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ABSTRACT

Baptisia bracteata is a perennial legume native to tallgrass prairie that flowers early in the growth season and produces a relatively low seed 
set compared to a taller sympatric congener, B. alba.  This study tested for evidence that B. bracteata is pollen limited.  The study site was 
a reconstructed tallgrass prairie located in northeastern Illinois.  Experimental treatments included a control, and two hand-pollination 
treatments, one where pollen transfer was limited to the same plant and the other where pollen was taken from other plants.  Analysis of 
covariance (ANCOVA) was used to test the effect of treatment on two indicators of pollination success of a plant, i.e., arcsine √xi transfor-
mations of pods inflated/flower and seeds matured/flower.  Log10(Flower count/plant +1) provided a covariate in both ANCOVAs, while 
likewise transformed counts of a seed predator, Apion rostrum, provided a second covariate to seeds matured/plant.  Based on ANCOVA, 
pollination treatment did not affect the number of pods inflated/flower or seeds matured/flower.  Flower count/plant showed a significant 
effect in both comparisons.  A. rostrum, which synchronizes its life cycle to B. alba, did not affect seeds matured/flower of B. bracteata.  
Using Spearman Rank Correlation, flower count/plant was positively related to seeds matured/plant, indicating the importance of inflo-
rescence size to seed set.  Count of A. rostrum/plant was significantly correlated to pods inflated and seeds matured per plant.  Factors not 
eliminated as affecting seed set of B. bracteata were resource limitations and pre-dispersal seed predation by A. rostrum.

INTRODUCTION
Environmental factors linked to low 
seed set include pollen limitationpl, re-
source scarcitiesrs, and pre-dispersal seed 
predationsp (pl,spCariveau et al., 2004;  
plCoupland et al., 2005; rsFulkerson et 
al., 2012; pl,rsHaig and Westoby, 1988;  
pl, spHainsworth et al., 1984;  spLanger and 
Rohde, 2005).  Pollen supplies may be in-
adequate due to shortages or unreliability 
of pollinators particularly in extreme or 
highly disturbed environments like those 
in alpine, upper latitude (Fulkerson et 
al., 2012), fragmented (Holzschuh et al., 
2012), or urban locations (Pellissier et 
al., 2012).  Environmental factors caus-
ing low pollen supply may select for more 
apparent optical traits, such as a larger 
inflorescence, and more attractive floral 
scents.  However, subsequent greater pol-
lination success may result in seeds that a 
plant cannot support to maturity due to 
resource limits (Haig and Westoby, 1988) 
and the attraction of consumers (Adler 
and Theis, 2012; Ehrlen et al., 2012).  
Baptisia bracteata Muhl. ex. Ell. (Cream 
Wild Indigo = B. leucophaea) is native to 
tallgrass prairie of the Midwest (Swink 
and Wilhelm 1994).  The perennial le-
gume produces a low seed set compared 
to its sympatric congener, B. alba (L.) 
Vent (White Wild Indigo = B. leucantha)
(Haddock and Chaplin, 1982; Petersen 
and Wang, 2006).  B. bracteata blooms 
during May, a month before B. alba, with 

little overlap in blooming period.  Unlike 
the taller B. alba which can exceed 1m in 
height, B. bracteata rarely exceeds 0.3m.  
Each B. bracteata consists of subterranean 
rhizomes from which up to several dozen 
aerial shoots emerge to form a concentric 
cluster.  Racemes bearing yellow flowers, 
arch outward from the cluster.  Flowers 
last about 4 days, with 2 days spent in a 
staminate phase, followed by 2 days in a 
pistilate phase (Haddock and Chaplin, 
1982).  Self pollination can occur as polli-
nators, primarily Bombus spp., move down 
an indeterminate raceme.  Pods inflate 
from pollinated flowers.  Each pod bears 
an average of 18 to 19 ovules from which 
more than half can be expected to initiate 
seeds (Haddock and Chaplin, 1982; Pe-
tersen and Wang, 2006).  Pod maturation 
is complete by August and seeds disperse 
as pods dehisce.
The cause of low seed output by B. bracte-
ata compared to B. alba is unknown, but 
has been hypothesized to be explained by 
pollen scarcity (Haddock and Chaplin, 
1982), limited resources, and avoidance 
of a seed predator (Haddock and Chaplin, 
1982; Petersen and Wang, 2006).  The ob-
jective of our study was to determine if B. 
bracteata is pollen limited by examining if 
hand-pollination could increase pollina-
tion success.  
Complicating factors considered in the 
experiment were size of inflorescence 
and pre-dispersal seed predation.  Plants 

with larger inflorescences are typically 
presumed to have the resources be able 
to produce a larger seed set, although 
this may not always be the case in light of 
pre-dispersal seed predators (Ohashi and 
Yahara, 2000).  The major pre-dispersal 
seed predator in our study area located in 
northeastern Illinois, is Apion rostrum Say 
(Coleoptera: Apionidae).  Overwintering 
weevils oviposit into pods as they inflate.  
The resulting larvae consume seeds as 
their only source of nutrition.  The adult 
stage is reached by August, with the new 
generation of weevils dispersing as pods 
open.

METHODS
The study took place during 2012 in the 
7.1 ha, reconstructed Russell Kirt Tallgrass 
Prairie located on the campus of College of 
DuPage, IL.  The prairie plot, reconstruct-
ed beginning in 1984, is characterized 
by the grasses big bluestem (Andropogon 
gerardii Vitman), prairie dropseed (Spo-
robolus heterolepis Gray), and Indian grass 
(Sorghastrum nutans (L.) Nash), plus some 
150 species of forbs to include B. bracteata.  
The prairie plot was burned during March 
of 2012 after a six-year period in which it 
was not burned.  
A concentric cluster of B. bracteata was 
assumed to be one individual based on in-
spection of excavated B. bracteata not used 
in the experiment.  Plants were selected 
randomly as they flowered during May.   
Flowers of plants in the control treatment 



were not manipulated, while those of the 
other treatments were hand-pollinated us-
ing paint brushes.  A “selfing” treatment 
involved introducing pollen to a stigma 
where pollen came from racemes of the 
same cluster, while in a “crossing” treat-
ment, pollen was introduced from racemes 
of other clusters.  These treatments did not 
limit pollen from contrary sources, but did 
permit examination of how supplemental 
pollination from a source could change 
pollination success.  Hand pollination was 
repeated a week apart as to include flowers 
as they developed along indeterminate ra-
cemes.  Due to the availability of individ-
ual B. bracteata, sample sizes were 18 for 
both a control and a selfing treatment, and 
17 for a crossing treatment.  
Counts taken were flowers/plant, pods 
inflated/plant, pods matured/plant, 
seeds matured/pod, and A. rostrum/pod.  
Counts of seeds matured/plant and A. ros-
trum/plant were pro-rated from the total 
number of ripe pods of a plant in the case 
when some ripe pods were damaged and 
contents could escape.  Pollination success 
was quantified by pods inflated/flower and 
seeds matured/flower.  
All statistical summarization was done 
using Statistica (Statsoft, 2001).  Analysis 
of covariance (ANCOVA) was performed 
on pods inflated/flower (IP/F), with flow-
er count/plant entered as covariate, and 
also on seeds matured/flower (S/F), with 
counts of flowers/plant and A. rostrum/
plant as covariates.  In the ANCOVA in-
volving weevils, plants were eliminated 
from analysis if all ripened pods had holes 
from which weevils could have escaped 
prior to sampling.  Prior to analyses, 
pods inflated/flower (IP/F) and seeds ma-
tured/flower (S/F) of a plant were arcsine 
√xi transformed, and counts of flowers/
plant were log10(x + 1) transformed to 
meet assumptions of parametric analy-
sis (Zar, 1984).  Counts of A. rostrum/
plant also were log10(x + 1) transformed, 
but remained skewed (1.114 among all 
treatments). Hence, parametric analysis 
involving weevil counts is possibly spuri-
ous because of this violation.  Preliminary 
analyses involving IP/F and S/F indicated 
that the “pollination treatment X flower” 
interaction was not significant (P = 0.758) 
and that the “pollination treatment X 
flower count/plant X A. rostrum count/

Treatment Variable Control Selfing Crossing
Flower count/plant 105.1 ± 32.8 97.9 ± 25.1 61.9 ± 21.717

Pods inflated/plant 36.2 ± 12.4 47.1 ± 16.4 34.3 ± 19.417

Pods inflated/flower count 0.39 ± 0.086 0.38 ± 0.07 0.45 ± 0.0717

Seeds matured/plant 44.9 ± 21.4 62.2 ± 30.0 65.2 ± 27.817

Apion rostrum count/plant 15.3 ± 8.015 21.0 ± 10.913 17.8 ± 11.715

Table 1. Summary (sample mean ± standard error) of select reproductive parameters and 
weevil infestation according to treatment. Sample size = 18 unless noted otherwise by sub-
script.

plant” interaction was not significant (P = 
0.649), respectively, satisfying homogene-
ity of slopes.  
Due to failure in meeting assumptions of 
parametric testing with plant counts of 
weevils and seeds, Spearman Rank Cor-
relation was used to test for relationships 
between plant counts of flowers and seeds 
matured, A. rostrum and pods inflated, 
and A. rostrum and seeds matured.  The 
first contrast provided insight if a partic-
ular size of inflorescence could have ad-
vantage in seed set, and the last two how 
components of reproductive yield may 
attract the weevil to B. bracteata plus the 
potential effect of weevil abundance on 

seed yield.
RESULTS

Table 1 summarizes data from pollination 
treatments.  Pollination treatment had no 
effect on pods inflated/flower, and also 
seeds matured/flower, although in both 
cases, flower count/plant did (Tables 2 and 
3).  With the absence of a treatment effect, 
group data were pooled to illustrate the 
relationship of flower count/plant to seeds 
matured/plant (Figure 1).  Plants with a 
larger inflorescence showed a higher seed 
output (rs = 0.489; df = 51; P<0.05).  A. ros-
trum count/plant was positively related to 
inflated pod count/plant (rs = 0.679; df = 
41; P<0.05) and seeds matured/plant (rs = 
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Table 2. Results of ANCOVA showing the effects of pollination treatment (control, selfing, 
crossing) and flower count/plant on pods inflated/flower. Symbol: F = flower count.

Effect df MS F P
Log10(F/plant +1) 1 22.19 129.03 <0.001
Pollination treatment 2 0.215 1.25 0.296
Error 50 0.172
Model vs. SS Residual r2 0.72

Note: Univariate Tests of Significance for arcsine√pods inflated/flower; Sigma-restricted parameter-
ization; Type III decomposition.

Table 3. Results of ANCOVA showing the effects of pollination treatment (control, selfing, 
crossing), flower count/plant, and weevil count/plant on seeds matured/flower. Symbols: F 
= flower count, A = Apion rostrum count.

Effect df MS F P
Log10(F/plant +1) 1 5.38 21.91 <0.001
Log10(A/plant + 1) 1 0.27 1.08 0.307
Pollination treatment 2 0.43 1.75 0.192
Error 28 0.25
Model vs. SS Residual r2 0.63

Note: Univariate Tests of Significance for arcsine√pods inflated/flower; Sigma-restricted parameter-
ization; Type III decomposition.



0.496; df = 41; P<0.05).

DISCUSSION

We did not find evidence that B. bracteata 
is pollen limited.  Hand-pollination did 
not result in higher pod inflation/flower 
or seeds matured/flower.  In view of the 
higher ovule to seed initiated ratio of B. 
bracteata found in an earlier study (Pe-
tersen and Wang, 2006), it is possible that 
seed set of the species is resource limited 
and cannot develop all pollinated ovules.  
Others have proposed that plants, in effect, 
bet hedge resource availability, where they 
produce more ovules during an average 
year than can be expected to develop into 
mature seeds (Burd et al., 2009; Fulkerson 
et al., 2012).  Under occasional conditions 
of higher resource availability, these plants 
can mature more seeds.  As our study only 
involved one season; any bet hedging could 
not be assessed.

Pre-dispersal seed predation has also been 
proposed to be a selective force that influ-
ences reproductive characteristics of plants 
including the timing of flowering (Elzinga 
et al., 2007; Kolb et al., 2007; Tsvuura et al., 
2011).  However, the earlier flowering time 
of B. bracteata compared to B. alba, unlike-
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Figure 1. Scatter plot showing the relationship between counts of flowers/plant and seed 
matured/plant for Baptisia bracteata.

ly would have deterred A. rostrum from 
synchronizing its lifecycle around the latter.  
The weevil appears quite adaptive to ex-
ploiting species of Baptisia around the Mid-
west and South (Evans et al., 1989; Horn 
and Hanula, 2004).  The additive charac-
teristic of lower seed set, whether explained 
genetically and/or by resource limitations, 
may enable B. bracteata to escape the brunt 
of seed predation.  Hence, a divergent flow-
ering period and initiating fewer seeds than 
B. alba may actually promote seed set of the 
cream wild indigo over time.

In our study, A. rostrum appeared attracted 
to B. bracteata based on the positive rela-
tionship of the weevil count/plant to in-
flated pod count/plant.  More pods have the 
potential to produce more seeds, explain-
ing the positive correlation of A. rostrum 
count to seeds matured/plant.  However, 
the latter relationship was not negative as 
would be predicted if seed production was 
severe.  Nonetheless, seed predation has 
been shown to be highly variable over time 
(Kolb et al., 2007), to include that by A. ros-
trum (Petersen et al., 2010), necessitating 
longer-termed study focusing on the rela-
tionship between B. bracteata and B. alba.   
High error values in the reproductive and 

weevil infestation measurements of B. brac-
teata (Table 1) may also reflect the small 
sample sizes available in our study.  Future 
study should include larger populations of 
the Baptisia congeners to reduce errors that 
can affect statistical comparisons.
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