differences can be
attributed to the asynchronous development of sections of
the spike.

Seed set and seed abortion

At day 2 after anthesis, the mean percentage seed set
in intact plants was similar for both management regimes
(Table 3). However, a significant management level x

defoliation interaction occurred and the difference between
LM and HM was significant (P < 0.05) for the DVT,
BLR+FLR, and DVT+BLR+FLR defoliation treatments.
Compared to the control, defoliation did not affect seed set
at day 2, except for the DVT+BLR treatment under LM
(Table 3). Seed set at day 2 was significantly lower at the
apical section of the spike (74%) than at the other two
sections (78%). The percentage of empty florets (number
of empty florets, relative to total number of florets at any
given date) increased over time, indicating a reduction in
seed initially set. Ten days afier anthesis, seed set for all
management levels and treatments was significantly lower
than seed set at day 2 (Table 3).

The reduction in seed set at any given date, relative to
seed set at day 2, provides an estimate of the magnitude of
abortion. In the absence of defoliation, statistically similar -
percentages of fertilised florets were aborted under both
HM (32%) and LM (25%) during the 10 day period.
Compared to the controls, the percentage of aborted seed at
day 10 was increased by the BLR+FLR defoliation treat- :
ment under LM and the BLR defoliation treatment under
HM (Table 4). Abortion occurred gradually overthe 10 day :
period. However, in most cases the abortion percentages at f:
day 6 were not significantly different from the values :
observed at day 10 (data not presented). :




VOLUME 11, 1993

Table 3. Mean seed set at days 2 and 10 after anthesis in response to management level
and defoliation treatment for Exp 1.

Day 2 Day 10 .

LM HM LM HM
: %

Control 82.5 74.5 66.3 53.5
DVT 84.1 72.1 59.5 58.1
BL.R+FLR 87.1 71.1 523 66.3
DVT+BLR+FLR 814 72.2 64.0 573
DVT+FLR 7735 79.7 60.4 48.0
DVT+BLR 62.9 66.3 64.0 52.6
FLR 80.1 77.8 61.6 60.2
"BLR 79.7 79.7 62.2 50.5
“Mean 79.5 74.2 61.3 55.8

. LSD (P < 0.05) to compare management x defoliation means = 8.2.

Table 4. Mean seed abortion at day 10 after anthesis in response to management level and
defoliation treatment for Exp 1.

Seed yield
: . Seed yield was not affected by level of management
t:defoliation treatment in either experiment. The mean
.Seed yield produced in Exp 2 (48.5 gm’') was 61% higher
. than seed vield in Exp 1 (30.2 gm™) and the difference was
-hlghly significant. The difference can be attributed to the
different row spacing used in the two experiments and also
: tQ seasonal differences. For Exp 1 the growing season was
- .r‘.l._tl__l'_ar dry whereas rainfall was not limiting for Exp 2.

DISCUSSION

- Seed yield in perennial ryegrass appears not to be
Mited by initial seed set (successfully pollinated and
ertlhsed florets) which was about 80%. The observed
lean seed set 10 days after anthesis (39%) was consistent

LSD (P < 0.05) to compare management x defoliation means

- Defoliation LM HM
%

- Control 25.2 315
‘DVT 27.3 31.8
'BLR+FLR 47.0 26.9
- DVT+BLR+FLR 23.1 304
'DVT+FLR 28.1 35.2
DVT+BLR 24.1 19.2
FLR 33.0 20.7
BLR 13.6 442
Mean 27.7 30.0

11.8.

with the 60-70% seed set eight days after anthesis deter-
mined by Hampton and Hebblethwaite (1985a). The virtual
ahsence of any effects of defoliation on initial seed set
suggests that the nutrient requirements for pollination and
fertilisation are small relative to the total nutrient budget of
the plant and that these requirements are possibly satisfied
by the photosynthetic activity of the floral organs. Bazzaz
and Carlson (1979) have shown that individual flowers of
Ambrosia trifida L. retained their ability to generate seed
after being removed from the parent plant at the time of
pollination and that the weight of seed thus produced was
comparable to that observed for control plants.

Ouwr data strongly suggest that substantial seed abor-
tion happens earlier than previously suggested (Marshall
and Ludlam, 1989) and that a high proportion of the abor-
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- suggests that assimilate supply was involved as a factor
contributing to differences in seed abortion, the overall
occurrence of similar magnitudes of seed abortion under
most treatments and controls might be taken as indication
that early seed abortion was independent of nutrient supply.
An alternative interpretation to explain the occurrence of
heavy early abortion in outbreeding perennial species has
been recently discussed by Charlesworth (1989). She
pointed out that oulcrossers are liabie to high genetic loads
that result from a high rate of mutations to harmful recessive
alleles, and suggested that these mutations are eliminated in
the earliest stage of development. A mechanism of diplontic
selection for preserving the integrity of the genome at the
apical meristems, by elimination of mutant cells as they
appear, has been proposed by Hardwick (1986). This
process guarantees both the stability of the pool of
undifferentiated meristematic cells and the elimination of
mutants before differentiation and organogenesis. We
speculate that a similar mechanism can operate at the
zygotic stage, before embryogenesis, even if mutations are
not strictly lethal.

The observed progressive reduction in the mumber of
florets per spikelet indicates that some shedding of imma-
ture seeds started soon {gix to eight days) after anthesis. An
early proneness to shedding is consistent with the fact that
a primary abscission layer at the base of the floret is already
recognisable very early during floral differentiation in grass
species, as has been demonstrated in guineagrass (Panicum
maximum Jacq.) by Weiser, Smith and Varnell {1979) and
cocksfoot (Dactylis glomeratal..) by Piccirilli and Falcinelli
(1989). Earlier differences in floret number among defoli-
ated plants might be attributed to a sudden and temporary
stress to the plants, more acute under LM, inducing a
premature abscission of some florets. Short term assimi-
late, water or nitrogen shortages may be involved. In
perennial ryegrass, the pattern of assimilate distribution is
rapidly reorganised following defoliation in order to sup-
port affected tillers, which become assisted by other tillers
by way of a re-established interdependence (Gifford and
Marshall, 1973).

Lodging in Exp 1 and Exp 2 was consistent with the
fesponses to paclobutrazol reported by Hampton and
Hebblethwaite (1985h) and Hebblethwaite, Batts, Barrett
and Wiltshire (1986). They indicated that lodging in
perennial ryegrass was completely prevented by either | or
2 kg ai ha" applied at spikelet initiation.

The observed decrease in TSW produced by HM wasg
consistent with previous observations following
paclobutrazol applications (Hampton and Hebblethwaite,
1984) and could be due to an increased retention of lighter
seed which otherwise would be shed. The suggested
increased seed retention is consistent with the observed

S grend of h’ighér’ seed yields caused by HM in both experi- -
he éffeétf of the most severe defolia-
" “tion treatment (BLR‘and FLR under low management)

ments. Evidence of increased floret and seed retention, .
brought about by paclobutrazol, has been produced (Mares
Martins and Gambie, 1993a,b). '

Because seed yield was higher in a moist year but :
consistently unaffected by either management level or -
defoliation, the implication is that soil moisture had an
overriding effect and that the basal N level (60 kgha') was
enough to sustain yield. The recorded lack of effect of level :
of management on seed yield is consistent with the wide :
variability of the response of perennial ryegrass to:
paclobutrazol, as reviewed by Hebblethwaite ( 1987). Al-
though this variability has been mostly attributed to cli- ;
matic fluctuations, the complexity of the set of morphologi- -
cal and physiological effects of paclobutrazol leading to
either yield increases or decreases, has not yet been eluci- |
dated. The lack of effect of defoliation treatments on seed _
yield suggests that the relative strength of the spike as a |
metabolic sink is not necessarily increased or decreased by
the combined removal of the subtending vegetative tillers
and the leaves, other than the flag leaf, from the reproduc-
tivetillers. Ttalso suggests that the availability of assimilate
for seed production is not impaired by the removal of the -
flag leat and all other leaves from the flowering stem,
pointing to a high degree of dependency on the spike and -
stem to provide assimilate for seed development. 5
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