Variability for seed size and yield in two tall dropseed

populations

Abstract

Tall dropseed [Sporobolus asper (Michx.) Kunth var. asper]isa
drought-tolerant, perennial, warm-season grass that has potential
for forage and soil conservation purposes. A prairie and an adja-
cent roadside population from northeastern South Dakota were
evaluated for seed yield and size characteristics for 3 years
(1985-1987) in a space-plant nursery at Brookings, S.Dak. The
objective was to obtain information on between and within popu-
lation variability and intraplant variability that would provide a
basis for designing a breeding program to improve seed production
and quality in this germplasm. The roadside population produced
significantly (P<<0.01) higher seed yields and larger mean 100-seed
weight than the prairie population. Percent small seed (based on
screen-separation of seed yields of individual plants into small,
medium, and large seed size classes) decreased significantly
(P<0.01) as seed yield increased, but the volume of small seed
increased concurrently with seed yield. Percent large seed increased
significantly (P<0.01) with increased seed yield and mean seed
size. Highly significant (P<{0.01) differences were found among
years for seed yield and mean seed size, but all plants produced
seeds of each size class each year. Inter- and intrapopulation
genetic variability was indicated for yield of the large seed size
class. Screen-separation of individual plant seed yields could be
used to identify superior genotypes to be used in the development
of a cultivar that produces a high percentage of large seed.

Key Words: Sporobolus asper (Michx.) Kunth var. asper, seed
production, population biology, native prairie

Tall dropseed [ Sporobolus asper (Michx.) Kunth var. asper]isa
tufted, perennial, warm-season grass that occurs throughout the
prairie and grasslands of the central United States, along beaches
of the New England Coast, in the cedar glades of Tennessee, and in
the Ozark region of Missouri (Riggins 1977). It is a common
associate of big bluestem (Andropogon gerardii Vitman), little
bluestem [ Schizachyrium scoparium (Michx.) Nash], Indiangrass
[Sorghastrum nutans (L.} Nash], and sideoats grama [ Bouteloua
curtipendula(Michx.) Torr.] in the Great Plains (Vallentine 1967).
Vegetational changes in True Prairie regions as a result of the
drought of the 1930 indicated tall dropseed was a xeric grass that
increased in abundance and cover (Robertson 1939, Weaver and
Albertson 1943) and exhibited high seed set (Brown 1943) under
severe drought conditions. Riggins (1977) found tall dropseed
occurred most frequently along roadsides, railroad rights of way,
and other disturbed areas.

Because of its ability to increase in abundance and produce fair
to good forage for livestock (Johnson and Nichols 1982, Stubben-
dieck et al. 1982) in drought-stricken and other disturbed regions in
native prairies, tall dropseed should be evaluated for possible
genetic improvement. Poor seed quality and low seed production
are commonly encountered in the evaluation and breeding of
native grasses, thus the objective of this study was to assess varia-
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bility for seed size and yield in individuals from 2 populations of
tall dropseed from different ecological situations (native grassland
and the margin of a nearby unpaved road) in northeastern South
Dakota. Information obtained will be useful for design of a breed-
ing program aimed at improving seed yield and quality in this
species.

Materials and Methods

The original seed collections were made in September 1980
from: (1) 20 random plants from a population of several hundred
plants in native grassland (prairie) near Big Stone Lake in north
eastern South Dakota, and (2) a colony of 3 plants at the edge of an
unpaved road (roadside) approximately 0.5 km from the native
stand. Panicles were hand-harvested and bulked by population.
Seeds (the seed unit of tall dropseed is actually a utricle, but will
henceforth be referred to as a seed) were separated from spikelet
bracts by hand-threshing on a rubboard.

In February 1984, seeds of the 2 populations were planted in the
greenhouse at a depth of 1.5 cm in 7.5-cm diameter clay pots (10-15
seeds/ pot). Four weeks after planting, plants were thinned to 1
vigorous seedling/pot. Thirty-five plants per population were
transplanted in June 1984 to a space-plant (1 m inter-plant spac-
ings) nursery on a Vienna loam, nearly level [fine-loamy, mixed
Udic Haploborolls] soil near Brookings, S.Dak., in a randomized
complete block design with 7 replications of 5 plants/ population.

In September 1985, 1986, and 1987, all panicles of each plant
were hand-harvested and threshed on a rubboard. Total seed yield
and weights of 2 random 100-seed samples were obtained for each
plant. Seed yields of individual plants in 1985 and 1986 were
divided into 3 size classes by using screens with 24X 24 and 26 X 26
openings per 6.25 cm2. Seeds that passed through both screens
were considered small; those that only passed through the 24 X 24
were considered medium, and those that did not pass through
either screen were considered large. The small seed size class was
obtained for the 1987 individual plant seed yields by using the 26 X
26 screen, but the remaining seed was not divided into medium and
large classes. Weights of two 20-seed samples were determined for
each of the 3 seed size classes for individual plants in 1985 and 1986.

Seed yield and weight data were subjected to analyses of var-
iance for which populations and years were considered fixed and
replications and plants within population X replication units were
considered random.

Results and Discussion

Seed yields fluctuated widely across years (Table 1). The 1986
mean seed yield was nearly 5 times greater than that of 1987, The
substantial reduction in 1987 accompanied severe decline in
general vigor and reproductive culm production throughout the
nursery. Tall dropseed is an autogamous, small-seeded, caespitose
colonizer of disturbed areas (Weaver 1954) in native prairie
regions, suggesting that it may be a short-lived perennial (Stebbins
1957). However, more information on persistence characteristics is
needed before it can be determined if large sexual reproductive
efforts, such as occurred in 1986, reduce vegetative and reproduc-
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Table 1. Mean annual seed yields and 100-seed weights for 2 populations
of tall dropseed grown in a space-plant nursery at Brookings, SD.

Year Seed yield 100-Seed weight
-g— -mg-

1985 84 61.6

1986 17.8 63.6

1987 3.8 54.0

LSD (0.05) 24 1.9

tive vigor in the subsequent growing season, as has been reported
for the short-lived perennial Poa annua L. (Law 1979).

The roadside population produced significantly (P<0.01) higher
seed yields and greater yields of the large seed size class than the
prairie population (Table 2). Significant (P<0.05) differences were

Table 2. Mean yield and contribution to total yield of 3 size classes
obtained by screening seeds of individual plants of 2 populations of tall
dropseed from northeastern South Dakota grown in a space-plant
nursery at Brookings, SD in 1985-87.

Seed classes obtained by screening

Main Class yield Contribution to total yield
effect Small Medium Large Small Medium Large
--------- A L L L LR
Year
1985 1.35%  2.21**  4.52%* 192*%* 279 52.9*
1986 221 4.50 1064 132 26.5 59.9
1987 0.95 -1 - 25.0 - -
Population
Prairie 1.88 3.17 4.99** 20.66** 31.03** 48.30**
Roadside  1.67 3.54 10.17  11.68  23.37 64.57

*#** Annual or population means in same seed class columns significantly different at
the 0.05 and 0.01 levels, respectively.
!Data not obtained.

also found among plants within the 5-plant population X replica-
tion units for yield of the large seed size class. The roadside popula-
tion outyielded the prairie population by 64, 47, and 14% in 1985,
1986, and 1987, respectively. Overall mean seed yields were 11.9 1
0.6 and 8.1 * 0.6 g/plant for roadside and prairie populations,
respectively. The large decrease in relative difference between pop-
ulations in 1987 was associated with the aforementioned decline in
overall mean seed yields and plant vigor.

Highly significant differences were found among years for mean
100-seed weight (Table 1). Associated with the 79% reduction seed
yield in 1987 was a 15% decrease in mean seed size. Considerably
fewer seeds were produced per plant in 1987 than in 1985 and 1986,
and their mean 100-seed weight was significantly lighter.

The roadside population had a significantly (P<0.01) greater
mean 100-seed weight than the prairie population. Grand 100-seed
weight means were 56.8 and 62.4 mg for prairie and roadside
populations, respectively. Although only 35 plants of each popula-
tion were evaluated in the nursery, the consistent superiority of the
roadside population for seed yield and size over the 3-year study
indicates genetic variability between the populations for these
traits. The roadside colony may well have originated from the
nearby prairie, but a more distant seed source is also conceivable.
Without knowing the source, it is impossible to determine if the
population differences observed resulted from selection forces
related to microenvironmental differences between the prairie and
roadside sites. Nevertheless, dissimilarities between populations of
tall dropseed within small geographical areas were also reported by
Riggins (1977). For example, her biosystematic study of the tall
dropseed complex revealed that 2 Webster Co., Iowa, populations,
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one from remnant prairie and the other from a roadside approxi-
mately 500 meters away, were distinctly dissimilar based on cluster
analyses of 29 morphological variables, while 2 Mississippi popu-
lations approximately 60 miles apart were highly similar. This
same phenomenom has been observed in genetic variability studies
of autogamous annual colonizing species. Populations of predom-
inantly self-pollinated species are often comprised of many differ-
ent homozygous genotypes (Imam and Allard 1965, Kannenberg
and Allard 1967), and contain as much total genetic variability as
populations of outcrossing species (Allard 1965). Allard (1965)
reported morphological differences between populations of wild
oat (Avena fatua L.) that occurred very short distances apart were
related to abrupt changes in ecological circumstances, such as
topography or edaphic factors. The distance separating the 2 popu-
lations in this study was less than 1 km, but the ecological situa-
tions were quite different. The prairie population was comprised of
several hundred scattered individuals growing on a north-facing
slope dominated by other perennial warm-season, native grasses.
The roadside population consisted of 3 clumped individuals grow-
ing on an unpaved roadside that was being predominantly colon-
ized by annual weedy species common to the region. In this study,
sampling microenvironments within a small geographic area iden-
tified variability that may be of value for genetic improvement of
seed production and quality in this northeastern South Dakota
germplasm.

Significantly higher yields were obtained for all 3 seed size
classes in 1986 than in 1985 (Table 2). Percent small seed decreased
as seed yield increased, but the volume of small seed produced per
plant actually increased. In 1987, the poorest seed production year,
the small seed size class comprised 25.0% of the total seed yield.
The larger allocation to seed production in 1986 included greater
numbers of seeds in all 3 size classes and a significant increase in
percent large seed (Table 2). Mean 20-sced weight of the roadside
population was approximately 7% greater than that of the prairie
population for the large seed class, but mean differences of less
than 1% were found between populations for medium and small
seed classes (Table 3).

Table 3. Mean 20-seed weights of 3 seed size classes from 2 populations of
tall dropseed from northeastern South Dakota grown in a space-plant
nursery at Brookings, SD in 1985-87.

Seed size class

Population Large Medium Small
................ mg----_--------_--

Prairie 13.72%+ 11.27 NS 8.73NS

Roadside 14.75 11.37 8.72

SE! 0.20 0.10 0.13

** NS Population means in same column significant at the 0.01 level and not
significantly different, respectively.
1Standard error of difference between population means.

Results of this study revealed that plants of tall dropseed did not
differ in mean seed size by producing uniform-sized seeds of differ-
ent masses. All 70 plants produced seeds of the 3 size classes.
Variations in mean 100-seed weight between populations and
among plants within populations depended to a great extent on
variations in proportions of seeds of different size classes (Table 2).
Absolute increases or decreases in individual seed size probably
had little influence on mean 100-seed weight, even though analyses
of variance indicated a highly significant (P<0.01) difference
between populations and a significant (£<0.05) plants in popula-
tion X replications units mean square for mean 20-seed weight of
the large seed class. Since genetic variability for seed yield, mean
100-seed size, and yield of the large seed size class was indicated,
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improvement for these characteristics in this germplasm could be
simply approached by screen-separating seeds of individual plants
and selecting those that consistently produce the largest yields of
seeds above a critical size. The critical size could be determined
from seedling vigor studies in the greenhouse and field. Knipe
(1970) screen-separated 6 seed lots of alkali sacaton (Sporobolus
airoides Torr.) into 6 size classes and found seedlings from large
seed grew faster and were better adapted to establishment in harsh
areas than those from small seed. He suggested the success of field
seedlings would be enhanced if operations were restricted to use of
large seeds. Since the goal of the improvement program would be
to increase yield of seeds larger than the previously determined
critical size, screening would provide a quick and accurate method
foridentifying superior genotypes. This method may also be appli-
cable to other autogamous range grass species that produce free-
flowing seed units that can be accurately separated into size classes
by screening,
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