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Are there any differences in the root branch architecture 
of Norway spruce trees growing on two sites with different 
water regime?
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In case of undisturbed development, the spruce forms 
a typical shallow root system. In this surface root sys-
tem, large, horizontal, lateral roots extend just below the 
soil surface with small roots branching down vertically. 
However, the environment (especially soil conditions) 
can influence root system features considerably (Coutts 
1987). A high groundwater table can reduce maximum 
depth of root penetration. Kodrík (1998) mentions that 
the level of water table has the strongest influence on the 
formation of root system. Köstler et al. (1968) point out 
that the spruce forms extreme shallow root system on 
poorly drained sites. According to Konôpka (2003), the 
roots do not need to or cannot penetrate through deeper 
soil horizons, thus shallow and unstable root systems 
are formed on waterlogged sites. Crow (2005) states that 
soil water logging results in poor gas exchange, which 
depletes soil of oxygen and leads to anaerobic condi-
tions and subsequent root death. Soils with permanently 
high water tables typically cause trees to develop very 
shallow, widespread root systems. 

The main problem in research on belowground bio-
mass is equivalent to the basic problem – how to ob-
tain roots from the soil substrate or how to get to their 
nearest proximity in the soil substrate. Only overcom-
ing this obstacle enables proper studies. For rough tree 
roots research, the excavation method is most common, 
hence roots are obtained from soil by digging. Using 

trees which are naturally uprooted, e.g. by wind or by 
a winch, is also effective. 

The aim of this study is to compare the diameter 
and length structure of root branches of spruce trees 
growing on waterlogged and well-drained sites. 

The structure of root branches of the Norway 
spruce (Picea abies [L.] Karst.) was measured in the lo-
cality Hnilé Blatá (20°03´E, 49°06´N) (High Tatra Mts.) 
(waterlogged site) and the locality Zemská (20°04´E, 
49°01́ N) (Low Tatra Mts.) (well-drained site). The for-
est stand waterlogged is uneven-aged, with the domi-
nant tree layer 90 years old, south orientation, 5– 10% 
slope, altitude is about 950 m a.s.l. The spruce is the 
dominant woody plant on the site and the birch (Betula 
sp.) and alder (Alnus sp.) are the admixture. Mean val-
ue of DBH is 31 cm and the average tree height equals 
22 m. Soil is rather waterlogged, with low contents of 
peat in top horizons. The soil type is haplic stagnosols, 
stony soil skeleton with the percentage of stone 20%, 
with the average size of stones about 20 cm. 

The forest stand on well-drained site is uneven-
aged, with the over storey 80 years old, north orienta-
tion, 40% slope, altitude is about 950 m a.s.l. The for-
est stand is built only of the Norway spruce. The mean 
value of DBH of analysed spruce trees is 46 cm and the 
mean value of tree height is 32 m. The soil type is dys-
tric cambisols, gravely soil skeleton with the percent-
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age of stones about 50% with the average size of stones 
about 4 cm. 

Using random sampling, 22 uprooted spruce trees 
on the waterlogged site and 9 uprooted spruce trees 
on the well-drained site were selected. The uprooted 
spruces were scattered across the stands. The root 
plates of measured spruce trees were cleared from 
soil, by using hand tools (mattock, pick and shovel). 
The root plates were unsoiled up to the soil surface. It 
means that we did not excavate the whole root plates. 
We only cleared visible surface of root plates up to the 
hinge. After cleaning the root plates, the parameters of 
root branches were measured. The number, length and 
diameter of individual root branches were measured. 
The individual root branch is defined as the most vig-
orous continual root branch forking into other, smaller 
individual root branches. The length of the individual 
root branch was measured as the actual distance from 
its forking point up to the tip of its thickest (strongest) 
sub-branch. The individual root branches were classi-
fied to eleven diameter classes according to their di-
ameter measured in the middle of root branch length: 
1.1– 2.0 cm, 2.1– 3.0 cm, 3.1– 4.0 cm, 4.1– 5.0 cm, 
5.1– 6.0 cm, 6.1– 9.0 cm, 9.1– 12.0 cm, 12.1– 15.0 cm, 
15.1– 20.0 cm, 20.1– 25.0 cm and 25.1– 30.0 cm. Mean 
values of the number and length of root branches were 
calculated for each root-diameter class. 

Mean values of frequency and length of root 
branches according to the individual root-diameter 
classes are presented in Figures 1, 2 and 3. We found 
differences in the diameter and length structure of root 
branches between spruce trees growing on the water-
logged and well-drained sites. Average values of the 
absolute frequency of root branches in the first seven 
root-diameter classes (1.1– 12.0 cm) were higher for 
spruce trees growing on well-drained sites. Moreover, 
these values were more than two times higher in the 
first three root-diameter classes. On the contrary, in 
the last four root-diameter classes (12.1– 30.0 cm), we 
found lower mean values of the absolute frequencies of 
root branches in spruce trees growing on well-drained 
sites (Fig 1). 

The results obtained showed that the frequency 
of roots in the first (thinner) root-diameter classes 
was higher in spruce trees growing on well-drained 
sites. Interestingly, the frequency of root branches in 
the coarsest root-diameter classes was higher in the 

spruce trees growing on waterlogged sites. On the 
other hand, Konôpka (2005) found larger quantities 
of roots, especially those with the medium diameter 
as well as thin ones, on poorly drained sites than on 
well-drained sites. According to his results, the root 
systems were extremely long on poorly drained sites, 
so they had very abundant thinner roots. Kodrík and 
Hlaváč (1994) analysed the root architecture of the 
Norway spruce on well-drained sites. They found 
that the relative frequency of roots with the diameter 
smaller than 2 cm was about 50%, the relative fre-
quency in the diameter class 2.1– 7.0 cm was around 
30% and the rest belonged to the diameter class 7.1 cm 
and higher. After re-calculation of our data, we found 
that the relative frequency of root branches up to 2 cm 
diameter was slightly higher (57% on well-drained 
sites) in comparison to the results of Kodrík and 
Hlaváč (1994). Kodrík (2002) analysed the frequency 
and thickness of root branches with the diameter ex-
ceeding 1cm in spruce trees growing on well-drained 
sites. He reported that the relative amount of roots 
with the diameter not larger than 3 cm was 59.5%, 
for roots with the diameter 3.1–9.0 cm it was 28% and 
roots with the diameter exceeding 10 cm consttuted 
only 12.5% of the total root number of wind thrown 
spruce trees. However, a different situation was ob-
served by this author for standing spruce trees. In this 
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Fig. 1. Mean values of root-branches frequency in individual 
root-diameter classes in Picea abies



Folia Forestalia Polonica, series A, 2009, Vol. 51 (2), 181–184

Are there any differences in the root branch architecture of Norway spruce trees growing on two sites with different water regime? 183

case, the relative amount of roots with the diameter 
under 3 cm was 46.6%, with the diameter 3.1–9.0 cm 
it was 32.5% and with the diameter over 10 cm it was 
20.9%. We found higher amounts of root branches in 
the first and the second root-diameter classes (togeth-
er 79.2% in the two classes) in spruce trees growing 
on well-drained sites when compared to the results of 
Kodrík (2002).

We found considerably higher mean values of the 
length of root branches in all root-diameter classes in 
spruce trees growing on waterlogged sites (Fig 2). The 
values obtained were approximately two times higher 
in the first seven root-diameter classes of spruce trees 
growing on waterlogged sites. Mean values of the to-
tal length of root branches were noticeably higher in 
the last four root-diameter classes (12.1– 30.0 cm) on 
waterlogged sites (Fig 3). Interestingly, we found that 
the mean value of the total length of root branches was 
two times higher in the root-diameter class 3.1– 4.0 cm 
in spruce trees growing on well-drained sites. 
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Fig. 2. Average length of root branches in individual  
root-diameter classes in Picea abies

We found the lowest values of the average length of 
root branches in the first (thinner) root-diameter clas-
ses. On the contrary, in these root-diameter classes the 
average values of the total root branch length were the 
highest. Similarly, Konôpka (1997) observed the high-
est value of the total length of root branches in the first 

root diameter class (1.0– 3.0 cm) in spruce trees growing 
on well-drained sites. After re-calculation of his data, 
we found out that the relative value of the total length of 
root branches with the diameter 1.0– 3.0 cm was 57.8% 
of all root branches together. Similarly, after another re-
calculation of our data, we found out that the relative 
value of the total length of root branches with diameter 
1.1– 3.0 cm was 65.0% of all root branches together on 
waterlogged sites. In spruce trees growing on well-
drained sites it was 63.5%. This difference is not big, 
so it seems that between waterlogged and well-drained 
sites there are not substantial differences in the total 
relative length of root branches in these root diameter 
classes.
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Fig. 3. Total average length of root branches in individual 
root-diameter classes in Picea abies

Konôpka (2005) made a detailed comparison of 
the root system architecture between spruces growing 
in well-drained and poorly drained sites. He found big 
differences in the total length of roots between spruces 
growing in poorly drained and well-drained sites. He 
reports that the mean value of the total root length was 
58 m on waterlogged sites and 33 m on well-drained 
sites (trees with stem diameters 20 cm at the ground 
level (D0.2) – from 6.5 cm to 49.0 cm). This author 
points out that the average total length of root branches 
in the root-diameter class 1.0– 2.5 cm was 33.3 m (after 
re-calculation it is 63.4% of all root-diameter classes 
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together) in spruce trees growing on well-drained sites 
and 72.4 m (after re-calculation it is 71.1% of all root-
diameter classes together) in spruces growing on wa-
terlogged sites (selected trees with D0.2, from 25.1 cm 
to 35.0 cm). However, we found out that the mean value 
of the total length of root branches in all root-diameter 
classes together was almost the same on waterlogged 
(after re-calculation it is 75.9 m) and well-drained sites 
(after re-calculation it is 76.3 m). Similarly, after re-
calculation, we found out that the mean value of the to-
tal length of root branches in the root-diameter classes 
1.1– 3.0 cm was 48.5 m (after re-calculation it is 63.5% 
of all root-diameter classes together) in spruce trees 
growing on well-drained sites and it was 49.3 m (after 
re-calculation it is 65.0% of all root diameter classes 
together) on waterlogged sites.

Based on these results it seems that the total mean 
length of root branches (all root-diameter classes to-
gether) with the diameter exceeding 1cm is almost the 
same for spruce trees growing on waterlogged and well-
drained sites. Rastin and Mintenig (1992) found that 
in the Norway spruce horizontal roots at the distance 
of 40 cm, and especially at 80 cm from the centre of 
the rootstocks, were thicker on waterlogged soil types 
than on brown forest soil (well-drained). Spruce trees 
growing on brown forest soil also developed shorter 
and thinner horizontal roots than those growing on 
waterlogged soil types. Similarly, according to our re-
sults, spruce trees growing on well-drained sites form 
shorter root branches in the case of thinner root-diam-
eter classes, but the frequency of these root branches 
is higher in comparison with spruce trees growing on 
waterlogged sites. Therefore, the total length of root 
branches (with the diameter exceeding 1 cm) of spruce 
trees growing in waterlogged and well-drained sites is 
almost the same.           

AcKnowledgeMent

The Grant Agency of Science – VEGA supported the 
study with the grant No. 1/4397/07. 

references

Coutts M. P. 1987. Developmental processes in tree root 
systems. Canadian Journal of Forest Research, 17, 
761– 767.

Crow P. 2005. The influence of soils and species on tree 
root depth. Edinburgh, Forestry Commission, 8.

Kodrík J. 1998. Poznatky z kalamít spôsobených 
mechanickými abiotickými činiteľmi v lesoch 
Slovenska. [In:] Lesy a lesnícky výskum pre tretie 
tisícročie (ed.: R. Petráš). Zvolen, Lesnícky výs-
kumný ústav vo Zvolene, 215– 217.

Kodrík J. 2002. Výskum koreňových sústav hlavných 
lesných drevín, vzhľadom na statickú stabilitu voči 
vetru. Zprávy lesnického výzkumu, 47, 208– 213.

Kodrík J., Hlaváč P. 1994. Príspevok k statickej stabi-
lite smrečín na Poľane. Acta Facultatis Forestalis 
Zvolen-Slovakia, 36, 239– 247.

Konôpka B. 1997. Porovnanie ukotvenia smreka obyčaj-
ného (Picea abies L. Karst.) a jedle bielej (Abies alba 
MiLL.) v zmiešanom jedľovo-smrekovom poraste. 
Lesnícky časopis – Forestry Journal, 43, 221– 227.

Konôpka B. 2003. Koreňový systém – základ statickej 
stability lesných drevín. [In:] Ochrana lesa 2002 
(ed.: P. Hlaváč), Technická univerzita vo Zvolene, 
Zvolen, Slovakia, 147– 152.

Konôpka B. 2005. Vlastnosti koreňových systémov sm-
reka obyčajného na dvoch stanovištiach s rôznym 
vodným režimom. [In:] Zborník prednášok zo VII. 
zjazdu Slovenskej spoločnosti pre poľnohospodár-
ske, lesnícke, potravinárske a veterinárske vedy pri 
SAV v Bratislave, sekcia B: Lesnícka (ed.: B. Konôp-
ka), Slovenská Spoločnost’ pre Pol’nohospodárske, 
lesnícke, potravinárske a veterinárske vedy pri SAV 
v Bratislave a Lesnícky výskumný ústav vo Zvolen, 
127–136.

Köstler J. N., Brückner E., Biebelrhieter H. 1968. Die 
Wurzeln der Waldbäume. Berlin, Hamburg, Paul–
Parey-Verlag, 284.

Rastin N., Mintenig H. 1992. Quantitative determina-
tion of Norway spruce root systems on different 
sites. [In:] Root ecology and its practical applica-
tion (eds: L. Kutschera, E. Hübl, E. Lichtenegger, 
H. Persson, M. Sobotik), Verein für Wurzelforsc-
hung, Klagenfurt, 521– 523.




