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Effects of helicopter topping on tree growth and stem interior  



 

 

Managing tree heights near powerlines via helicopter topping has been a new subject of interests to 

forest owners and the energy sector. However, tree topping may have consequences on tree growth 

and tree health, as well as economic ramifications. This thesis aimed to evaluate the effects of heli-

copter topping on tree growth and the possible occurring economic losses. 

On four locations topped and not-topped trees were selected and felled. Stem samples in form of 

discs were taken at specific heights, polished and used to measure tree rings. The tree-ring data was 

then analysed in R. Other stem samples were used to check for occurrence of pathogenic fungi. 

The results showed that spruce trees are affected by topping, while pine trees are not. An analysis 

regarding the influence of pathogenic fungi showed occurrence of infection, but no influence on 

volume growth. Economic losses could be calculated for both species. Monitoring of topped trees 

for a longer time after topping and a larger sample size is recommended for better understanding of 

growth- recovery, influence of fungi infections and the effects of climatic factors like increased 

temperature and water stress on tree performance.  
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In Sweden, the practice of tree topping via helicopter has been a subject of interest 

within the forestry and energy sectors, since according to EIFS (Energimarknadsin-

spektionens föreskrifter) 2013:1 “transmission line corridors above 25kV must be 

tree-safe in order to prevent falling trees and branches from causing power outages” 

(EIFS-2013-1-om-krav-som-ska-vara-uppfyllda-för-att-överföringen-av-el-ska-

vara-av-god -kvalitet.pdf n.d.), (National risk-preparedness plan for Sweden´s 

electricity supply 2021).  

 

 

Figure 1 Corridor with power line and adjacent trees, two trees with removed top (Energidistribu-

tion n.d.) 

 

This method, employed to prevent trees from interfering with power lines, involves 

the removal of the top part of trees (around 2-2.5 m), leaving them at a maximum 

height of 20 meters (Figure 1 and Figure 2). The cutting is done by helicopter-

mounted saws. While this practice is efficient and cost-effective, it also raises con-

cerns about the potential impact on the trees and the surrounding forest ecosystem.  

 

1. Introduction 
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Figure 2 Helicopter- topped trees investigated during the study © D. Sadiković 

 

Tree topping involves removing the upper stem and crown portion of a tree. This 

can reduce the photosynthetic capacity of the tree and, depending on the severity of 

the cut, may lead to reduced growth rates earlier than in undamaged trees (Jones et 

al. 2019). It can also lead to a higher growth of the lateral branches right beneath 

the cut, to compensate for the lack of the tip (Långström & Hellqvist 1992).  

 

In 2008, a master thesis assessed the impact of helicopter topping on decay in 

trees adjacent to power lines (Björnehall 2008). The study found that 75.7% of the 

topped spruce trees along power line corridors in southern Sweden showed signs of 

discoloration, 10.3% of those trees were also infected with root rot and a growth 

reduction (decrease of the average concluded that the risks of decay and helicopter 

topping are relatively small, especially if the topped trees are harvested within a 

reasonable short time after the intervention.  

That thesis did not consider the topping effects on pine trees, economic conse-

quences and differences in volume growth. Therefore, a more extensive follow-up 

study to research further consequences of tree topping was started in autumn 2023 

and is still ongoing. The aim of that study is to assess the costs of topping with 

consideration of the individual reactions of different tree species, seasonal signifi-

cance, how time after topping affects the growth and discoloration and how patho-

genic fungi affect topped trees regarding volume growth and timber value reduc-

tion. Based on already collected data from that study, this thesis’ objective is to 

answer the following questions: 

  

1) does helicopter topping affect the volume growth of trees, and  

2) are there any potential economic losses due to the topping.  
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Since the possible effects of  pathogenic fungi on topped trees are relevant, gen-

eral information about rot fungi as well as some of the most common fungi /fungal 

diseases will be explained in the following sections. 

1.1 Pathogens and tree growth 

Tree pathogens can interfere with tree growth through natural disrupting physio-

logical processes, changing recourse transportation and engaging with host defen-

sive mechanism, therefore influencing overall natural growth performance. Patho-

gen infections also can have combine effect with environmental stress and further-

more leave the hosts vulnerable to secondary infections. Pathogenic fungi invade 

and damage host´s the cambium, xylem, and phloem resulting in stunned growth 

and reduced photosynthetic surface, thereby reducing photosynthetic potential of 

the host tree (Cherubini et al. 2002; Desprez-Loustau et al. 2006; Oliva et al. 2014). 

1.2 Conifer hosts and rot pathogens in Sweden 

In Sweden, about 68% of the land area is forest. Most of it is boreal forest, consist-

ing mainly of Picea abies and Pinus sylvestris. The south has a small area with 

mostly deciduous forest. The species with the highest importance for Swedish for-

estry industry are P. abies and P. sylvestris (Black-Samuelsson et al. 2020), as well 

as Betula pubescens and B. pendula (Dahlgren Lidman 2022). 

The main threats against the production forestry are game damage (mostly 

moose grazing), outbreaks of pests (mainly spruce bark beetle and pine weevil), 

diseases and severe weather events. The most serious fungus damage is root rot 

(Carlén et al. 2023). The following sections list the most common damages associ-

ated with fungi, which occur in managed conifer forests of Sweden. 

1.3 Rot Fungi 

Rot fungi or wood decay fungi is a common term for fungal species that digest 

various forms of wood (living, decaying and/or dead wood), thereby causing it to 

rot/decay. Depending on which type of decay they cause, rot fungi are classified 

into soft-rot fungi, brown-rot fungi and white-rot fungi (Fukasawa 2021; Li et al. 

2022). 

Soft-rot fungi are Ascomycota fungi that can grow on wood under adverse envi-

ronmental conditions that inhibit colonization by other rot fungi (Hamed 2013; 

Langer et al. 2021), but typically colonize wood in wet environments (Goodell & 
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Jellison 2008; Hildén & Mäkelä 2018). They digest holocellulose, which is the pol-

ysaccharide content of wood, comprised of both cellulose and hemicellulose (Row-

ell 1984). The digestion of a wood portion then results in lignin-accumulation (see 

Figure 3c) (Fukasawa 2021). The appearance of affected wood is described as 

“greyish, soft and sponge-like” (Hildén & Mäkelä 2018) or, if the wood is drying, 

similar to brown rot, but finer in texture (Goodell & Jellison 2008). Cavities within 

cell walls are sometimes visible under microscopic view (Lee 2000; Goodell & 

Jellison 2008).  

Brown-rot is caused by several groups of Basidiomycota. They cause a decay of 

cellulose and hemicellulose. The accumulation of lignin causes the affected wood 

to look brown with a cubical and brittle texture (see Figure 3b) (Fukasawa 2021).  

White-rot is caused by several species of Basidiomycota and some Ascomycota, 

which are capable of decaying lignin, sometimes simultaneously with cellulose and 

hemicellulose. The wood looks whiteish and fibrous, the texture is soft and spongy 

(see Figure 3a) (Fukasawa 2021). Of all wood-rooting basidiomycetes, over 90 % 

cause white-rot (Tuomela & Hatakka 2019). 

 

 

Figure 3 White-rot (a), brown-rot (b), soft-rot (c) (Fukasawa 2021) 

 

1.3.1 Heterobasidion root rot 

In the conifer forests of the northern hemisphere the economically most important 

pathogen is the Heterobasidion annosum (s.l.) species complex. This complex con-

sists of a group of white-rot fungi causing root and stem rot and often tree death. H. 

annosum (s.l.) can operate both as saprotroph and necrotrophy. The ability to infect 

fresh stumps and its neighbouring trees through root contact (Garbelotto & 

Gonthier 2013) is causing economic losses that range between more than 790 mil-

lion euros and 1 billion euros annually in European forests (Lind et al. 2014; Ko-

valchuk et al. 2022). Included are only losses due to the direct influence of H. an-

nosum (s.l.), like decay and reduced diameter growth. Losses that occur due to the 

indirect influence of H. annosum (s.l.), like wind throw of weakened, infected trees 

are excluded (Garbelotto & Gonthier 2013). In Sweden around 15 % of the spruce 
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trees are infected with H. annosum (s.l.) (Biological control of root rot 2024). Cal-

culations showed that the overall damages caused by the root rot fungus Hetero-

basidion annosum (s.l.) are costing the Swedish forestry around 1 billion Swedish 

crowns per year (Understanding and preventing root rot of conifers 2024). 

 

 Within this species complex exist five intersterile groups (groups incapable of 

genetic exchange due to a reproductive barrier (Harrington & Rizzo 1999), three in 

Eurasia and two in North America. All five groups show a high host preference. 

Except for the northernmost regions, the eurasian species exist in all of Europe and 

have also spread to the Altai region in southern Siberia, which reflects the range of 

their host species (Garbelotto & Gonthier 2013). H. annosum sensu stricto (s.s.) has 

a preference for Pinus spp.,  H. abietinum is mostly associated with silver fir, but 

also other Abies species and H. parviporum has a strict preference for Norway 

Spruce (Garbelotto & Gonthier 2013). H. annosum (s.s.) is also able to infect other 

conifers (Norway Spruce, larch or common juniper) and broad-leaved trees (e.g. 

Fagus sylvatica, Betula pendula and Carpinus betulus) (Kovalchuk et al. 2022). 

According to Wang et al. (2014), in Sweden the groups H. annosum (s.s.) and H. 

parviporum occur. 

Primary infection of H. annosum (s.l.) occurs through the surface of freshly cut 

stumps or wounds via basidiospores, where they germinate, develop infection hy-

phae, penetrate and invade the stumps and then spread into neighbouring healthy 

trees via root-to-root contact (see Figure 4 below).  

 

 

Figure 4 Infection pathway of Heterobasidion annosum (Kovalchuk et al. 2022) 

 

Once inside the tree, the fungus feeds on cellulose, hemicellulose and lignin, 

causing degradation and loss of vigour (Kovalchuk et al. 2022). Depending on host 

species and climate, the colonization speed of the root system is approximately 20 

cm per month.  Stumps older than one month and stumps with a small diameter 

(e.g. after pre-commercial thinnings) are rarely colonized. 
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The severity of wounds and the host species play a role for successful infection. 

Other important factors are stand age and soil type (Garbelotto & Gonthier 2013). 

If a stand reaches a thinning age and later harvesting age, the infection risk rises 

due to the increasing number of fresh stumps. The fungus also has time to spread 

from these stumps to the remaining trees (Redfern et al. 2010). A higher diameter 

is also important, since larger trees often have a larger root system and therefore a 

higher probability to contact infected roots (Thor et al. 2005). J. Rishbeth (1951) 

discovered that infections of living roots in alkaline soils was higher than in acidic 

soil, however experiments done by Redfern et al. (2010) showed that serious infec-

tions can also develop on soils with lower pH. A reason for the higher occurrence 

of H. annosum (s.l.) in alkaline soils might be the lack of antagonistic fungi and 

microorganisms (Brūna et al. 2019). Trees on sandy soil also often experience more 

water stress, which leads to a higher susceptibility to become infected (Alexander 

1975). Since the pathogen is incapable of surviving freely in the soil, direct root 

contact between trees and/or stumps is necessary (Kovalchuk et al. 2022). 

 

Of all the Heterobasidion species in Europe, in general H. annosum (s.s.) is the 

most effective one regarding colonization of cambium and sapwood of its host, and 

therefore causes a higher mortality rate (Garbelotto & Gonthier 2013). Pine trees 

are mostly affected by H. annosum (s.s.), here the infection occurs mostly in the 

cambium. In Norway spruce H. annosum (s.s.) tends to colonize mainly the heart-

wood. H. parviporum also infects the heartwood in Norway spruce but does not 

damage Pine. The reason for the difference in tissue colonization is that the heart-

wood in pine presents a major barrier due to properties that inhibit the growth of 

fungi (Garbelotto & Gonthier 2013; Oliva et al. 2013). 

 Infected trees tend to die in clusters, spreading outwards in circles originating 

from the original infection site (Garbelotto & Gonthier 2013). Infection of the heart-

wood shows no outwards symptoms and is only detected during the harvest or with 

wind-throw, while sapwood infection causes reduced growth and chlorosis, often 

followed by crown-death (Bert et al. 2024). The decay occurs in the primary roots, 

root crown and stem, in freshly logged trees decay pockets are commonly visible. 

Within stumps and root-systems the pathogen is capable of surviving several dec-

ades (Garbelotto & Gonthier 2013). 

 

To successfully prevent further infection on a strongly infected site it is neces-

sary to completely remove the stumps and roots of, which is not only time- con-

suming and expensive, but also has a negative environmental impact and therefore 

seldom used in forestry. Therefore, the focus is on limiting the airborne infections. 

Since injuries and stumps are often created during thinning and logging, risk of 

infections can be lowered by choosing a time when spores are not active, e.g. during 

winter in northern Europe.  
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Another preventive measure against infection is to treat the stumps with chemi-

cal methods like urea or borax or using a biological control method like the sapro-

phytic fungus Plebiopsis gigantea (Garbelotto & Gonthier 2013). In Sweden the 

main agent used for stump treatment against Heterobasidion spp. is RotStop S Gel, 

which contains living spores of P. gigantea. It is distributed either via a pump sys-

tem for harvesters or by drilling holes in the sword of a chainsaw, through which 

the solution is sprayed (Inter Agro Skog AB 2024).  Long-term methods of reducing 

or preventing the risk of infection are higher planting space, late thinnings, lower 

rotation length and mixture of tree species that might be in lesser risk of infection 

(Garbelotto & Gonthier 2013).  

1.3.2 Armillaria rot 

Another genus is Armillaria (s.l.), which is extensive in Europe and occurs in most 

places with woody vegetation (Kim et al. 2022). Currently, more than 40 different 

species are officially described worldwide (Heinzelmann et al. 2019). Species of 

this genus target many different tree species and wood shrubs in tropical, boreal 

and temperate regions. Infections result in white rot of roots and root collar, and 

may lead to crown dieback, root lesions and growth reductions, later death. It is also 

capable of infecting the heart wood of lateral roots and/or basal stem, compromising 

the structural integrity (Kim et al. 2022).  

Armillaria has a wide distribution in Europe. A. ostoyae and A. mellea are con-

sidered aggressive primary pathogens, the other occurring European species act 

mostly as opportunistic pathogens and saprotrophs. A. mellea is the main cause of 

Armillaria root disease in southern Europe, in the rest of Europe A. ostoyae is the 

primary cause (Kim et al. 2022).  

 

Infection of trees mainly happens via direct contact of colonized roots or rhizo-

morph growth, however it can also happen due to release of basidiospores that settle 

on freshly cut wood (Travadon et al. 2012) (see Figure 5 Life cycle of Armillaria 

species). The role of basidiospores within the life cycle and dispersal distance is 

still unclear, as is germination success. The development of rhizomorphs enables 

Armillaria species to survive in harsh environments (Heinzelmann et al. 2019), be-

cause increase the water and nutrient transport. The rhizomorphs have a melanized 

layer which provides protection against mechanical damage and heavy metals, 

while the presence of calcium in the outer layer provides a first defence against 

chemical attacks (Porter et al. 2022) 

Even if infected trees are removed, the remaining mycelium on roots as well as 

the rhizomorphs in the soil can cause new infections (Baumgartner et al. 2011), 

(Yafetto 2018). Most species are capable of surviving decades in infected stumps 

and root systems, which can cause severe damages tree plantations or orchards 

(Kedves et al. 2021). The wide spectrum of possible hosts and the capability to not 
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only colonize deadwood, but also to infect and possibly kill the host makes a suc-

cessful management of infected sites problematic. The use of other fungi or bacteria 

as biocontrol has so far been difficult to apply and/or ineffective. Measures to pre-

vent infection have mainly been focused on the reduction of inoculum in the soil. 

A recommended method for this is the mechanical removal of stumps and root sys-

tem as soon as possible after logging. However, due to the negative environmental 

impact and the amount of time and costs that occur, it should only be done in areas 

with high mortality  (Heinzelmann et al. 2019). 

 

 

Figure 5 Life cycle of Armillaria species. Photo credits: Renate Heinzelmann, Rubén Damián 

Elías-Román, Frédéric Labbé, and Tyson Ehlers (Kim et al. 2022) 

 

1.3.3 Onnia spp. 

Specimens of Onnia include polypores with annual basidiocarps that cause white 

root rot. Most Onnia species grow on gymnosperms, and the most important path-

ogenic species can be found on Pinaceae. Onnia tomentosa and O. leporina have a 

circumboreal distribution and can mostly be found on Picea, while O. triquetra has 

an European distribution and is found mostly on Pinus (Ji et al. 2017; Palla et al. 

2019). However, Germain et al. (2009) mentioned that O. tomentosa is the main 

root rot pathogen on both spruce and pine in the (sub)-boreal forests in North Amer-

ica. The pathogen mainly enters through the roots and causes breaking down of the 

wood structure with subsequent damage and devaluation of trees. Distribution of 

Onnia occurs via basidiospores and vegetative growth.  
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Onnia tomentosa causes the Tomentosus root rot disease, which spreads mainly 

via root-to-root contact, however infection by basidiospores on wounded roots may 

also occur. The death of an infected tree occurs after 15 to 20 years, often occurs 

earlier due to windthrow or infestation with bark-beetles. The fungus can survive 

in stumps and larger roots for some decades (Goheen & Willhite 2006; Tomentosus 

Root Rot n.d.). 

1.3.4 Stereum sanguinolentum 

Stereum sanguinolentum is a frequent basidiomycete in temporal and boreal forests, 

causing white-rot in recently felled conifer logs and stumps of conifers. It is also 

capable of infecting trees through open wounds, causing decay.  In Sweden it is one 

of the most common fungi infecting wounds of Picea abies (Vasiliauskas 1998). 

The decay is usually in the main and top parts of the stem, often in the heartwood 

(Wound Decays by Stereum Species n.d.). The rot extension is fast, about 20 

cm/year during the first years of infection. It spreads faster, if injuries are located 

at the root collar than on stem or smaller roots. On felled logs S. sanguinolentum 

causes a red-streaking discoloration (Schmidt 2006). Spreading occurs only via ba-

sidiospores, which land on open wounds and germinate (Calderoni et al. 2003). 

1.3.5 Ophiostoma spp. 

Fungi of the genus Ophiostoma belong to the Ascomycota with a broad global dis-

tribution (Roets et al. 2006). Several species are important tree pathogens like Ophi-

ostoma ulmi and O. novo-ulmi, which cause the Dutch elm disease (Wingfield et al. 

2017), while other species cause blue-stain in sapwood, f. ex. four species of the O. 

piceae complex (O. piceae, O. canum, O. floccosum and O. setosum), that mainly 

cause blue-stain in the timber of conifers (De Beer et al. 2003). They are adapted 

to insect transmission, with bark beetles being the most common vector (Solheim 

& Hietala 2015) and are currently regarded as the economically most significant 

fungi associated with bark beetles (Linnakoski et al. 2012). Since these fungi are 

unable to penetrate the bark, they rely on wounds created by insects, animals, wind 

damage or human activity (Solheim & Hietala 2015).  

Regarding the species causing blue-stain, the main symptom of infected trees is 

the development of melanins on the cell walls of the invading hyphae for protection 

against drought, light and host tree defences in form of dark blueish or greyish col-

our (Lundell et al. 2014). The discoloration reduces the commercial value of the 

timber, but it does not significantly affect the mechanical properties of the affected 

wood (Szewczyk et al. 2020). However, several other species of Ophiostoma are 

capable of causing growth reduction, chlorosis, crown thinning or death of infected 

trees (Davydenko et al. 2017). Nevertheless, information regarding the capability 
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to cause disease of ophiostomatoid fungi to host trees is still sparse in many in-

stances (Linnakoski et al. 2012). 

 

1.4 Objective 

The objective of this thesis is to figure out, if topping affects the volume growth of 

trees, how pathogenic fungi are involved and if there are economic consequences 

due to topping. 
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2.1 Effects on tree growth 

2.1.1 Sampling 

Tree sampling occurred 2023 in the following locations: Värnamo- Knäred, 

Hultsfred- Vimmerby, Sundsvall- Harmånger and Filipstad, along respective pow-

erlines. The topping in Värnamo- Knäred and Sundsvall- Harmånga transpired in 

2017, in Hultsfred- Vimmerby in 2019 and in Filipstad in 2021. Trees were selected 

using binoculars to look for visual signs like a missing tip, discoloration, and crown 

transparency. The selection of the trees was limited by the plots chosen by the top-

ping company (see Figure 6). 

 

2. Material and Methods 

Figure 6 Map of Sweden with sampling locations: 1=Värnamo- Knäred, 2=Hultsfred- 

Vimmerby, 3=Sundsvall- Harmånger, 4=Filipstad 

© D. Sadiković, modified by J. Müntinga 

 

2 

3 

4 

1 
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For this thesis, five trees per species (40 trees in total) were randomly chosen for 

analysis, three with topped crowns and two for control. 

The height of each sampled tree was measured after felling. The tree was divided 

into approx. 10 sections.  To get the tree discs for tree-ring analysis, the first cross- 

section was taken at the tree base, at the lower part of section one. The positions of 

the remaining cross- sections were determined by taking them from the lower end 

of each following section, the last cross-section was taken at the top of the tree (see 

Figure 7). The total number of cross-sections (discs) per tree varied between 9 and 

13 due to measurements being done in field conditions.  

 

 

Figure 7 Schematic drawing of a felled tree. The red lines indicate, where the cross-sections 

(discs) were taken 

 

Presence of rot infections in the base (Figure 8) and on the top was recorded. To 

identify the causal agent of recorded rot, discs containing rot symptom discolora-

tions were harvested, incubated for up to two weeks and examined under the mi-

croscope.  

 

 

Figure 8 Heterobasidion sp. root infections recorded during the study © D. Sadiković 
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2.1.2 Processing of samples 

For this paper 40 trees in total were analysed. For each of the four locations five 

spruce trees and five pine trees were measured and a total of 480 discs were scanned 

and measured.  

The discs were first cut on two opposite sides of the pith to obtain a rectangular 

shape (if size permitted it), then polished on one side to acquire a smooth surface 

with clearly visible tree rings (sanding grades were 40, 120, 240, 320 and 400). 

After sanding the discs were scanned with 2400 dpi resolution and converted into 

image files for measurement, using the scanner Epson Perfection V600 Photo and 

the software Epson Scan 2. For each disc two radii were taken. 

For the analysis the software-package CDendro and CooRecorder (Cybis Elec-

tronik & Data AB; (Larsson & Ossowski Larsson n.d.)) was used. CooRecorder 9.4 

is used for measuring and cross dating the tree-ring samples, CDendro 9.4 is for 

organizing collections, metadata and also for cross dating (Maxwell & Larsson 

2021). After measuring, the tree ring data was used in CDendro to verify the cross-

dating, to organize the trees into collection and to see, if the rings were dated cor-

rectly.  The produced files were then, together with an excel file containing the meta 

data, loaded into R for further analysis. 

2.1.3 Estimation of tree disc height 

To obtain the different heights of the tree discs, an excel file with tree ID, tree 

height, condition (topped or control) and number of discs was developed. Using the 

total height of each tree and the total number of discs for the corresponding tree, 

the height of each disc could be calculated with the following formular:  

𝐻𝐷𝑖𝑠𝑘 =
𝐻𝑇𝑟 𝑒𝑒

(𝑁𝐷𝑖𝑠𝑘−1)
 , where 𝐻𝑇𝑟 𝑒𝑒  = height of one tree and 𝑁𝐷𝑖𝑠𝑘 = total number of 

discs for the corresponding tree. Subtraction by 1 is necessary to get the number of 

sections, since always one more cross-section than tree- sections exists (see Figure 

7). 

Starting with disc height 0 for the first disc, the height for the second disc was 

calculated. For the following discs the height of the second disc was always added 

to the height of the preceding disc, until the last disc. To get the tree ID, height and 

condition an already existing excel file with various tree data from the main study 

was used.  

2.1.4 Tree ring analysis in R 

For the analysis, the tree ring data in form of .rwl files along with the meta data was 

loaded in R, where it was used to produce and show the observed and predicted 

growth of the trees. Furthermore, it indicates if there were significant changes in 

growth after the topping and between the topped and control trees.  
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In R several packages were used for the analysis. The most important ones were 

tReeglia (Bascietto 2007), which is a collection of functions used for stem-analysis 

on tree cross-sections. The next package is dplR (Dendrochronology Program Li-

brary in R), a package for tree-ring analysis (e.g. cross-dating, detrending, chronol-

ogy building, reading of .rwl files) (Bunn 2024). nlme helps to build linear and non-

linear mixed-effect models and allows nested random effects (Pinheiro et al. 2023), 

while lme4 gives linear mixed-effect models using “Eigen” and S4 and  provides 

functions for fitting and analysing mixed models (Bates et al. 2024).  

LmerTest was used to provide p-values for ANOVA and summary tables for 

lmer model fits (Kuznetsova et al. 2020). Dplyr (A Grammar of Data manipulation) 

helps to work with data frames (Wickham et al. 2023a), while stringr gives “simple, 

consistent wrappers for common string operations” (Wickham et al. 2023b) 

The function StemAnalysis was used to provide the annual volume increment for 

each tree (Hoffmann et al. 2018; Wu et al. 2023). Then a chronology for basal area 

increment was built from the existing tree-ring-width series. 

In the regression analysis first a data frame was created to show the cumulative 

observed and projected volume growth per tree. It furthers shows the loss of volume 

increment called ΔDiv (deltaDiv, shows the increment loss for the time- period 

“topping till felling (2023) ” by taking the difference of the projected and observed 

growth and dividing it by the observed growth  

 

(𝛥𝐷ⅈ𝑣 =
𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑 𝑔𝑟𝑜𝑤𝑡ℎ−𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑𝑔𝑟𝑜𝑤𝑡ℎ

𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑔𝑟𝑜𝑤𝑡ℎ
)). The mean values of cumulative volume 

increment were also calculated. 

 

 The time period for all the calculations regarding effects of topping and fungal 

influence is the year the topping occurred until the felling (2023). Using a con-

densed version of this data frame, two boxplots were created to give a better over-

view of the data. 

2.1.5 Mixed effects models 

Mixed effects models allow to examine the variable of interest using both random 

and fixed effects. To figure out the influences of topping and potential infections 

with pathogenic fungi on tree volume growth, as well as possible differences in 

growth behaviour prior to the topping, linear mixed effects models were used in R, 

with the values for the observed and projected volume growth as fixed effects and 

the location as a random effect. Regarding replicates, per location 3 biological rep-

licates for topped and 2 biological replicates for control trees exist for each species. 

Since topping and control was only done one time per sample- tree, no technical 

replicates exist. 
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Volume growth prior to topping 

A mixed effect model was used to show, how the cumulative volume growth of 

Spruce and Pine prior to the topping looked like. For this, data frames showing the 

yearly volume increment and the cumulative volume increment per species were 

developed, with volume growth data only up to the year before the respective top-

pings. This will display, if topped and control trees are comparable (no differences 

in volume growth prior to topping) or not ( differences in volume prior to topping). 

The cumulative volume increment is the dependent variable, the condition (either 

topped or control) is used as fixed effect and  the variable “short_treeID” was used 

as random effect, to account for the variability between different locations. 

ANOVA showed how significant the results were at significance level α = 0.05. 

The calculated mean values were used to interpret the results.  

Effects of topping on volume growth 

To see, if topping has an impact on the tree volume growth, the table with observed 

and projected volume growth was modified to show only topped trees and was con-

verted from wide table format to long table format for easier analysis. Then a sec-

ond mixed model and subsequent ANOVA (α = 0.05) was used on this data frame, 

with the values of the observed and projected volume growth (“Value”) as depend-

ent variable, the value type (observed or projected) as fixed effect and the location 

(called “short_treeID”) as random effect. The time frame of this volume growth 

data is from the year of topping until the felling of the trees. The number of repli-

cates is four. 

Effects of pathogenic fungi on volume growth 

For the impact of pathogenic fungi the tables with the observed and projected 

growth of topped trees were modified and used to show to top and base infections. 

For a better overview of the frequency of infected trees a bar chart was developed 

per species. A mixed effect model (dependent variable: “Value”, fixed effects: top 

infection and base infection (and combination of top and base infection for spruce 

trees, for pine it was redundant), random effect: location) and subsequent ANOVA 

(α = 0.05) was used to see, if an infection (top infections, base infections or both) 

had a significant effect on the volume growth of topped trees. Again the time frame 

of the volume growth is from the year of topping until the felling of the trees. 

2.2 Potential economic losses 

The potential economic losses were calculated by using ΔDiv, which shows the 

total increment loss from the time of the topping till felling and dividing it by the 
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number of years from the topping till felling. This shows the loss of growth incre-

ment per year. Since we are interested in the economic gain or loss from topping, 

only topped trees were used for this calculation. In the next step the loss of growth 

increment per year was averaged per species and location and then multiplied with 

the corresponding SEK/m³-value to get the average economic loss in SEK per tree 

for each species and location.  

Table 1 shows the average prices per m³ for sawlogs of Scots pine and Norway 

spruce. The prices are separated according to year and region. For this thesis the 

prices of 2023 were taken. 

Table 1 Annual average prices on delivery sawlogs (SEK/m³ ub) by Region, Assortment and Year  

(1. Annual average prices on delivery logs, SEK per cubic meter solid volume excl. bark by Re-

gion, Assortment and Year. PxWeb n.d.) 

Region Species 2021 2022 2023 

Southern Norrland Pinus sylvestris 460 512 550 

Picea abies 443 493 549 

Svealand Pinus sylvestris 465 516 572 

Picea abies 434 482 560 

Götaland Pinus sylvestris 577 654 713 

Picea abies 631 713 799 

 

Numbers of trees per hectare and stand density could not be obtained, therefore 

only a mean value per species and location was calculated. 
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3.1 Effects on tree growth 

The following boxplots give an overview of the observed and projected volume 

growth (Figure 9) and the volume growth increment loss (deltaDiv, Figure 10) for 

both conditions.  

The boxplot of Figure 9 displays the observed (in red) and projected (in grey) 

growth in m³ of spruce and pine for both conditions for the time “year of topping 

till felling”. The x-axis shows the two species, while the y-axis shows the growth 

in m³. It indicates that pine has a higher growth (observed and projected) than 

spruce and that for both species the projected growth is higher than the observed 

growth. 

 

 

Figure 9 Boxplot of observed (obs) and projected (proj) growth in m³ for pine (P, nPine=20) and 

spruce (S, nSpruce=20) 

The table below (Table 2) displays the mean, standard deviation, standard error 

and variance for both species for observed and projected growth. 

3. Results 
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Table 2 Mean, standard deviation, standard error and variance for spruce (n=20) and pine 

(n=20) on observed (obs) and projected (proj) growth 

Species Data type mean SD SE variance 

Spruce obs 0.04 0.02 0.005 0.0005 

proj 0.06 0.04 0.008 0.001 

Pine obs 0.05 0.02 0.005 0.0005 

proj 0.07 0.03 0.007 0.0009 

 

The boxplot of Figure 10 displays the volume growth increment loss (deltaDiv) 

for pine and spruce under two different conditions, control (not topped) and topped. 

The x-axis represents the species pine and spruce, the y-axis the loss of volume 

increment. The higher the ΔDiv-value, the higher the volume increment loss. The 

condition C (control) is represented by the beige-colored box, the condition T 

(topped) by the orange-colored box. For both species, the median of ΔDiv for con-

dition T is higher than for condition C. Pine shows a higher variability of ΔDiv  for 

topped trees than for control trees. 

 

 

Figure 10 Boxplot of the volume growth increment loss (deltaDiv) of Spruce (S) and Pine (P) un-

der Conditions T (topped) and C (control)(ntopped=12 per species, ncontrol=8 per species) 

 

The table below (Table 3) displays the mean, standard deviation, standard error 

and variance of deltaDiv for both species for topped and control trees. 
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Table 3 Mean, standard deviation, standard error and variance of deltaDiv for topped (T, n=12) 

and control (C, n=8) trees for spruce and pine 

Species Condition mean SD SE variance 

Spruce T 1.41 0.506 0.146 0.256 

C 1.26 0.337 0.119 0.114 

Pine T 1.39 0.431 0.125 0.186 

C 1.30 0.291 0.103 0.085 

 

3.1.1 Volume growth prior to topping 

Table 4 display the results of type III ANOVA, that was performed on the mixed 

effects model to show the significance of the treatment on volume growth of spruce 

and pine. 

Table 4 Type III ANOVA of fixed effect (Treatment) on volume growth of spruce (n=20) and pine 

(n=20) prior to topping 

Species Effect SS MS Num. DF Den. DF F p 

Spruce Treat-

ment 

1.06 1.06 1 1322.6 26.7 2.741e-07 

Pine Treat-

ment 

0.026 0.026 1 1325.3 0.676 0.411 

 

The mean cumulative volume increments for spruce are 0.531 m³ for topped 

trees and 0.336 m³ for control trees. The significant p-value (2.741e-07) suggests 

that the treatment has a significant effect on the volume growth of spruce. In this 

case it indicates that the group of spruce, that were topped, displayed a higher vol-

ume growth prior to topping than the group, that was used as control trees.  

For pine the mean cumulative volume increments are 0.525 m³ for topped trees 

and 0.553 m³ for control trees. The non-significant p-value (0.411) suggests that the 

treatment has no significant effect on the volume growth of pine. In this case it 

indicates that the group of pine, that were topped, displayed a similar volume 

growth prior to topping as the control trees. 

3.1.2 Effects of topping on volume growth 

Table 5 displays the results of type III ANOVA, that was performed on the mixed 

effects models to show the significance of topping on volume growth of spruce and 

pine. 
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Table 5 Type III ANOVA of fixed effect (ValueType) on volume growth of topped spruce (n=12) 

and pine (n=12) 

Species Effect SS MS Num. DF Den. DF F p 

Spruce ValueType 0.003 0.003 1 19 4.469 0.048 

Pine ValueType 0.002 0.002 1 19 2.3 0.146 

 

The results of table 5 suggest that for Spruce there seems to be a significant 

difference between the observed and projected growth (p=0.048). This would indi-

cate that topping does have a significant effect on the volume growth of Spruce. 

For pine the results suggest that there is no significant difference between the ob-

served and projected growth (p=0.146). This indicates, that topping seems to have 

no significant effect on the volume growth of pine. 

3.1.3 Influence of pathogenic fungi on growth of topped trees 

Incubation and microscope analysis determined that all recorded infections were 

caused by Heterobasidion spp. (Figure 11). 

 

 

Figure 11 Heterobasidion spp. conidiophores recorded during the study © D. Sadiković 

 

The bar charts below (Figure 12) show the frequency of top infections, base in-

fections and both of topped spruces and pines. The total number of sampled topped 

trees is 12 per species. It shows that nearly all topped spruces showed signs of top 

infections, four of them had additional infections at the base. For pine, only three 

topped trees showed signs of top infections, another one had infection at its base. 

Of the control trees, no tree showed top infections (no data displayed).  
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Figure 12 Frequency and Type of Infection for topped spruce (nSpruce=12) and topped pine 

(nPine=12) 

 

Table 6 displays the results of type III ANOVA, that was performed on the 

mixed effects models to show the significance of infection with pathogenic fungi 

on the volume growth of spruce and pine. 

Table 6 Type III ANOVA of fixed effects (Value type, top infection, base infection) on volume 

growth of topped spruce (n=12) and pine (n=12) 

Species Effect SS MS Num.DF Den.DF F p 

Spruce 

ValueType 0.003 0.003 1 17.38 4.215 0.055 

Top infec-

tion 

0.0002 0.0002 1 18.64 0.343 0.565 

Base infec-

tion 

0.0004 0.0004 1 17.28 0.63 0.438 

Pine 

ValueType 0.002 0.002 1 17.9 2.461 0.134 

Top infec-

tion 

0.001 0.001 1 1.55 0.999 0.447 

Base infec-

tion 

0.004 0.004 1 15.46 5.743 0.03 

 

According to table 6, both top infections and base infections show no significant 

influence on the volume growth of spruce (p-values 0.565 and 0.438, respectively). 

The difference between observed and projected growth is only marginal (p-value 

0.05545), which would show that topping has a marginal effect. 

For pine, base infections seem to have a significant effect on volume growth (p-

value 0.03), but top infections do not (p-value 0.447). There is no significant dif-

ference between observed and projected growth (p-value 0.134). 
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3.1.4 Potential Economic Losses 

Table 7 shows the calculated mean loss of growth increment per species and loca-

tion as well as the mean value loss in Swedish crowns per topped tree. 

Table 7 Loss of Increment and Money per topped tree. Sites 1 and 2 correspond to Götaland, site 

3 to Norrland and site 4 to Svealand. P=pine, S=spruce 

Species/Site Mean yearly in-

crement loss 

mean value loss 

(SEK)/tree 

P1 0.090036793 64.2 

P2 0.219741158 156.7 

P3 0.112251417 61.7 

P4 0.226297416 129.4    

   

S1 0.098185652 78.5 

S2 0.197274784 157.6 

S3 0.079345927 43.6 

S4 0.325525142 182.3 
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The results indicate that the helicopter topping had some effect on the volume 

growth of spruce trees, but not on the volume growth of pine trees. The fungal in-

fections developing in the tops because of open wounds created by topping did not 

have negative effects on volume increment of wood for both species. Infection at 

the base showed an effect on the volume increment of pine trees. But, since only a 

single pine tree was observed with base infection (see Figure 12), it is likely the 

result of a false positive analysis caused by small sample size (a single isolate with 

base infection). The economical calculations showed, that for both species losses 

could be calculated. 

The boxplot in Figure 9 indicates a higher volume growth for the growth projec-

tions of spruce and pine. This can be explained by the fact, that the projected growth 

is based on the growth prior to the topping, therefore excluding the effects of top-

ping and possible environmental stressors, that affected the trees after the topping. 

The boxplot in Figure 10 indicates a lower median volume increment loss for 

control trees in both species. Here ΔDiv is used, which displays the relative loss of 

volume increment (how much volume increment is lost relative to the observed 

growth), while the mixed effects model compares the absolute growth values (ob-

served growth and projected growth). The relative value is helpful for comparing 

trees regardless of their absolute growth, because it shows the proportional impact 

of topping. In this case it indicates, that while pine trees do experience some volume 

increment growth loss, in regards to topping this loss is statistically not significant 

when the absolute loss is considered.  

Regarding possible environmental stressors, the first topping started in 2017 on 

two locations (1 and 3), then in 2019 on location 2 and 2021 on location 4. One 

explanation for the reduced volume increment could be the heat wave and drought 

of 2018 and accumulated temperature anomalies of 2019 and 2021 (Lhotka & 

Kyselý 2022). Spruce is less equipped to deal with heat stress, while pine is thought 

to suffer more from water stress (Kunert 2020). If trees are topped, the sudden in-

jury and loss of photosynthetic material may further increase the stress (Jones et al. 

2019) and the tree may shift resources away from diameter growth towards growth 

of lateral branches below the cut, resulting in reduced volume growth during that 

time.  

4. Discussion 
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For several trees the observed growth was higher than the projected growth, 

which in that case would show increment gain instead of increment loss. An expla-

nation for the higher observed growth could be, that prior to the event these trees 

experienced some negative impact. This would then show in the projected growth, 

since it is based on the observed growth prior to the event. But if that tree has a 

good recovery from the negative impacts, the actual growth post event would be 

higher. Another explanation is, that an error during tree-ring measurement of the 

rings past the event occurred, which would depict the growth higher than it actually 

is. Since topping seems to have no negative effect on the volume growth of pine, 

the calculated losses that occur for topped pine trees might be the result of other 

factors not included in this study, e.g. reduced increment growth due to temperature 

and water stress.  

The effect of different locations is considered to be minimal for both species, 

therefore for spruce either the topping itself or other factors such as environmental 

stressors (or a combination of both) could be an explanation for the reduced volume 

growth. However, to show, if there are any significant long-term effects regarding 

fungi infections it would be good to measure topped trees a longer time-period after 

the topping, especially in younger stands.  

An interesting observation was that the trees sampled in the first and third loca-

tions, which were topped in 2017, showed a lower mean loss of volume increment 

than the trees in locations topped in 2019 and 2021. An explanation for this could 

be, that the trees had more time to at least partially recover from topping by re-

claiming photosynthetic capacity via growth of lateral branches (Långström & 

Hellqvist 1992). 

It is assumed, that the better growth of topped spruce trees before the event is 

due to naturally better growth, which caused those trees to be selected for topping 

in the first place. This could likely be the effects of better site conditions or genetics. 

This also means, that for spruce the growth of control trees cannot be compared 

with the growth of topped trees, since they display different growth behaviours. For 

pine the comparison of topped and control trees is possible, since no significant 

different in the volume growth behaviour prior to topping could be detected. 

Since so far no values exists for stand sizes, stand density or per ha values, it is 

difficult to make an estimation regarding economic losses for the forest owner. It 

was possible to show the mean increment loss as well as a mean loss in monetary 

values per topped tree on each site, based on the average of the trees per location. 

However, topped trees presumably form only a small part of a forest stand, so the 

real economic impact cannot be assessed in this paper due to lack of stand and hec-

tare values. Also the calculation is operating under the assumption, that the growth 

behaviour of the trees will not change from its behaviour of the calculation period 

(year of topping till felling). Especially for economic calculations regarding the 

value of topped trees several years into the future, it would be good to measure tree 
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growth of topped trees again after a certain period, e.g. 10 years or more. This could 

give an answer to how much the topping itself and possible infections with patho-

genic fungi after the topping influence future tree growth.  

The results of this study should not be used to make estimations about volume 

growth on stand level, due to edge effects. Since this thesis studied only trees close 

to the power line corridor, which is an open area (see Figure 1), edge effects like 

more light availability, higher air and soil temperature, higher wind speeds, less soil 

moisture and lower humidity (Gehlhausen et al. 2000) can influence the tree growth 

behaviour (Pöpperl & Seidl 2021) and make those trees incomparable with trees 

that are not influenced by edge effects. 

The sample size for this study (N=40) was considered adequate since earlier 

publications (Wang et al. 2014; Drobyshev et al. 2019) have shown that a similar 

sample size is sufficient enough for the analysis.  

Helicopter topping practise did not predominantly affect tree growth. More pre-

cisely, the fungal infections forming in the tops as a result of open wounds did not 

have negative effects on the volume increment of the trees. Since the surrounding 

trees are also less likely to be damaged, if they are topped by helicopters and not 

removed using conventional methods (chainsaw, harvester), helicopter topping can 

be recommended as a viable method to secure powerlines. 
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Based on the current study, helicopter topping might be having a negative impact 

on the volume growth of spruce trees, but not on pine trees. Infections of the topping 

injury with pathogenic fungi had no detrimental effect on the volume growth of 

spruce and pine trees. Base infections also had no influence on spruce tree  

Mean loss of volume increment growth and corresponding monetary loss per 

species and location occurred for both species. Since the growth of pine trees was 

not affected by the topping, the most likely causes for the loss are environmental 

factors like temperature and water stress, that caused a growth decline.  

An increased sample size and measurements of topped trees least a decade after 

topping or longer could help to determine, how much exactly the trees can recover 

from topping and how much external factors (drought, heat waves) play a role in 

volume growth reduction. This would also be helpful with calculations regarding 

the future value loss of topped trees. 

Since helicopter topping also causes less damages to the surrounding trees than 

other methods, it can be recommended as an alternative to completely removing 

trees that might threaten the powerlines. 

 

 

 

 

 

 

5. Conclusion 



34 

 

 

1. Annual average prices on delivery logs, SEK per cubic meter solid volume excl. bark 

by Region, Assortment and Year. PxWeb (n.d.). https://pxweb.skogsstyrel-

sen.se/pxweb/en/Skogsstyrelsens%20statistikdatabas/Skogsstyrelsens%20statis-

tikdatabas__Rundvirkespriser/JO0303_1ny.px/table/tableViewLay-

out2/?rxid=03eb67a3-87d7-486d-acce-92fc8082735d [2024-04-30] 

Alexander, S.A. (1975). Edaphic Factors Associated with the Incidence and Severity of 

Disease Caused by Fomes annosus in Loblolly Pine Plantations in Virginia. Phy-

topathology, 65 (5), 585. https://doi.org/10.1094/Phyto-65-585 

Bascietto, M. (2007). Stem-analysis on tree cross-sections (1.0.1). english. https://cran.r-

project.org/src/contrib/Archive/treeglia/ [2024-05-03] 

Bates, D., Maechler, M., Bolker  [aut, B., cre, Walker, S., Christensen, R.H.B., Sing-

mann, H., Dai, B., Scheipl, F., Grothendieck, G., Green, P., Fox, J., Bauer, A., 

simulate.formula), P.N.K. (shared copyright on, Tanaka, E. & Jagan, M. (2024). 

lme4: Linear Mixed-Effects Models using ‘Eigen’ and S4 (1.1-35.3). 

https://cran.r-project.org/web/packages/lme4/ [2024-05-03] 

Baumgartner, K., Coetzee, M.P.A. & Hoffmeister, D. (2011). Secrets of the subterranean 

pathosystem of Armillaria. Molecular Plant Pathology, 12 (6), 515–534. 

https://doi.org/10.1111/j.1364-3703.2010.00693.x 

Bert, D., Leplé, J.-C., Lasnier, J.-B. & Dutech, C. (2024). Heterobasidion annosum and 

Armillaria ostoyae significantly reduce radial growth during three years before 

stem death in infected Pinus pinaster. Dendrochronologia, 83, 126161. 

https://doi.org/10.1016/j.dendro.2023.126161 

Biological control of root rot (2024). SLU.SE. https://www.slu.se/en/departments/forest-

mycology-plantpathology/research/forest_pathology/root_and_butt_rot/ [2024-

04-25] 

Björnehall, J. (2008). Rötskador i helikoptertoppade granar invid kraftledningsgator i 

södra Sverige. (Master´s thesis 121). Sveriges lantsbruksuniversitet, Institutionen 

för Sydsvensk Skogsvetenskap. 

https://stud.epsilon.slu.se/11470/1/bjornehall_j_171004.pdf 

Black-Samuelsson, S., Eriksson, A. & Bergqvist, J. (2020). The second report on the state 

of the world´s forest genetic resources: Sweden. Skogsstyrelsen. 

https://www.skogsstyrelsen.se/globalassets/om-oss/rapporter/rapporter-

20222021202020192018/rapport-2020-3-forest-genetic-resources-in-sweden---

2nd-report.pdf 

References 



35 

 

Brūna, L., Kļaviņa, D., Korhonen, K., Zaļuma, A., Burņeviča, N. & Gaitnieks, T. (2019). 

Effect of Soil Properties on the Spread of Heterobasidion Root Rot. Proceedings 

of the Latvian Academy of Sciences. Section B. Natural, Exact, and Applied Sci-

ences., 73 (6), 466–471. https://doi.org/10.2478/prolas-2019-0072 

Bunn, A. (2024). Learning to Love dplR. https://opendendro.github.io/dplR-workshop/in-

dex.html [2024-05-03] 

Calderoni, M., Sieber, T.N. & Holdenrieder, O. (2003). Stereum sanguinolentum: Is It an 

Amphithallic Basidiomycete? Mycologia, 95 (2), 232–238. 

https://doi.org/10.2307/3762034 

Carlén, M., Rolander, M., Gramner, T. & Svensson, L. (2023). Skogsskador i Sverige 

2022. Skogsstyrelsen. https://www.skogsstyrelsen.se/globalassets/om-

oss/rapporter/rapporter-2023/rapport-2023-04-skogsskaderapport-2022.pdf 

Cherubini, P., Fontana, G., Rigling, D., Dobbertin, M., Brang, P. & Innes, J.L. (2002). 

Tree-life history prior to death: two fungal root pathogens affect tree-ring growth 

differently. Journal of Ecology, 90 (5), 839–850. https://doi.org/10.1046/j.1365-

2745.2002.00715.x 

Dahlgren Lidman, F. (2022). Natural regeneration and management of birch. Swedish 

University of Agricultural Sciences. https://doi.org/10.54612/a.4bujj1inqv 

Davydenko, K., Vasaitis, R. & Menkis, A. (2017). Fungi associated with Ips acuminatus 

(Coleoptera: Curculionidae) in Ukraine with a special emphasis on pathogenicity 

of ophiostomatoid species. European Journal of Entomology, 114, 77–85. 

https://doi.org/10.14411/eje.2017.011 

De Beer, Z.W., Wingfield, B.D. & Wingfield, M.J. (2003). The Ophiostoma piceae com-

plex in the Southern Hemisphere: a phylogenetic study. Mycological Research, 

107 (4), 469–476. https://doi.org/10.1017/S0953756203007445 

Desprez-Loustau, M.-L., Marçais, B., Nageleisen, L.-M., Piou, D. & Vannini, A. (2006). 

Interactive effects of drought and pathogens in forest trees. Annals of Forest Sci-

ence, 63 (6), 597–612. https://doi.org/10.1051/forest:2006040 

Drobyshev, I., Koch Widerberg, M., Andersson, M., Wang, X. & Lindbladh, M. (2019). 

Thinning around old oaks in spruce production forests: current practices show no 

positive effect on oak growth rates and need fine tuning. Scandinavian Journal of 

Forest Research, 34 (2), 126–132. 

https://doi.org/10.1080/02827581.2018.1557247 

EIFS-2013-1-om-krav-som-ska-vara-uppfyllda-för-att-överföringen-av-el-ska-vara-av-

god -kvalitet.pdf (n.d.). https://ei.se/down-

load/18.5b0e2a2a176843ef8f5b62/1615302727358/EIFS-2013-1-om-krav-som-

ska-vara-uppfyllda-f%C3%B6r-att-%C3%B6verf%C3%B6ringen-av-el-ska-

vara-av-god%20-kvalitet.pdf [2024-01-15] 

Energidistribution, D. här sidan uppdaterades 13 aug 2024 av E.O. (n.d.). Vi röjer 

ledningsgatorna | För tryggare el till dig. https://www.eon.se/om-e-

on/investeringar/elnaetsinvesteringar/roejning [2024-08-27] 

Fukasawa, Y. (2021). Ecological impacts of fungal wood decay types: A review of cur-

rent knowledge and future research directions. Ecological Research, 36 (6), 910–

931. https://doi.org/10.1111/1440-1703.12260 



36 

 

Garbelotto, M. & Gonthier, P. (2013). Biology, Epidemiology, and Control of Hetero-

basidion Species Worldwide. Annual Review of Phytopathology, 51 (1), 39–59. 

https://doi.org/10.1146/annurev-phyto-082712-102225 

Gehlhausen, S.M., Schwartz, M.W. & Augspurger, C.K. (2000). Vegetation and microcli-

matic edge effects in two mixed-mesophytic forest fragments. Plant Ecology, 

147 (1), 21–35. https://doi.org/10.1023/A:1009846507652 

Germain, H., Bergeron, M.-J., Bernier, L., Laflamme, G. & Hamelin, R.C. (2009). Pat-

terns of colonization and spread in the fungal spruce pathogen Onnia tomentosa. 

Molecular Ecology, 18 (21), 4422–4433. https://doi.org/10.1111/j.1365-

294X.2009.04370.x 

Goheen, E.M. & Willhite, E.A. (2006). Field Guide to the Common Diseases and Insect 

Pests of Oregon and Washington Conifers. USDA Forest Service, Pacific North-

west Region. 

Goodell, B. & Jellison, J. (2008). Fungal Decay of Wood: Soft Rot—Brown Rot—White 

Rot. InSchultz: TP, Militz, H. Freeman MH, Goodell B., and Nicholas D. 

D.(eds.) Development of Commercial Wood Preservatives: Efficacy, Environ-

mental, and Health Issues. American Chemical Society, Washington, DC, 982, 9–

31. https://doi.org/10.1021/bk-2008-0982.ch002 

Hamed, S.A.M. (2013). In-vitro studies on wood degradation in soil by soft-rot fungi: As-

pergillus niger and Penicillium chrysogenum. International Biodeterioration & 

Biodegradation, 78, 98–102. https://doi.org/10.1016/j.ibiod.2012.12.013 

Harrington, T. & Rizzo, D. (1999). Defining Species in the Fungi. 

https://doi.org/10.1007/978-94-011-4423-0_3 

Heinzelmann, R., Dutech, C., Tsykun, T., Labbé, F., Soularue, J.-P. & Prospero, S. 

(2019). Latest advances and future perspectives in Armillaria research. Canadian 

Journal of Plant Pathology, 41 (1), 1–23. 

https://doi.org/10.1080/07060661.2018.1558284 

Hildén, K. & Mäkelä, M.R. (2018). Role of Fungi in Wood Decay. In: Reference Module 

in Life Sciences. Elsevier. https://doi.org/10.1016/B978-0-12-809633-8.12424-0 

Hoffmann, N., Schall, P., Ammer, C., Leder, B. & Vor, T. (2018). Drought sensitivity 

and stem growth variation of nine alien and native tree species on a productive 

forest site in Germany. Agricultural and Forest Meteorology, 256–257, 431–444. 

https://doi.org/10.1016/j.agrformet.2018.03.008 

Inter Agro Skog AB (2024). Root rot. Root rot. https://www.interagroskog.se/rotrota-

skogens-varsta-skadegorare/ [2024-04-29] 

Ji, X., He, S.-H., Chen, J.-J., Si, J., Wu, F., Zhou, L.-W., Vlasák, J., Tian, X.-M. & Dai, 

Y.-C. (2017). Global diversity and phylogeny of Onnia (Hymenochaetaceae) spe-

cies on gymnosperms. Mycologia, 109, 1–8. 

https://doi.org/10.1080/00275514.2016.1274619 

Jones, D.A., Harrington, C.A. & Marshall, D. (2019). Survival, and Growth Response of 

Douglas-Fir Trees to Increasing Levels of Bole, Root, and Crown Damage. For-

est Science, 65 (2), 143–155. https://doi.org/10.1093/forsci/fxy041 

Kedves, O., Shahab, D., Champramary, S., Chen, L., Indic, B., Bóka, B., Nagy, V.D., 

Vágvölgyi, C., Kredics, L. & Sipos, G. (2021). Epidemiology, Biotic Interactions 



37 

 

and Biological Control of Armillarioids in the Northern Hemisphere. Pathogens, 

10 (1), 76. https://doi.org/10.3390/pathogens10010076 

Kim, M.-S., Heinzelmann, R., Labbé, F., Ota, Y., Elías-Román, R.D., Pildain, M.B., 

Stewart, J.E., Woodward, S. & Klopfenstein, N.B. (2022). Armillaria root dis-

eases of diverse trees in wide-spread global regions. In: Forest Microbiology. 

Elsevier. 361–378. https://doi.org/10.1016/B978-0-323-85042-1.00004-5 

Kovalchuk, A., Wen, Z., Sun, H. & Asiegbu, F.O. (2022). Heterobasidion annosum s.l.: 

Biology, genomics, and pathogenicity factors. In: Forest Microbiology. Elsevier. 

345–359. https://doi.org/10.1016/B978-0-323-85042-1.00042-2 

Kunert, N. (2020). Preliminary indications for diverging heat and drought sensitivities in 

Norway spruce and Scots pine in Central Europe. iForest - Biogeosciences and 

Forestry, 13 (2), 89. https://doi.org/10.3832/ifor3216-012 

Kuznetsova, A., Brockhoff, P.B., Christensen, R.H.B. & Jensen, S.P. (2020). lmerTest: 

Tests in Linear Mixed Effects Models (3.1-3). https://cran.r-project.org/web/pack-

ages/lmerTest/index.html [2024-08-13] 

Langer, G.J., Bußkamp, J., Terhonen, E. & Blumenstein, K. (2021). Chapter 10 - Fungi 

inhabiting woody tree tissues. In: Asiegbu, F.O. & Kovalchuk, A. (eds) Forest 

Microbiology. Academic Press. 175–205. https://doi.org/10.1016/B978-0-12-

822542-4.00012-7 

Långström, B. & Hellqvist, C. (1992). Height growth recovery and crown development in 

top‐damaged Pinus sylvestris trees. Scandinavian Journal of Forest Research, 7 

(1–4), 237–247. https://doi.org/10.1080/02827589209382716 

Larsson, L.-A. & Ossowski Larsson, P. (n.d.). Using CDendro. 

https://www.cdendro.se/forfun/dendro/ [2024-03-14] 

Lee, Y.S. (2000). Observation of Soft-Rot Wood Degradation Caused by Higher Asco-

myceteous fungi. Mycobiology, 28 (1), 47–50. 

https://doi.org/10.1080/12298093.2000.12015721 

Lhotka, O. & Kyselý, J. (2022). The 2021 European Heat Wave in the Context of Past 

Major Heat Waves. Earth and Space Science, 9 (11), e2022EA002567. 

https://doi.org/10.1029/2022EA002567 

Li, T., Cui, L., Song, X., Cui, X., Wei, Y., Tang, L., Mu, Y. & Xu, Z. (2022). Wood de-

cay fungi: an analysis of worldwide research. Journal of Soils and Sediments, 22 

(6), 1688–1702. https://doi.org/10.1007/s11368-022-03225-9 

Lind, M., Stenlid, J. & Olson, Å. (2014). Heterobasidion annosum s.l. Genomics. In: Ad-

vances in Botanical Research. Elsevier. 371–396. https://doi.org/10.1016/B978-

0-12-397940-7.00012-4 

Linnakoski, R., de Beer, Z.W., Niemelä, P. & Wingfield, M.J. (2012). Associations of 

Conifer-Infesting Bark Beetles and Fungi in Fennoscandia. Insects, 3 (1), 200–

227. https://doi.org/10.3390/insects3010200 

Lundell, T.K., Mäkelä, M.R., de Vries, R.P. & Hildén, K.S. (2014). Chapter Eleven - Ge-

nomics, Lifestyles and Future Prospects of Wood-Decay and Litter-Decomposing 

Basidiomycota. In: Martin, F.M. (ed.) Advances in Botanical Research. Aca-

demic Press. 329–370. https://doi.org/10.1016/B978-0-12-397940-7.00011-2 



38 

 

Maxwell, R.S. & Larsson, L.-A. (2021). Measuring tree-ring widths using the CooRe-

corder software application. Dendrochronologia, 67, 125841. 

https://doi.org/10.1016/j.dendro.2021.125841 

National risk-preparedness plan for Sweden´s electricity supply (2021). Swedish Energy 

Agency. https://energy.ec.europa.eu/system/files/2022-03/SE_RPP_electric-

ity.pdf 

Oliva, J., Bernat, M. & Stenlid, J. (2013). Heartwood stump colonisation by Heterobasid-

ion parviporum and H. annosum s.s. in Norway spruce (Picea abies) stands. For-

est Ecology and Management, 295, 1–10. 

https://doi.org/10.1016/j.foreco.2013.01.005 

Oliva, J., Stenlid, J. & Martínez-Vilalta, J. (2014). The effect of fungal pathogens on the 

water and carbon economy of trees: implications for drought-induced mortality. 

The New Phytologist, 203 (4), 1028–1035. https://www.jstor.org/stable/newphy-

tologist.203.4.1028 [2024-08-14] 

Palla, B., Borsicki, I., Lukács, Z. & Papp, V. (2019). Onnia triquetra (Pers.) Imazeki, a 

pine associated polypore species reported for the first time from Hungary. Acta 

Biologica Plantarum Agriensis, 7, 42–54. 

https://doi.org/10.21406/abpa.2019.7.42 

Pinheiro, J., to 2007), D.B. (up, to 2002), S.D. (up, to 2005), D.S. (up, authors (src/rs.f), 

E., sigma), S.H. (Author fixed, sigma), B.V.W. (Programmer fixed, Ranke  (var-

ConstProp()), J. & R Core Team (2023). nlme: Linear and Nonlinear Mixed Ef-

fects Models (3.1-164). https://cran.r-project.org/web/packages/nlme/ [2024-05-

03] 

Pöpperl, F. & Seidl, R. (2021). Effects of stand edges on the structure, functioning, and 

diversity of a temperate mountain forest landscape. Ecosphere, 12 (8), e03692. 

https://doi.org/10.1002/ecs2.3692 

Porter, D.L., Bradshaw, A.J., Nielsen, R.H., Newell, P., Dentinger, B.T.M. & Naleway, 

S.E. (2022). The melanized layer of Armillaria ostoyae rhizomorphs: Its protec-

tive role and functions. Journal of the Mechanical Behavior of Biomedical Mate-

rials, 125, 104934. https://doi.org/10.1016/j.jmbbm.2021.104934 

Redfern, D.B., Pratt, J.E., Hendry, S.J. & Low, J.D. (2010). Development of a policy and 

strategy for controlling infection by Heterobasidion annosum in British forests: a 

review of supporting research. Forestry: An International Journal of Forest Re-

search, 83 (2), 207–218. https://doi.org/10.1093/forestry/cpq005 

Rishbeth, J. (1951). Observations on the Biology of Fomes annosus, with Particular Ref-

erence to East Anglian Pine Plantations: III. Natural and Experimental Infection 

of Pines, and Some Factors affecting Severity of the Disease. Annals of Botany, 

15 (2), 221–246. https://doi.org/10.1093/oxfordjournals.aob.a083278 

Roets, F., de Beer, Z.W., Dreyer, L.L., Zipfel, R., Crous, P.W. & Wingfield, M.J. (2006). 

Multi-gene phylogeny for Ophiostoma spp. reveals two new species from Protea 

infructescences. STUDIES IN MYCOLOGY, (55), 199–212. 

https://doi.org/10.3114/sim.55.1.199 

Rowell, R. (ed.) (1984). The Chemistry of Solid Wood. American Chemical Society. 

https://doi.org/10.1021/ba-1984-0207 



39 

 

Schmidt, O. (2006). Wood and Tree Fungi: Biology, Damage, Protection, and Use. 

Springer Science & Business Media. https://doi.org/10.1007/3-540-32139-X 

Solheim, H. & Hietala, A.M. (2015). Ophiostomatiod fungi in Norway. Agarica, 36, 75–

88. https://soppognyttevekster.no/wp-content/uploads/2021/10/Agarica-vol-

36_2015_komplett_small.pdf#page=77 

Szewczyk, G., Jankowiak, R., Mitka, B., Bożek, P., Bilański, P., Kulak, D., Barycza, A. 

& Kunys, G. (2020). Development of blue stain in mechanically harvested Scots 

pine (Pinus sylvestris) logs during storage. Canadian Journal of Forest Re-

search, 50 (1), 42–50. https://doi.org/10.1139/cjfr-2019-0112 

Thor, M., Ståhl, G. & Stenlid, J. (2005). Modelling root rot incidence in Sweden using 

tree, site and stand variables. Scandinavian Journal of Forest Research, 20 (2), 

165–176. https://doi.org/10.1080/02827580510008347 

Tomentosus Root Rot (n.d.). https://apps.fs.usda.gov/r6_decaid/views/tomento-

sus_root_rot.html [2024-04-10] 

Travadon, R., Smith, M.E., Fujiyoshi, P., Douhan, G.W., Rizzo, D.M. & Baumgartner, K. 

(2012). Inferring dispersal patterns of the generalist root fungus Armillaria mel-

lea. New Phytologist, 193 (4), 959–969. https://doi.org/10.1111/j.1469-

8137.2011.04015.x 

Tuomela, M. & Hatakka, A. (2019). Oxidative Fungal Enzymes for Bioremediation☆. In: 

Moo-Young, M. (ed.) Comprehensive Biotechnology (Third Edition). Pergamon. 

224–239. https://doi.org/10.1016/B978-0-444-64046-8.00349-9 

Understanding and preventing root rot of conifers (2024). SLU.SE. 

https://www.slu.se/en/departments/forest-mycology-plantpathology/research/for-

est_pathology/understanding-and-preventing-root-rot-of-conifers/ [2024-04-25] 

Vasiliauskas, R. (1998). Ecology of fungi colonizing wounds of Norway spruce (Picea 

abies (L.) Karst.), with special emphasis on Stereum sanguinolentum (Alb. & 

Schw.: Fr.) Fr. Swedish Univ. of Agricultural Sciences Sveriges lantbruksuniv. 

Wang, L., Zhang, J., Drobyshev, I., Cleary, M. & Rönnberg, J. (2014). Incidence and im-

pact of root infection by Heterobasidion spp., and the justification for preventa-

tive silvicultural measures on Scots pine trees: A case study in southern Sweden. 

Forest Ecology and Management, 315, 153–159. 

https://doi.org/10.1016/j.foreco.2013.12.023 

Wickham, H., François, R., Henry, L., Müller, K., Vaughan, D., Software, P. & PBC 

(2023a). dplyr: A Grammar of Data Manipulation (1.1.4). https://cran.r-pro-

ject.org/web/packages/dplyr/index.html [2024-08-13] 

Wickham, H., Software, P. & PBC (2023b). stringr: Simple, Consistent Wrappers for 

Common String Operations (1.5.1). https://cran.r-project.org/web/pack-

ages/stringr/index.html [2024-08-13] 

Wingfield, M.J., Barnes, I., de Beer, Z.W., Roux, J., Wingfield, B.D. & Taerum, S.J. 

(2017). Novel associations between ophiostomatoid fungi, insects and tree hosts: 

current status—future prospects. Biological Invasions, 19 (11), 3215–3228. 

https://doi.org/10.1007/s10530-017-1468-3 

Wound Decays by Stereum Species (n.d.). Forest Pathology. https://forestpathol-

ogy.org/stem-decays/stereum/ [2024-03-10] 



40 

 

Wu, H., Sun, S., Forrester, D.I., Shi, J., Deng, W., Deng, X., Ouyang, S., Chen, L., Zeng, 

Y., Hu, Y. & Xiang, W. (2023). StemAnalysis: An R-package for reconstructing 

tree growth and carbon accumulation with stem analysis data. Computers and 

Electronics in Agriculture, 210, 107924. https://doi.org/10.1016/j.com-

pag.2023.107924 

Yafetto, L. (2018). The structure of mycelial cords and rhizomorphs of fungi: A mini-

review. Mycosphere, 9, 984–998. https://doi.org/10.5943/mycosphere/9/5/3 

 

 

 

 



41 

 

Tree topping via helicopter – what are the risks?  

 

To prevent power outages, especially in areas where power lines run through for-

ests, a method called helicopter topping is often used. In this process, helicopters 

equipped with saws trim off the tops of trees that are close to power lines, usually 

cutting off about 2 to 2.5 meters. This way, if a storm causes a tree to fall, it will 

not hit the power lines.  

While this method is fast and cost-effective, it raises some concerns about the health 

of the trees and the financial impact on forest owners. When the top of a tree is 

removed, it can reduce the tree's ability to do photosynthesis and slowing its growth. 

The cut can also leave the tree vulnerable to infections from fungi. 

Therefore this article explores the effect of topping on tree growth and possible 

negative economic effects. The results suggest that topping does reduce the growth 

of spruce trees, but pine trees do not seem to be negatively affected by topping. And 

while several topped trees had infections with fungi from their topping wounds, 

those did not seem to affect the growth of pine and spruce trees negatively.  

Even though pine trees were not visibly affected, for both tree species economic 

losses could still be calculated. This could be due to other environmental stressors, 

like drought and high temperatures, which occurred around the same time as the 

topping. 

Due to the short observation period and lack of forest stand data, it is difficult to 

draw conclusions about the long-term effects of topping, infections and calculating 

applicable results regarding economic consequences. 

However, the results suggest that helicopter topping can be recommended as a prac-

tical method to keep powerlines secure. 
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