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Abstract: The analysis of population variability usually concerns the adaptability of trees to chang-
ing climatic conditions and their timber production possibilities. It is already known that several 
phenotypic and genotypic features determine the adaptation possibilities of a population and every 
population of a given species may have different adaptability to climatic conditions. The assimila-
tion apparatus is an important phenotypic feature that has a large impact on the functioning of tree 
organisms and their adaptability. Scots pine, which covers vast areas of Europe, is a very important 
species in the context of ecosystems’ sustainability preservation, especially in the era of global 
warming. Therefore, in our research, the inter-population and individual variability of morpho-
anatomical features of shoots and needles were analyzed. Nine national origins of Scots pine (three 
populations each from northern, western, and central Poland), which are a part of a 50-year prove-
nance experiment, were compared. Fragments of one-year-old shoots (5 cm long) with needles were 
collected from the top parts of tree crowns. An extensive analysis of the morphological parameters 
of the needles (length and width, density, dry mass) and the anatomical features of the shoots (thick-
ness, the share of bark, wood, and pith) was performed. Our surveys showed that the differences 
between populations are much greater than between regions. The western pine populations, which 
have shown the highest volume of wood per ha, had the thickest shoots but the lowest dry mass. 
The northern populations, highly valued for the very good technical quality of wood, had thin 
shoots. Pine trees from central Poland had the highest density and dry mass of needles and the 
highest share of wood in shoots. 
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1. Introduction 
The scope of provenance experiments is very wide. In addition to the main goal, 

which is the assessment of the production capacity of populations or individual trees, 
several detailed studies can be carried out on research trials. They provide valuable infor-
mation on the variability of morphological, anatomical, and physiological features as well 
as the resistance of trees to diseases and pests. Previous analyses of data from provenance 
experiments concerned mainly incremental traits, such as tree height, the volume of trees 
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and stands, as well as qualitative traits based on morphological properties [1,2]. Prove-
nance trials are also suitable objects for detailed studies covering a wide range of forest 
tree properties. The adaptive abilities of each species are related to many features of trees, 
useful for modeling their future development in the conditions of a changing climate [3]. 
Among the climatic factors, temperature and precipitation are believed to be the main 
determinants of both the occurrence and growth of plant species in forests [4], and these 
two factors are changing as an effect of global warming resulting from increased green-
house gas emissions. Key functional (ecophysiological) attributes include leaf size, which 
determines water use efficiency and the amount of light captured for photosynthesis [5,6], 
and leaf mass per area (LMA) or its inverse—specific leaf area (SLA, the ratio between leaf 
area and leaf dry mass), that are used to correlate capture of light and tree growth [7]. The 
above characteristics of the needle properties show that these features are modified to a 
big extent by climatic and genetic factors. 

The obtained information on the population variability of various Scots pine features 
indicates the need for more extensive research in this area, also concerning local origins. 
Particularly valuable information can be obtained from older experimental sites, where 
the research can be extended to the characteristics of wood. Such possibilities are provided 
by the 50-year-old provenance experiment in Rogów (central Poland), which represents 
16 national origins of Scots pine. The presented analysis of the variability of needles and 
shoots is one of the components of the interdisciplinary research carried out in this re-
search facility. 

2. Material and Methods 
2.1. Research Area 

The experimental site is located in central Poland, in the area of Rogów Forest Experi-
mental Station (51°54′29.1″ N 19°54′46.4″ E). It was founded in 1966 in a 5-repetition pattern. 
The offspring of 16 Polish provenances of Scots pine from all over the country were used. In 
2015, samples of shoots and needles from 9 provenances were collected (Figure 1). The plant 
material was taken from 50-year-old felled trees. The trees came from the upper layer of 
the stand and, apart from the basic measurements (incremental features of trees and 
stands), were used for extensive research on the properties of wood. However, the pre-
sented material covers only one feature of needle variability. 

2.2. Research Methodology 
Nine origins representing the three main areas of Scots pine (Pinus sylvestris L.) in 

Poland were selected for the measurement of the biometrical features of needles and 
shoots. Three populations each represented the north-east of the country (Starzyna, 
Rospuda, and Tabórz), the central (Janów Lubelski, Spała, and Rogów), and the western 
part of Poland (Bolewice, Karsko, and Gubin). From each population, 13 randomly se-
lected Scots pine trees were tested. Three one-year-old lateral shoots with needles were 
collected from each selected tree. The research material consisted of 5-cm fragments of 
shoots with needles, which were cut 3 cm from the bud. The needles were separated from 
shoots and their pairs were counted. If there were more scarred by the needles on the 
shoot than the number of separated needles, the gaps were replenished with the nearest 
needles outside the analyzed section. 

Using the Epson Expression12000XL scanner (resolution 12,000 dpi), scans of 5 cm 
sections and the cross-section of the shoot and samples of about 10 pairs of needles were 
made (Figure 1). Using the CooRecorder 9.3.1. software the thickness in half of the length 
of the taken shoot was measured, and the share of wood, bark, and pith was determined 
on the cross-sections of the shoots. The actual length (at the edge of the needle) and width 
of the needles were measured with WinSEEDLE ™ 2017 software. 

The shoots and needles were dried at 104 °C in a forced-air dryer by Memmert (type 
UF110, Producent GmbH + Co.KG). Drying lasted for 24 h. After the drying process was 
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completed, the shoot and the needles were weighed on a laboratory scale (PRECISA BAL-
ANCES, type 160M) to determine the dry weight of the shoot and the dry weight of the 
needles. The accuracy of the dry weight measurement was 0.001 g. 

 
Figure 1. Location of Scots pine mother stands (●) tested on the experimental trial (▲) in the 
Rogów Forest Experimental Station and sample scan of needles, shoot cross-section, and the frag-
ment of the shoot. 

3. Results and Discussion 
The trees from which the shoots were collected for detailed measurements were char-

acterized by a similar dbh value (Table 1). The average thickness of the pines from the 
central and northern regions was about 220 mm each, and from the western part of Poland 
they were about 10 mm thicker. The mean values of the tested features of needles and 
shoots also did not differ much between the three regions. In terms of needle length and 
total needle length, the needles from the central regions were shorter than those of the 
other two but had a higher dry weight. The trees originating from the western country 
part had the thickest shoots, but their volume, dry weight, and density were lower than 
those of the other regions. One-year-old shoots of trees from central Poland in the cross-
section had a slightly higher share of wood (38.6%) than those from the western (37.8%) 
and northern (38.0%). On the other hand, the lowest share of cortical tissues was found in 
the pine shoots of central Poland (33.5%). The analysis showed no statistically significant 
differences between the mean values of all the examined features (p-value > 0.05). 

Table 1. The average values of Scots pine shoot and needle features of tested trees from three regions of Poland. 

Analyzed Parameter 
 Regions  Mean 

for All Trees 
p-Value 

for Regions Central Northern Western 
tree breast height diameter (mm) 220 222 232 225 

>0.05 

tree basal area (m2) 0.0385 0.039 0.0426 0.0401 
needle length (mm) 64.1 65.4 65.4 65.0 

total length of needles (mm) 2224 2269 2240 2244 
needle thickness (mm) 5.39 5.29 5.54 5.42 
needle volume (cm3) 1.190 1.142 1.250 1.197 

number of needles per 5 cm of shoot length 35 35 35 35 
dry mass of the shoot (g) 0.435 0.428 0.403 0.421 

shoot volume (g/cm3) 0.422 0.431 0.371 0.406 
needle dry mass (g) 1.823 1.727 1.729 1.758 

needle dry mass per 1 cm of shoot length (g) 0.365 0.345 0.346 0.352 
share of wood in shoot (mm) 2.04 1.95 2.06 2.02 
share of bark in shoot (mm) 1.78 1.77 1.88 1.81 
share of pith in shoot (mm) 1.51 1.44 1.51 1.49 
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The differences between the average values of all traits for nine populations are sta-
tistically significant (α < 0.05) (Figure 2). The highest density of needles per 5 cm of the 
shoot was found in the population of Tabórz (32 needles), Rogów and Karsko (36 needles 
each), and the lowest for Starzyna origin (32 needles) and Bolewice and Gubin (34 needles 
each). The ranking distribution of the second important feature of needles, which is their 
length, was significantly different. The pines from Spała and Starzyna (almost 70 mm 
each) had the longest needles, while the shortest needles were from Rogów (55 mm) and 
Gubin (approx. 60 mm). The total length of needles was the highest in the populations of 
Tabórz and Spała, and the lowest was in the populations of Rogów and Gubin. In terms 
of dry matter, the highest value was recorded in the origin of Spała and Karsko, while the 
lowest in the local population was from Rogów. The shoots of the Karsko, Janów Lubelski, 
and Starzyna populations (0.47 g each) had the highest dry weight, while the shoots of 
Gubin (0.33 g) and Rogów (0.35 g) had the lowest weight. The density of shoots was cor-
related with the dry matter. Starzyna, Janów Lubelski, and Spała had the highest density 
of 0.5–0.55 g/cm3, while the lowest was found in the origins of Gubin (0.28 g) and Rogów 
(0.29 g). 

 
Figure 2. The characteristics of selected needle and shoot feature for nine origins of Scots pine. 

The condition of the assimilation apparatus determines the efficiency of water use 
and the amount of light captured and used for the photosynthesis process [8]. Thus, the 
differentiation of needle features between provenances may form the processes of photo-
synthesis and CO2 binding in a various ways. Leaf modifications most often result from 
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the adaptation of individual origins to specific local environmental conditions [9]. The 
greater differentiation of needle traits found in the research between individual origins 
than between the three regions of Poland may indicate a strong adaptation of pine to local 
conditions. In addition, our results are consistent with studies carried out in Scotland, 
where high variability between closely located Scots pine provenances was demonstrated 
[10]. These results clearly indicate the need for more detailed studies of individual prov-
enances. 

4. Conclusions 
There were no significant differences between the studied regions (central, northern, 

and western Poland) in terms of the variability of the analyzed needle and shoot features. 
The variability of the features resulting from the geographical location and climatic 

conditions in the mother stands, where the analyzed populations originated from, was 
not found. 

The research showed greater variability of Scots pine needles and shoots features be-
tween provenances than between regions (central, northern, and western Poland). Within 
each provenance, different relationships were found between one of the most important 
incremental traits, which is the tree basal area and the features of needles and shoots. 
Thus, the results indicate different (specific) properties of needles and shoots in each prov-
enance, which confirms the existence of a strong adaptation of individual provenances to 
local soil and climatic conditions. 
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