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INTRODUCTION

With the introduction of double-low varieties, seed
glucosinolate levels in w1nter oilseed rape grown in Europe have
decreased to below 35 umol g and the newest cultivars are rated
to be below 20 pumol g''. However, the variation in seed
glucosinolate concentratlons both within and between plants
(Ludeke & Evans, 1989; Milford et al., 1989) and between sites
and seasons often overrides the genetic low seed glucosinolate
character. For instance, variety trials in the United Kingdom,
sown with the same certified seed, have consistently shown a two
to three-fold range across sites in glucosinolate concentrations
in the harvested seed in some cultivars in most years (Kimber,
1988). Similarly, in a survey in 1987 of commercial crops of the
cv. Ariana grown from seed certified as containing 13-15 umol of
glucosinolate q1 seed, harvested concentrations ranged from 9
to 35 pmol g7 (Anon, 1988). Comparable variation occurs in
France (Merrien & Ribaillier, 1988) and Germany (Schnug, 1988).

It has been shown that seed glucosinolate concentrations
are little affected by the husbandry practices used to grow
(Evans et al. 1989, 1990) or harvest the crop in the UK (Freer
et al., 1989). Particular soil factors and seasonal differences
in weather are more likely to be responsible for the observed
variation. There is evidence from the UK, France and Germany
that appllcatlons of nitrogen and sulphur, and perhaps natural
variaticns in the supply of these nutrients from the soil,
increase seed glucosinolate concentrations (Evans et al., 1990;
Merrien and Riballier, 1988; Schnug, 1988).

The mechanisms by which the site and season variation in
seed glucosinolate concentrations and the responses to nitrogen
and sulphur occur are not properly understood. Theoretically,
concentrations may vary Dbecause different amounts of
glucosinolate are produced or accumulate in seed, or because
glucosinolates are more or less diluted by seed dry mass as a
result of faster or more prolonged seed growth. Little is known
of the extent to which changes in each of these components of
concentration contribute to the observed site and season
variation, since up till now measurements on field crops have
largely been confined to the final concentrations present in
mature seed at harvest. This paper describes some initial
measurements on the dynamics of growth and glucosinolate
accumulation in the seed of crops at different sites. Such
information is essential for a proper physiological
understanding of the processes involved.
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MATERIALS AND METHODS

The measurements of the patterns of growth and
glucosinolate accumulation during normal seed development were
made on a series of experimental crops of the cv. Ariana grown
at Cockle Park Research Station in the north of ‘the UK and at
Rothamsted Experlmental Station in the south in 1987/88. The
crops were grown according to good commercial practice and fully

| protected against pest and diseases. Other measurements were
| ‘made on similar crops of Ariana at Rothamsted in 1989 that were
either swathed or were desiccated with diquat (0.60 kg ion ha™
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in 520 litres) at different stages during seed development.

In each experiment, the basal 10 pods of the main-stem
raceme were collected at intervals from the start of flowering
(defined as the time that 50% of the plants had at least one
open flower), starting when seeds could easily be dissected from
the developing pods. The collected pods were either immediately
frozen and lyophlllsed or gently dried at 45 °C prior to removal
of seed, previous measurements having shown that neither method
of drying deleteriously affected seed glucosinolates. Seeds were
counted and their dry weights and glucosinoclate concentrations
measured. At both sites, the HPLC protoccl of Heaney °t2'. (1986)
was used for glucosinolates, supplemented at Rothamsted, with
| measurements by the glucose-release method of Heaney etal ~ (19g86)
| and at Newcastle by X-ray florescence (Schnug & Haneklaus,
1988) . Common sets of samples were analysed at each laboratory
by each method to ensure that good conformity and uniformity of
measurement was maintained throughout the study.
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RESULTS AND DISCUSSION

Seed growth
In 1988, flowering started on 2 May at Rothamsted and on 6

May at Newcastle and the patterns of seed growth were very
similar at both sites when compared at similar times from the
start of flowering, (Fig. 1). Extrapolation of the seed growth
curves indicates that the linear phase of rapid seed growth
would probably have started within 25-30 days from the start of
flowering and was completed within 80 days. The overall
durations of the periods of linear seed growth were between 40
and 50 days at mean rates of between 95 and 105 pug DM seed’! day’
1, These resulted in final seed weights of between 4.9 and 5.4

ng.

Glucosinolate accumulation during seed growth
In contrast to the seed growth, there were distinct

differences between sites in the patterns of glucosinolate
accumulation (Fig. 2). After a 1lag, seed glucosinolate
. concentrations increased almost linearly with seed age. At
Newcastle, the phase of linear increase in concentration started
30 days after the start of flowering and lasted for a further 30
days so that glucosinolate concentrations remained more or less
constant for the final 30 days of seed growth. At Rothamsted,
concentrations started to increase only after 45 days from the
start of flowering and continued to increase for a further 45
days, almost up to seed maturity (Fig. 3). During the linear
phase of change, glucosinolates increased, on average by about
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Fig. 1. Changes in seed dry mass with days after the start of’
flowering at Rothamsted (e ) and Newcastle (N ).
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Fig. 2. Changes in glucosinolate concentrationv (umol g~' DM)
with days from the start of flowering at Rothamsted
(®) and Newcastle (W ).
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1.3 umol g'! day”’ at Newcastle and by about 0.9 umol g'! day’ at
Rothamsted. Nevertheless, the very different patterns of
glucosinolate accumulation resulted in similar final
concentrations in the mature seed (33-35 umol g') because the
faster rate of increase in concentration at Newcastle was offset
by the shorter period during seed growth. The changes in
glucosinolate concentration during seed growth observed at
Newcastle are similar to those reported for German crops by
Buchner (1988) and those of Rothamsted are similar to patterns
observed in France by Merrien and Ribaillier (1988).
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Fig. 3. Changes in glucosinolate concentration (umol g~' DM)
as a function of dry mass during seed growth at
Rothamsted (®) and Newcastle (m).

Effects of harvesting practices

Glucosinolates only accumulated in seed during active seed
growth and not during seed maturation at the two sites. However,
the occurrence of different patterns of glucosinolate
accumulation in seed with similar patterns of seed dry matter
growth suggests that the processes of growth and glucosinolate
accumulation are not strongly interdependent and are probably
affected by different environmental or physiological factors.

Further evidence that glucosinolate accumulation can be
uncoupled from seed growth was obtained from an experiment at
Rothamsted in which crops were swathed or were desiccated with
diquat at different stages of seed growth (Fig. 4). Seed growth
was immediately stopped by both treatments when they were
applied at early or very early stages of seed development, i.e.
at 70 and 60 days from the start of flowering respectively. Both
treatments also induced large and rapid increases in the
concentrations of glucosinolates.
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Fig. 4. Effects on seed glucosinolate concentrations of
desiccation with diquat at different stages of seed
development. Seed maturation indicated by the
proportions of green and black seed.

During the 5 days following treatment, the desiccant
increased seed glucosinolate concentrations by about 40 umol g’
when applled very early in seed growth in mid June and, and by
15 umol g ' when applied .in early July. During the 5 days
following the mid June treatment, the absolute amounts of
glucosinolate increased by over 100 nmol per seed compared with
40 nmol per seed in the control crop, and by 60 nmol per seed
compared with 35 nmol per seed following the early July
treatment. Neither swathing nor desiccation had deleterious
effects on seed growth or seed glucosinolate concentrations if
applied when seeds were mature.

CONCLUSIONS

These detailed and coordinated studies of the dynamics of
seed growth and glucosinolate accumulation have shown that the
patterns of glucosinolate accumulation can differ in crops with
similar patterns of seed growth at different sites and yet
result in similar final concentrations of gluc051nolate in
mature seed. Corresponding data from crops grown in different
seasons, but not reported here, show similar independence of
seed growth and glucosinolate accumulation that result in
differences in glucosinolate concentrations in harvested seed.
It is likely that seed growth and glucosinolate accumulation are
each influenced by different edaphic and environmental factors.
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