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Downside risk aversion and input use of crop farmers in Estonia 
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This paper studies the linkages between agricultural land use diversity, farm profitability 

and risk management in Estonian crop farms. A flexible moment-based approach (Antle, 1987) 

is used to analyse the impact of agricultural land use diversity on the mean, variance and 

skewness of farm profitability. Further, we analyse profitability with and without agricultural 

subsidies. We account for downside risks in farmers’ decision making processes, which extents 

currently used bio-economic modeling approaches that address critical inputs in the crop 

production use (Di Falco and Chavas, 2006; Finger, 2013).  

Using farm-level data from Estonia, econometric evidence shows that agricultural land 

use diversity can decrease farm profitability and reduce risk exposure. The empirical results for 

the expected profit indicate that agricultural land use diversity reduces farm profitability, but 

both critical inputs for crop production (pesticides and fertilizers) increase profitability. 

We furthermore find that fertlizers and pesticides increase the variance of profit and decreases 

its skewness, i.e. increases downside risk. In contrast, crop diversity is found to reduce both the 

variance and the downside risk of profitability. 

Furthermore, higher agricultural land use diversity levels can reduce downside risk 

exposure (e.g. the risk of crop failure). The results of this paper provide useful insights about 

the linkages between farm profitability, risk exposure and agricultural land use diversity. 

Keywords: agricultural land use diversity, profitability, fertilizers, pesticides 
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Incomplete split-block-plot design generating by orthogonally 

supplemented block designs 

KATARZYNA AMBROŻY 
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The construction of incomplete split-block-plot (SBP) design for three factor 

experiments is considered. Orthogonally supplemented PEB block designs with at most (m+1) 

– classes of efficiency are used in the construction procedure. The split-block-plot design is 

incomplete in terms of both row treatments and column treatments, while is complete in relation 

to the subplot treatments only. There is considered experiment with an orthogonal block 

structure. Stratum efficiency factors are given when the split-block-plot design is generally 

balanced. The proposed constructing method is illustrated with a numerical example. 

Keywords: general balance, supplemented split-block-plot design, stratum efficiency factors 
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Resampling-based inference for multivariate data  

with missing values 

LUBNA AMRO
*, MARKUS PAULY 

Department of Statistics 

TU Dortmund University, Germany 
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Repeated measure designs and split plot plans are widely employed in scientific and 

medical research. The analysis of such designs is typically based on MANOVA models, 

requiring complete data, and certain assumptions on the underlying parametric distribution, 

such as normality or covariance matrix homogeneity. Several nonparametric multivariate 

methods have been proposed in the literature. They overcome the distributional assumptions, 

but the issue of missing data remains. The aim is to develop asymptotic correct procedures that 

are capable of handling missing values without assuming normality and allowing for covariance 

matrices that are heterogeneous between groups. This is achieved by applying a proper 

resampling method in combination with quadratic form-type test statistics. An extensive 

simulation study is conducted, exemplifying the tests for finite sample sizes under different 

missingness mechanisms.  

Keywords: multivariate data, bootstrap, non-normal data, heteroscedasticity 
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Assessment of early, mid-early and mid-late soybean 

(Glycine max) varieties in Northern Poland 

KONRAD BANAŚ
1*, AGNIESZKA OSIECKA

2, TOMASZ LENARTOWICZ
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Soybean is a short-day crop with high protein and oil content. It is primarily used to feed 

animals but is also used for human consumption. Over recent years, soybean production has 

increased. According to the United Nations Food and Agriculture Organization (FAO), in 2018, 

the global area of soybean cultivation was 124,921,956 ha, and in the EU, it was 955,670 ha. 

In Poland, new varieties of important crops prior to registration are assessed in value-

for-cultivation-and-use (VCU) trials and next in post-registration variety trials. Based on the 

results from the post-registration trials, a recommendation for farmers is issued. In Polish 

soybean trials the compulsory characteristics are yield, thousand grain weight (TGW), fat and 

protein content.  

It is believed that the cultivation of soybean in Poland will increase in the upcoming 

years. For this reason, it is important to introduce stable varieties. Usually, stability 

of agronomic traits is assessed in multi-environment trials. A common approach is to analyze 

these trials using two-stage approach (see, e.g., Caliński et al., 2017; Damesa et al., 2017; 

Piepho et al., 2012), where each combination of year and site is treated as environment. 

In the present study, the varietal means for four traits were analyzed using the additive 

main effects and multiplicative interaction model (AMMI, Gauch). The AMMIκ model was 

fitted using the statgenGxE package in the statistical program R. The data set consists 

of aforementioned variety means from soybean trials performed in the years 2020-2022 

in Northern Poland. The trials were conducted in nine sites, there were thirteen varieties. The 

values of means and the weighted averages of the absolute scores (WAAS) were calculated, 
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which allowed the genotype selection indexes to be evaluated and ranked. The WAAS scores 

were obtained to assess stability. Moreover, the WiTOP3 indexes were quantified, and the 

mega-environments were created. The WiTOP3 indexes were obtained to assess adaptability. 

Keywords: soybean; northern Poland; stability, AMMI model 
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Glutathione and copper ions as critical factors of green plant 

regeneration efficiency of triticale in vitro anther culture 
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Plant tissue culture techniques are handy tools for obtaining unique plant materials that 

are difficult to propagate or important for agriculture. Homozygous materials derived through 

in vitro cultures are invaluable and significantly accelerate the evaluation of new varieties, e.g., 

cereals. The induction of somatic embryogenesis/androgenesis and the regeneration and its 

efficiency can be influenced by the external conditions of tissue culture, such as the ingredients 

present in the induction or regeneration media. We have developed an approach based on 

biological system, molecular markers, Fourier Transform Infrared spectroscopy, and structural 

equation modeling technique to establish links between changes in sequence and DNA 

methylation at specific symmetric (CG, CHG) and asymmetric (CHH) sequences, glutathione, 

and green plant regeneration efficiency in the presence of variable supplementation of induction 

medium with copper ions. The methylation-sensitive Amplified Fragment Length 

Polymorphism was used to assess tissue culture-induced variation, Fourier Transform Infrared 

spectroscopy to describe the glutathione spectrum, and a structural equation model to develop 

the relationship between sequence variation, de novo DNA methylation within asymmetric 

sequence contexts, and copper ions in the induction medium, as well as, glutathione, and green 

plant efficiency. An essential aspect of the study is demonstrating the contribution 

of glutathione to green plant regeneration efficiency and indicating the critical role of copper 

ions in influencing tissue culture-induced variation, glutathione, and obtaining green 
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regenerants. The model presented here also has practical implications, showing that 

manipulating the concentration of copper ions in the induction medium may influence cell 

function and increases green plant regeneration efficiency. 

Keywords: androgenesis, copper, glutathione, regeneration efficiency, structure equation 

modeling, triticale  
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Data visualisation in R - from simple graphs to animations 

URSZULA BRONOWICKA-MIELNICZUK 

Department of Applied Mathematics and Computer Science 
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Data visualization is essential for effective statistical analysis and decision making 

based on experimental results. In the words of John Tukey, considered by some as one of the 

fathers of exploratory data analysis: 

“The greatest value of a picture is when it forces us to notice what we never expected to see”.  

Data visualization skills are an intrinsic part of the modern researcher's workshop. The variety 

of statistical methods and programming environments available poses the dilemma of choosing 

an appropriate method to support statistical analysis.  

The R programming environment is a universal and increasingly powerful tool in this 

area. The ggplot2 package is the perfect starting point for our journey to learn about key 

statistical and plotting tools. Its relatively simple syntax makes it easy to implement basic 

graphical solutions and advanced add-ons that include animation elements. 

Keywords: R environment, ggplot2, data visualization, animation  
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Zrozumienie zależności między zmiennymi jakości ziarna 

a plonem pszenicy zwyczajnej: implikacje dla zaleceń 

odmianowych i środowiskowych 

ADRIANA DEREJKO 
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Szkoła Główna Gospodarstwa Wiejskiego w Warszawie 

adriana_derejko@sggw.edu.pl 

Ocena i zrozumienie wpływu głównych i interakcyjnych efektów na wybrane zmienne 

jakościowe pszenicy zwyczajnej pozwoli na optymalizację rekomendacji odmian pszenicy 

zwyczajnej do konkretnych celów wykorzystania ziarna. Jednakże, jeśli wybrana zmienna 

jakościowa jest pożądana dla konkretnego zastosowania pszenicy, może to być ważniejsze niż 

stabilny plon odmiany.  

Przeprowadzono analizy CART w celu określenia różnic i podobieństw w ocenie 

wpływu efektów głównych i interakcyjnych na kształtowanie się zmiennych jakościowych 

ziarna i plonu oraz oceny znaczenia wpływu środowiska lub odmiany na określone cechy ziarna 

pszenicy. Ponadto wyjaśniono związek między zmiennymi jakościowymi, plonem, glebą 

i warunkami klimatycznymi, a także efektami genetycznymi.  

Uzyskane wyniki umożliwiają wyjaśnienie związku przyczynowo-skutkowego między 

cechami jakościowymi ziarna pszenicy zwyczajnej, a zmiennymi warunkami pogodowymi 

i glebowymi oraz znacząco przyczynią się do poprawy zaleceń odmianowych, nie tylko 

w klimacie umiarkowanym. 

Słowa  kluczowe: pszenica zwyczajna, odmiana, środowisko, rekomendacja 
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Estimation of unknown parameters in the spring balance 

weighing designs with positive correlated errors  
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We are examining the issue of determining the spring balance weighing designs under 

requirement of D-optimality. In addition, we are investigating these designs assuming that the 

measurements are positively correlated and have equal variances. In this context, we outline a 

method for augmenting regular D-optimal spring balance weighing designs with a maximum 

of three additional runs to achieve a highly D-efficient spring balance weighing design. 

Keywords: D-optimality, plan of experiment, spring balance weighing design 
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Table-eggs production in the light of animal welfare 
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This presentation investigates how animal welfare requirements affect economic 

performance of table-eggs producers in EU, with a specific focus on the Czech Republic and 

other Central European countries. The original micro data on table-eggs producers were 

collected using Orbis database, characteristics of laying hens farming were sourced from 

Eurostat and internal sources. Data envelopment analysis was used for efficiency assessment 

considering animal welfare as an additional aspect of table-eggs production. The results indicate 

a weak negative relationship between the efficiency of table-egg producing enterprises and the 

share of free-range hen keeping at the country level. Detailed analysis at the farm level in the 

Czech Republic did not show such a dependence. It can therefore be concluded that the switch 

from enriched cages to free-range laying hen keeping is not problematic for companies, the 

costs will probably be paid by the final consumers. 

Keywords: Animal welfare, DEA, Efficiency, Poultry industry, Table-eggs producers 
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Modelling long-term stability of winter wheet varieties 

 in the Czech Republic  
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* martin.tlaskal@ukzuz.cz 

 

 

 

The presented work deals with the possibility of verifying the long-term stability of 

varieties. A model is constructed which includes the factor of variety "aging", genetic and non-

genetic trend. The properties of the model and the problems associated with estimation are 

discussed. An example is given of the application of the model to yield data for winter wheat 

varieties in the Central Institute of Supervising and Testing in Agriculture experiments from 

1998 to 2022.  
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Classification of alive and dead tree species using multi-temporal 

ALS data and CIR imagery in the mixed old-growth forest in 

Poland 

AGNIESZKA KAMIŃSKA
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1, BARTŁOMIEJ KRASZEWSKI
1, 

ŁUKASZ KUBERSKI
2, KAMIL PILCH

2, KRZYSZTOF STEREŃCZAK
1 

1Department of Geomatics 

 Forest Research Institute, Poland 

2Department of Natural Forests 
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Tree species classification is important for a variety of environmental applications, 

including biodiversity monitoring, wildfire risk assessment, ecosystem services assessment, 

and sustainable forest management. Moreover, the mapping of standing dead trees after pest 

infestation is becoming increasingly important. In our study we used a fusion of three remote 

sensing (RM) datasets including ALS (leaf-on and leaf-off) and colour-infrared (CIR) imagery 

(leaf-on), to classify different coniferous and deciduous tree species, including dead class, in a 

mixed temperate forest in Poland. We used intensity and structural variables from the ALS data 

and spectral information derived from aerial imagery for the classification procedure carried 

out using Random Forest algorithm. Additionally, we tested the differences in classification 

accuracy of all the variants included in the data integration. The highest levels of accuracies 

were obtained for classification based on point clouds from both seasons and including image 

information. Mean values of overall accuracy and kappa were equal to 82% and 0.80, 

respectively. Analysis of the leaf-on and leaf-off alone is not sufficient to identify individual 

tree species due to their different discriminatory power. Classification based on both point 

clouds was found to give satisfactory and comparable results to classification based on 

combined information from all three sources. 

Keywords: tree species classification; airborne laser scanning (ALS); colour-infrared (CIR) 

aerial images; multi-temporal data; individual tree; random forest (RF) 
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Spatial analysis of methane emissions from agriculture at the 

municipality level (LAU-2) in Poland in 2010 and 2020 
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Methane (CH4) emissions are influenced mainly by anthropogenic sources, particularly 

by agriculture - about 40% [Ritchie et al., 2020]. The most important source is livestock 

farming, where CH4 emissions are produced during enteric fermentation in rumen and from 

manure management [Albrektsen et al., 2021; Yusuf et al., 2012]. CH4 emissions are calculated 

according to IPCC 2006 methodology based on the population size of the animal category and 

the CH4 emission factor (EF). Analysis of changes in livestock populations and greenhouse 

gases (GHG) emissions at the national level is important for climate change mitigation efforts. 

Therefore, the aim of the study was to estimate CH4 emissions from enteric fermentation and 

manure management for Poland in 2010 and 2020 at the municipal level (LAU-2). The study 

used livestock population data (dairy and non-dairy cattle, swine, and poultry) from the 

National Agricultural Census and CH4 EF for each animal category from the UNFCCC National 

Inventory Report (NIR) for 2010 and 2020. The results obtained for 2010 and 2020 were 

compared to analyse changes in the CH4 emissions from livestock for municipalities in Poland. 

The research summarizes CH4 emissions from enteric fermentation and manure management 

in total and at the municipality level for Poland in 2010 and 2020. 

Total CH4 emissions from livestock farming in Poland increased slightly over the 

decade. The increase in CH4 emissions between 2010 and 2020 is mainly due to the increase in 

the non-dairy cattle population, partially offset by a decrease in swine population. Despite the 

highest share of total CH4 emissions from dairy cattle (57.2% in 2020), the increase in emissions 

by 2020 was not significant (1.5%), due to the decline in dairy cattle population. The non-dairy 

cattle total CH4 emissions increased by 18.9% in 2020, whereas emissions from swine 

decreased by 51.5% in 2020, which is consistent with the population changes. The share of 

poultry was negligible (below 1.1%), however, due to the increasing population, the emissions 

in 2020 were higher by 22.3% than in 2010. The highest emissions were observed in particular 
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voivodships where livestock farming was predominant – Mazowieckie, Podlaskie, and 

Wielkopolskie Voivodships. In contrast, the lowest emissions were found mainly in 

southeastern and southwestern Poland, where the decrease in livestock population was the 

highest among all voivodships. In addition, in particular regions, noticeable changes have been 

observed. The increased animal population (dairy and non-dairy cattle) caused high increases 

in CH4 emissions, especially visible in Podlaskie, Lubuskie, and Wielkopolskie Voivodship.  

Changes in livestock population and EF in Poland in past decade are influenced mainly 

by EU standards and Common Agricultural Policy (milk limits and fluctuations in milk prices, 

the unprofitability of piglets and fattening swine production, and the ASF disease [National 

Agricultural Census 2020]. Therefore, it is necessary to provide studies on livestock farming 

and its changes in Poland based on available reports and databases. In addition, spatial 

distribution of CH4 emissions from agriculture enables monitoring GHG emissions by 

voivodships and municipality. 

Keywords: methane emissions, livestock, IPCC, spatial distribution 
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Porównanie jakości rozpoznawania ziaren pyłku przez detektory 

jedno i dwustopniowe  
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Monitoring pyłków jest w zdecydowanej większości stacji prowadzony za pomocą 

pułapek wolumetrycznych. Tworzenie preparatów i ich analiza pod mikroskopem jest zadaniem 

złożonym i czasochłonnym. Celem naszych badań jest stworzenie systemu automatycznego 

rozpoznawania i zliczania ziaren pyłku poszczególnych taksonów na podstawie zdjęć 

mikroskopowych. 

W niniejszej pracy porównujemy trzy typy detektorów obiektów pod względem 

poprawności rozpoznawania ziaren pyłku Alnus, Betula, Corylus i Carpinus – dwa detektory 

jednostopniowe: YOLOv5 (w dwóch wersjach różniących się miarą dopasowania modelu) oraz 

RetinaNet i dwustopniowy detektor – Faster RCNN. Nasz zbiór danych składa się ze zdjęć 

mikroskopowych materiału referencyjnego. Każdy model detektora zbudowano trzykrotnie, 

dzięki czemu otrzymano 12 modeli. Szkolenie każdego detektora trwało 500 epok i polegało 

na dostrojeniu wstępnie wytrenowanych modeli na naszym zbiorze danych. 

Wyniki detekcji wyrażone miarami jakości klasyfikacji: precision, recall i F-score 

porównano przy użyciu nieparametrycznej alternatywy opartej na rangach dla ANOVA 

z powtarzanymi pomiarami. Zastosowaliśmy układ F1-LD-F2 z taksonem jako czynnikiem 

stałym, a także dwoma czynnikami powtarzanego pomiaru – rodzajem detektora i jego 

powtórzeniem. Dodatkowo, w celu porównania jakości zbudowanych detektorów,  wykonano 

porównania wielokrotne z korektą Holma-Bonferroniego. 

Uzyskane wyniki pozwoliły wskazać detektor YOLO jako lepszy od RetinaNet pod 

względem wszystkich miar klasyfikacyjnych oraz Faster RCNN pod względem recall i F-score. 
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Nie stwierdzono różnic w rozkładach tych miar pomiędzy dwiema wersjami YOLO. Ponadto 

żaden z badanych detektorów nie miał preferencji w zakresie precyzji klasyfikacji konkretnych 

taksonów. Okazuje się jednak, że rozkład recall dla badanych taksonów różni się znacznie 

w zależności od rodzaju detektora. RetinaNet i Faster RCNN częściej pomijały częściowo 

widoczne ziarna pyłku znajdujące się w pobliżu krawędzi obrazu niż detektory YOLO, 

co prawdopodobnie skutkowało różnicą w wynikach recall. 

Keywords: object detection, pollen monitoring  
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Data visualisation in R - from simple graphs to animations 
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dplyr is a popular R package that provides many functions for data manipulation in data 

frames. It is often used for efficient data processing and analysis in R. The basic operations that 

can be performed using the functions from this package are filtering and sorting data, 

calculating statistics and measures for individual groups or the entire data set. In addition, dplyr 

provides functionality to handle missing cases and create new variables from existing data. 

These operations enable data preparation in a manner that streamlines the analysis, making 

it more centred on crucial aspects of the study, helping to eliminate errors, and making the data 

structure easier to understand. With dplyr, one can fine-tune the data to the specific analysis 

needs, which is a critical step in data mining and analysis.  

Keywords: R environment, dplyr, data manipulation  
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Functional repeated measures analysis of variance and its 

application 
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This paper is motivated by medical studies in which the same patients with multiple 

sclerosis are examined at several successive visits and described by fractional anisotropy tract 

profiles, which can be represented as functions. Since the observations for each patient are 

dependent random processes, they follow a repeated measures design for functional data. 

To compare the results for different visits, we thus consider functional repeated measures 

analysis of variance. For this purpose, a pointwise test statistic is constructed by adapting the 

classical test statistic for one-way repeated measures analysis of variance to the functional data 

framework. By aggregating the pointwise test statistic, we create two global test statistics. Apart 

from verifying the general null hypothesis on the equality of mean functions corresponding 

to different objects, we also propose a simple method for post hoc analysis. We illustrate the 

finite sample properties of permutation and bootstrap testing procedures in the simulation study. 

Finally, we analyze a motivating real data example in detail. 

Keywords: analysis of variance, bootstrap, functional data analysis, permutation method, 

post hoc analysis, repeated measures 
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Uprawa konopi ma duży potencjał gospodarczy, jest bardzo popularna w przemyśle  

i zainteresowanie nią cały czas rośnie. W ramach badań poddano analizie nasiona odmiany 

Henola, jednej z najnowszych odmian konopi. Doświadczenie dotyczyło rośliny uprawianej  

w celu pozyskania olejków eterycznych, a następnie na nasiona (Henola 2) oraz uprawianej 

wyłącznie na nasiona (Henola 3).  

Celem eksperymentu było zoptymalizowanie metod uprawy konopi oraz porównanie 

zawartości związków bioaktywnych w nasionach roślin Henola 2 i Henola 3. W uprawie ważną 

rolę odgrywa nawożenie, ponieważ może wpływać na właściwości nasion i oleju. 

Wykonując porównania wykorzystano analizę składowych głównych, popularną 

technikę umożliwiającą redukcję wymiarowości danych i pozwalającą wykryć prawidłowości 

między zmiennymi. Podczas prezentacji zostanie przedstawione wykorzystanie tej analizy  

do określenia wpływu nawożenia na skład chemiczny nasion oraz do porównania właściwości 

nasion Henoli 2 i Henoli 3. 

Na podstawie wykonanych analiz można stwierdzić, że rodzaj nawożenia nie wpływa 

znacząco na skład chemiczny nasion, a uprawa konopi wyłącznie na nasiona i uprawa na dwa 

cele: na olejki eteryczne, a następnie nasiona nie zmienia zawartości rozważanych związków. 

Keywords : Analiza składowych głównych, konopie, nasiona  
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Classification methods in the diagnosis of breast cancer 
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We consider the problem of diagnosing the type of cancer with the use of machine 

learning and statistical methods. Nowadays, the problem of neoplasms, in particular breast 

cancer, is one of the biggest problems of humanity. Identification of cancer and its type 

is extremely important. In solving this problem, the classification methods can be used 

as objective tools, which can be helpful for doctors making a diagnosis. For this reason, we 

discuss many efficient classificators in the context of cancer detection. In addition, we also 

consider the topic of data set transformations to deal with the problem of data unbalance as well 

as measures of classification quality. In the experimental part, an attempt will be made to find 

the best classifier and to improve the quality of the original data set to obtain the highest values 

of classification quality measures for the particular data set.  

Keywords: cancer, breast cancer, classification, classifier, unbalanced data, quality 

measurements of classification 
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Water scarcity affected 29% of the EU territory during at least one season in 2019. In 

the face of climate change, it is very important to understand the risk of water scarcity. Water 

scarcity is becoming a growing problem in southern European countries, such as Portugal. In 

2019, Portugal, faced one of the most significant water scarcity conditions in the EU-27 on the 

seasonal scale (seasonal WEI 66%).The main objective of this work is to study the water level 

fluctuation in river basins, in order to predict the risks of lack of water. The study area is located 

in 29 reservoirs from different river basins in Portugal. The collected data refer to the period 

from November 1993 to August 2022, with a total number of records of 9686. We started by 

improving the quality of the data and built a monthly time series of the volume of water stored. 

Next, we analyzed the time series using Singular Spectrum Analysis (SSA), which is a non-

parametric technique for analyzing time series. 

Keywords: risk, water scarcity, time series, singular spectrum analysis.  
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C.R. Rao: A Beacon of Excellence in Statistical research and 
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This talk shines a spotlight on the remarkable achievements of C.R. Rao, an eminent 

statistician and mathematician, whose contributions have illuminated the field of statistics 

and related areas. Rao's transformative ideas in estimation theory, sufficiency 

and completeness, experimental design, biometry and data science, have revolutionized the way 

researchers approach data analysis and interpretation. Furthermore, his mentorship 

and educational efforts have fostered the growth of countless statisticians, ensuring his legacy 

will continue for generations to come. The article underscores Rao's exceptional impact 

and highlights his numerous prestigious awards, solidifying his place as a beacon of excellence 

in the field. Some of the Rao's pivotal role in shaping the future of statistical research 

and practice will be presented. 
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Evaluation of water quality in the Danube River (Serbia) based on 

an improvised water quality index and multivariate analyses 
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This paper presents the results of a study conducted in Serbia in 2019 regarding water 

quality in the Danube River. Multivariate statistical techniques and an improvised water quality 

index (WQI) were used to describe temporal and spatial changes. The proposed modification 

of the WQI makes it possible to reduce the number of physicochemical parameters needed to 

determine the state of the water by 72%, significantly reducing the time and cost of the study. 

Based on the analyses carried out, water quality was found to be good upstream and excellent 

downstream. The highest levels of pollution were observed in winter. 

Keywords: the Danube river, Serbia, spatial and temporal variability, water quality index, 

multivariate statistical methods 
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Estimands in clinical trials. How to address intercurrent events 

using the composite strategy for longitudinal continuous outcome.  
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In 2019 the International Council for Harmonisation of Technical Requirements for 

Pharmaceuticals for Human Use (ICH) introduced the addendum to efficacy guidelines E9 

(R1). It focuses on statistical principles related to estimands and sensitivity analysis. It is 

highlighted that a clear trial objectives should be translated into key clinical questions of interest 

by defining suitable estimands (i.e. “what is to be estimated”).  

The important part of the defining estimand is clarification of how a potential 

intercurrent event (ICE) is addressed in the clinical question of interest. The intercurrent events 

are events occurring after treatment initiation and affect either the interpretation or the existence 

of the measurement associated with the clinical questions, e.g. use of alternative treatment or 

rescue medication, discontinuation of treatment or terminal events such as death. It should be 

noted that the addendum makes it clear that missing values due to e.g. study withdrawal or loss 

to follow up are not intercurrent events and are not to be reflected in the estimand, but instead 

represent limitations to the data that need to be addressed in the statistical analysis. 

Five different strategies are introduced to address potential intercurrent events: 

treatment policy, hypothetical strategy, composite strategy, while on treatment and principal 

stratum. The focus is on composite strategy where an intercurrent event is considered in itself 

to be informative about the patient’s outcome. In other words the composite strategy treat the 

occurrence of the ICE as representing a failure of treatment.  

There are several ways of how to handle data after ICE under composite strategy. The 

responder analysis can be applied, where response corresponds to having a favourable clinical 

outcome without ICE. A patient who experiences ICE is assigned as non-responder. 

A drawback of this approach is that the statistical power is often reduced when binary data are 

used comparing the analysis performed on the original continuous outcome. Other option could 

be a transformation of the continuous data to the ordinal scale but the issue with loss of power 



52th International Biometrical Colloquium 

Szamotuły, September 10-13, 2023 

 

 

34 

 

 

 

still applies. Moreover not in all cases the cut-offs used in transformation are widely known and 

accepted. The most reasonable seems to use a continuous outcome in the analysis and assign an 

unfavorable value to patients who experienced ICE. A range of possible approaches might be 

considered for how to choose the unfavourable outcome, eg. one approach might be to use pre-

specify single value y* for all visits after ICE but determine a suitable value of y* might be 

difficult, the other one could be to estimate it based on the observed data. Darken et al. presented 

the alternative approaches such as non-stochastic estimated single imputation or multiple 

imputation, where an unfavourable value is taken from the function of the outcome data 

distribution. The 5th percentile from a treatment group, assuming the low values of the 

distribution are unfavourable, is used to define the outcome at visit following an ICE.  

Keywords: clinical trials, estimand, composite strategy 
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Some properties of a two-way elimination of heterogeneity design 
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We consider the decomposability property, orthogonality and the connectedness of the 

two-way elimination of heterogeneity design. Further, we characterize the efficiency-balance 

and the variance-balance of a class of two-way elimination of heterogeneity designs in relation 

to the corresponding balance properties of subdesigns. 

 

Keywords: Latin square design, row-column design, two-way elimination of heterogeneity 

designs 
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Early detection of phosphorus deficiency stress in cucumber 

(cucumis sativus L.) plants based on selected physiological 

parameters 
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Identification of phytomonitoring and physiological features that provide information 

about the health condition of plants can help mitigate the effects of stress and improve plant 

productivity. In this study, we employed various tools and techniques to indirectly assess the 

response of cucumber plants to phosphorus deficiency and understand the mechanisms standing 

behind this response. Analyses of chlorophyll and carotenoids content in leaves revealed a rapid 

response of these indicators in older leaves. Changes in photosynthetic performance at the 

molecular level were found to be dependent on leaf age and the timing of measurements. By 

employing multidimensional statistical methods, we were able to demonstrate the 
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interdependence of the examined features in relation to the experimental system, including the 

timing of measurements. This information contributes to understanding the variability of 

characteristics associated with phosphorus deficiency in cucumber plants during prolonged 

deficiency periods and allow early identification of this stress. 

Keywords: chlorophyll fluorescence; confocal microscopy; greenhouse cucumber; Leaf 

Area Index; multivariate statistical analyses, photosynthetic pigments.  

References 

Bayoumi Y., Abd-Alkarim E., El-Ramady H. et al.: Grafting Improves Fruit Yield of Cucumber 

Plants Grown under Combined Heat and Soil Salinity Stresses. Horticulturae, 7, 61.: 2021. 

https://doi.org/10.3390/ horticulturae7030061 

Borch K.; Bouma T.J.; Lynch J.P.; Brown K.M.: Ethylene: A Regulator of Root Architectural 

Responses to Soil Phosphorus Availability. Plant Cell Environ. 22: 425–43, 1999. 

Cetner M.D., Kalaji H.M., Borucki W., Kowalczyk K.: Phosphorus deficiency affects the I-step 

of chlorophyll a fluorescence induction curve of radish. Photosynthetica 58: 671-681, 2020. 

Ciereszko, I.; Gniazdowska, A.; Mikulska, M.; Rychter, A.M.: Assimilate Translocation in 

Bean Plants (Phaseolus vulgaris L.) during Phosphate Deficiency. J. Plant Physiol., 149: 

343–348, 1996. 

Raghothama K.G.: Phosphate Acquisition 1999. Annual Review of Plant Physiology and Plant 

Molecular Biology Vol. 50: 665-693 (Volume publication date June 1999), 1999. 

https://doi.org/10.1146/annurev.arplant.50.1.665 

Saleque M.A., Abedin M.J., Ahmed Z.U., Hasan M., Panaullah G. M.: Influences of phosphorus 

deficiency on the uptake of nitrogen, potassium, calcium, magnesium, sulfur, and zinc in 

lowland rice varieties, Journal of Plant Nutrition, 24(10): 1621-1632, 2001. 

DOI:10.1081/PLN-1001060252001 

Sieczko L., Dąbrowski P., Kowalczyk K., Gajc-Wolska J., Borucki W., Janaszek-Mańkowska 

M., Kowalczyk W., Farci D., Kalaji, M.H.:  Early detection of phosphorus deficiency stress 

in cucumber at the cellular level using chlorophyll fluorescence signals. Journal of Water 

and Land Development: 176–187, 2022. https://doi.org/10.24425/jwld.2022.143734 

Zambrosi F.C.B., Mesquita G.L., Menino G., Tanaka F.A.O., Mattos D.Jr., Quaggio J.A.: 

Anatomical and ultrastructural damage to citrus leaves from phosphite spray depends on 

phosphorus supply  to roots. Plant Soil 416: 1–13, 2017. 

Zambrosi F.C.B., Mesquita G.L., Tanaka F.A.O.: Assessment of leaf ultrastructure offers 

insights into mechanisms regulating sugarcane performance under low‑phosphorus stress, 

Acta Physiologiae Plantarum (2020) 42: 54, 2020. https://doi.org/10.1007/s11738-020-

03052-w 

  



52th International Biometrical Colloquium 

Szamotuły, September 10-13, 2023 

 

 

38 

 

 

 

Behavior and reproductive success in a farm population of red 

foxes (Vulpes vulpes) from a biometrical perspective  
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Modern livestock breeding involves a wide range of improved traits, from reproduction 

to welfare. Reproductive success as well as housing conditions and feeding technology translate 

directly into economic results. In recent years, more and more attention has been paid to animal 

welfare, which is closely related to the behaviour of animals. By contrast to production 

measurable traits, the assessment of well-being is largely indirect (Calkins et al., 2013) 

The objective of the present study was to examine the relationship between behavioural 

tests and reproductive characteristics. Data was extracted from a pedigree farm "Batorówka" 

(1960-2020 years). Detailed description of the data is given by Grzybek et al. (2021) and 

Przysiecki et al. (2023).  Among the numerous recorded traits, the current analysis focused on 

the following for males: number of matings, length of the reproduction season, number of 

reproductive seasons, day of first and last mating, as well as  for dams: number of mating days, 

number of mates, pregnancy length, litter size at birth, and litter size at weaning. Both sexes 

underwent two behavioural tests. The independence between observed behaviour and 

reproductive characteristics was assessed using the chi-square test for contingency tables. 

In the majority of the examined contingency tables, the null hypothesis of independence 

between the assessed traits was rejected. However, further analyses are necessary to determine 

the magnitude and direction of these relationships. 
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The BLUP method under an animal model is commonly used to predict breeding values 

for farm animals (Henderson, 1975). This method allows for comparison of individuals across 

generations. By applying mixed model methodology, specifically the multitrait animal model, 

it is possible to estimate genetic parameters such as  heritability and genetic correlation. 

However, the accuracy of the predicted parameters depends on certain assumptions which may 

be more or less fulfilled by the datasets collected in a breeding farm (Gianola, 2000).  

The objective of this research was to assess the empirical distributions of  productive 

traits in laying hens and compare them to theoretical assumptions. The data was collected from 

the Pedigree Farm of Laying Hens “Rszew” in Konstantynów Łódzki, Poland. Six traits were 

recorded: body weight, average egg weight, sexual maturity, initial egg production rate of initial 

egg production, and average of egg shell thickness. An analysis includes 824 and 1444 recorded 

birds in two consecutive years 2022 and 2023, respectively. The BLUP approach was employed 

to predict combined breeding values, while (co)variance components  were estimated using the 

REML method. 
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In populations under genetic selection, it is widely recognized that selection can 

introduce a bias in the normality of data, leading to an overestimation of environmental error 

(Cervantes at.al., 2016). From a practical perspective, the transformation of data can complicate 

the interpretation of results from statistical models. As a result, breeders prefer to retain and 

analyze the raw data. Furthermore, breeders consider it crucial to use well-established and 

readily available computational methods. However, the reliability of predictors obtained from 

these models is contingent upon the model aligning with the theoretical assumptions. In addition 

to data transformation, another approach such as the elimination of outliers can be used to 

improve the empirical distribution of the data. 

Keywords: BLUP assumptions, laying hens, empirical distribution  
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The aim of this article is to seamlessly test GoFT's ability to detect deviations from 

normality. The very specific case is considered namely deviation from normality consists 

in coincidence of symmetry and small excess kurtosis (EX). The first step in fulfilling the above 

aim is to collect the set of normality-oriented GoFTs being recommended for use, mainly 

in recently published source literature. The second step is to create a family of symmetric 

distributions with non-constant EX, further called alternatives. Formulas for calculating EX 

values are provided for each distribution. To compare alternatives with the Normal distribution 

the appropriate similarity measure is applied. The third step is the Monte Carlo simulation. The 

study is carried out involving twenty GoFTs and thirty one alternatives. The obtained results 

show that the GoFTs taken into consideration detect deviation from normality distributions 

of positive EX much more frequently than distributions of negative EX. Appropriate GoFTs 

are recommended. 

Keywords: normal distribution, goodness-of-fit testing, excess kurtosis modeling 

References 

Desgagne, A., Lafaye de Micheaux, P. 2018. A powerful and interpretable alternative to the 

Jarque-Bera test of normality based on 2nd-power Skewness and Kurtosis, using the Rao’s 

Score Test on the APD family. Journal  of  Applied  Statistics 45(13), 2307–27. 

Desgagné, A., Lafaye de Micheaux, P., Ouimet, F. 2022. Goodness-of-fit tests for Laplace, 

Gaussian and exponential power distributions based on λ-th power skewness and kurtosis. 

Statistics, 1-29. 

Sulewski, P. 2019. Modification of Anderson-Darling goodness-of-fit test for normality. 

Afinidad, 76(588). 

Sulewski, P. 2020. Modified Lilliefors goodness-of-fit test for normality, Communications 

in Statistics - Simulation and Computation, 51(3), 1199-1219. 

Sulewski, P. 2021. Two component modified Lilliefors test for normality. Equilibrium. 

Quarterly Journal of Economics and Economic Policy, 16(2), 429-455. 



52th International Biometrical Colloquium 

Szamotuły, September 10-13, 2023 

 

 

43 

 

 

 

Sulewski P. 2021. DS Normal Distribution: Properties and Applications, Lobachevskii Journal 

of Mathematics 42(12), 2980–2999.  

Sulewski, P. 2022. Normal distribution with plasticizing component. Communications 

in Statistics-Theory and Methods, 51(11), 3806-3835. 

Sulewski, P. 2022. Easily Changeable Kurtosis Distribution. Austrian Journal of Statistics, 

52, 1-24.  

  



52th International Biometrical Colloquium 

Szamotuły, September 10-13, 2023 

 

 

44 
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Selected granular fertilizers with different content of multicomponent micronutrients 

of the smart fertilizer type were investigated. For the granules of each fertilizer, measurements 

of the crushing strength were made, and then the best-matched probability distributions of the 

crushing strength were indicated among Johnson, Gaussian mixture, generalized extreme value, 

normal, log-normal, triangular, Weibull, Rayleigh and generalized Pareto distributions. 

Keywords: mineral fertilizers, crushing force 
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Testing the relationship between two groups of features 
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 Studying the association between traits allows to understand the nature of variable 

relationships in different fields of science e.g. in agriculture, medicine, biology, chemistry, 

meteorology and genetics. In this talk we analyze the relationship between two groups of 

characteristics: the group of variables observed over time and the features which are unchanged 

during the experiment. Assuming that the observations have a multivariate normal distribution 

with block-structure of the covariance matrix, we can use the likelihood ratio test to verify the 

separability of the top- left block of the covariance matrix and the independence of two groups 

of characteristics. The results are illustrated by the experimental data. 

Keywords: block covariance structure, separable covariance structure, maximum likelihood 

estimation 
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Probability distribution of constrained maximum coordinates 
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The paper deals with the problem of finding the probability distribution of the random 

vector that determines constrained maximum coordinates of a regression function. First 

the asymptotic distribution of the unconstrained maximum is derived. Then the distribution 

of constrained maximum coordinates is suggested for data from the food industry regarding the 

influence of emulsifying salts on the hardness of processed cheese. 

Keywords: Delta method, emulsifying salts, processed cheese, regression analysis 
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Preparing high quality speech corpora for speech data analysis 
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With ubiquitous presence of smartphones, and with smart devices gaining popularity, 

speech-based communication is becoming more and more common. Speech corpora are needed 

for training the algorithms for automatic speech recognition, and to prepare speech synthesis 

tools. Such corpora are also very useful to analyze speech data for various purposes. Therefore, 

speech corpora are being created all over the world, for various languages, sometimes with 

thousands of hours of speech (Chen et al., 2021). Additionally, speech corpora are usually 

annotated (Bird and Harrington, 2001), as annotated corpora allow connecting speech and 

language search. 

There are many types of speech corpora, and various criteria can be applied to evaluate 

their quality (Egbert et al, 2022). For instance, database-related quality criteria can be used, but 

language-related criteria or technical quality of the recordings are more typical here. The 

planning phase of the project of the speech corpus creation should start with establishing the 

principles for guiding the entire process of the corpus creation.  

It this talk, the components of speech corpus quality evaluation will be presented, and 

issues related to obtaining high quality corpora will be discussed. 

Keywords: speech signal, speech corpora 
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Variation of tree crown sizes of pine trees in age classes  
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The crown of the tree is one of the most important parts of the tree, as it determines the 

basic life functions. It is also the basis for determining the condition of the tree. Its size 

is affected by both the age of the tree and its position in the biosocial structure of the stand. 

Measurements of pine features were made on circular surfaces of successive age subclasses 

from IIa to Vb and VIIa. Tree trunk features were measured: dbh (cm), total tree height (m), 

live crown height (m) and the height of the widest part of the crown (m). The width of the crown 

(m) was also measured and the crown features were assumed as: crown projection area, crown 

length, crown length of light and shade, share of crown light and shadow, relative crown length 

expressed as a percentage, crown volume, crown deflection coefficient and Seebach’s growth 

space number.  

Then, a nuclear discriminant analysis was performed to check whether trees belonging 

to different age groups could be distinguished in terms of the measured tree characteristics. This 

analysis was performed separately for the features of the trunk and the features of the crown. 

Keywords: light-crown, shadow-crown, Kraft’s classes, Age classes, Scots pine  
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Applying Neural Networks for Mustard Variety Recognition 
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This paper presents the application of neural networks for mustard variety recognition. 

Mustard plants exhibit significant variations in morphology across different varieties, making 

their identification challenging. The proposed method utilizes a convolutional neural network 

(CNN) architecture to extract discriminative features from input attributes of mustard plants. 

The dataset used for training and evaluation consists of 57 diverse mustard varieties, with each 

variety annotated with corresponding 15 features. Data preprocessing involves standardization 

and one-hot encoding techniques to ensure optimal model performance. The trained CNN 

achieves high accuracy in classifying mustard varieties, demonstrating its effectiveness 

in automating the recognition process. Additionally, a threshold-based approach is introduced 

to identify cases where the predicted variety deviates significantly from known varieties. 

By setting a threshold for the percentage of different varieties among predictions, the method 

can detect the presence of new varieties. Experimental results demonstrate the robustness and 

potential practical application of the proposed method in mustard variety recognition. This 

research contributes to the field of agricultural automation by providing an efficient and reliable 

approach for identifying mustard plant varieties using neural networks. 

Keywords: Mustard Plant, Neural Networks, Variety Recognition 
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