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Size structure and seed yield over 4 years in an experimental Cassia marilandica
(Leguminosae) population

Jon K. PiPER
The Land Institute, 2440 East Warer Well Road, Salina, KS 67401, U.5. A

Received October 24, 1991

Pieer, J. K. 1992. Size struciure and seed yield over 4 years in an experimentat Cassia marilandica (Leguminosae) popula-
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An experimental population of a perennial species, Cassia marilandica, was monitored for 4 years to examine changes
in size structure and seed production over time. Plants flowered and set seed the Ist year and annually thereafter. Plant size,
seed mass per plant, and reproductive effort were highest in the 2nd year but declined thereafter. Over the first 3 years, den-
sity remained constant, but plant size and yield varied. By the 4th year, density, size, and seed yield all declined, owing
probably to combinations of dronght and insect herbivory. Mean distance to nearest neighbors was consistently positively
correlated with plant size but with seed mass in the 2nd and 3rd years only. Plant size was positively correlated with seed
mass in each year, with reproductive effort in the first 3 years, but with relative growth rate in the last 2 years only. Population
size structure and lifetime reproductive ontput were generally positively skewed. Except for a slight effect from the 1st to
the 2nd year. no cost of reproduction, measured as reduced growth, reproduction, or likelihood of survival was seen.

Key words: Cassia marilandica, cost of reproduction, density, Leguminosae, nearest neighbor, perennial, population struc-
ture, prairie plants, seed mass.
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Afin d’examiner les changements dans la production et les classes de dimension au cours du temps, FPauteur a suivi une
population expérimentale de I'espece pérenne, Cassia marilandica, pendant 4 ans. Les piantes ont fleuri et produit des graines
dés la premiére année et chaque année par la suite. La dimension des plants, la masse de graines par plant et 'effort de
reproduction sont les plus élevés an cours de la deuxidme année et déclinent par la suite. Au cours des trois premiéres années,
la densité demenre constante, mais la dimension des plants et le rendement varient. Vers la quatriéme année, la densité, fa
dimension et le rendement en graines connaissent tous un déclin i€ i la sécheresse et au broutage par les insectes. La distance
moyenne entre les voisins les plus rapprochés montre une corrélation positive constante avec la dimension des plams, mais
seulement 4 la deuxidme et troisi®me années en ce qui concerne la masse de graines. La dimension des plants montre une
corrélation positive avec la masse des graines & chaque année, avec I'effort de reproduction au cours des premigres années,
mais seulement au cours des deux dernigres années avec le taux de croissance. La structure de dimension des populations
¢t la reproduction totale au cours de la vie montrent généralement une curtose positive. Sauf pour un effet peu marqué entre
la premijre et la seconde année, 1’autenr n’a observé aucun coiit pour la reproduction, tel que mesuré en termes de réduction
de croissance, de reproduction ol de chance de survie.

Mors clés . Cassia marilandica, coiit de reproduction, densité, 1égumineuses, proche voisin, pérenne, structure de popata-

tion, plantes d¢ prairies, masse de graines.

Introduction

Herbaceous perennial seed crops show great potential to
alleviate some of the environmental problems that can arise
from agricultural practices involving annual crops grown on
erodible soils (Wagoner 1990; Soule and Piper 1992), At
present, the theoretical arena for the development of success-
fl crops from wild perennials involves considerations of
resource allocation, effects of reproduction on subsequent
growth and survivorship, and changes in the relationships
among density, population size structure, and seed yield over
time. Because of the perennial habit, long-term investigations
are necessary to predict growth and vield behavior of such
crops. Some of the important practical considerations involve
predicting yields of representative herbaceous perennial seed
crops, how long-term patterns of seed yield change over time
in such perennials, how changes in population size structure
influence seed yield, and to what extent growth and seed
production are density dependent.

One of the chailenging arguments presented against the
development of perennial seed crops concerns the assumed
trade off between seed production and subsequent plant
growth and survival. Such a trade off between resources
devoted to reproduction versus vegetative growth would lead
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to predictions that plants must attain & certain size before
reproducing (e.g., Gross 1981; Gross and Werner 1983,
Wolfe 1983; Pitelka et al. 1985; Piper 1989), plants are more
likety to die after reproducing (e.g., Law 1979), and a large
reproductive output in 1 year should be negatively correlated
with growth that year or in the following year (e.g., Schn and
Policansky 1977). Whether reproduction results in a demo-
graphic cost can be tested in plant populations by examining
the correlations between reproduction in 1 year and growth,
survival, and reproduction in the following year. Costs of
reproduction can then be quantified demographically by com-
paring growth and survivorship among individuals that differ
in reproductive effort.

Another important consideration involves density effects in
perennial populations, as interactions between neighboring
plants may explain much of the variation in plant growth, size,
and reproductive gutput primarily by influencing the availabil-
ity of light and soit resources (e.g., Mack and Harper 1977;
Weiner 1984, 1985; Silander and Pacala 1985; Tilman 1989).
In some herbaceous perennials, reproductive allocation decreases
with increasing density (Thompson and Beattie 1981; Haw-
thorn and Cavers 1982; Waite and Hutchings 1982; Schmid
and Harper 1985). Samson and Werk (1986), however, have



suggested that much of this observed variation in reproductive
effort 1s due to intrinsic size-dependent effects rather than such
extrinsic factors as density or competition. They predicted that
it the absolute reproductive output (the weight of reproductive
parts} is an increasing function of plant size in a population,
then (i) plant populations should be characterized by significant
linear relationships between vegetative biomass and reproduc-
tive biomass and (i) poputations should show size-dependent
varigtion in reproductive effort (percentage atlocation to
reproduction} if there is a minimum size for reproduction.
Indeed, strong linear relationships between absolute allocation
to reproductive biomass and vegetative plant size are found in
many annual species and in some perennial species, where sig-
nificant regression coefficients indicate that most of the vari-
ation in reproductive mass is explained by variation in
vegetative plant size (see also Weiner 19884). Considerable
variation also occurs among species in relationships between
percentage allocation to reproduction and plant size. Most
annuals show increasing reproductive effort (RE) with size
(Samson and Werk 1986). Some perennials show increasing
RE with size (Waite and Hutchings 1982; Soule and Werner
1981: Weaver and Cavers 1980; Hartnett 1990), whereas
others show decreasing RE with size (Solbrig 1981; Aker
1982; Douglas 1981). Of course, in perennials growth and
reproduction in a given year may be determined by RE or
growing conditions the previous year.

Another set of questions involves the relationship between
population size distribution and seed yield. As populations age
following establishment, their size distributions can change.
The general tendency is for size distributions of even-aged
populations to begin approximately normal, then become
increasingly positively skewed or variable with time (Ford
1975; Mohler et al. 1978; Turner and Rabinowitz 1983;
Weiner 1985). This change in size frequency may result from
three interrelated mechanisms: variable growth rate, competi-
tion, and nonuniform mortality. For example, differences in
resource exploitation can result in differential growth rates
among members of a population (Turner and Rabinowitz
1983). Competition may then serve to exaggerate size differ-
ences that may be determined initially by environmental
chance or variation in seed size. The few individuals that grow
large may suppress the growth of smaller individuals, which
leads to nonuniform mortality (Ford 1975; Mohler et al. 1978)
an an unequal population composed of few large and many
small individuals. Moreover, intensity of competitive inter-
actions can increase variability in many aspects of perfor-
mance, including size and reproductive output (Weiner 1985;
Weiner and Thomas 1986). Alternatively, it has been demon-
strated that increased density-dependent mortality can reduce
size variation (Weiner 1988a).

Seed yield in perennial plants is complex in that a plant’s
reproductive behavior may depend on size as well as previous
year’s reproduction and resources available. Conceivably,
seed yield may increase over time if it is correlated with
increasing plant size, or decrease if the population senesces or
exhausts one or more critical soil nutrients. Populations of
herbaceous perenmials may display an initial flush in seed
production, then decline precipitously, maintain yields that are
relatively stable or decline slowly, or produce yields that oscil-
late (examples in Piper and Towne 1988). Unfortunately, few
relevant modeis exist to predict accurately how populations of
typical perennial species yield over time,

Becavse of its relatively high seed production, Cassia
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marilandica was chosen as a model species in which ta exam-
ine palterns of population size structure and seed production
over time. To examine whether costs of reproduction occur,
it 15 important to measure whether individuals differing in
amount of reproduction but similar with respect 10 age and
environment differ in future survival, growth, or reproduction
(Horvitz and Schemske 1988). Thus, the experimental popula-
tion consisted of even-aged individuals; size variability was
introduced by varying initial spacing. This study addressed
three questions: (i) How do such plant traits as size, seed
yield, and reproductive effort, and growth rate change over
time? (ff) What arc the underlying demographic patterns that
are correlated with seed yield? (i) How do such factors as
density, population size structure, and effects of previous
reproduction change over time?

Materials and methods

Cassia marilandica L. (Leguminosae, Caesalpinioidae), wild or
Maryland senna, is a herbaceous perennial native to the Great Plains
from southeastern Nebraska south through the castern third of
Kansas, Oklahoma, and Texas and east to Pennsylvania and Florida.
It is infreguent to common in such mesic sites as prairie ravines,
creck banks, alluvial thickets, and open woodlands (Great Plains
Flora Association 1986). FPlants produce annually one to few erect
stemns from a woody caudex and may grow as tall as 2 m. Flowering
in central Kansas takes place from late August 1o eatly September,
producing racemes of insect (bee) pollinated vellow flowers. The
flowers pive rise to black legumes that begin tipening in September.
Nodulation of roots in response 1o nitrogen-fixing Rhizobinm bacteria
has nat been documented for this species, nor has nodulation in field-
or pot-grown individuals inoculated with Rhizobium (cowpea type)
been cbserved.

An experimental Cassia marilandica population was established
from scarified seed in May 1985 on a Tobin silt loam (fine-silty,
mixed, mesic Cumulic Haplustolls) formerly in wheat. The seed
source was a mixture of collections from 16 natural populations in
Kansas and Missouri. The plot was weeded but was not fertilized dur-
ing the course of the study. Plants were established randomly at vari-
ous within-row spacings ranging from approximately 5 to 40 cm,
with rows 73 ¢m apart, to produce a sange of initial planting densities
from 3.3 to 26.7 plants - m~2. Overal! plot dimensions were 24 X
18 m. In September 1985, 90 individual plants were selected along
three transects across rows by line intercept and marked at the base
with numbered metal tags. QOutside plants were excluded to avoid
edge effects. For each plant I measured total basal stem diameter
{mm), mean distance to the two nearcst neighbors within the row
(cm), seed mass (g), and number of shoots. I converted basal stem
diameter to basal stem area (mm?) for each shoot and summed the
values for each plant. Total basal stein area is a good, nondestructive
index of shoot dry mass (mass (g) = 0.5]1 (BSA) + 43.04, r? =
0.59, p = 0.0001, » = 25 plants). These measurements were
repeated in 1986, 1987, and 1988. From the measurements, I calcu-
lated a value for RE as total seed mass per total BSA and for relative
growth rate (RGR) as relative change in BSA from the previous year.
To examine relationships between density and plant variables, I cor-
related mean distance to the two nearest neighbors with aspects of
growth and reproduction. To examine effects of plant size, control-
ling for density, I ¢xamincd correlations between BSA and growth
and reproductive variables by partial Pearson correlation, Lastly, to
examine whether reproduction in this species suggests demographic
costs | analyzed for possible inverse relationsips between seed mass
or RE and RGR, RE, and BSA in the following year.

Results

All measured characteristics of the population changed over
the 4 years (Table 1). The percentage of plants that reproduced



1326

CAN. J. BOT. ¥OL. 70. tyy?

TasLe 1. Characieristics of Cassia marilandica plants over 4 years

BSA Seed mass No. of Reproductive Relative
Year n {mm?} cv (g) (Y shoots cv cffort Ccv growth rate cv
1985 90 84.3+6.7H 75 10.5+1.5k 132 10010006 0.0 0.0941£0.0010 111
1986 89 179.5+13.0a 68 28.5%3.5a 116 2.6040.16a 592 0.137+0.013« 90 22840382 159
1987 82 93.449.15 88 5.94+1.0bc 155 2.77+021a 693 004140.006c 130 —0.361+0.066 153
1638 46 17.743.6¢ 137 0.240.)c 439 2.33+0.22¢ 652 0.008+0.005d 447 —0.64+0.09 93

MNorTe: Yalues are means 4 SE. Values for reproductive effort and relative growth eate are defined in the text. Means within a column followed by the same leter do not differ

al p < 0.05 {anova; Duncan's multiple range Iest).
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Fig. §. Changing pattern of C. marilandica individual plam size
shown as the frequency of plants in 16 size classes.

was 68% in 1985, 95% in 1986, 63% in 1987, but only 6.5%
in 1988. Plants were small in the establishment year, then size
peaked in the 2nd year, and plants were progressively smaller
after that. Seed mass per plant was correspondingly highest in
the 2nd year but negligible by the 4th year. Average density
remained fairly constant for the first 3 years, then dropped in
1988 as mortality created gaps within rows. Plants consisted
of just one shoot in the 1st year, then averaged between 2 and
3 shoots, with one plant producing 13 shoots, in later years.
However, average shoot size decreased progressively from the

TaBLE 2. Mean BSA/shoot {mm?) over
4 years in an experimental Cassia
marilandica population

Year n BSA/shoot
1985 20 34 .3a
1986 231 69.66
1987 227 34 .4¢
1988 106 7.8d

NoTE: Means followed by the same letter do not
differ at p < 0.05 (anova, Duncan’s multiple
range tesi).

TaBLE 3. Pearson correlations between mean distance to two nearest
neighbors, and BSA, seed yield, and reproductive effort (RE) for
C. marilandica plants within an experimental population over 4 years

Distance vs.

Year n BSA yield RE
1985 90 (.43 %5+ 0.03 -0.15
1586 89 0.48%** 0.56%** 0.36%+*
1987 82 0.53%+% 0.36%*% 0.21
1988 46 0.43%+ 0.16 -0.03

*p < (.05

wep 2 001,

*Mup < 0.001.

1st 1o the 4th year (Table 2). Mortality in the plot reduced the
sample size only slightly from 1985 to 1987, then drastically
from 1987 to 1988.

The index of RE, grams of seed produced per unit stem
area, was highest in the 2nd year, then fell in years 3 and 4
(Table 1). RGR, measured as relative annual change in total
BSA (mm? - mm~? - year~!), was positive from the first to
the second growing seasons, then negative in the following
years as plants became smaller,

For BSA, seed mass, and RE, variability among individuals
measured as coefficients of variation generally increased over
time. Variability of seed mass was consistently greater than
that of BSA and increased faster over time.

The frequency distribution of plant sizes changed shape over
the 4 years (Fig. 1), but the smallest size category contained
the largest percentage of individuals in 3 of 4 years. In 1986
the size structare of the population approached a normal distri-
bution, but the distribution was positively skewed in the other
years. By the 4th year, more than 90% of plants were in the
smallest size class, the *‘reverse I'” distribution.

Change in mean plant size was reflected in seed production,
as seed yield was a linear function of plant size in the first
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FiG. 2. Regressions of seed production per plant on planf size for
4 years in an experimental population of C. marilandica. Regression
equations include points where BSA = 5.85 mm’.

3 years (Fig, 2). Plant size explained 38 to 60% of the varia-
tion in seed yield during the first 3 years but only 9% by the
4th year. The relationship between plant size and seed produc-
tion changed over time, with the slope of the regression line
highest in the 2nd year, and decreasing thereafter. Negative
y-intercepts of the regression equations indicated that there
is a minimum threshold for reproduction in this species.
Although the range of plant sizes with no seed production was
broad, no plants with a total BSA less than 5.85 mm? pro-
duced seed in any year.

Density affected some plant variables {Table 3). Plant size
increased with distance to nearest neighbors in all years, but
the relationship between density per se and reproduction was
variable, as distance was correlated with vield in years 2 and
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F16. 3. Frequency distribution of lifetime seed production for 90
individual plants within an experimental C. marilandica population.

TABLE 4. Pearson correlations between total BSA (mm®)
and seed yield (g), RE, and RGR for C. marilandica plants
within an experimental population over 4 years

BSA vs.

Year n Yield RE RGR
1985 S0 0.63%%* 0.39%** —
1986 39 0. 78+#* . 0. 26%%% 0.07
1987 32 0.73%%* 0.47+** 0.48%*+
1988 46 0.33+* 0.06 0.57%%>

“p < 0.05.

wp < 0.01.

*xup < 0,001,

3, and with RE in year 2 only. Although I expected that greater
spacing between plants would also promote the production of
more shoots per plant, distance was correlated with number of
shoots per plant in 1986 only (r = 0.36).

Weiner (1988b) has suggested that when repreductive out-
put is the measure of performance, as in a seed crop, it may
be useful to leok at inequality among individuals in cumulative
lifetime fecundity. In the present study, distribution of lifetime
reproductive output (Fig. 3) mirrored the general size distribu-
tions shown in Fig. 1, with approximately 36% of planis
within the smallest category for seed production.

“Cost’” of reproduction may be measured in terms of
increased likelihood of mortality, decreased growth, or
reduced reproductive output. Likelihood of mortality from
1987 to 1988 was not related to BSA, density, yield, or RE
(p > 0.05, t-test), and, whereas RGR was positively cor-
related with current year’s BSA in 1987 and 1988 (Table 4},
it was consistently inversely related to previous years’ BSA
(1986, r = —0.43, 1987, r = —0.32; 1988, r = —0.35; all
p <0.05). Moreover, RGR was not correlated with previous
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TaBLE 5. Annual and growing season (May—
September) precipitation (cm) at Salina. kans.,
over 4 years

Year Annual Growing season

1985 100.1 51.2

1986 80.2 49.0

1987 83.5 44.2

1988 46,1 32.8
30-year average 73.5 46.2

Note: Data are from Nationsl Oceanic and Atmospheric
Administration (1985 — 1938},

years’ yield or RE except in 1986 (RGR vs. previous yield:
r = —0.26; RGR vs. previous RE: r = —0.26; p <0.05).
This means that in most years larger plants showed the lowest
relative increases in growth, or the greatest declines in size,
but there was little differential cost to future growth owing to
current resource devotion to reproduction.

Discussion

Because Cassia marilandica is adapted to relatively mesic
habitats, its decline in growth and survival in the final year of
this study was probably attributable to lower precipitation
received in the 4th year (Table 5). Annual precipitation was
well above normal from 1985 to 1987 but below normal in
1988. Similarly, growing season (May — September) precipita-
tion was near normal during the first 3 years but 30% below
normal in 1988. However, since C marilandica does not
appear to fix atmospheric nitrogen via bacterial symbiosis,
there may have been a significant decline in soil nitrogen fer-
tility, or another nutrient such as phosphate, over time in this
population that would alse have contributed to a general
decline in plant vigor. Another factor that could have con-
tributed to the relatively small yield in 1988 was a fairly high
level of seed predation by a larva, probably Sennius abbrevi-
atus (Say) (Bruchidae) (Baskin and Baskin 1977),

Approximately 40—60% of the variation in C. marilandica
seed yield was attributable to plant size in the first 3 years,
indicating that in this species seed yicld is a linear function of
plant size. My results were similar to those obtained by Hart-
nett (1990) for four species of perennial composites. In his
populations, each species showed positive linear relationships
between reproductive (inflorescence) mass and plant size, with
regression lines having negative y-intercepts. Other studies
showing a simple linear relationship between plant size and
reproductive output have been reported by Gross and Werner
(1983), Samson and Werk (1986), Ohlson (1988), Rees and
Crawley (1989), and Thompson et al. (1991).

The various theories proposed to explain resource allocation
patterns assume that vegetative and reproductive processes
compete for a common pool of resources and that an increase
in one activity necessarily results in a proportional decrease in
the other activity. Indeed, a few studies seem to have demon-
strated such trade offs between current reproductive effort and
subsequent growth, survival, or competitive ability (Hamblin
and Rowell 1975; Schn and Policansky 1977; Meagher and
Antonovics 1982; Cook 1983: Montalvo and Ackerman 1987).

Other studies, however, have failed to demonstrate such a
cost of reproduction. For example, Pitelka et al. (1985) found
that clonal growth was not reduced by flowering in Clintonia
borealis, although flowering in that species is ramet size

dependent. Similarly, in a study of Agropyron repens by
Reckie and Bazzaz (1987), not only did reproduction not
reduce overall growth, but reproduction enhanced overall
growth in some cases where resources were most favorable.
Horvitz and Schemske (1988), studying the perennial tropical
herb Calathea ovandensis, found that plants with high repro-
ductive effort did not produce significantly fewer inflores-
cences, less leaf area, or fewer fruits than did plants with low
reproductive effort, Moreover, there were no differences in
growth and survival between plants with low and high repro-
duciive effort. Jackson (1990) detected no differences in
growth between high and low seed-yielding forms of Tripsa-
cur dactyloides. These results suggest that, in populations of
some plant species at least, increased reproductive success
may not always be associated with a significant decline in
future growth or reproductive success.

The lack of significant negative correlations between repro-
ductive measures (i.e., seed yield, RE) and previous years’
vield or RE suggests that costs, even if present, are not great.
Unfortunately, allocation to rootstock was not examined in
this study. Allocation to roots might have explained some of
the lack of relationship between RGR and yield.

There are several reasons why one should not automatically
assume a trade off between growth and reproduction. For
example, extra resources may be input prior to or during
reproduction for the sole purpose of reproduction, green
flowers and fruits can contribute photosynthate to their own
development, or reproduction and vegetative growth may be
limited by different resources altogether (Tuomi et al. 1983;
Willson 1983; Watson 1984). One or more of these mechan- -
isms may help explain why there appeared to be few negative
correlations between reproduction and growth measurements
in C. marilandica.

Several studies within natural and agricultural populations
have shown that the size and proximity of neighbors can affect
growth (e.g., Waller 1981; Liddle et al. 1982; Cannell et al.
1984), reproductive allocation {Donald and Hamblin 1976),
and survivorship (Watkinson et al. 1983) of plants., In the
present study, density remained constant for the first 3 years,
then, as a result of mortality, density by the 4th year declined
to half of the original planting density. Few variables were
consistently correlated with density, however. Reproductive
effort was inversely related to density in 1 year, but there was
no relationship in the other years. Also, density affected size
consistently, and size in tum was generally correlated with
both seed mass and RE. Thus size, but not likelihood of
survival, was density dependent. No apparent association
between survivorship and size points to a density-independent
mortality factor such as drought stress. .

Because much information on size structure of populations
is masked by looking at population means only (Mack and
Harper 1977; Mithen et al. 1984}, additional information on
changing population dynamics can be obtained from monitor-
ing changes in the frequency distribution of individual plant
size over time. Since size is correlated with fecundity, size
inequality, which reflects the degree to which biomass or seed
yield is concentrated within a small fraction of the population,
is of interest to both evolutionary and applied ecological
studies. Except for the 2nd year, the study population assumed
a skewed, unequal distribution, with most individuals in the
smialler size classes. The population displayed its greatest
variability in the 4th year. Among the possible mechanisms
leading to this distribution, differential growth rate seemed



more important than nenuniforrn mortality, as density-
dependent mortality should be concentrated among the
smallest plants and should thereby reduce skewness.

Study of variation in plant traits is necessary for predicting
and interpreting population changes over time. A change in the
distribution of population aitributes could indicate, for exam-
ple, whether individuals respond more or less similarly when
under stress or optimal conditions, or with time. Competition
may increase variability in many aspects of plant performance,
including individual size, reproductive cutput, and phenology
(Weiner 1983; Weiner and Thomas 1986). In experimental
populations of Trifolium incarnatum and Lolium multiflorum,
variability in size increased with density, and variability in
reproductive output was always greater than variability in size
{(Weiner 1985). In the experimental Cassia marilandica popu-
lation studied here, coefficients of variation for both plant size
and seed yield increased over time but were two to four times
greater, and increased faster, for seed mass than for plant size
even though density remained constant or fell.

The decrease in variability from the 1st to the 2nd year, fol-
lowed by the increase in inequality from years 2 to 4, may
have reflected differences in the nature of plant interactions in
this population over time. Initially, competition may have
been for light and larger plants differentially suppressed the
growth of smaller plants. In Jater years, as soil resources,
especially moisture, became limiting, competition may have
become more two sided (see review in Weiner and Thomas
1686).

The results point to an apparent paradox between population
versus individual responses to reproduction after the 2nd year.
As a whole, the population declined after the 2nd year, owing
probably to reduction of seil resources, but this decline was
not experienced differentially among plants of different sizes.
Largest plants declined the fastest, but this effect appeared to
have little relationship to previous reproduction per se. The
only negative effect of reproduction on subsequent growth
occurred during the period from the establishment year to the
2nd year when higher-yielding plants did not grow as fast as
lower-yielding plants. However, this effect disappeared from
the 2nd to the later years. Also, positive correlations between
reproductive output and future growth can result from varia-
tion in the total resources available. In other words, some indi-
viduals may cutperform others in both reproductive output and
growth.

An argoment presented against the development of peren-
nials as seed crops concerns their low seed yield relative to
annual crops. Therefore, it is worth noting that extrapolated
mean yields of this population in the 2nd year were approxi-
mately 2000 kg - ha~!, a value comparable with the bench-
mark yield for winter wheat in Kansas. The importance of
C. marilandica in addressing the issue of high seed yield in
herbaceous perennials is clear in demonstrating the possibility
for such plants, grown with few inputs, to yield similarly to
highly bred annual grain crops. It remains to be discovered
whether high yield in this plot could be sustained through a
combination of artificial selection and careful managernent of
the population,

Cassia marilandica is a short-lived perennial whose size,
seed yield, and reproductive effort peaked in the 2nd year,
then declined after that, although the 4th year may have been
spurious. Although 4 years may be insufficient time to charac-
terize long-term yield patterns in this species, the trends in this
population were that the 1st year represented the growth and
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establishment phase, year 2 was the year of maximum size and
reproduction, with the population declining after that, Density
remained relatively constant uniil it fell in year 4. It is difficult
to predict how the population would have fared had precipita-
tion been more similar among years.

The potential agricultural value of perennial seed crops is
clear. Mixtures of such species could reduce energy expendi-
lures on tillage, reduce soil erosion, provide much of their
own nitrogen fertility, encourage and harbor biolegical control
agents, and minimize weed growth. A logical next step in
perennial crop research is to examine ways of maintaining
sufficient yields through combinations of selection, intercrop-
ping, and management. A large part of future research
involves combining what is known about demographic pat-
terns within perennial monocultures with patterns of inter- and
intra-specific interaction in mixtures.
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