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Abstract 

This study a is continuation of the long-term experiment established by Šaicāne 
(2019). The main aim of the study was to examine the initial effect of different 
thinning regimes on growth of Silver birch (Betula pendula Roth) planted on 
abandoned farmlands in Latvia. The experimental design consisted of 6 different 
thinning treatments, varying in thinning intensity from 33.3% (800 trees ha-1 being 
left after first thinning) to 66.7% (400 trees ha-1 left after the first thinning). The 
long-term experiment as initially planned by Šaicāne (2019) will require a 
continuous implementation of the different thinning regimes intended for each 
treatment, including a different rotation length across the treatments – from 30 to 
45 years. However, in this study, only the initial effect of the first thinning was 
evaluated and presented. 

The two main objectives derived from the main aim of this study was to evaluate 
both growth of individual Silver birch trees as well as and the production as a whole. 
The collected data was used to estimate and evaluate different stand describing 
variables such as basal area, volume, basal area weighted height and diameter.  
Various functions were applied to estimate height, basal area, and volume. 
Ultimately, a statistical model was constructed to test effect of different thinning 
treatments on growth of Silver birch. 

Positive corelation was found between thinning intensity and diameter growth, 
with most heavy thinning showing the highest growth and the untinned Control the 
lowest. Moreover, it was shown, that the largest trees in each treatment also 
exhibited the highest diameter growth. Differences between 1st quartile (smallest) 
and 4th quartile (largest) were 14 – 25% for thinned plots and 148% for the untinned 
Control. Height growth had no statistically significant deviation across the 
treatments and sites. Basal area growth negatively corelated with thinning intensity, 
i.e., best growth was achieved by the light intensity thinning and the poorest growth 
by the high intensity thinning. Volume production was highest in lowest intensity 
treatment – 15 m3, followed closely by Control with 14 m3. Lowest volume 
production was in most intensive thinning 9.6 m3.  
 
Keywords: Betula pendula, plantations, thinning, growth, production, abandoned 
agricultural lands 
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1. Introduction 

1.1 Birch in Latvia: Habitat and geographic 

distribution 

Silver birch (Betula pendula Roth) is remarkable for its wide native range. It 
covers most of Europe with exception of the very north parts of Norway and 
southern parts of Greece and Iberian Peninsula. In longitude, it spreads from United 
Kingdom up until the very East of China and Russia (Figure 1a) (Beck et al., 2016). 
In comparison, downy birch (Betula pubescens Ehrh) is also a naturally occurring 
birch species in Europe. It exhibits similar native range; however, it covers 
Europe’s north and even parts of Iceland, but does not reach as far as to the south 
as Silver birch (Figure 1b). Both of the species are also commonly found in Latvia 
(Figure 1a, b). However, in this study, we are only assessing the growth of silver 
birch.  
 
a) b) 

 
Figure 1. Map showing distribution and frequency of occurrence of Silver birch (a) and Downy 

birch (b) (Beck et al., 2016) 
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Latvia could be called a birch-forest capital and Figure 2. is great example of 
that. There are patches of high proportion birch forests in all parts of the country. 
According to National Forest Monitoring, there were 770.5 thousand hectares of 
forests, where birch is the dominant species. Moreover, birch often naturally creates 
mixtures with various species. One of the most interesting mixture dynamics is 
created with Norway spruce (Picea abies (L.) Karst.). Significant part of birch 
dominated forests have Norway spruce in second layer – 16% (Vuguls et al., 2019). 
It is an interesting dynamic, of early successional birch and shade tolerant, late 
successional Norway spruce. Naturally, birch makes mixtures also with other 
hardwood species, such as Gray alder (Alnus incana (L.) Moench) and European 
aspen (Populus tremula L.). 

Figure 2. Map with proportion of birch spp. in Latvian municipalities (Pilvere, 2014) 
 

1.2 Growth of Silver birch 

Silver birch is a pioneer species that is light demanding and is known for its fast 
initial growth. In early stages, birch can have rapid growth that matches the growth 
pace of Sycamore maple (Acer pseudoplatanus) and European ash (Fraxinus 
excelsior) (Duboi et al., 2020). Compared to Downy birch, Silver birch shows 
significantly higher growth and better quality (Viherä-Aarnio & Velling, 1999). 
When it comes to height growth, Silver birch can reach a height of 12 – 13.6 m 
within its first 15 years (Liepiņš et al., 2013), followed by a slightly slower growth, 
reaching 17 -25 m during the next 15 years (Hynynen et al., 2010; Dubois et al., 
2021). Height growth of Silver birch peaks at around 20 years. After the 
culmination, Silver birch still maintains a relatively fast growth pace, that drops 
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sharply after age of 40 years (Hynynen et al., 2010; Dubois et al., 2021). Naturally 
regenerated Silver birch exhibits shorter period of vigorous growth, and height 
growth curve flattens faster than in planted Silver birch stands (Hynynen et al., 
2010). However, growth of Silver birch can vary greatly depending on site 
properties, i.e., on poor sites growth most often is considerably lower compared to 
nutrient rich sites.  

In optimal conditions, the diameter can reach close to 11 cm in 15 years (Liepiņš 
et al., 2013). However, diameter growth largely depends on crown diameter 
(Dubois et al., 2020). Therefore, it is crucial to have optimal stand density and 
timely performed management activities. Hynynen et al. (2010) states that in 
optimal growing conditions, annual ring width is ca 3-4 mm. Diameter growth of 
birch in plantations, similarly to height growth, peaks approximately before the age 
of 20 years. Interestingly, in stands naturally regenerated by sowing, diameter 
growth peaks already at the age of 5-7 years (Dubois et al., 2020). Overall yield of 
birch plantations also largely depends on site properties. In Latvia, mean annual 
increment (MAI) can fluctuate from 3.8 m3 ha-1 (cumulative volume of 227 m3 ha-

1 in 60 years) on overly wet sites, up to 8.8 m3 ha-1 (439 m3 ha-1 in 50 years) on sod 
calcareous soils. On podzolic soils, MAI is approximately 7.1 – 7.5 m3 ha-1 (328 m3 
ha-1 in 45 years) (Liepiņš et al., 2013). In Finland, MAI in naturally regenerated and 
unmanaged stands varies between 4 – 6.75 m3 ha-1 (320 – 540 m3 ha-1 in 80 years). 
However, in managed plantations it is ca 6 – 9.3 m3 ha-1 (360 – 560 m3 ha-1 in 60 
years). In Sweden MAI can reach up to 10 m3 ha-1 with rotation length being 
between 30 – 60 years. (Dahlberg et al., 2006 as cited in Hynynen et al., 2010). In 
Central Europe, on most appropriate sites, MAI only reaches 4.9 m3 ha-1 (389 m3 
ha-1 in 80 years) (Hynynen et al., 2010). However, with largely varying rotation 
lengths it is hard to compare these results. With most rapid growth occurring within 
the first 40 years, longer rotations can be more productive than they seem. However, 
too long rotations may subject the stands to increased risks. According to Dubois et 
al. (2021), rotation beyond 60 years already has an increased risk of discoloration 
of heart and stem rot, with 80 years of age already being a high-risk zone (Hynynen 
et al., 2010).  
 

1.3 Establishment and management of Silver birch 

in Latvia 

In order to grow economically valuable birch plantations, intensive forest 
management has to be applied. Starting with soil scarification, proper place for 
planting, early tending (vegetation control), pre-commercial thinning (PCT) and 
thinning. When establishing plantations of Silver birch, it is important to remember, 
that birch is extremely light demanding, especially at young age. Therefore, 
vegetation can undermine growth of new trees, thus early tending is required. 
Planting density varies between countries. For instance, in Latvia, legislation 
expects a minimum of 2000 trees per ha, however, in other countries of Baltic sea 
region, requirements vary from 1600 to 2500 trees ha-1 (Law on Forests, 2000). 
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Perhaps the most challenging part of managing birch plantation is the first two years 
after planting. In a birch experiment in Latvia Liepiņš, et al. (2017) showed that up 
to 2/3 of all plantations failed due to lack of well-timed and regular early tending, 
which resulted in either vigorous natural regeneration or suppression from 
vegetation, for example, shrubs, such as raspberry (Rubus idaeus L.). It was noted, 
that in certain plantations, height of raspberry was above average human height 
(170-175 cm). In such conditions competition for resources in stand is very high 
and the growth of birches is severely inhibited or even stopped. After escaping 
threat of being suppressed by vegetation, there is threat of competition from 
naturally regenerated birch and other pioneer species. Growth and quality of 
naturally regenerated birch is inferior to planted seedlings of genetically improved 
material, therefore it is crucial to preserve as many as possible, given the 
investment.  

1.3.1 PCT 

Pre-commercial thinning (PCT) is an important silvicultural treatment for 
reducing overall stand density. Lowering density accelerates diameter growth as a 
result of crown release. With more space, trees can expand their crowns and 
increase LAI (leaf area index), that increases their photosynthetic activity. 
Moreover, slim trees are more vulnerable to wind and snow damage. Performing 
PCT is especially important in naturally regenerated stands, with up to 5000 
seedlings ha-1 (Niemistö et al., 2008). However, it is also crucial in artificially 
regenerated stands, where density is much lower, but where natural regeneration is 
also part of an equation. As a general rule of thumb, desired crown length for Silver 
birch should be ½ of overall height (Hynynen et al., 2010; Liepiņš et al., 2013; 
Zālītis and Zālītis, 2007). This general rule can be used for decision making on 
whether go on with PCT or wait. Zālītis and Zālītis (2007) concluded, that in PCT 
it is mandatory to reduce number of trees down to 1500 – 2000 trees ha-1, regardless 
of initial stand density, it ensures formation of productive stands. According to 
them, PCT should be done, when stand height is between 3 – 12 m. However, it is 
a vague approximation, as according to the Latvian model, the first commercial 
thinning should be carried out already at a height of 12 m. However, soil properties 
dictate pace of growth and thus influence when PCT will be necessary. Another 
issue that presents a certain threat is damage by ungulates. In a study in Latvia, 
Liepiņš et al. (2017) addressed this issue. On 45 ha of surveyed birch plantations, 
almost half of them had some degree of damage, but only 4 plantations had over 
10% of damaged trees. Most common type of damage was browsed top bud, broken 
top and stem abrasion, likely done by roe deer males in early summer.  
   
 

1.3.2 Thinning 

Timely done thinnings decreases competition, thus remaining trees have access 
to more water, nutrients, light, and space for crown extension, that is crucial for 
diameter growth. There are differences between countries of Baltic sea region in 
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terms of thinning practices. However, most commonly the thinning programmes in 
birch consist of two thinnings throughout the rotation. In Finland, a common 
practice is a heavy first thinning. The first thinning is carried out when the average 
stand height is between 13-15 m. As a result, the number of remaining trees after 
the first thinning is about 700 – 800 trees ha-1 (Hynynen et al., 2010). The period 
between thinnings is 15 years and during second thinning, the density is reduced 
down to 350 – 400 trees ha-1. In his report, Liepiņš et al. (2017) described another 
Finnish model that is very similar to previously described by Hynynen et al. (2010). 
The experiment was established in 1990, near Padasjoki. Initial density of the stand 
was 1500 trees ha-1, and the first thinning was performed, when stand had reached 
height of 14 m, with the remaining stem density being 750 trees ha-1. The second 
thinning was done partly from above, when the dominant trees had reached veneer 
log quality and dimension requirements. In this model it is important to make sure 
that remaining stand has vital crowns and sufficient quality. Remaining density 
after the second intervention was 400 stems. Liepiņš et al. (2013) presents most 
common birch thinning practises in Latvia. The first thinning is done at an average 
height of 12 m with the remaining density being 800 – 1200 trees ha-1. Period 
between first and second thinning is around 12 years and final density is ca 400 – 
600 trees ha-1. Intensity of first thinning depends on site productivity – in less 
productive sites, the intensity is lower. One of the differences between Latvian and 
Finnish practices is the density of the stand. In Latvia initial establishment starts 
with 2000 trees ha-1, while in Finland it is usually lower – 1600 trees ha-1. Higher 
stand density remains in Latvian birch management strategy throughout the 
rotation, including number of crop trees.  

1.3.3 Rotation length 

When it comes to rotation length, in general, Silver birch plantations are 
managed for 40 - 50 years. However, in less fertile sites, rotation can be extended 
up to 60 years. In most birch management practices the aim is to produce high 
quality and large dimension timber. If aim of the management is to produce biomass 
for energy use, rotation is significantly shorter. However, such practices are more 
common, when stand has regenerated naturally, or it is a Downy birch stand.  

From the economical point of view optimal, rotation length in Silver birch 
plantations has been found to be 34 - 45 years (Tullus et al., 2012). In a study 
conducted in Sweden, Liziniewicz et al., (2022) via simulation determined 31 years 
as the optimal rotation age for Silver birch on high fertility sites. Latvian legislation 
has set a minimal age for harvesting at 71 years in high and medium productivity 
sites, and 51 years at low productivity sites (Law on Forests, 2000). Increasing 
rotation length beyond that is not recommended, keeping in mind involved risks, 
that were touched upon before in paragraph 1.2. In Latvia, there is also a target 
diameter method for harvesting timber, that allows to harvest a stand prior reaching 
minimal felling age. Target diameter in most productive sites is 31 cm, in medium 
productivity 25-27 cm and in lower productivity – 22 cm (Rules on felling trees in 
forest, 2013). 
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1.4 Breeding of Silver birch in Latvia 

In Latvia, small-scale plus tree selection of birch started in 1960’s and 1970’s, 
with no significant results. During the soviet occupation, birch was regarded as a 
weed, similarly, like in Scandinavia. After regaining of independence in 1991, there 
were plenty of old and mature birch stands, but close to none in young age forest 
structure. Approximately 0.5 million hectares of old agricultural land was left 
without use. The largest birch timber processing company “Latvijas Finieris” had 
to completely restructure and find local supply of timber. Quality of seedlings in 
nurseries were quite low. As a result, in 1996, a birch program was developed by 
forest science, legislation, education and industry members. It aimed at developing 
birch breeding program, growing high quality seedlings in nurseries, support for 
private forest owners, improvement of legislation, support from science, that 
research all of the above. In more than 20 years the program has led to the following 
results:  

• genetic improvement of planted birch led to 20 – 30% increase in growth 
and quality, compared with naturally regenerated birch; 

• high quality planting material (container-grown and bare-root), that is able 
to satisfy local demand; 

• information provided to forest owners as well as financial support from EU 
and “Latvijas Finieris” for establishing birch plantations; 

• improved legislation, that supports afforestation of abandoned agriculture 
lands (20 years of Birch Program, 2016). 

One of the great things about birch selection is its rapid growth that allows to 
assess the growth and quality of new generations already within 7-8 years (Liepiņš 
et al., 2013). As a result of that, breeding of birch is less time consuming, in 
comparison to conifers or other broadleaves. To compare, Finnish Silver birch 
breeding program has also shown great results, for example genetic gains of 29% 
in terms of volume, reduced tapering by 13% and smaller branch diameter by 10% 
(Pöykkö, 2013). This can result in largely increased financial gain for forest owners 
deciding to plant birch for high quality timber production.  

In Latvia, birch program is still active and among futures challenges and 
objectives are: 

• increased proportion of artificial birch regeneration using nursery seedlings, 
as currently natural regeneration is still most dominant regeneration method 
due to low costs, however, quality and production suffers from it; 

• continuous work to raise quality of nursery planting material, to increase 
their competitiveness in forest against vegetation and natural regeneration; 

• continue to develop management technologies in established plantations, 
one of the most significant directions is thinning intensity, regime and stem 
quality; 

• preservation and establishing of new long-term studies; 
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1.5 Importance of birch in Latvia and other countries 

around the Baltic sea region 

In Latvia, approximately 30% of forest area has birch as a dominant species, 
which constitutes for 23.8% of overall growing stock – approximately 160 million 
m3 (Forest industry in numbers and facts, 2022). In Finland, birch species makes up 
a total of 16% of total growing stock, including both species (Hynynen et al., 2010), 
while in Sweden, birch makes up for around 12.7% of the total growing stock 
(Forest statistics, 2021). Birch is economically, ecologically, and socially 
significant species. Paper and pulp industry is one of the largest birch timber 
consumers in Northern Europe, with Sweden and Finland being top pulp producers. 
In 2020, Sweden produced 9.3 million tons of paper and board (Swedish Forest 
Industries, 2020). In Latvia, birch firewood is one of the most popular use. 
Although it is not so highly regarded in Central Europe, its qualities are well suited 
for food preparation. When it comes to industrial and construction application, 
birch is used to produce such products as oriented strand boards (OSB), medium-
density fiberboards (MDF), high-density fiberboards (HDF), glued veneer boards 
and other products, that are used for construction (Duboi et al., 2020). Similar 
products can also be used as design elements if outer surface is specifically 
processed. Some companies in Latvia worth mentioning are “Latvijas Finieris” that 
are producing all types of processed and unprocessed veneer board and 
“Kronospan” that are producing many types of OSB, MDF, and HDF. Birch timber 
is aesthetically pleasing with its light, splinter-free, simple, but elegant appearance 
of timber.  

Ecologically birch is considered to be a great soil improver. Its fine roots and 
leaves have good decomposition rate, thus improving water infiltration and soil 
structure. Often birch forms symbiotic relationship with mycorrhiza, therefore 
enhancing growth and survival (Perala and Alm, 1990). Growing birch on forest 
land previously occupied by conifers can improve soil fertility (De Schrijver et al., 
2004) and reverse process of podzolization (Emmer et al., 1998). Birch has great 
positive influence on biodiversity. For example, in a study done in Sweden, Felton 
et al. (2011) found an increase in biodiversity of birds associated with broadleaves, 
when comparing spruce and spruce-birch stands. Moreover, biodiversity of conifer-
related bird species mostly did not fluctuate. Abundance of light under birch canopy 
promotes light-demanding flowering species, it attracts nectar feeders and 
pollinators (Dubois et al., 2020). Improved soil structure benefits soil fauna, such 
as earthworms, springtails, and other insects, which, in turn, creates conditions for 
moles, shrews, badgers etc. (Dubois et al., 2020). Birch is crucial for preserving 
biodiversity of invertebrates in a landscape (Woodcock et al., 2007). 

Socially, birch stands out among other species with their black and white bark, 
creating light, eye-pleasing stands, that are great for recreation. As for the other use, 
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birch offers wide range of non-timber forest products. Bark of birch could be one 
of the most valuable substances for medicine, as it provides variety of medicine – 
birch bark extract for improved wound healing (Ebeling et al., 2014), betulinic acid 
is effective against melanoma cells (Patočka, 2003), betulin and other triterpenes 
extracted from bark has antifungal, antimicrobial, anti-inflammatory, antiviral 
(even anti-HIV) effects (Innocente et al., 2013; Aiken and Chen, 2005; Šiman et 
al., 2016). Birch is also a host for valuable mushrooms, such as chaga (Inonotus 
obliquus), whose extracts shows anti-tumour effect, antioxidant, antimicrobial, and 
anti-quorum sensing activity (Glamočlija et al., 2015). Ganoderma lucidum called 
reishi is quite rare mushroom that grows on birch deadwood, it possesses 
hepatoprotective, anti-hypertensive, anti-tumour and many other effects that are 
significant for medicine (Boh et al., 2007). Another non-timber product that birch 
offers in spring is its sap. Collection of sap is fairly popular in Baltic sea region 
countries. Practice of renting birch stands to sap tapping companies in Finland has 
been reported by Dubois et al., (2020). Apparently, income of such practice is 
higher than of final felling. Unfortunately, large-scale sap collection cannot be 
combined with stand management for high-quality timber, due to discoloration that 
happens after sap collection. Nevalainen (2005) isolated 486 microbial pure 
cultures 5 years after sap collection. While discoloration does not necessarily mean 
wood decaying fungi being present, it does, however, dramatically reduce the value 
of such timber. 

1.6 Aims of the study 

This study is a first assessment of initial growth response in this long-term 
experiment that was established by Šaicāne (2019) on a land previously used for 
agriculture. There is a large amount of abandoned agricultural areas that could be 
potentially used for afforestation, however, there is a lack of knowledge on the 
growth and production of different tree species. Different growth trends might 
require adjusted management interactions. Therefore, it is of crucial importance to 
evaluate the effect of different thinning regimes on growth and production of birch 
– primarily to avoid suboptimal management choices. Accordingly, three 
experimental sites were selected and re-measured to assess the different tree and 
stand growth characteristics. From the overall aim, two main objectives emerged: 

 
1. Compare diameter growth of individual trees between the different 

thinning regimes. 
2. Evaluate the effect of different thinning regimes on growth variables of 

Silver birch. 
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2 Materials and Methods 

2.1 Study sites 

The original thinning experiment was established in early 2018 by Šaicāne 
(2019), in south eastern part of Latvia (Figure 3.) - in an area managed by 
Skogsallskapet.  As a first step, a thorough stand selection was done. As it is 
described in Šaicāne (2019), main criteria for site selection were:  

• artificially planted birch plantation on abandoned farmland, where 
commercial thinning has not been done yet;  

• stand had to be without serious damage from various factors, including 
wind, snow and animals;  

• area of a stand had to exceed 1 ha. Size of a stand was important, as 
thereafter it was planned to install six plots representing six different 
thinning treatments.  

 
 

 
 

Figure 3. Location of the study sites in Latvia: 1 - Skaistuļi, 2 – Māllēpes & 3 – Vilki.   
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The selection resulted in three sites being chosen for the thinning study located 

on three different properties (Table 1). Area of experiment, is located in distance 
from Baltic sea, however, relatively flat relief of Latvia provides virtualy 
unobstructed movement of air mass into the region from Atlantic ocean. Average 
yearly air temperature in study area was 5.5 ℃ during meteorological observations 
from 1981 – 2010. Precipitation in the area during same period was between 650 - 
700 mm-1, which is only slightly below average for the whole country (Briede, 
2021).  
 

Table 1. Basic information and main metrics of study sites before start of experiment 
 

Site Name of 
property 

Coord. 
(LKS92) Soil  Plot 

Number 
of trees, N 
ha-1 

Dq, 
cm 

Hbaw, 
m 

Ba, 
m2ha-1 

Vol, 
m3ha-1 

1 
 
 
 
 
 

Skaistuļi 746201, 
236779 

DPS 1 1033 12.2 13 12.1 73.4 
2 1000 12.9 13.2 13.2 81.1 
3 1067 12.4 13 12.9 79.1 
4 1283 10.3 12.3 10.7 63.4 
5 1267 11.4 12.7 12.9 77.6 
6 1083 10.8 12.5 9.9 59.2 

2 
 

Māllēpes 735452, 
235999 

DMS 1 1167 9.3 12 7.9 45.6 
2 1267 9.6 12.2 9.2 53 
3 1333 10.5 12.4 11.5 68.2 
4 1267 9.6 12.1 9.3 53.8 
5 1483 9.5 12.1 10.5 60.5 
6 1017 11.9 12.9 11.3 68.6 

3 
 

Vilki 741040, 
239244 

DMS 1 1317 10.7 12.5 11.8 70.2 
2 1150 10.6 12.4 10.2 61.3 
3 1050 10.4 12.4 8.9 52.4 
4 1267 11.3 12.7 12.6 76 
5 1167 11.2 12.7 11.4 68.1 
6 1133 11.1 12.6 10.9 65 

Note: DPS is drained mineral soil and DMS is dry mineral soil. 
 
 

2.2 Experimental design 

The experiment consists of three sites (blocks) and within each block there are 
6 plots where 6 thinning treatments were replicated once in each site. The allocation 
of each treatment within the bloch was installed using a randomized complete block 
design. All plots (except Control) were split in half and one half had manual pruning 
done. Size of each block is 30 by 20 m (600 m2) and additional buffer around each 
block, to mitigate the edge effect. Main stand parameters before thinning are 
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summarized in Table 1. Positioning of plots within study site can be seen in Figures 
4 - 6. 

 
 
 

 
Figure 4. Study site Skaistuļi, Istra municipality 

 

 
Figure 5. Study site Māllēpes, Rundēnu municipality 
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Figure 6. Study site Vilki, Istra municipality 

 
The six thinning treatments were defined in Table 2, as follows. 
 

Table 2. Descriptions of applied treatments in experiment 
 

Treatment 

Density 
after first 
thinning, 
trees ha-1 

Overall 
number 

of 
thinnings 

Interval 
between 

treatments 

Final 
density, 
trees ha-

1 

Rotation 
length, 
years 

Comments 

S800 800 3 10 -15 250 - 
300 45 

Compromise 
between most 

common practices 

S660 660 1 - 660 40 

More intensive 
initial treatment, 

but no further 
activietes 

S530a 530 3 10 200 40 Very intensive 
management plan 

S530b 530 2 10 -15 250 40 

Slightly less 
intensive as 

alternative to 
S530a 

S400 400 1 - 400 30-35 Intensive initial 
treatment 

Control - - - - -  
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As can be seen in Table 2, there are two similar thinning regimes S530a and 
S530b, treatment a includes 3 thinnings, instead of 2. Therefore, in this study we 
will treat both regimes the same, given, that changes will only occur in later stages 
of stand development. 
 

2.3. Data collection 

The data for this study was collected at the end of summer of 2021. 
Measurements took place between 23rd – 27th of August. In the experimental plots, 
cross-sectional diameter measurements were taken of all trees - in two directions: 
N-S and E-W. Height was measured using Haglöf Vertex IV hypsometer. Height 
was measured only for the sample trees due to the time-consuming procedure of 
measuring height. Selection of sample trees was done before the start of the field 
work using the previously measured data set (Šaicāne, 2019), all diameters to be 
specific. The selection of sample trees was done on a stand-plot level, by first, 
sorting trees into ascending order, then selecting systematically across all actual 
diameters based on sum of squared diameters, e.g., roughly every 4th tree. Measured 
heights were later used to estimate the height of all trees.  
 

2.4 Calculations 

2.4.1 Estimation of height of all calipered trees 

As mentioned before, height was measured only for sample trees, therefore, it 
was necessary to calculate height for rest of the trees, that had diameter 
measurements recorded. To do so, height-diameter model, developed by Näslund 
(1936) was used. Model uses measured diameters and height from sample trees. 
 

𝐻 =
𝐷!

(𝑎 + 𝑏 ∗ 𝐷)!
+ 1.3 

 
(1) 

 
where H – height of the tree (m), D – diameter of a sample tree at breast height 
(cm), a and b – model coefficients. Two forms of the Näslund function were tested, 
i.e., a form with the exponent (or power) of 2 and a form using the exponent of 3.  
In this case, the power of two was used in the function, as it was found to provide 
a better fit via the residual analysis.  
 
Coefficients were estimated on every stand and plot separately using a non-linear 
regression. Consequently, Näslund function with the newly estimated coefficients 
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was used to estimate height of all calipered trees. Further analysis on height, height 
growth is based on the tree heights estimated by the function.  

2.4.2 Estimation of basal area and volume 

 
Basal area or in other words, cross-section area of all trees is important stand 

variable in forestry, it is typically recorded in square meters for hectare. To calculate 
basal area in study sites, simple formula was applied, using calipered diameters at 
breast height. 

 
 

𝐵𝐴 = 	
𝜋 × 𝐷𝐵𝐻!

40000
 

 
(2) 

 
In this formula BA stands for Basal area and DBH – diameter at breast height. 

 
For calculation of individual tree volume, Latvian formula, developed by Liepa 

(1996) was used. 
 

 
𝑣 = 𝛹𝐻"𝑑#.%

& '()*+ 
 

(3) 

 
 

where v – volume; H – height of tree; d1.3 – diameter at breast height; and 
coefficients – Ψ (0.9090*10-4), α (0.71677), β (0.16692), ϕ (1.75701) estimated 
specifically for birch. 

2.5 Statistical analysis  

For statistical analysis, a linear mixed-effect model was used, to discover 
statistical differences between plot growth characteristics (specified below) as a 
result of thinning treatments.  

	
𝑦𝑖𝑗 = 𝜇 + 𝑏𝑖 + 𝑐𝑗 + 𝜀𝑖𝑗	

	
(4) 

	
	

where	𝑦𝑖𝑗	is the response variable,	𝜇	– mean value, 𝑏𝑖	– fixed effect of thinning 
treatment, 𝑐𝑗	– random effect of site,	𝜀𝑖𝑗	– random error term for observation ij. A 
set of response variables were tested: diameter growth, height, volume growth and 
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basal area growth. The predictors consisted of fixed and random effects, with fixed 
being the variables treatment (the different thinning treatments: S400, S530, S660, 
800, S1200) and site (sites: 1,2,3). Variable site was also included as the only 
random effect in the model. Consequently, a post hoc analysis was performed. 
Estimated marginal means and compact letter displays of pairwise comparisons 
were obtained using the emmeans and cld functions of emmeans and multcomp 
packages respectively. The model was constructed and tested using R (R core Team 
2022), nlme package (Pinheiro et al., 2021). All data processing in this study was 
done using R (R core Team 2022). 
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3 Results 

3.1 Diameter growth and distribution  

Figure 7, shows that thinning activities, directly stimulate diameter growth in all 
thinned plots, but especially growth of dominant trees. Those trees, that had largest 
diameters before thinning, also exhibited largest diameter growth during 4 
vegetation seasons. Data displayed in Figure 7 shows annual diameter growth. It 
was calculated using old data from before thinning treatment (collected in 2017), 
and new data from 2021. Trees of corresponding treatments were divided in 4 
quartiles, according to their diameter growth. To compare diameter growth between 
each treatment, 1st quartile (lowest growth) and 4th quartile (highest growth) were 
compared. Initially idea was that increasing thinning intensity decreases growth 
difference between largest and smallest trees, due to more open space, light and 
resources. At first it did looks so, with treatments S400, S530 and S660 showing 
low deviations between mean values of quartiles – 14.1%, 20.8%, 24.0% or 0.13, 
0.17, 0.18 cm year-1 accordingly. However, S800 showed only 18% or 0.13 cm year 
-1 difference and put a dent into this theory. Absolutely extreme variation was 
between Control values – 148.1% or 0.33 cm year-1, that can be explained by large 
number of small trees, that will eventually die off in self-thinning.   

 
Figure 7. Comparison of diameter in 2017 and diameter growth until 2021 
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Figure 7 clearly supports general theory, that thinning intensity directly 
correlates with diameter growth. In Control plots, most dominant trees reached 
diameter growth just below 0.6 cm year-1, while smallest trees had growth just 
above 0.2 cm year-1. There is a considerable gap between Control and rest of the 
thinning regimes. For example, even in S800 treatment, smallest trees have more 
than 0.1 cm year-1 of growth advantage over the largest Control plot trees. Highest 
diameter growth was recorded in most intensive treatment S400. Comparison 
between largest tree growth in S400 and Control, shows difference of 
approximately 0.6 cm year-1. 

Impact of thinning treatments was statistically significant as it can be seen in 
Table 3. Statistical analysis showed p values lower than 0.0001. Treatments are 
placed in ascending order based on their estimated mean value. Letter display 
shows grouping of treatments indicating statistical differences between them. In 
this case, treatments were divided into three groups (a, b, c). The statistical analysis 
revealed that there are statistically significant differences between the treatments. 
Here, Control was separate from other treatments (a), lower intensity treatments 
were grouped together (b), and high intensity treatments were also grouped 
separately (c). 

 
Table 3. Response of diameter growth in statistical tests 

 
Response 
variable Treatment α 

Estimated 
mean 
value 

p-value Letter 
display SE 

Diameter 
growth 

Control 

0.05 

1.76 

<.0001 

a 0.163 
S800 3.04 b 0.163 
S660 3.18 b 0.163 
S530 3.6 c 0.163 
S400 3.91 c 0.163 

 
Comparing Control with the rest of the plots in Figure 8, gives apparent evidence 

of thinning. As it can be seen, there is lack of small trees (1 – 10 DBH cm) in 
thinned plots, but plenty of them in the Control plots. While the fact that there is 
lack of small trees in the S400 is quite self-explanatory, the graph also shows that 
all of the remaining trees have grown extremely well, including the relatively 
smaller diameter trees, once again confirming the findings presented in Figure 7.   
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Figure 8. Diameter distribution within thinning treatments 

 

3.2 Height growth 

Even though there was no statistical difference between sites, overall height is 
noticeably lower on Site 2 (Figure 9). However, when it comes to height growth, 
since the start of experiment, all sites perform rather similarly. Height growth was 
calculated using original data from 2017 and 2021. There are no clear indications 
of treatment effect on height growth, it is rather quite random. For example, Control 
treatment has 4th best growth on Site 1, lowest growth on Site 2 and best growth on 
Site 3. Most consistent result was showed by S800 and S530, where amplitude 
between site average height growth values was only 0.34 m and 0.38 m 
respectively. Lowest height growth since the beginning of experiment was recorded 
on Site 1, S660 treatment - 3.79 m, but highest growth on Site 3, in Control plot – 
5.44 m, which is a substantial difference.  
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Figure 9. Mean height and height growth in different thinning regimes and sites 

 
Nevertheless, no statistically significant difference in height growth between the 

different treatments was found (Table 4). Since there was no statistical difference 
between treatments, all treatments were sorted into the same group (a), when 
analysed.  

 
Table 4. Response of height growth in statistical test 

 
Response 
variable Treatment α emmean p-value Letter 

display SE 

Height 
growth 

Control 

0.05 

4.06 

0.118 

a 0.256 
S660 4.33 a 0.256 
S400 4.55 a 0.256 
S530 4.72 a 0.256 
S800 5.15 a 0.256 

 
 

3.3 Basal area growth 

Interesting results were obtained for basal area growth (Figure 10). Absolutely 
logical performance of treatments from S400 up to S800, however, low placement 
of Control plot was slightly surprising. Figure shows annual basal area growth for 
hectare. Control plot still holds largest overall basal area in Sites 2 and 3 with basal 
area of 15.2 and 17.0 m2 ha-1, with S800 standing at 11.7 and 14.2 m2 ha-1 
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respectively. However, on Site 1, S800 already has larger total net basal area (14.5 
against 14.4 m2 ha-1) and higher annual growth (1.17 against 0.92 m2 ha-1).  

 
Figure 10. Annual basal area growth in different thinning treatments 

 
Statistically, there were differences between certain treatments. Each treatment 

was grouped and separated with individual letter display, however, means sharing 
a letter were found not to be statistically different. According to the post hoc 
analysis, significant differences were found between S400, S530 and S800 
treatments (Table 5).  

 
Table 5. Response of Basal area growth in statistical test 

 
Response 
variable Treatment α emmeans p-value Letter 

display SE 

Basal 
area 

growth 

S400 

0.05 

0.874 

0.0002 

a 0.0389 
Control 0.991 ab 0.0389 
S530 1.046 b 0.0299 
S660 1.127 bc 0.0389 
S800 1.233 c 0.0389 

 
 
 

3.4 Volume growth 

Similarly like with height growth, also volume growth is slightly worse on Site 
2 (Figure 11). Volume growth was calculated using volume estimations from 2017 
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and 2021. Data showed in Figure 11, represents annual volume growth in each plot 
ha-1. Decrease in volume growth is to be expected with heavy thinnings, such as 
S400, S530. Unexpected is relatively low volume growth in Control plots on Site 1 
and Site 2. On Site 1 it is much lower than in S800 (12.5 m3 ha-1 and 15.5 m3 ha-1) 
and almost identical to S530 and S660 (12.7 m3 ha-1 and 12.4 m3 ha-1). While on 
Site 2 it is slightly lower than S800 and only a little higher than in S660. Overall, 
S800 has best volume growth (Site 1 – 15.5 m3 ha-1, Site 2 – 13.25 m3 ha-1, Site 3 
– 16.15 m3 ha-1). On Site 3 more intensive thinning treatment resulted in lower 
volume growth, which is to be expected, as remaining trees cannot produce as much 
as larger number of trees in Control, for example. However, on Site 1 volume 
growth did not follow the same tendency. S530 had better growth than S660 (12.7 
m3 ha-1 and 12.4 m3 ha-1 respectively). The lowest volume growth was recorded on 
Site 2, in S400 treatment, with 7.8 m3 ha-1. Therefore, it is possible, that volume 
growth could be even higher with less intensive thinning. 

 
Figure 11. Annual volume growth across treatments per hectare 

 
Volume growth response to statistical test was significant (Table 6). In terms of 

mean values, statistically different were only most extreme treatments. For 
example, significant difference between S400 and S800/Control, or S800 and 
S400/S530, because they do not share any displayed letters. 
 

Table 6. Response of volume growth in statistical test 
 

Response 
variable Treatment α emmeans p-value Letter 

display SE 

Volume 
growth 

S400 0.05 9.61 0.0029 a 1.108 
S530 11.85 ab 0.977 
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S660 12.45 abc 1.108 
Control 13.97 bc 1.108 
S800 14.97 c 1.108 
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4 Discussion 

4.1 Diameter growth and distribution 

Results of this study, as expected, showed clear indications that thinning 
intensity has positive influence on diameter growth (p <.0001, α = 0.05). All 
thinning treatments had marginally better diameter growth than unthinned Control, 
since the establishment of the experiment. Statistical test grouped treatments into 3 
groups (Control, lower intensity thinnings, higher intensity thinnings). Thinning 
treatments clearly benefited to the growth of already dominant trees considerably 
more compared to the growth of medium and small trees. Trees of all treatments 
were divided into 4 quartiles based on diameter growth and their mean values were 
extracted. There were substantial differences between 1st and 4th quartile in every 
treatment. In Control, difference between quartiles was 148,1%, S800 – 18.0%, 
S660 – 24.0%, S530 – 20.8%, S400 – 14.1%. As it can be seen, the most extreme 
difference is in Control plots, where average of 1st quartile was 0.2205 cm year-1, 
and 4th quartile – 0.5469 cm year-1.  

One of the aims of thinning is to reduce self-thinning of a stand, it is especially 
important if large investments have been made to establish a stand. Removing trees 
that are lagging behind in growth, can give at least some financial return compared 
to self-thinning. On the other hand, there is no such pronounced difference between 
treatments, when it comes to the largest trees within plots. There are large 
dimension trees in every plot, and their quantity does not differ that much. Results 
of this study agree with the findings of Juodvalkis et al., 2005, where DBH 
increment was positively correlated with thinning degree. Study tested 6 different 
tree species, including Silver birch, and all six had the same response, but in varying 
degrees. Birch responded worse than English oak and European aspen. Maximum 
effect of treatment was observed 2-3 years after thinning, after which it evens out 
with the growth pace of unthinned plots - within 7-8 years (Juodvalkis et al., 2005). 
Rapid diameter increase might be concerning for certain tree species, but not Silver 
birch, due to its diffuse porous structure.  

Cameron et al., 1995 did not find any significant differences in technical quality 
of birch timber, when comparing heavy, light and no thinning treatments. This 
includes density, shrinkage, and grain angle. There were some indications, that logs 
from heavy thinning had more and larger living and dead branches. However, when 
considering only most valuable part of the stem (lower half), there were 0.6 dead 
and 0.1 living branches more per meter of log. On the contrary, Jones (2022) reports 
possible decrease of density and acoustic velocity, with higher growth rates. 
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4.2 Height growth 

S800 treatment showed great height increment and consistency, when compared 
to other treatments. Height growth was rather random as it showed no clear 
indications of thinning effect, except for S800. Control had highest mean height 
growth on Site 3, but lowest on Site 2. S660 had lowest height growth on Site 1 but 
had strong growth on the two other sites. S400 had strong growth on Site 1 but had 
0.84 m fluctuation in mean height between Site 1 and Site 3. S530 also had good 
consistency with its growth across sites. There is lack of evidence, that thinning 
treatments has effect on height growth, that is supported by statistical results, that 
showed p value = 0.118; α = 0.05). For other species, for example, Scots pine, 
Mäkinen and Isomäki, (2004) reports decrease of dominant height increment, when 
thinning intensity was increased. However, in this study, at least in first 4 seasons 
after treatment, there is no evidence to support such correlation in Silver birch 
stands. It is interesting, that Site 2, despite having lowest overall height, did not 
exhibit lower height growth since the start of the study. Estimated mean height 
growth values for each treatment are as follows: S400 – 4.55 m, S530 – 4.72 m, 
S660 – 4.33 m, S800 – 5.15 m, Control – 4.06 m, thus it is clear, at current stage of 
the stand, there are no clear effect of treatment on height growth. Given, that 
thinning effect is most pronounced in first 5-7 years after treatment, there might not 
be significant difference even in later studies. 

 

4.3 Basal area growth 

Basal area is an important metric, used to characterize forest stand. It represents 
sum of tree cross section area per hectare. It is widely used as indication, whether 
it is time for thinning. In Latvian forestry, basal area tables are used to calculate, 
legal amount of basal area, that can be removed in commercial thinning. Influence 
of treatments on basal area growth was statistically significant (p = 0.0002, α = 
0.05). Average basal area growth for each treatment was S400 – 0.87 m2 ha-1, S530 
– 1.05 m2 ha-1, S660 – 1.13 m2 ha-1, S800 – 1.23 m2 ha-1, Control – 0.99 m2 ha-1. 
Growth of basal area correlates positively with lower thinning intensity, however, 
Control plots on average had second worst growth. This was slightly surprising, but 
perhaps it could be explained by high density of trees in Control plots, that will later 
result in heavy self-thinning within plots.  

4.4 Volume growth 

Growth of volume was strongly impacted by thinning treatments (p = 0.0029, α 
= 0.05). Volume growth was relatively high and consistent in S800 plots, with 
average growth on Site 1 – 15.5 m3 ha-1, Site 2 – 13.3 m3 ha-1 and Site 3 – 16.2 m3 
ha-1. Despite having highest overall growth on Site 3, Control plots had much lower 



   
 

33 
 

growth on the two other sites. Especially on Site 1, having similar growth as S530 
and S660. This leads to a question, whether having another treatment with low 
intensity thinning, such as S950 – S1000) would not result in highest volume 
growth? In the literature, there are indications, that certain species, respond 
positively to light thinnings in terms of volume growth. For example, Juodvalkis et 
al., 2005 reports 13% volume increment in Norway spruce using a light thinning 
(12-14% of volume). Moreover, it is noted, that significant volume increment can 
be achieved if light thinning is performed between the age of 10 and 20 for several 
species including Silver birch. Perhaps such treatment – S1000 with light first 
thinning, to promote volume growth, basal area growth and even diameter growth 
(relatively to Control) would allow to increase financial outcome of the second, 
more intensive thinning. Second thinning would be more intensive, leaving 
approximately 400 trees ha-1 for diameter increase as potential high quality crop 
trees, aimed for plywood logs. However, Skovsgaard et al., (2021) reports the 
opposite, even with low intensity thinning (16-25%) of standing volume, there were 
reduction in volume growth by 12%. It must be noted, that both studies likely used 
different stocking densities and thinning practices, thus it is impossible to 
conclusively say, whether such experiment would be successful. However, it leaves 
the door open for further studies. 

 

4.5 Limitations of the study and future research 

 One of the flaws of this study is the limitation of size and type of the chosen 
stands. In case of more and/or larger available stands, it would have been possible 
to create more replicates of the presented treatments, resulting in larger quantity of 
data. However, plot size in thinning trials such as this one tends to be relatively 
large, and placement of large plots can often be problematic due to logistical 
reasons. This study had a total of 3 replicates of each treatment installed over three 
different sites - on fairly similar soil conditions.  Due to different reasons, the study 
was focused on abandoned farmlands, thus, not much of room was given to 
diversify soil conditions in this experiment.  

Another limitation that should be mentioned is the absence of data containing 
pruning and unpruned trees. Initially, pruning was included in the experimental 
design as in practical forestry, pruning is occasionally performed to increase 
merchantable value of first log, by creating branch-free timber. The full effect of 
pruning could be seen only at the end of rotation, but it would have been interesting 
to see, if there is any early effect on diameter or height growth after 4 vegetation 
seasons since the first treatment (pruning) was applied.  

For future research, it would be interesting to diversify the thinning treatments. 
For example, instead of two treatments with 530 trees ha-1 after first thinning, 
having an additional treatment retaining 1000 trees after the first thinning (S1000), 
with 3 light intensity thinnings in total, with an overall aim of maximizing potential 
volume growth without allowing self-thinning to happen. Another, treatment, could 
be with early crop-tree marking and thinning for crop-tree crown release, while rest 
of stand is unthinned or thinned very lightly.  
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5. Conclusion 

In this study various thinning intensities in Silver birch stands in Latvia were 
compared. This study gives first indications of thinning effect in this long-term 
experiment designed and established by Šaicāne (2019). Only four years have 
passed since establishment of experiment. However, this study shows, that, at least 
in initial phase, S800 provides the best volume growth and basal area growth, while 
S400 shows strong diameter growth. In later stages of this experiment, treatments 
will vary from one another even more and will give possibly more distinct results. 

The effect of thinning on diameter and volume growth was observed already 
after the first four years after the establishment of the trial. Especially important 
was the observation showing the continuous growth of the largest trees in each 
stand.  Difference between largest and smallest tree growth across treatments was 
from 14 – 24%, but in Control, difference was 148%, presumably on the account 
suppressed trees. Diameter growth had positive response to increasing thinning 
intensity. Therefore, S400 had best diameter growth, and Control – worst. 

Volume growth in 2 out of 3 sites was highest in S800 with average of 15 m3 ha-

1. S400 had lowest growth with average of 9.6 m3 ha-1.  
There was no statistically significant effect of treatments on height growth, only 

small deviations. It has to be pointed out, that S800 did have strong and consistent 
height growth in all 3 sites. 

Growth of basal area negatively correlated with increasing thinning intensity 
within plots, where thinning was performed. S400 exhibited lowest growth and 
S800 the strongest. However, Control plot showed relatively low basal area growth, 
which was slightly surprising. 

Given, that this is a long-term experiment, there will be more studies, with same 
design. In the future studies, thinning treatments will differ to a larger degree, 
including second and third thinnings for some treatments. Also, future work will 
include focus on pruning effect on quality. 
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Popular science summary 

This study is aimed at exploring effects of different commercial thinning 
intensities and regimes on Silver birch (Betula pendula Roth). Commercial thinning 
is part of an active forest management, that is most commonly used for removing 
small and suppressed trees as well as to improve growth conditions for remaining 
trees (more space, light, and resources). Silver birch is among most common 
broadleaved species in northern Europe and has crucial social, environmental, and 
economic role. This study is based on study design established by Šaicāne (2019) 
in Latvia. This is long-term experiment that contains 6 different thinning practices. 
At this point of the experiment only one thinning has been done and treatments are 
named after number of remaining trees per hectare (1 ha = 10000 m2). Treatments 
are S400, S530, S660, S800 and Control. Control treatment did not have thinning. 
Thus, it will be possible to compare it to thinned treatments. In later stages of this 
long-term project, some stands will have second and third thinnings. 

 Since establishment of the experiment, four growing seasons have passed. In 
order to obtain data on how trees respond to different treatments, data collection 
was done. The collected data primarily consists of tree diameters (of all trees within 
scientific plots were measured using calliper) and tree height. Height was measured 
for chosen sample trees using hypsometer (tool that measures distance to the tree 
and angle from person with tool to the top of the tree). Given, that height was 
measured only for sample trees, a height-diameter function was applied to estimate 
height of all trees. In addition, other mathematical formulas were used to estimate 
important metrics such as volume, basal area (sum of all trees cross sections). To 
find out, whether collected data is statistically significant, statistical model was 
constructed. It is believed, that thinning has large impact on diameter growth and 
this study confirms it, with increasing intensity of thinning (intensity depends on 
number of trees removed) also increased diameter growth of individual trees. In 
other words, S400 had highest growth, because thinning intensity was bigger. 
Moreover, it was proven, that largest trees in each treatment had largest growth 
since the beginning of the experiment. Similarly, like rich get richer – large get 
larger. There was a huge difference between growth of smallest and largest trees in 
unthinned Control plot – 148%, this can be explained by large number of 
suppressed trees. In thinning small and suppressed trees are removed, but in Control 
this practice was not done. Volume growth is one of the most important metrics in 
forestry, because it allows to quantify forest into m3 that can be converted into 
monetary value. However, despite having largest diameter growth S400 had the 
worst volume growth, seems unfair, but that is how it is. S800 had the best volume 
growth despite having low diameter growth. That is because there are twice as many 
trees left in plot, if compared with S400 and even with slower diameter growth, 
they still can produce more volume than treatments with higher intensity of 
thinning. 
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Appendix 1 – Photos taken during data 

collection 
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