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Abstract 

Competition between different species (interspecific competition) is an important factor to 
consider when estimating population trends, geographic distributions, and management 
options of species. Many historically common vascular plant species found in agricultural 
environments have been negatively affected by changes in community composition and in turn, 
changes in competition pressures. Even so, the relative importance of plant competition in an 
ecological context is still unclear. In this study I examine the competitive ability of the meadow 
plant cornflower (Centaurea cyanus L.) when grown together with common oat (Avena sativa) 
and common poppy (Papaver rhoeas), during a seven-week long growth chamber experiment. 
Seeds were sown in pots in four different setups; 1) C. cyanus control, 2) C. cyanus + P. rhoeas, 
3) C. cyanus + A.sativa, 4) All three species. Six different growth parameters were measured 
(aboveground dry-weight, belowground dry-weight, root length, leaf area, number of leaves and 
above/belowground dry-weight ratio). I found that growth rates of C. cyanus were significantly 
inhibited according to all six growth parameters when C. cyanus competed solely with A. sativa. 
Competition from P. rhoeas had an insignificant effect on C. cyanus growth in five out of six 
growth parameters. Finally, I discuss the possibility that historically common meadow plants 
have declined in abundance in part because of weak competitive abilities, and that rare vascular 
plant species are negatively affected by growing in proximity with cereal crops. 

Keywords: Centaurea cyanus, Papaver rhoeas, Avena sativa, Cornflower, Growth chamber, 
Plant competition, Plant ecology, LAI, Root biomass, Root length, Biomass, Dry weight, 
Interspecific competition. 
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1 Introduction  

1.1 Background  

Competition is within an ecological context understood as the negative effects of interactions 
between species or individuals in proximity to each other (Begon et al. 2005). It is an important 
factor to study in order to improve our understanding of evolutionary responses and how 
coexistence between species shapes communities over time (Brooker et al. 2008, Ping et al. 
2010). Resource limitation is one of the key factors in facilitating competition, as natural 
ecosystems which are rich in resources commonly supports more biomass than ecosystems 
which are scarce in resources (Begon et al. 2005). In vascular plants, competition usually causes 
reduced fitness and growth of the inferior competitor due to neighboring plants using resources 
in a more efficient way (Gibson 2002, Brigham and Schwartz 2003).  

During the last century, plant competition has been studied relatively sparsely compared to 
other areas within plant population ecology (Brigham and Schwartz 2003, Lekberg et al. 2018). 
However, there have still been a number of impactful discoveries made in recent years. For 
example, increased understanding in how species differ in leaf photosynthetic capacity (Kattge 
et al. 2009), how soil biota affects plant competition and plant invasiveness (Klironomos 2002) 
and how to construct models which accurately predicts nutrient dynamics and supply pre-
emption in soils (Craine and Dybzinski 2013).  

Even so, several key questions remain unanswered within the field of plant competition. Of 
particular concern are biotic and abiotic variables affecting historically common plant species 
which has seen recent population declines. Oftentimes changes in agricultural practices are cited 
as a driving factor in causing declines in plant populations (Birte et al. 2009, Bellanger et al. 
2012), but making general rules for how these changes affect competition pressures is difficult. 
At first look it would seem like plant competition is an insignificant variable to focus on 
compared to other abiotic factors which determine population fluctuations; such as 
precipitation and temperature. But there are certainly cases where competition makes a 
significant difference. For example, (Lekberg et al. 2018) carried out a meta-analysis of 38 
different studies comparing the importance of plant-soil feedbacks versus plant competition for 
species coexistence. They found that the effects of interspecific competition (competition 
between different species) was broadly comparable in magnitude to the effects of plant-soil 
feedbacks in determining population fluctuations.  

Another key question of interest to plant conservationists is; which case is more common: 
species that are rare because they are poor competitors, or species that are good competitors in 
order to persist in low abundances? A review written by (Brigham and Schwartz 2003) set out to 
answer this exact question, but with inconclusive results, as the meta-analysis showed that 
studies differed a lot on a case by case basis. All in all, (Brigham and Schwartz 2003) examined 
13 different studies on historically rare plants and found reduced fitness due to competition 
from neighboring plants in eight studies. 

1.2 Studied species 

In this study, I examined the competitive ability of cornflower (Centaurea cyanus, Asteraceae), 
which is a medium sized annually flowering plant species native to Europe (Piotir et al. 2014). It 
commonly grows to a height between 20 to 80 cm, it flowers between June and September, and 
is usually found in loamy and sandy soils with a slightly acidic pH (Mossberg and Stenberg 
2010, Piotir et al. 2014).  
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Centaurea cyanus has historically been a common species in cereal fields and meadows, and it 
has often been considered as a weed species by farmers (Bellanger et al. 2012, Piotir et al. 2014). 
Intensification of industrialized agriculture and increased usage of herbicides and seed-cleaning 
methods has affected the abundance and distribution of Centaurea cyanus as well as other weed 
plant species that has seen declines during the last decades (Luontoportti 2019).  

Centaurea cyanus is also a common feeding flower for many species of pollinating insects, and 
it produces a relatively large amount of nectar compared to other annually flowering meadow 
plants (Piotir et al. 2014). In a study by (Bellanger et al. 2012) the authors argued that C. cyanus 
can be used as an indicator species for estimating overall species richness in arable fields. 
Examining previous data on the competitive ability of C. cyanus is difficult, as studies are 
unfortunately few and far between. One study found C. cyanus to be a relatively weak 
competitor when grown with cereal crops such as winter rye. But in contrast to this, another 
study which compared six different annually flowering plants showed that C. cyanus had a 
relatively good competitive ability (Chachulski et al 1999, Birte et al 2009). These properties 
make C. cyanus a species of conservation interest, as well as a suitable species to study under 
short term- growth chamber conditions. 

Papaver rhoeas is a medium-sized flowering plant species found in much the same type of 
agricultural environments as C. cyanus. It was selected as a suitable meadow species to compete 
with C. cyanus since previous studies found it to be a fast-growing species, as well as it being a 
formerly- common weed species like C. cyanus (PFAF 2019). Additionally, P. rhoeas was chosen 
because of it occupying the same general niche as C. cyanus and its geographical distribution 
being similar to C. cyanus. Moreover, species in the family Papaveraceae often grow in 
naturally disturbed environments and meadows (Wright et al. 1997, Grime et al. 2007). 

Avena sativa (common oat) was also selected as a competitor to be grown with C. cyanus in the 
competition experiment. It is a common cereal crop grown in many temperate regions of the 
world (Beckie et al. 2012). It was primarily selected as a competitor due to its relevance as a crop 
replacing common meadow plants in agricultural areas, as well as being a very fast-growing 
grass with strong competitive abilities (Beckie et al. 2012). A study by (Vasilakoglou et al. 2008) 
examined competition between A. sativa and five common cereal crops including common vetch 
(Vicia sativa) intercrops. They found that A. sativa performed comparably better than winter 
wheat (Triticum aestivum) and barley (Hordeum vulgare), when grown with Vicia sativa. 

1.3 Aim 

The main scope of this study was to examine the competitive ability of the meadow plant 
Centaurea cyanus when grown together with Avena sativa and the meadow species, Papaver 
rhoeas. This was done during a seven-week long growth chamber experiment, where the growth 
rate of C. cyanus grown in monoculture and in polyculture with these two other species was 
studied. Historically, interspecific plant competition has been studied in two different kinds of 
experiment types. The first type being greenhouse experiments where growth and biomass has 
been compared between control plots growing in monoculture and regular plots in polyculture. 
The other experiment type has typically been field experiments where non-target species were 
physically removed from plots, leaving the species of interest to grow in mono or polyculture. 
This experiment was set up in a similar way to the first type of experiment described above. The 
treatment groups were set up in a way which allowed the effects of different plant densities per 
species as well as different growth parameters to be examined (see materials 2.1). My null 
hypothesis is that C. cyanus will grow as well in polyculture as it does when grown by itself, 
meaning that interspecific competition in this case does not affect it in any noticeable way.  
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2 Materials and methods 

2.1 Preparation 

Seeds from all three species was brought from an online retailer in Sweden (Impecta fröhandel, 
Gimö Granebo). The seeds had gone through cold treatment before they were placed in bags and 
sold. Soil packages (Hasselfors AB, Blomjord), were brought from (Granngården, Umeå). The 
soil had an approximate soil pH of 6.0, an electrical conductivity of 40 mS/m and it had also 
been pre-fertilized with N (190 mg/L), P (50 mg/L), K (250 mg/L), as well as small amounts of 
additional nutrients.  

Subsequently 40 L of this soil was mixed with perlite, to get approximately 0.5 L of soil-perlite 
mixture which contained 30% perlite. This was in order to get a mixture which resembles 
naturally occurring sandy soil more than planting soil usually bought from retailers. Plastic pots 
with drainage holes and openings with an area of 132.7 cm2 were prepared, and seeds were 
planted in four different treatments; 1) C. cyanus control (CC – C), 2) C. cyanus and A. sativa 
(CC – AS), 3) P. rhoeas and A. sativa (CC – PR), 4) All three species (All). A total of 72 pots 
(n=72) were prepared, for an even 18 pots per treatment, and 12 seeds per pot, which 
corresponds to a seedling density of ~90 seeds/dm3. Thus, treatment groups with two species 
had six seeds per specie and the group with all three species had four seeds per specie. The pots 
with planted seeds were placed into trays and incubated for two days at a lower temperature 
with a thin layer of plastic wrap around the trays.  

2.2 Growth chamber setup 

The pots were placed in the growth chamber 31st of October 2018. The chamber had been set to a 
12-hour day/night cycle, as average temperatures were checked off as 20,5° C during the day 
and 14° during the night. During the first four weeks the plants were watered daily with regular 
tap water using a spraying bottle. The number of healthy seedlings per species were counted two 
weeks after planting and after three weeks the smallest plants in the pots were thinned out in 
order to get 6 plants in each pot; three from each species in pots containing two different species 
and two from each species in pots containing all three species. This represented a plant density 
of 45.21 plants/dm3. Starting from November 27th the plants were given water every other day in 
order to better resemble natural conditions. After four weeks the spraying bottle was switched 
out for a watering can. The position of the trays in the growth chamber were rearranged every 
other day, in order to minimize natural errors. 

2.3 Data collection 

The growth-chamber experiment was ended at December 11th, 2018, with about half of all plants 
showing signs of nutrient deficiency (determined by finding chlorotic and purple leaves). The 
two largest plants in each of the 18 pots per treatment were chosen for estimating the growth 
rate parameters, i.e. by measuring leaf area, aboveground and belowground biomass, root length 
and number of leaves. The aboveground parts of selected plants were harvested, the leaf length 
plus the leaf width of the largest leaf of each plant was measured, and then all leaves were placed 
in paper bags (one bag for each plant) for drying of aboveground biomass. 
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To collect data on belowground biomass and root length, the remaining contents in the pots was 
poured into a warmwater-bath; and individual roots from the two selected plants were then 
carefully cleaned from dirt and other material and placed separately in paper bags after the 
length of roots was measured. This was relatively time consuming and harvesting of plants had 
to be spread out over four days with about 4 pots from each treatment harvested each day. The 
plant material was then dried for 48 hours at 60° C and afterwards biomass samples were 
weighed over the course of three days.  

2.4 Data Analysis 

Data analysis was made in Microsoft Office Excel (v. 16.0.6769.2017) and NCSS (v. 9.0.11). 
Several Spearman rank correlations were carried out in order to determine how the measured 
plant growth parameters were correlated to each other. In the analysis, the mean of measured 
growth parameters for the two selected plants per pots was used. Leaf area was calculated by 
multiplying the measured leaf length and leaf width. The ratio of the aboveground and 
belowground biomass was calculated by dividing total aboveground dry weight with total 
belowground dry weight. The raw values for root length, aboveground biomass and 
belowground biomass were log transformed in order to get approximately normally distributed 
data. Similarly, raw values for number of leaves per plant and the (aboveground/belowground 
biomass ratio) were square root transformed. One way – analysis of variance (ANOVAs) were 
carried out in order to examine the variance in the measured growth parameters between 
treatments. Two further tests were carried out post-ANOVA (Dunnett's Two-Sided Multiple-
Comparison Test) and (Dunnett's Lower One-Sided Multiple-Comparison Test), in order to find 
out if treatment groups differed statistically or not (in NCSS).  
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3 Results 

There was no significant difference in seedling establishment between treatments at the time of 
counting. The proportion of established seedlings for C. cyanus was 69.9% (C. cyanus control), 
62.0% (C. cyanus + P. rhoeas), 70.3 % (C. cyanus+ A. sativa), 62.5% (All) for all four groups 
compared to the total number of planted seeds. It should also be noted that almost all seeds of 
A. sativa survived and established seedlings at the time of counting.  

The Spearman correlations (Table 1) showed that most measured plant growth parameters were 
significantly correlated to each other. Some notable exceptions to this were above/belowground 
DW ratio which did not correlate with aboveground DW, number of leaves and leaf area. This 
shows a general trend of treatments with plants growing well scoring high on most growth 
parameters instead of just a few parameters, and vice versa for treatments with plants growing 
poorly.  

Table 1. Spearman rank-order correlations for six different growth parameters in C. cyanus.  ρ = Spearman rank 
correlation coefficient. P = P value. Number of plants; (n = 72) with 18 plants per treatment group. 
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Mean root dry weights differed significantly between control pots and the pots with C. cyanus 
and P. rhoeas compared to the pots with C. cyanus growing together with A. sativa (Fig 1). Root 
length after log transformation differed significantly between the control group and the 
treatments with A. sativa (***P < 0.001) (Fig 2). Mean root lengths for C. cyanus were 25.91 
±1.2 cm (C. cyanus control), 28.68 ±1.4 cm (C. cyanus and P. rhoeas), 14.31 ±0,59 cm (C. 
cyanus and A. sativa) and 16.25 ±0.9 cm (All) (mean ±standard error). The one-way ANOVAs 
showed very strong variance between groups (F = 27.36*** and F = 44.09***) with root biomass 
and root length of the control group being statistically larger than the groups with A. sativa 
according to Dunnett's two-sided test (Fig. 1, 2, Table 2).  

Figure 1. Mean root dry weight of C. cyanus for the four different treatments. (CC – C) C. cyanus control. (CC – PR) 

C. cyanus + P. rhoeas (CC -AS) C. cyanus + A. sativa (All) All three species. Error bars describe mean ±SE. Lettering 

(a,b and c) corresponds to groups differing statistically between one another according to Dunnett's two-sided test 

multiple-comparison test (analysis performed on log transformed data). 

Aboveground biomass differed significantly between pots with A. sativa and those without A. 
sativa, but the difference was not as prominent as that observed in the root biomass (Fig 3). 
Mean weights for aboveground biomass in C.cyanus were 0.239 g (C. cyanus control), 0.224 g 
(C. cyanus + P. rhoeas), 0.095 g (C. cyanus + A. sativa) and 0.110 g (All) (Fig 3). 
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Figure 2. Mean values post-data transformation of six different growth parameters in C. cyanus. (CC – C) C. cyanus 
control. (CC – PR) C. cyanus + P. rhoeas (CC -AS) C. cyanus + A. sativa (All) All three species. Box portion of the box 
plot shows the 25th percentile and 75th percentile range, w. the center line describing the median value. Error bars 
describe mean ±SE. Number of plants; (n = 72) with 18 pots per treatment group. For more information on 
transformations see materials and methods 2.4. 

The results from the ANOVAs for aboveground biomass showed a similar trend in variance to 
the root measurements (F = 14.07***), with the control group differing from the two groups with 
A. sativa according to Dunnett's two-sided test (Fig 3, Table 2). Another thing to note is that the 
difference between (C. cyanus control) and (C. cyanus + P. rhoeas), as well as the differences 
between the two groups with A. sativa was less defined than in belowground biomass 
measurements (Fig 3). 
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Table 2. Results of one-way ANOVAs between the four different treatments (C. cyanus control), (C. cyanus + P. 

rhoeas), (C. cyanus + A. sativa), (All species) and six examined growth parameters. Note the significant variation 

between treatments in all parameters, with no growth parameter above (***P < 0.001).  

 d.f. MS F 

Belowground DW 

 

Treatment                      3 

S(A)                              68 

Total                              72 

2.478 

0.090 

27.36*** 

Aboveground DW Treatment                      3 

S(A)                              68 

Total                              72 

0.751 

0.053 

  14.07*** 

 

Root Length Treatment                      3 

S(A)                              68 

Total                              72 

0.398 

0.090 

44.09*** 

Number of Leaves Treatment                      3 

S(A)                              68 

Total                              72 

1.107 

0.129 

8.54*** 

Leaf Area Treatment                      3 

S(A)                              68 

Total                              72 

385.783 

28.981 

13.31*** 

Above/belowground 

DW ratio 

Treatment                      3 

S(A)                              68 

Total                              72 

1.915 

0.228 

8.37*** 

 

Mean leaf area and the number of leaves differed between the control group and the two groups 
where C. cyanus was grown with A. sativa in all cases, (Table 2, Fig 2). Although the differences 
were less pronounced than for other measured growth parameters. The ratio between 
aboveground/belowground dry weight was the growth parameter with the smallest difference in 
variation between groups according to the ANOVAs, although there was still a difference 
between the control group and A. sativa groups (F= 8.37***).  
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Figure 3. Mean aboveground dry weight of C. cyanus for the four different treatments. (CC – C) C. cyanus control. 

(CC – PR) C. cyanus + P. rhoeas (CC -AS) C. cyanus + A. sativa (All) All three species. Error bars describe mean ±SE. 

Lettering (a and b) corresponds to groups differing statistically between one another according to Dunnett's two-sided 

test multiple-comparison test (analysis performed on log transformed data). 

The mean values post-data transformation showed a similar interrelationship as the Spearman 
correlations did. The groups containing A. sativa differed a lot from the control group, and the 
group with P. rhoeas did not differ much from the control group (Fig 2). Even so, the group with 
(C. cyanus + P. rhoeas) differed statistically from the C.cyanus control group in mean leaf area 
(Fig 2). The statistical test not presented in figures (Dunnett's Lower One-Sided Multiple-
Comparison Test), showed very similar results to (Dunnett's Two-Sided Multiple-Comparison 
test), with the C.cyanus control group differing from groups with A. sativa in all parameters 
except for aboveground/belowground DW ratio.  
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4 Discussion 

Centaurea cyanus grown during this experiment performed notably worse when grown in 
polyculture compared to the control pots, with mean root biomass weighing almost 10 times 
more in the control pots than in those with (C. cyanus and A. sativa), and most other 
parameters showing similar negative trends. This in itself generally indicate strong negative 
effects of interspecific competition on C.cyanus grown in polyculture, mainly from A. sativa. 
The results also suggest that C.cyanus  is a conditionally weaker competitor than segetal grass 
species, which is in line with studies made by (Guillemin et al. 2017), and (Chachulski et al. 
1999). Further, since the six growth parameters were very strongly correlated to each other, 
future studies between C.cyanus and segetal plant species could potentially just measure one or 
two parameters and extrapolate that to estimate competitive ability. The general trend for the 
above/belowground DW ratio was that the group with (C. cyanus + A.sativa) had more 
aboveground biomass compared to root biomass, primarily because of inhibited root growth 
when compared to other groups (Fig 2). 

In some ways there was not much discrepancy between the results of (Chachulski et al. 1999) 
and (Guillemin et al. 2017) compared to my results. For example, (Chachulski et al. 1999) found 
that vegetative aboveground DW of C. cyanus was almost five times higher when C. cyanus grew 
in monoculture (fertilized with Ca), compared to a polyculture with winter rye, and similar 
trends were observed with different fertilization treatments. As I found that the mean 
aboveground DW was about 2.5 times higher (0.239 g to 0.095 g) in (C. cyanus control) versus 
(C. cyanus + A. sativa) one could argue that (Chachulski et al. 1999) found C. cyanus to be an 
even weaker competitor than I did in this study.  

In contrast to this, (Birte et al. 2009), found that C. cyanus had the strongest competitive ability 
of six agricultural plant species. Poa Annua and Bromus hordeaceus where two of the species 
they compared, which is interesting as they are grass species similar to A. sativa. As such, the 
study by (Birte et al. 2009) might be even more conclusive evidence in the direction of C. cyanus 
having good competitive abilities. When compiling the results from (Chachulski et al. 1999, Birte 
et al. 2009), as well as this study, some general statements can be made on the competitive 
ability of C. cyanus. Following these studies, when grown in polyculture the overall competitive 
ability of C. cyanus were better than the competing species in six cases, worse in two cases, and 
comparable to P. rhoeas in one case. Hardly enough data to be sure about the true competitive 
ability of C. cyanus, especially since the studies were made under rather different conditions and 
pretexts. Nonetheless, the study by (Birte et al. 2009) suggests that the competitive abilities of 
C. cyanus has been previously overestimated, especially in seedling mixtures with many rather 
than a few competing species.  

The apparent effects of competition from P. rhoeas on C.cyanus within this experiment seems 
negligible at first, but there are a couple interesting effects to mention nonetheless. Leaf area dry 
weight differed statistically between the control group and the group with (C.cyanus + P. 
rhoeas), suggesting that P. rhoeas somewhat inhibits C.cyanus leaf growth when grown in 
polyculture. If presumed that this difference is because of competition from P. rhoeas, we could 
also assume that C.cyanus is negatively affected by interspecific competition from segetal plant 
species similar to P. rhoeas.  
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There are also interesting conclusions to be drawn when comparing the ratios between 
above/belowground biomass with previous studies examining the same growth parameter. 
Some have found a positive correlation between sediment available nitrogen and 
above/belowground biomass ratios (Qing et al. 2017), suggesting that the differences between 
groups in this experiment is not due to supply pre-emption by A. sativa. If N contents were 
lower due to uptake from A. sativa we would expect C.cyanus' above/belowground ratio to be 
negatively affected in the group with (C. cyanus + A.sativa), and the inverse trend was observed 
here. Other studies which have examined the relationship similarly found that interspecific 
competition had no significant effect on above/belowground DW ratio between plant species 
(Picon-Cochard et al. 2001, Bardgett and Wardle 2010). 

Generally, competition experiments like the one I carried out are prone to systematic faults 
giving skewed results when compared to plant communities grown in natural conditions (Grace 
and Tilman 1990). It is possible that the experimental design is suboptimal, as growth 
chamber/greenhouse experiments omits a lot of factors which would be included when plants 
are grown outdoors, such as differing light regimes, soil biology, day to day variance in 
precipitation etc. Further, the limited volume of the pots clearly constrained how far the roots of 
the plants were able to spread, which might be why pots with A. sativa had such a marked effect 
on C. cyanus belowground biomass. If these two species were grown together in natural 
conditions, without such a limited amount of growth medium, the difference between groups 
might be smaller. 

Another factor which is important when evaluating the results of this study is that plant 
succession and plant demographic change were not taken into account, as the plants did not 
grow for long enough to flower. Since most grass species are early primary successors in light 
abundant environments without shrub vegetation, it could be assumed that the other species 
would do better as light becomes a limiting resource (Encyclopedia Britannica 2019). In contrast 
to this hypothesis, A. sativa commonly grows to be between 60 – 90 cm (Mossberg and 
Stenberg 2010), and it grows much quicker than C. cyanus as well, meaning that C. cyanus 
likely never overtakes the grass species in mean height (Beckie et al. 2012).  

4.2 Future questions and applications 

If one were to examine the competitive abilities of C.cyanus in the future, some important 
questions to answer could be; 1) What would be the results of growing these species together 
under field conditions? 2) What are the precise mechanisms of plant competition causing 
C.cyanus to performs worse in proximity with A. sativa? 3) Can the experiment be repeated but 
over a long time period, to allow for demographic changes and succession? 4) What other 
species grown in close proximity to C.cyanus could allow for coexistence or even have 
mutualistic effects on C.cyanus populations?  

This study adds supporting evidence to the hypothesis that historically common meadow plants 
have declined in abundance in part because of weak competitive abilities, as per the hypothesis 
set out by (Brigham and Schwartz 2003). One should be careful when extrapolating the results 
of the present study on C. cyanus as if to apply it to similar species of rare meadow plants. Even 
so, the results from this report could have implications for agricultural management practices of 
areas with C. cyanus, or rare plants growing in cereal fields or meadows in general.  
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One interesting field where information on interspecies plant competition could be utilized is in 
different types of selective herbicide application. Projects like the one by (Dian Bah et al 2018), 
where UAV (Unmanned aerial vehicles) find and mark precise locations of weed species using 
pattern recognition methods could be of interest. These types of projects could be where 
information of a weed species impact on the harvest crop is key, as determining the precise weed 
species in real time via image recognition is still a developing science (López Granados 2010, 
Mads et al. 2017). 

Another application is of course within conservation biology and ecological modelling. Currently 
most population viability analyses (PVAs) made on vascular plants do not include direct 
measurements of competitive effects between neighboring plants in their calculations (Brigham 
and Schwartz 2003). But oftentimes there might be some explicit inclusion of competitive 
effects in PVAs since different demographics rates of plants are measured, and the presence of 
neighboring plants would influence these parameters (Brigham and Schwartz 2003).  

Interestingly, (Zeigler et al. 2013) reviewed 258 recovery plans for species listed under the U.S 
endangered species act and found that inaccuracies in plant PVAs were mainly due to; 1) limited 
demographic data 2) limited spatial extent of data sets, and 3) limited data on key life history 
traits. This suggests that funding studies of interspecific competition in natural populations via 
field crews might still be a low priority for conservationists. Nonetheless, future configurations 
of ecological models could benefit from the type of data collected in this study, especially in 
cases with density-dependent interactions between species, or with species persisting in high-
disturbance systems (Brigham and Schwartz 2003, Damgaard and Weiner 2008).  

4.2 Conclusions 

This short-term growth chamber experiment indicated that C. cyanus is a weaker competitor 
than A. sativa, and that the competitive abilities of P. rhoeas is comparable to or slightly higher 
than that of C. cyanus. The results also indicate that growth in C. cyanus is significantly 
inhibited by interspecific competition from A.sativa when the two species are competing for 
resources, and that other studies have previously overestimated the competitive abilities of C. 
cyanus.  

Subsequently, the results suggest that historically common meadow plants have declined in 
abundance in part because of weak competitive abilities, and that rare segetal plant species are 
negatively affected by growing in proximity with cereal crops, with Centaurea cyanus used as a 
proxy species for these conclusions. 
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