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Abstract

Phalaris arundinacea, (reed canary grass), is suitable as an option for cultivating lands that are not ideal for other crops,
numerous studies identify it in mild climates and humid environments but also drier areas, on various types of soil, with
a pH between 4.0 and 7.5. The study aimed to identify the interdependence between morpho-productive characters in
vegetation conditions in the Western plain of Romania, the biological material was represented by the Premier variety.
Vegetative growth was investigated in 6 BBCH codes: 1.19; 2.21; 2.22; 2.29; 3.31; 3.37, and the measurements targeted
the following characters: bush diameter, bush height, plant height, number of vegetative shoots, and the number of leaves
of the main shoot. Statistical processing through descriptive statistics, Pearson correlation coefficient, and ANOVA
analysis of variance illustrate a correct distribution of the experimental data and the existence of strong correlation
relationships between the studied characters. This element is practically important because in the breeding process
prioritizing positive and strong correlations can help to obtain faster results.
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INTRODUCTION

Reed canary grass (RCG) or Phalaris
arundinacea L., Moench (Titei, 2020), is a
perennial, heterogamous, and stoloniferous
species belonging to the family Poaceae,
subfamily Pooideae (Strasil, 2012; Winterfeld et
al., 2018). The species has a fast growth that
follows the C3 photosynthetic pathway
(Kinmonth-Schultz & Soo-Hyung, 2011), being
native to regions of North America, Asia, and
Europe (Kitczak et al., 2023).

The species reaches heights of up to 200 cm
(Titei, 2020), although it can sometimes grow up
to 3 meters (Kitczak et al., 2023). The leaves are
flat, smooth, and gradually narrow, measuring
between 30-45 cm in length and 0.8-1.2 cm in
width. The root system of RCG consists of broad
rhizomes that are strong, long, and segmented,
facilitating the spread of the plant underground
to depths exceeding 3 meters (Zhang et al.,
2013; Kitczak et al., 2023). Fresh rhizomes
mainly arise below the soil surface from buds at
the nodes of other rhizomes. The roots and
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rhizomes can create an almost impenetrable
carpet. The lifespan of a RCG plant is commonly
estimated to be about ten years (Von Cossel et
al., 2019). In temperate regions of Europe, RCG
usually flowers between May and July, lasting
several weeks (Ustak & Muioz, 2019). The
inflorescence is in the form of branched panicles
with lengths ranging from 7 to 40 cm (Linding-
Cisneros & Zedler, 2001). The fruit consists of a
caryopsis, measuring between 1.5- 4.0 mm in
length and 0.7-1.5 mm in width, producing a
relatively large number of seeds (Lavergne &
Molofsky, 2004). The weight of 1000 seeds is
on average 0.8 g (Ustak & Munoz, 2019).

The germination process of RCG is dependent
on adequate light exposure (Linding-Cisneros &
Zedler, 2001) and well-drained soil. Optimal
germination can occur even under water-
saturated conditions (Lavergne & Molofsky,
2004). The ideal temperature for plant
photosynthesis is typically between 20 and 25°C
(Ge et al., 2012).

This versatile plant thrives in a variety of
environments, making it a suitable option for



cultivating lands that are not ideal for other
crops (Ustak & Munoz, 2019, Perdereau et al.,
2017). Numerous studies show that RCG is most
commonly found in mild climates and humid
environments such as wet meadows, marshy
areas, lake shores, river banks, and floodplains
(Lavergne & Molofsky, 2004; Kieloch et al.,
2015; Ustak & Munoz, 2019; Kitczak et al.,
2023) and humid forests (Perdereau et al., 2017).
Although the species has a preference for humid
conditions, the species also adapts to areas with
reduced humidity even in mountainous areas
(Lord, 2015).

RCG can grow in various soil types, such as
poorly drained, heavy, compact, but also well-
drained, dry soils (Lord, 2015), flooded (Ustak
& Munoz, 2019), clayey (Perdereau et al.,
2017), artificial (Lord, 2015) or even soils
contaminated by cattle urine (Maeda et al.,
2006) with a pH between 4.0 and 7.5 (Ustak &
Muiioz, 2019).

The ideal habitat for RCG consists of fertile,
humus-rich soils (Kieloch et al., 2015) and with
high concentrations of organic nitrogen, total
phosphorus, and phosphate and low levels of
dissolved oxygen (Perdereau et al., 2017).
Phalaris arundinacea has a high tolerance to
flooding compared to other cool-season grasses
and is known for its resistance to frost and
drought. RCG thrives at temperatures between 5
and 30 degrees Celsius and can withstand
extremely cold temperatures, even down to -20
degrees Celsius (Kitczak et al., 2023).

Its ability to survive prolonged periods of
flooding is due to its rhizomes, which can
withstand low oxygen conditions. In terms of
productivity, environmental conditions play a
crucial role in the growth and development of
RCG.

Plants thrive in fertile soils with high humus
content and neutral pH, which leads to increased
height growth as well as larger leaves, which in
turn leads to higher biomass production
(Kieloch et al, 2015). Medvedev and
Smetannikova, cited by Titei (2020) reported
that a green mass yield of 90 t/ha was obtained.
The content of digestible nutrients was found as
follows: 72% crude protein, 55% crude fat, 65%
crude cellulose, and 72% nitrogen-free extract.
When grown in fertile soil and receiving
adequate care, RCG can produce significant
amounts ranging from 6 to 20 Mgha' DM
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(Kitczak et al.,, 2023). The multitude of
specialized studies (Ustak & Munoz, 2019), but
also by other authors (Strasil, 2012; Piskier,
2017; Hesham et al., 2019; Kitczak et al., 2023)
highlight the potential of RCG as an excellent
energy source.

Apart from its energy applications, Ustak et al.
(2019), as well as Wrobell et al. (2009), mention
numerous uses of RCG, such as its use as a
forage crop, as a long-term perennial cover for
permanent grasslands, for the restoration of
degraded soils and waters, for phytoextraction
of soil contaminants, for revegetation and
stabilization of banks, for the production of
acidic suspension ponds, for the treatment of
wastewater to remove ammonia and nitrates, for
the mineralization of organic solutions, for
bioenergy purposes and the production of pulp,
paper, and fibers, as mentioned by Lavergne &
Molofsky in 2004. Another potential bioenergy
application for RCG is biogas production, which
involves the decomposition of digestible organic
material (Ustak et al., 2019).

Wrobel et al. (2009) mention that RCG can
produce substantial quantities of high-quality
hay under optimal crop management conditions.

MATERIALS AND METHODS

Biological material and the purpose of the
work

The biological material was represented by the
Premier variety produced by ICDPP Brasov,
with this variety a collection field was
established located at Lovrin Agricultural
Research and Development Station. The soil on
which the experience was carried out is a typical
chernozem soil, weakly gleied, representative of
the Low Banat Plain area. Regarding the
properties of this type of soil, a pH value
indicating a weakly alkaline reaction (7.3-8.4) in
the range of 20-100 c¢m, to even strongly alkaline
(9.1-9.4) at depths of up to 200 cm is evident
(Bostan et al., 2024).

The purpose of the study

The study aimed to observe the externalization
of productive characters in the conditions of the
Low Banat Plain area so that reed canary grass,
respectively the Premier variety, would
constitute a viable alternative for the production
of fodder in the plain area affected by limiting
factors of production. Another objective of this



study is to observe the behavior of the Premier
variety in specific soil conditions, in terms of the
presence of precipitation and temperatures as the
most important growth factors.

Regarding the biological growth of the Premier
variety, the vegetative growth was investigated
in 6 BBCH codes (1.19; 2.21; 2.22; 2.29; 3.31;
and 3.37). The measurements targeted the
following characters: bush diameter, bush
height, plant height, number of vegetative
shoots, and the number of leaves of the main
shoot. Regarding the expression of these
characters, a statistical analysis was carried out,
evaluating the correlation between these
characters.

Climatic conditions

In the studied area, the expression of the climatic
regime for the period 2023-2024 showed abiotic
conditions for the growth of RCG atypical with
precipitation amounts located well below the
multiannual monthly limit. For the Low Banat
Plain area, the total precipitation amounts in the
growth period 2023-2024 was 417.4 mm. A
negative deviation of 104 mm from the
multiannual average is observed.

The most important is, however, the growth
period (April - August) when the amount of
precipitation was 121.6 mm, highlighting a
negative deviation of 134.6 mm from the MMA.
Statistical processing

The graphical representations were made with
JASP version 0.18.3 and presented aspects such:
the distribution of variables, regression curves,
confidence intervals, and prediction intervals for
the pairs of variables analyzed. Also, in the
JASP program, the test was used to identify the
existence of significant differences between the
means of the investigated morpho-productive
characters.

A correlation matrix was created and graphically
represented in the form of a heatmap, using the
"corrplot" package in R. The p-value shows that
significant correlations are marked with: *p <
.05 if the correlation is significant at the alpha
level =.05; **p < .01 if the correlation is
significant at the alpha =.01 level; and ***p <
.001 if the correlation is significant at the alpha
=.001 level.

In the analysis of the strength of association
between productive traits in reed canary grass,
the Chi-squared Test was also used because it is
desirable in the analysis of small samples with

fidelity (Bandalos & Finney, 2018; Dinno, 2014;
Golino et al., 2020).

The dendrogram-type cluster analysis of the
characters was performed by cluster analysis by
the program MiniTab 17.1.

RESULTS AND DISCUSSIONS

Descriptive statistics were used to analyze the
distribution of the values of the analyzed
characters: bush diameter, bush height, plant
height, number of vegetative shoots, and the
number of leaves of the main shoot (Table 1).

Table 1. Normality dynamics of the distribution of
the analyzed characters at reed canary grass

95% Confidence Interval Mean
Lower Std. MAD
Mean Upper Deviation
Bush
diameter 690.33 1058.38 322.28 740.11 205.50
(cm?)
Bushheight | 5515 | 32.88 1944 | 13.51 6.00
(cm)
Plant height | 22.95 29.68 16.23 13.51 6.35
Number of
vegetative 13.72 15.86 11.58 430 4.00
shoots
Number of
leaves of ) 7 3.09 234 0.75 1.00
the main
shoot
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Depending on the number of variables
determining characters, the number of layers
displayed is also displayed, for the five
productive characters their average on the 95%
confidence interval, the standard deviation and
the coefficient of variation were determined.
The distribution of the experimental data
highlights normal values of enrollment
compared to the average of the analyzed
character on a high degree of confidence which
led us to conclude that the experimental data
were correctly sampled and statistically
interpreted (Moore et al., 2012; Whitlock &
Schluter, 2015).

During its biological development cycle, RCG
along with the growth in height, develops
compound leaves and stems, practically the
plant preparing for the flowering process. It is
considered that this stage of development is
important for photosynthesis, which provides
the energy necessary for the subsequent stages
of development. The biological growth
dynamics of reed canary grass were assessed by
investigating the main characteristics of the




species, namely: bush diameter, bush height,
plant height, number of vegetative shoots, and
the number of leaves of the main shoot Thus, the
degree of linear association between normally
distributed quantitative variables in our study is
expressed by the Pearson’s correlation matrix
(Table 2). Also, to have the smallest possible
statistical error, we used the common means of

the exteriorization of the characters in
expressing the correlations between them. In the
present study, the Pearson correlation
coefficient is obtained by calculating the
covariance of the two variables divided by the
product of their standard deviations (Sellke et
al., 2001; Caruso & CIliff, 1997; Xu et al., 2013).

Table 2. Expressing the degree of linear association of productive characters in reed canary grass in Pearson's
correlation matrix

. . Number of leaves
Variable Bush diameter | Bush height Plant height Num})er of Of the main
(cm2) (cm) Vegetative shoot
shoots
P ' -
Bush diameter (cm2) Casonst
p-value -
Pearson's r 0.986%** -
Bush height
ush height (cm) p-value <.001 -
. Pearson's r 0.988*** 1.000%*** -
Plant height
p-value <.001 <.001 -
Number of vegetative | Pearson's r 0.731%** 0.729%** 0.734%**
shoots p-value <.001 <.001 <.001 -
Number of leaves of the| Pearson's r 0.328 0.387 0.366 0.356 -
main shoots p-value 0.184 0.113 0.135 0.147 -

*p <.05, ** p <.01, *** p <.001

From the analysis of the power of association
between the five productive characters, we can
state that there are positive associations, or even
the lack of a linear correlation, between these
characters. Considering bush diameter as a
determined and positively correlated character
in specialized studies with productive properties
such as bush, plant height, and the number of
vegetative shoots, we measured and described
the degree of linear association between this
character and the other quantitative variables.
As a result of these considerations, the presence
of  statistically  significant  correlation
relationships is observed between bush diameter
and bush and plant height as well as the number
of vegetative shoots. Thus, between the bush
diameter character and the bush height and plant
height characters, close Pearson correlation
values of 0.986 and 0.988 are observed, which
corresponds to p values considered as a very
significant correlation. The same degree of
significance is also observed between bush
diameter and the number of vegetative shoots
(Pearson correlation 0.731), and the p-value is
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considered a very significant correlation. The
same degree of association is obtained between
plant height and number of vegetative shoots,
the value of the Pearson coefficient being 0.734,
which ensures from a statistical point of view by
the value of p as a very significant correlation.
These results demonstrate the hypothesis that
the increase in height in the case of the Premier
reed canary grass variety is accompanied by a
positive proportional increase in bush diameter,
number of vegetative shoots, and number of
leaves of the main shoot.

The graphical representation of correlation
relationships  provided  with  statistical
significance by the Pearson correlation can be
found in Figure 1. The graphical representation
shows two elements, the first is given by the
expression of the correlation between the
characters, and the second shows the testing of
the null hypothesis according to which the
correlation between pairs of variables is equal to
zero (there is no significant connection between
the two characters).
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Figure 1. The graphical representation of the

From the experimental data illustrating the
biological growth of the Premier variety under
the specific experimental conditions of the Low
Banat Plain area, it is evident in the previous
graph that an increase in the scale of
observations leads to a coarser table, while a
decrease in the scale leads to a smoother table
(Samfira et al., 2024).

Specifically, the distribution graphs presented
show that for continuous variables, a histogram
determined by the dynamics of bush diameter,
plant height, and number of vegetative shoots is
displayed, where the experimental data are
correctly distributed in a Gaussian model.

Pearson correlation at reed canary grass

The analysis of the power of association of
productive characters in RCG by Chi-squared
Test took into account the expression of df:
Degrees of freedom cat and p: P-value when
constructing the Principal Component Analysis
(PCA) model (Hayton al., 2004; James et al.,
2013). The analysis of the degree of uniqueness
using Chi-squared Test confirms the close
relationship between the studied productive
characters (Table 3).

Table 3. The proportion of variance included in PCA

Also, from the analysis of the nominal and
ordinal variable values, a continuous frequency
distribution is displayed as follows: in the case
of correlation links between characters, the
distribution of the experimental data is grouped,
and if they are positively correlated, it is
ascending.

Component Loadings
RC1 Uniqueness
bush height (cm) 0.980 0.040
plant height 0.979 0.042
bush diameter (cm?) 0.970 0.060
number of vegetative shoots 0.831 0.309
number of l:;(\)/ztssof'the main 0.485 0764
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Figure 2. Analysis of the association strength of productive traits in reed canary grass
by Principal Component Analysis (PCA): a) the degree of uniqueness of characters in biological development;
b) the disposition of experimental data towards simulated analysis of the growth model

The graphical representation of Principal
Component Analysis (PCA) gives us an image
of the degree of uniqueness of the characters in
biological development. In other words, the
influence of each character in the biological
growth of the reed canary grass species is
analyzed according to df: and P-value (Osborne
et al., 2008; Saris et al., 2009; Shlens, 2014).
The arrangement of productive characters in
reed canary grass strengthens the value
expression through the Pearson correlation of
the association between characters. It can thus
be seen from Figure 2 that the main role in
biological growth is attributed to the character's
bush diameter, bush height, and plant height.
The graphical representation of the PCA
arranges the studied productive characters
compared to a simulated growth model. In this
case, the arrangement of the experimental data
that make up the biological growth model of
reed canary grass is under the influence of the
specific growing conditions of the Low Banat
Plain area.

Also, the dendrogram-type cluster analysis of
the characters was performed by cluster
analysis. The dendrogram cluster analysis was
performed the distance between clusters is
measured as a correlation. The OY axis shows
the degree of similarity and the OX axis shows
the biological growth periods and the BBCH
code. In the case of the reed canary grass variety
Premier, following the cluster analysis, three
clusters were obtained in Figure 3.
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Figure 3. Graphic representation of the dendrogram
regarding the externalization of productive characters in
reed canary grass

The three clusters determine the grouping of the
biological growth stages expressed in BBCH
according to the five productive characters
studied. The values of the productive characters
were obtained on averages of the measurements
of several plants within the same BBCH growth
period. The intermediate biological growth
periods (2.21, 2.22, and 2.29) are grouped in
cluster number 2. Towards physiological
maturity and the end of the vegetative growth
period of the reed canary grass species, cluster 3
groups these stages 3.31 and 3.37.



CONCLUSIONS

Knowledge of the interrelationships between the
productive characters is important because these
relations ensure not only the productivity of the
species but are essential for its regeneration and
expansion within the different natural
ecosystems where it is present or in the case of
agroecosystems where it is cultivated.

In the experimental conditions of the Low Banat
Plain area on a gleied chernozem soil, the
biological growth of the reed canary grass
species is influenced by humidity and
temperature conditions. The continuous water
regime below the multiannual average of
precipitation is noted as an influencing factor.
The calculation of the power of association
between the five productive characters by
determining the Pearson Correlation highlighted
the bush diameter character as a determining
character in the biological growth of RCG. The
strengthening of the statistical significance of
the results obtained were also analyzed by the
Chi-squared test. Thus, the power of association
of the studied characters is also confirmed by
Principal Component Analysis (PCA) where the
degree of uniqueness of each character involved
in the biological growth corresponds to the
significance obtained by the Pearson correlation.
The different arrangement of the experimental
data compared to a predicted model validates the
importance of abiotic growth factors in the
biological development of RCG. The biological
growth model obtained by following six BBCH
stages and read by cluster analysis validates the
normal distribution of the growth stages in the
life cycle of RCG. In conclusion, RCG has
demonstrated a high capacity to adapt to global
changes in life factors and we can predict an
increase in the cultivation area of the species.

ACKNOWLEDGEMENTS

The support of this study was carried out within
the project with the theme: "The role of biomass
in environmental conservation, rural develop-
ment and the resilience of agricultural farms",
carried out by the University of Life Sciences
"King Mihai I" from Timisoara, Romania"

Also, we would like to express our gratitude to
the Forage Plant Laboratory of the Lovrin
Agricultural Research Station for the support

692

provided in conducting the experiments and
processing the results.

REFERENCES

Bandalos, D.L., & Finney, S.J. (2018). Factor analysis:
Exploratory and confirmatory. In G. R. Hancock, L.
M. Stapleton, & R. O. Mueller, The reviewer’s guide
to quantitative methods in the social sciences (pp. 98-
122). Routledge.
https://doi.org/10.4324/9781315755649

Bostan, C., Horablaga, N.M., Cojocariu, L., Toporan,
R.L., Istrate-Schiller, C., & Samfira, 1. (2024). The
influence of fertilization on the quality and biological
growth of Lolium perenne. Life Science and
Sustainable Development. 5(1), 75-81

Caruso, J.C., & CIiff, N. (1997). Empirical Size,
Coverage, and Power of Confidence Intervals for
Spearman's Rho. Educational and Psychological
Measurement, 57(4), 637-654.

Dinno, A. (2014) Gently clarifying the application of
Horn’s parallel analysis to principal component
analysis versus factor analysis. Working paper.
https://alexisdinno.com/Software/files/PA_for PCA
vs FA.pdf

Ge, Z.M., Kellomiki, S., Zhou, X., Peltola, H., Wang,
K.Y., & Martikainen, P.J. (2012a). Seasonal
physiological responses and biomass growth in a
bioenergy crop (Phalaris arundinacea L.) under
elevated temperature and CO2, subjected to different
water regimes in boreal conditions. BioEnergy
Research, 5 (3), 637-648. DOLI:
https://doi.org/10.1007/s12155-011-9170-2

Golino, H., Shi, D., Christensen, A.P., Garrido, L.E.,
Nieto, M.D., Sadana, R., ... & Martinez-Molina, A.
(2020). Investigating the performance of exploratory
graph analysis and traditional techniques to identify
the number of latent factors: A simulation and tutorial.
Psychological Methods, 25(3), 292.
https://doi.org/10.1037/met0000255

Hayton, J.C., Allen, D.G., & Scarpello, V. (2004). Factor
retention decisions in exploratory factor analysis: A
tutorial on parallel analysis. Organizational Research
Methods, 7(2), 191-205.
https://doi.org/10.1177/1094428104263675

Hesham, A., Gomes da Silva, J.C., Muhammad, S.A.,
Giilce C., Agah Y., Ceylan, S., & Elkamel, A. (2019).
Investigation of pyrolysis kinetics and thermal
behavior of Invasive Reed Canary (Phalaris
arundinacea) for bioenergy potential, Journal of
Analytical and Applied Pyrolysis 140 (2019) 385-39

James, G., Witten, D., Hastie, T., & Tibshirani, R. (2013).
An introduction to statistical learning (2nd ed.).
Springer.

Kieloch, R., Gotebiowska, H., & Sienkiewicz-Cholewa,
U. (2015). Impact of habitat conditions on the
biological traits of the reed canary grass (Phalaris
arundinacea L.). Acta Agrobotanica. 68. 205-210.
10.5586/aa.2015.025.

Kinmonth-Schultz, H., & Soo-Hyung, K. (2011). Carbon
gain, allocation and storage in rhizomes in response to
elevated atmospheric carbon dioxide and nutrient



supply in a perennial C3 grass, Phalaris arundinacea.
Functional Plant Biology 38, 797-807.

Kitczak, T., Jarnuszewski, G., & Malinowski, R. (2023).
Cultivation of Reed Canary Grass (Phalaris
arundinacea L.) on Light Soils in Transitional
Temperate Climate to Produce Biomass and Seeds.
Agriculture 2023, 13, 2129
https://doi.org/10.3390/agriculture13112129
(https://www.mdpi.com/2077-0472/13/11/2129).

Lavergne, S., & Molofsky, J. (2004) Reed Canary Grass
(Phalaris arundinacea) as a Biological Model in the
Study of Plant Invasions. Critical Reviews in Plant
Sciences, 23 5), 415-429. DOI:
https://doi.org/10.1080/07352680490505934

Linding-Cisneros, R., & Zedler, J. (2001). Effect of light
on seed germination in Phalaris arundinacea L. (reed
canary grass). Plant Ecology, 155 (1), 75-78. DOI:
https://doi.org/10.1023/A:1013224514980.

Lord, R.A. (2015) Reed canary grass (Phalaris
arundinacea) outperforms Miscanthus or willow on
marginal soils, brownfield and nonagricultural sites
for local, sustainable energy crop production. Biomass
and Bioenergy, 78, 110-125.DOI:
https://doi.org/10.1016/j.biombioe.2015.04.015

Maeda, Y., Hirano, S., Yoshiba, M., & Tadano, T. (2006)
Variations in salt tolerance of reed canary grass
(Phalaris arundinacea L.) plants grown at sites with
different degrees of cattle urine contamination. Soil
Science and Plant Nutrition, 52 (1), 13-20.

Moore, D.S., McCabe, G.P., & Craig, B.A. (2012).
Introduction to the practice of statistics (7th ed.). New
York, NY: W. H. Freeman and Company.

Osborne, J.W., Costello, A.B., & Kellow, J.T. (2008).
Best practices in exploratory factor analysis. In J.
Osborne (Ed.), Best practices in quantitative methods
(pp- 86-99). SAGE Publications, Inc.
https://doi.org/10.4135/9781412995627.d8

Perdereau, A., Klass, M., Barth, S., & Hodkinson, T.R.
(2017).  Plastid genome sequencing reveals
biogeographical structure and extensive population
genetic variation in wild populations of Phalaris
arundinacea L. in north-western Europe. Global
Change Biology Bioenergy, 9 (1), 46-56. DOI:
https://doi.org/10.1111/gcbb.12362

Piskier, T. (2017). A method of estimation of the caloric
value of the biomass. Part [-Biomass energy potential.
J. Mech. Energy Eng. 2017, 1, 189—194.

Samfira, 1., Toporan R.L., Horablaga, N.M., Cojocariu,
L., Istrate-Schiller, C., Micluta, A., & Bostan, C.
(2024). The morpho-productive characterization of the
perennial ryegrass germplasm in the Western part of
Romania, Journal Life Science and Sustainable
Development, 5(2), 162-169

693

Saris, W.E., Satorra, A., & Van der Veld, W.M. (2009).
Testing structural equation models or detection of
misspecifications?. Structural Equation Modeling: A
Multidisciplinary — Journal, 16(4), 561-582.
https://doi.org/10.1080/10705510903203433

Sellke, T., Bayarri, M. J., & Berger, J.O. (2001).
Calibration of p values for testing precise null
hypotheses. The American Statistician, 55(1), 62-71.

Shlens, J. (2014). A tutorial on principal component
analysis.  varXiv  preprint  arXiv:1404.1100.
https://doi.org/10.48550/arXiv.1404.1100

Strasil, Z., (2012). Evaluation of reed canary grass
(Phalaris arundinacea L.) grown for energy use, Res.
Agr. Eng. Vol. 58, No. 4: 119—-130

Titei V. (2020). The agroeconomic value of reed canary
grass, Phalaris arundinacea in Republic of Moldova,
Scientific Papers. Series A. Agronomy, Vol. LXIII,
No. 2, 2020, ISSN 2285-5785; ISSN Online 2285-
5807,

Ustak, S., & Muioz, J. (2019). Reed canary grass
(Phalaris arundinacea L.) as a promising energy crop.
Journal of Central European Agriculture. 20. 1143-
1168. 10.5513/JCEA01/20.4.2267.

Von Cossel, M., Lewandowski, L., Elbersen, B., Staritsky,
1., Van Eupen, M., Igbal, Y., Mantel, S., Scordia, D.,
Testa, G., Cosentino, S.L., et al. (2019). Marginal
Agricultural Land Low-Input Systems for Biomass
Production. Energies, 2019, 12, 3123.

Whitlock, M. C., & Schluter, D. (2015). The analysis of
biological data (2nd ed.). Greenwood Village.

Winterfeld, G., Becher, H., Voshell, S., Hilu, K., & Roser,
M. (2018) Karyotype evolution in Phalaris (Poaceae):
The role of reductional dysploidy, polyploidy and
chromosome alteration in a wide-spread and diverse
genus. PloS ONE 13(2): ¢0192869.
https://doi.org/10.1371/journal.pone.0192869

Wrobell, C., Coulman, B.E., & Smith, D.L. (2009). The
potential use of reed canary grass (Phalaris
arundinacea L.) as a biofuel crop. Acta Agriculturae
Scandinavica Section B—Soil and Plant Science, 59
1), 1-18. DOL:
https://doi.org/10.1080/09064710801920230

Xu, W., Hou, Y., Hung, Y.S., & Zou, Y. (2013). A
comparative analysis of Spearman’s rho and Kendall’s
tau in normal and contaminated normal models. Signal
Processing, 93,261-276.

Zhang, C., Ge, Z.M., Kellomiki, S., Wang, K.Y., Gong,
J.N., & Zhou, X. (2013) Effects of Elevated CO2 and
Temperature on Biomass Growth and Allocation in a
Boreal Bioenergy Crop (Phalaris arundinacea L.)
from Young and Old Cultivations. BioEnergy
Research, 6 (2), 651-662. DOI:
https://doi.org/10.1007/s12155-012-9283-2



