Me® H4W X H #® % » Vol.6 WNo.4
1937&;—:7 113 SOYBEAN SCIENCE Nov.. 1987
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INTRODUCTION

Reproductive development in the soybean begins with the develop-
ment of the flower primordia and continues through anthesis, develop-
ment of the pod and seed, accumulation of dry matter by the seed and
ends at physiological maturity (maximum seed dry weight), when the
fruit matures, The study of seed growth and development in soy~
bean is complicated by the extended period of flowering (up to 4
weeks long), which means that at any time there ase fruits of many
different stages of development on the plant. The objective of this
brief review is to discuss the géneral patterns of pod and seed growth-
in soybeans, the factors influencing seed growth and the relationship

between seed growth characteristics and yield,

POD AND SEED DEVELOPMENT

The initial development of the soybean fruit after pollination has
been described in detail by Carlson (1973), The development of the pod
and seed structures are usually complete within 15 to 20 days after an~
thesis, At this time the pod has reached its maximum length and width
and cell division in the cotyledons has stopped ( Egli et al,, 1981),
Thus, all structural development is.complete before the seed begin its
rapid accumulation of dry weight as it accumulates storage materials,
primarily oil and protein, Since cell number in the cotyledons is ccn-
stant during most of seed growth, the increase in seed size is a result
of cell expansion (Egli et al,, 1985),

The vascular tissue antamoses exiensively throughout the seed coat
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but there is no vascular coanection between the seed coat ( maternal
tissue) and the embryo ( hypocotyl-radicle axis and cotyledons )

(Thorne, 1331), Movement of assimilate into the cotyledons requires
unloading from the phloem in the seed coat, diffusion from the seed
coat to the cotyledons and uptake by the cotyledon cells, (Thorne,

1985; Litchner and Spanswick, 1981), Sucrose is the primary source
of carboliydrate for the developing seed while the bulk of the nitroge-
nous material in exudate from the seed coat was glutamine and aspa-
ragine, with ureides present oaly at very low levels (Rainbird et al,,
1984; Hsu et al.,, 1984). The ability of soybean cotyledons to grow
normally in culture systems with only sucrose and glutamine or aspa-
ragine as sources of carbon and N, (Thompson et al,, 1977) confirms
the suggestion that soybean seeds require only simple forms of C and
N from the mother plant for normal growth,

After an initial lag phasc, the soybean seed accumulates dry mat-
ter at a constant rate (linear phasé of seed growth) until the rate of
dry matter accumulation decreases and reaches zero at physiological
maturity ( Egli, 1975; Fraser et al,, 1982), This pattern of'dry matter
accumulation is consistent across genotypes and environments and i%
also characteristic of seeds or kerncls of many other plant species
" (Egli, 1981), Since ‘cell division is complete early in seed development
and the accumulation of dry weight is primarily a result of the accu-
mulati n of storage materials, it is not surprising that the rate of dry
matter accumulation is constant during most of seed growth,

Seed water content ( mg H;O seed™' ) increases throughout seed
growth and reaches a maximum before the seed reaches physiological”
maturity., Seed water concentration is initially very high (>80% fresh
weight basis) and declines steadily during development reaching appro-
ximately 55% at physiologicﬁl‘maturity (Fraser et al,, 1982), The con-
centralion of H;O in the seed at physiological maturity is vé’ry constant
across genotypes and environments and it has been suggested that the
moisture status of the seed plays an important regulatory role in seed
development (Adams and. Rinne, 1980; Fraser et al,, 1382), This hy-
pothesis is made more attractive by the fact that the increase in seed
size during developmedt is a result of cell expansion which requires a

net uptake of water by the cotyledonary cells, '
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FACTORS INFLUENCING SEED GROWTH

Seed grewth rate-The seed growth rate (SGR) is defined as the rate
of accumulation of dry matter by an individual seed during the linear
phase of seed growth, We usually measure SGR by marking pods that
are full size and contain seeds that are approXimately 8mm long and
then harvesting these pods at approximately weekly intervals, This in-
sures that the pods that are sampled are at the same developmental
stage,

Genotypic differences in SGR are constant across years ( Table 1)
suggesting that these differences are under genetic ccntrol (Egli et al,,
1978, 1981)., The SGR’s of seven genotypes varied from 3.9 te 10.9mg
sced™ day ™! in a field experiment in 1979, The genotypic differesmces
in SGR were maintained when SGR's were measured in an in 15070 cul-
turc system with concentraticns ¢f sucrcse and asparcgine in tke nui-
ricnt medium that were above those required to maximize SGR (Egli
et al,, 1981, The correlation between SGR’s on the plant =nd- in the

in 1170 culture system was 7=0,89 ( significant at «¢=0,01), The fact

Table 1 Genotypic differences in seed growth rats

SEED GROWTH RATE

Cenoty pe 1971 \ 19721 19762 198(8%

mg serd 1 day-1-

Kanrich 6.8 - 9.7 7.6 —
Wiiliams , 5.5 6.2 5.9 6.0

Essex 3.6 3.7 3.9 4.2

DURATION OF SEED FILL

197 4 19788 197¢8 ~
days .-
Witliams 48 40 35
Linco'n 43 ’ 28 27

Frem Eg'y ot a'., 1978. Y
From Eg'i et al., 1081.
From ¥gli et al., 1985,
From Gay et 21., 1880, time from growth stage Ry to Fy,
From Boon-l.ong, 1980, time from growth stage Rg to Ry.

mhuNr—i



204 BT # R 6=

that genotype differences in SGR were maintained with saturating le-
vels of sucrose and asparagine in the nutrient solution indicates that
the genetic differences in SGR are controlled by the seed, not by the
ability of the plant to supply assimilate to the seed,

The genetic differences in SGR among the seven genotypes were sig-
nificantly correlated (r=10,93) with the number of cells ir the cotyle-
dons, suggesting that cell number plays an important role in control-
ling genetic differences in SGR (Egli et al,, 1981), Recent research in
our laboratory has suggested that cell number in the cotyledons may
be influenced by environmental conditions (Swank et al,, 1987), If this
is true, it provides another mechanism by which environmental coudi-
tions could influence SGR, We initially reported a positive correlation
between SGR, final seed size, and the number of cells in the cotyle-
dons (Egii et al,, 1981). However, subseduent work with a larger

-number of genotypes has demonstrated that SGR and seed size are not
always highly correlated (Swank et al,, 1987), 1t was possible to iden-
tify genotypes that have large seeds, but have only moderate SGRs
and numbers of cells in the cotyledons, Thus, it seems that there is no
absolule relationship between final seed size and SGR; although, it
should be noted that a large seed with a low seed growth rate would
require sn excessively long seed filling period,

In a series of field and greenhouse experiments (Egli et al,,
1985), removal of approximately 75% of the fruits on the plant increa-
sed SGR by 15 to 63%. The fruit removal treatments were applied'
after the pods had reached their maximum size and cell division in
the cotyledons was complete so the treatments would not affect cell-
division or pod size, Reducing insolation during seed filling by appro-
ximately 60% with shade cloth reduced SGR by 12 to 27%. These re-
sults are consistent with in vitro culture experiments with varying con-
centrations of sucrose or amino acids in the nutrient media (Thompsoxi
et al,, 1977) that demonstrated that SGR was affected by the substrate
concentraticn,

Seed growth rate is also sensitive to temperature, with lLigher
rates (7,9mg seed™! day~!) at 27/22 C (day/night) than at 18/13 C (6.1
mg seed”! day™!) in phytotren experiments (Ezli and Wardlaw, 1980).
There was no change in SGR as the temperature increased io 33/28

C. -
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Seed growth rates are relatively insensitive to plant water stress,
Tield experiments involving moisture st.ress treatments applied- at dif-
ferent plant growth stages, which reduced yield and the number of
seeds m™?, had no significant effect on SGR (Mcckel et al,, 1984).
Severe stress would probably affect SGR; however, these data suggest
that SGR is less sensitive to moisture stress than some other plant
processes,

Seeds usually contain relatively high levels of plant hormones, It
has been suggested that hormones (primarily abscisic acid) may play  a
significant role in controlling SGR (Schussler et al,, 1984; Hein et al,,
1984), However, the mechanisms involved in this potential control, or
its significance has not been clearly determined.

Durqtion of seed fill-The duration of secd {ill is frequently estimated
by the effective filling period (EFP) (Daynard et al,, 1971) which is
calcylated by dividing the final seced size by SGR, This estimate is
useful because it eliminates the need to accurately determine the be-
ginning and end cf seed growth, The duraiion of seed fill can also be
.estimated on a whole plant basis as the time from growth stage Rs
(beginning seed fill,) to Ry (physiological maturity).

Genotypic differences in the duration of seed fill that are consistent
across years (Table 1) suggest that the duration of seed 'fill is under
genetic control, In a field experiment with 59 genotypes, the EFP ran-
ged from 13 to 57 days and there werc a number of genotypes that had
an EFP longer than the cultivars currently grown in Kentucky (Egli et
.al,, 1984). We have consistently found a significant genotype x envi-
ronment interaction for the duration of seed fill that indicates that
environmental conditions have a significant effect on this character,

The duration of seed fill in soybean was not very seamsitive to tem-
.'perature (Egli and Wardlaw, 1980; Egli et al,, 1984; Egli et al,,
1987). Moisture stress during seed filling shortemed the seed filling
period (Egli et al,, 1984; Meckel et al,, 1984) and the duration of
seed fill was also affected by variations in assimilate supply created
by source-sink alterations, Increasing assimilate supplies by depodding
lengthened the duration of seed fill and decreasing assimilate supplies
by shading also terded to lengthen the duration of seed fill (Egli et
al,, 1985),
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RELATIONSHIP TO YIELD

We have not been able to demonstrate any relationship between
SGR and yield (Egli, 1975, 1981; Egli et al.,, 1978), The SGR is an
estimation of the daily assimilate requirement of the seed., Assuming a.
constant level of assimilate supply from photosynthesis, fewer seeds
with a high SGR would be required to equal the total assimilate sup-
ply than for seeds with a low SGR. This relationship assumes no fe-
edback control between sink strength (SGR) and photesyntkesis. It
predicts an inversc relationship between SGR and the number of sceds
m 2 which suggests that onc should not expeclt any relationship hetween
SGR and yield in soybeans, This argument is consistent with the reci-
procal relationship between seed size and seed number freduently enco-
untered by plant breeders (Egli et al., 1978),

Many researchers have reported a positive correlation between the
duration of seed growth and yield in soybeans (Egli and Leggett, 1973;
Gay et al,, 1980).Thu's, the selection for longer seed filling periods
may be one way of increasing soybean yields. This avenuec for yield
improvement is particularly attractive because, in many envircnments,
soybeans do not use all of the available growing season. in producing
vield, and also because there has been little effort in the past to use
this character in plant breeding programs, The relatively large genoty-
pe by environment interactions reported for this character may hamper
its use as a selection criteria, but it should be possible to minimize
this problem with the proper experimenial techniques, Although the
duration of seed fill is potentially a useful selection criteria to incre-
ase yield, whether it is more effective than selecting for yield itself,

remains to be determined,
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