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A final stage in seed abortion has been identified by Japanese studies on soybeans (G
.v-c-iiie iiiu.B (L.) Merril). It
I
is a significant stage in the development of the yield components and it may be useful in a pod development
scale. To find a simple characterization of this stage, the seeds of 26 samples of aborted plus ripe seeds at harvest were first measured and weighed. Twenty samples were of indeterminate soybean (10 cultivars), 4 of white
lupin, Lupinus albus L. (4 cultivars), and 2 of pea, Pisum sativum L. (2 cultivars). The fact that there is no
overlap of weight values between aborted seeds and ripe ones indicate that the notion of a final stage in seed
abortion is of general validity for the 3 species studied. The value after which the seeds no longer abort may be
slightly different between samples of different origins. Measures on green seeds sampled during crop growth
were then used to determine reference lengths for green seeds corresponding to reference weights and lengths
for dry ones. For the 10 soybean cultivars studied, 11 mm was chosen as reference length. For white lupin and
pea, reference lengths were between 6 and 12 mm, and 4 and 5.5 mm respectively.
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RÉSUMÉ

Caractérisation du stade limite d’avortement des grains chez le
blanc et le pois.

soja de type indéterminé, le lupin

Des B
au japonais déjà anciens ont mis en évidence chez le soja (Glycine max (L.) Mcrril) un stade limite
na
pour l’avortement des grains. La connaissance de ce stade est utile pour décrire le développement des gousses
d’une manière non pas arbitraire mais au contraire significative par rapport à la mise en place des composantes
du rendement. Afin de rechercher une caractérisation simple de ce stade, des mesures de longueur et de poids
ont d’abord été effectuées sur l’ensemble des grains mûrs et avortés d’échantillons prélevés à la récolte. Vingt
échantillons de soja de type indéterminé (10 cultivars), 4 de lupin blanc, Lupinus albus L. (4 cultivars), et 2 de
pois, Pisum sativum L. (2 cultivars) ont été analysés. L’absence de chevauchement des populations de grains
avortés et de grains mûrs sur les histogrammes du poids par grain montre que la notion de stade limite
d’avortement des grains a une valeur générale pour les 3 espèces étudiées. La valeur caractéristique de ce stade
peut varier légèrement selon la provenance de l’échantillon. Des observations en cours de végétation ont permis

ensuite de déterminer les longueurs de grains verts correspondant aux longueurs et poids de référence pour les
grains secs. Pour l’ensemble des 10 variétés de soja étudiées, la longueur de 11 mm peut être retenue comme
longueur de référence. Pour le lupin blanc et le pois, les longueurs de référence appartiennent respectivement
aux gammes 6-12 mm et 4-5,5 mm.
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I. INTRODUCTION

KATO & SAKAGUCHI (1954) demonstrated that in
soybeans (Glycine max (L.) Merril), the most
developed aborted seeds had reached the beginning of
AT
K
et
the cotyledon elongation stage. According to O

al. (1955), the seeds of the most developed aborted
pods had reached the same stage, which should

therefore represents the final stage in seed abortion

(FSSA). Under the experimental conditions mentioned
by these authors, this stage was reached about twenty
days after flowering, at the same time as pod

elongation stopped (K
ATO
et al., 1954). The growth
curves obtained by U
SUG et al. (1962) indicated
T
SUE
that the end of pod elongation and the beginning of
the linear phase of dry matter accumulation in seeds
occurred simultaneously. The FSSA should then
coincide with these two events and correspond, for
each pod, to a turning point between two phases :
formation of seed number and of seed weights. Both
phases are strictly sequential for an individual
reproductive unit and may correspond to the two
URE (1975) for seed growth
phases distinguished by D
and development in all legumes : cell division
followed by cell growth.
The notion

of a final stage in seed abortion
these
suggested by
Japanese investigations has not
received much attention to date. Yet it can be useful
for agronomists. It enables us to characterize pod
development in a way which is no longer arbitrary
(for example a « 2 cm-long pod » for soybean
ttlt et al., 1971), but,
E
according to the scale of F
has
some
rather,
significance in respect of yield
component development. The development cycle can
thus be precisely divided into two phases : formation
of seed number and formation of weight per seed.
Only these two components are then taken into
account. Using the notion of FSSA, it becomes
obvious that the distinction between pod number and
seed number per pod has no significance from a
chronological point of view. Pod abortion and seed
abortion both correspond to a cessation in embryo
development during the period of pod elongation. In
the first case, cessation occurs for all the seeds of a
pod, in the second case, only some of them. The
conventional distinction between pod abortion and
seed abortion does not refer to chronological events
but to the distribution of abortions.
The notion of FSSA may also be used to measure,
before harvesting, the number of seeds which will be
collected. When a pod continues to develop beyond
the FSSA, the number of non-aborted seeds equals
the number of seeds harvested. It becomes possible,
then, to link directly, and not only statistically, the
component « seed number » to the plant characteristics at the time of formation of this component. This
can be useful to acquire a better knowledge of the
laws that rule its formation.
The first aim of the present work is to determine if
the notion of FSSA can be extended to other grain
legume species, which is suggested by LtNCK’s observations (1961) on peas. Two pea cultivars (Pisum
sativum L.) and four white lupin cultivars (Lupinus
albus L.) were used for that purpose.
The second aim of this study was to look for a
characterization of the FSSA, based on a more
convenient criterion than the embryo or cotyledon
development stage. SPaETH & SINC!A1R (1984)
demonstrated that in the soybean cultivar ’Chippewa 64’ the beginning of the linear phase of dry
matter accumulation in seeds corresponded to a seed
weight of 15 mg dry matter. These authors also
utilized the silhouette method (observation within the
pod through the translucent pod wall), in order to
characterize by its length the stage reached by a seed.
These two criteria, seed weight and seed length, are
first measured with seeds sampled at harvest. The
interval between the maximum value for aborted seeds

and the minimum value of non-aborted seeds represents an estimator of the value (X) after which seeds
do not abort. Intravarietal and intervarietal variability
of this estimator is studied. Secondly, length and dry
weight of green seeds are measured indicating the
reference length corresponding to the values X
observed at harvest. This can be used for identifying
the FSSA on green seeds.

11. MATERIALS AND METHODS

A. Values X for
1. Seed

dry seeds

samples

Twenty six seed samples were analysed, among
which 20 were of indeterminate soybean, 4 of white
lupin and 2 of pea. The main characteristics of the
studied cultivars and the origin of the samples are
indicated in table 1. Samples originated either from
field varietal trials conducted by the Stations
d’Amelioration des Plantes in Montpellier and Dijon
(soybean, Montpellier and Dijon), or from field or
greenhouse agronomic trials conducted with several
cultivars by the Stations d’Agronomie in Toulouse
and in Dijon (soybean, Toulouse ; white lupin and
pea

Dijon).

Most

of the samples came from plots where
cropping conditions (table 2) were close to those
usually recommended in husbandry methods. For the
soybean cultivar ’Hodgson’, four samples from the
same location (Toulouse, 1982), but grown under
various conditions, were analysed (table 2). Mean seed
productions per plant for each sample are given in

table 2.
Plants were sampled at maturity. In the case of
varietal trials, consecutive plants were sampled on the
border of plots. In the case of field agronomic tests,
plants were sampled either at random (soybean,
Toulouse), or from a central area in the plot (lupin
and pea, Dijon). Except for a few samples, the
number of analysed plants was chosen in such a way
as to obtain approximately one thousand collected
seeds per sample (table 3), that is from 6 to 11for
soybean, 18 to 39 for lupin, 23 to 39 for pea.
Gradients of the abortion rate or of the weight per
seed with respect to the position of the pod on the
plant have already been observed (FAttlttN!’roN,
1976). In the present study, special pod position on
the plant has not been considered. All seeds of a
number of plants have been collected.
2. Observations

a) Morphology
Seeds were distributed into 3 classes according to
their morphological aspects (fig. 1) : ripe seeds
represent the seeds usually harvested. They have a
smooth seed coat and their shape is characteristic of
the species (fig. 1 C). They are always thick. Aborted
heir morphological aspects (fig. 1) .: ripe seeds
!
;hapc j, different from that ol ripe seeds (fig. ]A).
Their colour is often darker. For some samples, we
were led to take into account a third seed class we

B. Reference
Green seeds

lengths

for green seeds

sampled during the 1985 season at
of agronomic trials (lupin, cv.
borders
Dijon
plot
’Lublanc’ ; pea, cv. ’Finale’ and ’Frisson’) or varietal
trials (soybean, cv. ’Maple-Arrow’ and cv. ’Sito’ of
the maturity group 000). Seeds were classified by
length (every other mm). For each subsample ten seeds
were oven dried (24 h at 105 °C) and ten other seeds
were air dried (72 h). Afterwards their new length was
measured and then they were weighed after a last oven
drying. We put forward the hypothesis that the
evolution of the dry weight of aborted seeds is
negligible between time of abortion and harvest.
were

on

Ill. RESULTS AND DISCUSSION

The cumulative

frequencies of aborted seeds, with
length (every other mm) and weight (every
5 mg), as well as the maximum weight of aborted
seeds and the minimum and mean weights of ripe
seeds are summarized in tables 3 and 4. Figure 2 illustrates what the histograms for seed weight and seed
length look like on the basis of the sample with the
highest percentage of immature seeds.
respect

called immature seeds. This class corresponds to seeds
which have already undergone a great elongation of
their cotyledons (fig. 1B) and which are not flat. In
soybeans they are ovoid and dark-coloured, whereas
ripe seeds are almost spherical and rather yellow. In
white lupin, immature and ripe seeds have approximately the same shape, but the former are orangecoloured and the latter rather white. We did not find
any immature seeds in pea. Immature seeds are seeds
which have developed beyond the FSSA as defined b
B
TO el al. (1955),
A
AT & A
K
O
I
S
C
U
G
Ett
C (1954) and K
without however having reached full maturity.

b) Length
Individual aborted and immature seeds were measured. Ripe seeds were not measured because they
change their shape during maturation, especially in
soybeans (S
UETSUGU et al., 1962). Therefore there
was no purpose in comparing ripe seed length to
aborted or immature seed length. Seed length was
measured by putting seeds on graph paper. In the case
of soybeans, the seed length is parallel to the pod
elongation axis (fig. lA). In the case of lupin it is
perpendicular to it (fig. 1A). Pea seed length was
measured from the hilum of the seed up to its distal
end (fig. 1A) ; for some pea seeds, this did not represent their longest part, because growth is sometimes
more important in the direction of pod elongation.

c) Weight
Dry matter weighings were carried out after oven
drying for 24 h at 105 °C. Aborted and immature
seeds were weighed individually. Ripe seeds were first
weighed all together. Their mean weight was then
calculated after counting the seeds. The smallest ripe
seeds were weighed individually afterwards. For one
of the samples (soybean ’Hodgson’, Toulouse 1981),
all ripe seeds were weighed individually, in order to
draw the complete histogram presented in figure 2.

A.

to

Respective locations of the different seed
populations on the weight and length histograms

In most cases there was no overlapping of the
weights of aborted seeds and of those of ripe seeds
(table 4). Only three soybean samples made an
exception to this rule : for cultivars ’Weber’ (2 samples) and ’Fred’ a ripe seed with a weight lower by a
few milligrams than the biggest aborted seed (table 4).
No overlapping of aborted seed weight or length
and immature seed weight or length was noted either.
The results

concerning immature seeds have
reported because of the low seed count.

not

been

These results allow us to conclude that the notion
a FSSA can be applied to the three species studied.
Weight or length criteria can be used to determine
within each sample the point (value X) after which the
seeds do not abort.
of

B.

Variability of value

X

For both quantities measured, value X lies necessarily within the interval between the maximum value
for aborted seeds and the minimum value for ripe or
immature seeds. Consequently this interval is its
estimator. A complete determination of this interval
can only be carried out for seed weight (table 4). For
the criterion ’seed length’, the minimum valuc for
ripe seeds is not defined (see II-A-2). That for immature seeds is also in adequately defined because of

their

low

count

or

non-existence. Therefore the
with respect to seed weight

variability of value (X)
was investigated.

1. Intravarietal

variability

happened in some cases that the estimating
intervals of value X determined for samples of the
same cultivar were completely unrelated. The greatest
deviation between intervals was thus obtained for the
It

samples ’greenhouse, Toulouse, 1982’ and ’Toulouse 1982-2’ of the soybean cultivar ’Hodgson’.
The minimum weight of the ripe seeds in the former
was lower by 19 mg than the maximum weight of the
aborted seeds of the latter. As value X lies necessarily

within the interval, when there is no overlap between
the intervals of two samples, it means that their values
are different.
The maximum length of aborted seeds varied less
than their maximum weight. It only varied in cultivar

’Hodgson’,

and

only by

I

mm.

No

relationship

between maximum length and maximum weight could
be noted (tables 3 and 4).
2. Intei-varietal

variability

estimating intervals for cultivars of the same
sometimes totally unrelated : this was the
for
case
cultivars ‘Williams’ and ’Fcng Shou’ origifrom
nating
Montpellier 1984. In other cases it was
impossible to distinguish between cultivars, because
their intervals overlapped. No contradiction in the
The

origin

RUN (1985) provided evidence that the
B
variation of mean weights per seed among soybean
cultivars was linked to differences in cotyledon cell
numbers. The end of the formation of the cotyledon
cell number approximately coincides with the FSSA.
The seed weight could thus have been dependent on
the cotyledon cell number from that time.
The maximum length of aborted seeds, between cultivars as well as within the same cultivar, varied less
than their maximum weight. Its variation range
reached 2 mm in soybean, 4 mm in lupin and 1 mm in
GuLDAN &

pea.

were

classification of cultivars from one location to
another was observed (table 4).
Sometimes (eg. soybean-Dijon 1984) the classification of cultivars by their value X corresponded with
their classification by the mean weight of ripe seeds
and sometimes not (eg. soybean 1
O
M
c
p
l
llin
l 1984).

C. Selection of
abortion
1.

a

reference for the final stage in seed

Reference values for dry seeds

In both weight and length histograms, the last
columns of aborted seed populations usually showed
very low frequencies (tables 3 and 4). Under such
conditions, it may be appropriate not to use a direct

estimator of value X as a reference. Rather a lower
value more representative of the upper limit of most
aborted seeds could be used. Numbers of harvestable
seeds measured on the basis of such a reference size
would be slightly overestimated relative to numbers of
seeds harvested later. Nervertheless, the reference
stage would be closer to the main period of seed
abortion. Also, determining such a reference size was
less delicate from the point of view of sampling than
estimating value X. We therefore suggest that the
reference size should be the first value for which the
cumulative frequency of aborted seeds is at least
95 070. In tables 3 and 4, a line drawn under the percentages equal to or higher than 95 07o focuses attention on the reference sizes, with a precision of 5 mg
for weight and 1 mm for length. In all cases, reference
lengths varied less than reference weights.

2.

Reference values for

green seeds

convenient criterion than weight
during the crop’s growth.
IN silhouette method (1984) for
S
R
I
A
L
PA & C
S
ETH
soybeans could also be used for lupin and pea. To
find the values for green seeds that corresponded with
those of dry seeds, we used two relationships :
(1) that between green seed length and dry seed

Length

was a more

to determine the FSSA

weight,
or (2) that between green seed length and dry seed
length.
For each species, results were similar according to
the variety and the method of drying. Values
increased continuously except for relationship (2) in
soybean, which showed a plateau : 7 to 12 mm long
seeds all retract to between 5 and 6 mm. Therefore for
this species, reference lengths for green seeds have
been established only with relationship (1) : 9-12 mm
for 15-40 mg, which is the range of the reference
weight for the 20 samples. For white lupin and pea,
results obtained with relationships (1) or (2) were
similar : (1) 6-12 mm for 5-30 mg and (2) 7-9 mm for
5-6 mm in white lupin ; (1) 4-5.5 mm for 3-4 mg, and
(2) 4-5.5 mm for 3-4 mm in pea.
In soybean, 13 out of 20 samples had a reference
weight lower than or equal to 20 mg whilst 17 out of
20 had one lower than or cqual to 25 mg. Green
seed lengths corresponding to 20 and 25 mg were 10
and 11 mm. If one of these lengths was selected for
all samples, the maximum error would be 2 mm.
tiTSUGU e; al. (1962), a 2 mm
U
According to S
difference corresponds to a maximum delay of 4-5
days in determining the FSSA stage, which is a
relatively short time for agronomic studies. We
therefore believe that a length of 11mm can be
selected for all soybean varieties. The growth dynamics reported by SuETSUGU et al. (1962) show that a
11mm seed length is reached about ten days before
the termination of seed elongation (about 14 mm) and
4-5 days after the end of pod elongation. This
coincides with the FSSA as can be defined from the
work of K
ATO et al. (1954). Hence, our observations
approximate those of KATO et al. on Japanese
varieties.
In lupin and pea, a larger number of samples needs
to be analyzed before any reference length can be

selected for the species. This length, however, is
in the range 7-9 mm for white lupin and
close to 4-5 mm for pea.

probably

D. Notation of the final stage in seed abortion

Among seeds from the same pod, there is a
development gradient (KATO et al., 1954 ; HEDLEY &
MBRO 1981). For early stages of soybean pod
A
,
E
S
development, this gradient represents the order of
fertilization (K
ATO
et al., 1954). It increases chiefly
because of seeds which eventually abort (H
EY &
EDL
SE, 1981), but remains low for seeds which do
BRO
AIVI
not (S
, 1984). To characterize the
AIR
H & SINCL
PAET
of
development of a pod, one may consider that
stage
the pod has reached the FSSA as soon as at least one
seed has reached the reference length.
For the three species studied, the differences in
flowering time implies that the FSSA was not reached
at the same time by all pods. It is therefore necessary
to define the FSSA in the whole plant in relation
to the morphogenetic type of each species. In
indeterminate soybean and in pea, this notation could
PA & SINCLAIR
S
H
T
be derived from proposals by E
NCLAIR (1984) : according to the number
I
(1984) and S
of the topmost node having at least one pod beyond
the FSSA.
The FSSA coincided with the cessation of pod
elongation, that is, in soybean, shortly before the pod
has reached its maximum weight (S
UETSEGU
et al.,
1962) and with the onset of seed-filling (Section I). As
a result, the time range within which the FSSA is
passed through in the whole plant, was represented by
two particular dots on the growth curves of pods and
seeds. When the earliest plant pod passed through the
FSSA, seed-filling started in the whole plant. This
represented the onset of the seed growth curve. When
the latest plant pod passed through this final stage, all
pods had stopped elongation and had nearly reached
their maximum weight. This date thus roughly
coincided with maximum pod weight.
In soybean, these dates could be seen in relation to
the scale of development by F
EHR
et al. (1971).
ANWAY & WEBER (1971), the onset of
According to H
seed growth and the termination of pod growth
coincide with stages 6-7 and stage 8 respectively of the
ALZ’
K
N
et al. (1949), i.e. with
scale designed by O
EHR
stages R3-R4 and R5 respectively of the scale by F
et al. (1971). For this species, the seed number can be
regarded as definitively set at stage R5 of the scale by
HR et al. (1971).
FE

IV. CONCLUSION
For the 20 soybean samples, 4 lupin samples and
2 pea samples analyzed in this study, the notion of a
final stage in seed abortion was of general validity.
The length representing the upper limit of at least
95 0
7 of aborted seeds was conventionally selected to
be of the reference size for the dry seeds sampled at
harvest. The lengths of green seeds corresponding to
these values were determined and could be used as
reference lengths for identifying the FSSA during crop
growth. For soybean a 11I mm length could be

regarded as adequate for the entire species. For white
lupin and pea, variation ranges for reference lengths
were

6-12

mm

and 4-5.5

mm

respectively.
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