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Abstract. In the years 2008–2010 phenotypic observations of the populations of Bromus secalinus L. at 

14 sites in North-Eastern Poland were carried out. The populations were characterised by measurements 

of the following parameters: tuft height, number of culms in a tuft, height of generative shoots, length of 

panicle, number of spikelets in panicle, number of kernels in spikelet, number of kernels in panicle and 

seed production per plants. Cluster analysis by the Ward method distinguished 4 groups of genotypes of 

multivariate similar populations of rye brome. The greatest distances between the values of characters 

analysed were found between groups 1 and 4. On the basis of spatial autocorrelation analysis a significant 

autocorrelations for height of generative shoots, length of panicle and number of spikelets in panicle was 

found, which means that these traits were similar for spatially close populations. 
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Introduction  

Over recent years a decrease in genetic diversity in segetal communities has been 

observed. This phenomenon leads to the disappearance of species characteristic of a given 

field agrocenosis and spreading of nitrophilous taxa, including those from Poaceae family 

(Peterson, 2006). The changes are interpreted as consequences of changes in the 

conditions of plat vegetation related to the new technologies of field production including 

the use of herbicides. As a result the appearance of the impoverished communities is 

observed, in which one or two species dominate (Pysek et al., 2005; Baessler and Klotz, 

2006; Pinke and Pál, 2008; Holubec, 2010). In Poland about 100 species of field weeds 

have the status of threatened with extinction (Warcholińska, 1994). According to Siciński 

(2001), over the last 50 years not only the number of weed species but also the bank of 

their diaspores in soil have decreased by 20–40%. In view of the above, measures should 

be taken to restrict this phenomena by setting up agro-reserves as it has been done in West 

European countries. It seems a good idea to leave small enclaves in which segetal species 

should have their ecological niche.   

The existing populations of threatened segetal species should be monitored and 

favourable conditions should be made for their development. Prior to taking up these 
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measures, the genetic diversity of the threatened species should be evaluated on the sites 

of their occurrence to establish the degree of inbred and assess the narrowing of the 

genetic pool.   

It is known that genetically homogeneous populations are to a greater degree 

threatened with extinction as individuals of the same genetic composition have the same 

resistance to adverse environmental factors such as diseases or pests, which can lead to 

their fast elimination. Within the large project aimed at protecting biodiversity in 

Poland, we wanted to emphasise the situation of segetal community species, especially 

those threatened with extinction.  

The aim of the study undertaken was to evaluate the phenotypic variation of rye 

brome populations in North-Eastern Poland. In particular we wanted to establish the 

degree of genetic diversity of populations of this species and to check if similar 

genotypes occur in spatially close localities.  

Material and methods 

Area of study  

In the years 2008–2010 phenotypic analysis was made of Bromus secalinus L. 

populations occurring at 14 localities (Bryzgiel, Leszczewo, Magdalenowo, 

Horodnianka, Rzepiska, Gołaszyn, Rudnik, Popławy, Niwiski, Bojmie, Jagodne, 

Groszki Stare, Barcząca and Tyborów) in North-Eastern Poland. The area studied 

covered about 250,000 km
2
 (Fig. 1).  

 
Figure 1. Location of study area and distinguished groups of genotypes in the sites. 
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In the phase of wax maturity 30 plants of B. secalinus were collected from each site 

and for them the following traits were measured: tuft height, number of culms in a tuft, 

height of generative shoots, length of panicle, number of spikelets in panicle, number of 

kernels in spikelet, number of kernels in panicle and seed production per plants. Results 

are presented as mean values and the range of variation, the coefficient of variation 

(CV) was calculated. 

 

Statistical analysis 

The collected data were used for univariate and multivariate statistical analysis. For 

each location basic statistical parameters were calculated i.e. means, ranges of values 

and coefficients of variations (standard deviations/mean).  

For further multivariate statistical analyses means for each location were used 

(Johnson and Wichern, 2002). Cluster analysis was used for distinguishing similar 

genotypes based on eight traits. Square Euclidean distance was used as a measure of 

dissimilarity between the genotypes and Ward’s method was used for agglomeration of 

the object into groups. The analyses were performed on standardized variables. 

Means for the same traits were used for principal component analysis (PCA) to 

describe relations between the examined traits and to present multivariate variability 

of the genotypes. 

Spatial statistics were used for estimation of spatial autocorrelation. For each trait 

Moran’s I autocorrelation coefficient was calculated (Moran 1950; Mitchell, 2005). 

For the analyses Statistica 8.0 (StatSoft, 2008) statistical package and ArcGIS 9.3 

(ESRI) geografic information system software were used. For all analyses significance 

level was set at 0.05. 

Results 

Between the examined traits the highest relative variability expressed by coefficient 

of variation (CV) was observed for seed reproduction (Table 1). Coefficient of 

variability for all locations was equal to 127.8% and was from about 50% (sites: 2, 3, 6 

and 7) to more than 200% (site number 5). High variability was observed for number 

culms in tuft. Coefficient of variation for this trait for all data set was equal to 91.6% 

and for examined sites was from 32 to 140%. The trait with the lowest variability was 

tuft height; CV for all data set was equal 17.1% and for examined sites was between 7 

and 22%. Quite low relative variability was observed for number of kernels in spikelet 

and height of generative shoots. CV for number of kernels in spikelet was equal to 

23.2% for all data set and 22.4% for height of generative shoots. For both traits range of 

CV for examined sites was between 10 and 30%. 

On the basis of Ward’s method of cluster analysis performed using mean values of 

eight traits 4 groups of genotypes were distinguished. The four groups are presented in 

the dendrogram (Fig. 2). To the first group belong four genotypes from following sites: 

4, 11, 12 and 13. The group is characterized by the lowest means of all examined traits 

i.e. traits described height of plants and shoots as well traits connected with yielding of 

plants had much lower means in comparison with other groups of genotypes (Table 2).  
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Table 1. Mean values, variability range and coefficient variability of studied features in 

Bromus 

 

 
 

 

The second group contains genotypes from sites number 5 and 9. These genotypes 

had quite low means of most traits in exception of number culms in tuft, number of 

kernels in spikelet and seed reproduction. In the third group are genotypes from six 

sites; these genotypes had quite low number culms in tuft and seed reproduction and 

quite high means for length of panicle, number of kernels in panicle and number of 

kernels in spikelet. Group 4 contain genotypes from two sites; the genotypes 

characterize the highest means for all traits. Especially very high mean was observed for 

seed reproduction, which was much higher in comparison with other groups; very high 

mean was observed for number culms in tuft. 

Variability of examined population based on principal component analysis (PCA) is 

presented in Figure 3. Principal component analysis (PCA) proved strong relationships 

between all traits. All traits were negatively correlated with the first principal 
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component (Fig. 4, Table 3), which explained almost 70% of the total variability of all 

traits. The second principal component explained much less variability (16.7%), it 

means that diversity of genotypes presented in plot of the first and the second principal 

components is mainly along X axis (PC1), in smaller degree along Y axis (PC2). 

 

 
Figure 2. Dendrogram on the basis of cluster analysis with distinguished 4 groups of genotypes 

from the different sites 

 

 
Table 2. Mean values and standard deviations for distinguished clusters in cluster analysis 

 Group 

Features 1 2 3 4 

Tuft height  102.3±11.9 124.3±6.3 123.6±6.9 139.1±2.2 

Number culms in tuft  2.68±0.66 4.15±0.4 2.84±0.59 4.78±0.45 

Height of generative shoots  94.6±12.1 100.8±6.6 105.8±6.7 126±1.9 

Length of panicle  11.9±1.2 11.9±0.7 13.4±1.6 16.7±0.8 

Number of spikelets in panicle  13.9±1.9 14.3±0.7 18.7±1.8 21±0.5 

Number of kernels in spikelet 5.43±0.29 6.54±0.06 6.07±0.35 6.76±0.08 

Number of kernels in panicle  77.6±7.6 94.5±9.8 120.4±13.4 139.5±3.9 

Seed reproduction 240±92 487±34 297±89 671±98 

 

 

The biggest difference was observed between groups 1 and 4 which are located in 

opposite parts of the Figure 3. Positive correlation between the second principal 

component (PC2) and tuft height, height of generative shoots, length of panicle i.e. traits 

which describe plants habit was observed. Negative correlation was observed between 

PC2 and number culms in tuft, number of kernels in spikelet, seed reproduction i.e. 



Kubicka et al.:  Multivariate evaluation of variability of Bromus genotypes  

- 814 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 13(3): 809-818. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: 10.15666/aeer/1303_809818 

 2015, ALÖKI Kft., Budapest, Hungary 

traits connected with plant productivity. The genotypes which are located in the top of 

the figure characterize by higher productivity and lower height, while at the bottom are 

genotypes which have higher plants but less productive. 

On the basis of Moran’s I spatial autocorrelation it is possible to detect for which 

traits spatial dependence exists i.e. similar mean values of the traits in sites located in 

lower distance. 

Significant autocorrelation was observed for height of generative shoots, length of 

panicle and number of spikelets in panicle (Table 4). These traits had similar values for 

neighbouring sites and the difference between means of these traits was higher for 

distant locations. 

 
Table 3. Correlation of coefficients between the traits and the first and the second principal 

components 

 Trait PC1 PC2 

Tuft height -0.91 0.09 

Number culm in tuft -0.75 -0.62 

Height of generative shoots -0.92 0.20 

Length of panicle -0.83 0.27 

number of spikelets in panicle -0.79 0.56 

Number of kernels in spikelet -0.74 -0.47 

Number of kernels in panicle -0.83 0.32 

Seed reproduction -0.86 -0.45 

 

 

 

Figure 3. Plot of PC1 and PC2 for genotypes from examined locations 
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Figure 4. Investigated features in plot of two principal components (PC1 and PC2) 

 

 
Table 4. Moran’s I spatial autocorrelation coefficients  

  Trait Moran's I p-value 

X1 Tuft height 0.115 0.212 

X2 Number culm in tuft -0.020 0.727 

X3 Height of generative shoots 0.372 0.003 

X4 Length of panicle 0.303 0.019 

X5 Number of spikelets in panicle 0.279 0.031 

X6 Number of kernels in spikelet -0.231 0.350 

X7 Number of kernels in panicle 0.131 0.209 

X8 Seed reproduction 0.141 0.170 
P<0.05 means significant spatial autocorrelation 

Discussion 

Bromus secalinus L. is an anthropogenic archeophyte, which means that its 

development has been stimulated by man by selection from parent populations (Zając et 

al., 2009). It is an annual tetraploidal species growing in fields with winter crop, 

especially in rye and wheat in Poland and its presence is related to extensive type of 

cultivation. It prefers moderately abundant,  trophic habitats of pH weakly acidic or 

neutral (Zarzycki et al., 2002). Both in Poland and in other European countries rye 

brome has been also met on poor soils related to the community of Scleranthion anuuai 

(Šilc and Čarni, 2007). It is capable of adapting to non-segetal habitats, but there it 

occurs in less abundant populations.  According to Warcholińska (1994) and Nowak et 

al. (2003), rye brome is threatened with extinction. However, in recent years an increase 

in the number of sites of its occurrence and in the number of individuals in populations 
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of this species has been noted in the world (Stone et al., 2001; Moray, 2005) as well as 

in Poland, especially in eastern parts of Poland (Skrajna et al., 2005; Korniak and 

Dynowski, 2009; Skrajna et al., 2012).  

Diversity of agrophytocenoses depends on many factors such as the climatic and 

soil conditions, culture of farming, technologies of cultivation and kind of crops 

(Tichonowa, 2007). 

The rye brome populations studied differed significantly in the above traits as 

evidenced by high coefficients of variation. The lowest coefficients of variation were 

found to characterise the tuft height and generative shoot height,  at three localities of 

rye brome  (1, 2 and 3). Taking into regard these traits, the three populations of rye 

brome showed a significant genetic homogeneity. So low coefficients of variation 

were noted in homozygous inbred lines (Kubicka and Dec, 2001) and some variations 

and local forms of rye (Kubicka et al., 2006). For rye, relatively high coefficients of 

variation were observed for hybrids, but the CV values were not higher than 50% 

(Kubicka et al., 2001). 

The highest coefficients of variation were obtained for the number of set seeds, i.e. 

plant fertility, ranging from 44.4% to 203.6%. Similar CV values have been reported for 

this feature in Polygonum species (Matusiewicz et al., 2010).  

Although the analysed populations of rye brome are phenotypically different, only 

four groups of homogeneous genotypes were distinguished on the basis of the cluster 

analysis. Some populations of Bromus secalinus L. growing at close by localities 

revealed a considerable genetic differences. The most pronounced differences in all 

traits considered were noted between groups 1 and 4. On the basis of polymorphism of 

storage proteins in caryopses of these populations of rye brome only three groups of 

homogeneous genotypes were distinguished (Skrajna et al., 2012).  

Multidimensional statistical analyses permitted characterisation of variation of rye 

brome population from the localities studied and grouping of objects showing 

multivariate similarity from the traits analysed. Preservation of phenotypic variation of 

local forms of plant species is of great importance as it can be used for development of 

varieties characterised by greater heterozygous state and thus a greater plasticity of 

harvesting (Kubicka et al., 2006; Sanni et al., 2008). As far as segetal species are 

concerned, their higher genetic variation permits a better adaptation to a habitat and 

leads to greater production of seeds per plant, which ensures higher abundance of plants 

of a given species.   

Maintenance of rye brome populations showing high genetic variation needs careful 

monitoring and control of the historical and present sites of its occurrence.  

Conclusions 

Phenotypic variation of the population of  Bromus secalinus L. growing at 14 sites in 

part of North-Eastern Poland, taking into account the following traits: tuft height, 

number of culms in a tuft, height of generative shoots, length of panicle, number of 

spikelets in panicle, number of kernels in spikelet, number of kernels in panicle and 

seed production per plants. 

The lowest coefficients of variation were observed for the height of tuft and height of 

generative shoots for the populations at three sites (1, 2 and 3), while the highest 

coefficient of variation of 203.6% was found for the plant fertility at site 5. High 
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coefficients of variation attest to a relatively high variation between the rye brome 

populations studied.  

Cluster analysis according to Ward’s method permitted distinction of 4 groups of 

genotypes of multivariate similar populations. The most pronounced differences in the 

values describing all traits analysed were found between groups 1 and 4.   

On the basis of analysis of spatial autocorrelation with the use of I Moran coefficient, 

a significant autocorrelation was found for the three following traits: height of 

generative shoots, length of panicle and number of spikelets in panicle. This result 

means that the mean values describing the traits were similar for Bromus secalinus 

populations at close lying sites and the differences increased with increasing distance 

between the sites compared.  
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