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Streszczenie: Analiza poziomu wadliwości produktów w polskich zakładach produkujących 
meble z drewna litego. Celem przeprowadzonych badań była analiza problem jakości w 
wybranych zakładach produkujących meble z drewna litego. Przeanalizowano poziom 
niezgodności występujących na  różnych etapach procesu produkcyjnego oraz wadliwość 
będąca przyczyna zwrotów produktów przez klientów. Dane liczbowe do przeprowadzenia 
analizy uzyskano z ankiet przeprowadzonych wśród 10 wiodących na rynku polskim 
przedsiębiorstw produkujących meble z drewna litego. Badania przeprowadzono w 10 
wiodących polskich zakładach produkujących meble  z drewna litego (do samodzielnego 
montażu). 
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Abstract: The paper presents tensile properties of paper produced from mixure of poplar and pine cellulosic pulps. 
Pine cellulosic pulp was delivered by one of domestic paper mills and is mainly used for production of fine graphic 
paper. Poplar pulp was produced at Institute of Papermaking and Printing. The produced paper was thoroughly 
investigated and structural, tensile and optical properties were measured. This work presents just the most crucial 
properties like breaking length and tear resistance.  
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INTRODUCTION  

Paper is a versatile material used in everyday life, industry and economy. Global 
production and consumption of paper products amount for 400 million metric tons and shows 
constant growing trend [1,2]. Apart from functionality and relatively low price, paper products 
belong to environmental friendly materials produced from fibrous crops, mainly wood, and 
secondary raw materials – recovered paper[3,4]. Recently, there is an emerging trend to apply 
fast growing plants as raw material for production of paper. One of the most promising are fast-
growing poplar trees, which are expected to be used as hardwood feedstock and can be 
competitive to birch wood. There is many research done concerning this topic. Currently in 
Institute of Papermaking and Printing there is conducted project PBS1/A8/16/2013 which aim 
to apply pulps produced from fast-growing trees in paper production. The initial results 
suggested that due to very short fibers application of poplar pulps as standalone pulp is very 
difficult. Therefore, an attempt to produced paper from mixture of poplar and pine pulps were 
performed. 
 
METHODS/ MATERIALS 

The research material used in the work was bleached pine sulfate pulp in form of sheets 
of dryness equal to 93%. This was a commercially available pulp delivered by one of domestic 
paper mills. Generally, this pulp is used for production of high quality graphic paper. The next 
pulp was poplar pulps produced from two lines of poplar ie. Populus Maximowiczii and Populus 
Trichocarpa. Poplar timber from these lines was chopped into woodchips and then digested by 
sulphate method into pulp. The digestion conditions were as following: digestion temperature: 
160°C, digestion time 2h, cooking liquor modulus 4, active alkali 26%. The obtained pulps 
were screened and undigested elements were removed.  
Both of these pulps were then refined in PFI mill until freeness of 30°SR was obtained. For 
pine pulp refining time was 3 minutes for poplar pulps it was 1 minute. Suspensions of these 
pulps were prepared in separate mixing chambers and appropriate samples of each pulp were 
taken and poured into Rapid-Koethen class device so as to form laboratory hand sheets.  
Proportions of poplar to pine pulp were as following: 
 10:90 
 15:85 
 25:75 
 50:50 
 75:25 
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As reference paper produced from poplar and pine pulp was used. 
After performing test sheets, they were conditioned for 24 hours in standard conditions  

(23 ± 1˚C and 50 ± 2% relative humidity). The wide range of paper properties were investigated 
such as: breaking length, tear resistance, roughness, air permeability, etc. 

Moreover pulp properties like water retention value, length, fines content, freeness were 
also made. 
 
RESULTS 

The following figures presents changes in breaking length and tear resistance of paper 
produced from mixtures of poplar and pine pulp. 
 
 

 
Figure 1. Influence of addition of poplar pulp on breaking length of paper 
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Figure 2. Influence of addition of poplar pulp tear resistance of paper 

 
CONCLUSIONS 

According to initial results, poplar pulps cannot be used as standalone stock for 
production of paper. It shows very high static tensile properties, however, dynamic tensile 
properties are unacceptably low. 

There is no significant chance in breaking length for different additions of poplar pulp. 
In case of pulp produced from Populus Maximowiczii, breaking length of paper is even higher 
than for paper produced from pine pulp. 

As far as tear resistance is concerned, addition of poplar pulp higher than 15% cause 
significant deterioration of dynamic tensile properties of paper. For both poplar pulps (from 
Populus Trichocarpa and Populus Maximowiczii), a great chance in tear resistance can be 
observed between addition of 15 and 25% of poplar pulp. 
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Streszczenie: Zdolność papierotwórcza mas celulozowych topolowych z dodatkiem masy 
celulozowej sosnowej. Praca przedstawia właściwości wytrzymałościowe papieru otrzymanego 
z mieszanek mas celulozowych topolowej i sosnowej. Masa celulozowa sosnowa została 
dostarczona przez jeden z krajowych zakładów papierniczych i jest stosowana do produkcji 
papierów graficznych. Masa topolowa została wytworzona w Instytucie Papiernictwa i 
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Poligrafii Politechniki Łódzkiej. Otrzymany papier został wnikliwie przebadany i zmierzone 
zostały właściwości strukturalno-wymiarowe, wytrzymałościowe i optyczne. Opracowanie to 
przedstawia tylko najważniejsze właściwości takie jak samozerwalność i opór przedarcia.  
The authors gratefully acknowledge that this work was financially supported by the project  
PBS1/A8/16/2013 founded by National Centre for Research and Development, Poland 
(NCBiR).  
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Abstract: Morphological architecture of different ecotypes of Scots pine (Pinus sylvestris L.) in Poland. In this 
paper, we attempted to accurately describe and compare the morphological architecture of Scots pine (Pinus 
sylvestris L.), representing three different ecotypes from Bolewice, Gubin, and Tabórz. The samples come from 
old pine stands aged from 104 to 113 years located in three areas. In total, over 580 pines representing the three 
ecotypes were analyzed. All trees have been measured with respect to their height, diameter at breast height. Crown 
ratio and slenderness coefficient have also been calculated for each tree. The results obtained in the study revealed 
significant morphological differences between the investigated ecotypes of Scots pine. The highest measurements 
of diameter at breast height, and tree height were obtained for Tabórz pines, while the lowest measurements were 
obtained for Gubin pines. Tabórz pines also proved to be the most slender of all analyzed ecotypes. 

 
Keywords: Scots pine, architecture of trees, ecotype, slenderness coefficient, stability   
 
INTRODUCTION 
 

Over the years of evolution, populations adapted to local growth and development 
conditions have formed within local species. Significant differences between them have been 
observed, mostly with regard their morphological features (Białobok 1967, Krzakowa 1979, 
Szweykowski & Urbaniak 1982, Krzakowa et al 1994; Giertych 1995, 1997; Białobok et al. 
1993, Szweykowski et al. 1994). Abiotic factors, such as temperature, light, soil type, available 
nutrients, and other derived factors (Pawlaczyk et al. 2010) lead to the development of local 
phenotypes (geographic races), that is populations with distinguishing characteristics. These 
populations are present in a given area within the range of the species. In Poland, many of the 
local populations of Scots pine, referred to as ecotypes, are considered to be valuable. Local 
populations develop optimal growth characteristics in the conditions, in which they have been 
growing for generations. Scots pine races have been known and valued in forestry for years. 
Due to their unique characteristics, typical for given populations, several attempts to describe 
them have been made. Most studies found in the literature investigate the population differences 
with regard to the morphological and anatomic characteristics of needles, cones, and seeds 
(Sokołowski 1931, Staszkiewicz 1961, Bobowicz, Korczyk 1994a, b, Urbaniak 1997, 2009, 
Skrzyszewski 2004, Pawlaczyk et al. 2010). Genetic studies are currently also gaining in 
popularity (Sokołowski 1931, Staszkiewicz 1961, Bobowicz, Korczyk 1994a, b, Urbaniak 
1997, 2009, Skrzyszewski 2004, Pawlaczyk et al. 2005, 2007a, b, Nowakowska et al. 2014). 
On the basis of DNA analyses, genetic relationships between pine populations in different 
regions of Poland have been identified (Nowakowska et al. 2005, 2007a, 2010). 

This paper attempts to describe and compare the morphology of three known Scots pine 
(Pinus sylvestris L.) ecotypes, i.e. the Bolewice ecotype, the Tabórz ecotype, and the Gubin 
ecotype (Figure 1). The Tabórz ecotype can be observed, among other places, in the Sosny 
Taborskie Nature Reserve, which was founded in 1958 in the area near Tabórz, in the Warmian-
Masurian Voivodeship. This ecotype was highly valued around the world, as it was used in 
building masts for sailing ships. According to Fabijanowski (1961), a characteristic feature of 


