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Abstract

In assessments of productivity and adaptive potential of forest ecosystems 
in climatic change perspective the relation between soil resources and fine roots is 
of special interest. Information on the temporal variation in fine-root biomass and 
necromass (FRB and FRN) is essential for estimating fine-root turnover rate and 
fine-root production. Both were studied by sequential coring methods in 2012 in 
four representative experimental forest ecosystems formed by European beech (Fa-
gus sylvatica L.), oak (Quercus frainetto Ten.), Norway spruce (Picea abies Karst.) 
and Scots pine (Pinus sylvestris L.). The results obtained showed that fine roots are 
mainly distributed in the superficial organo-mineral soil layers. The highest FRB 
was calculated for F. sylvatica, followed by P. sylvestris, P. abies and Q. frainetto. 
Our data obtained for beech and pine supported that it is species-specific determined 
but soil conditions play a key role in process of its formation and affect the stock at 
site scale. Meanwhile FRN seasonal dynamics indicated the importance of fine roots 
in soil organic matter formation. Both showed highest values in the active growing 
period. FRN values were similar to those of FRB for deciduous, while for conifers 
the differentiation was clearly presented.
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INTRODUCTION

The root biomass is important part of biosphere and its quantity is estimated 
at near 30% from the total aboveground biomass (van Noordwijk et al., 1996). In 
assessments of productivity and adaptive potential of forest ecosystems in climatic 
change perspective the relation between soil resources and fine roots is of special in-
terest. Mind et al. (2002) underlined that changes in ecological conditions influence 
not only aboveground tree biomass but also carbon accumulation in belowground 
biomass (Bakker, 1999). Changes in environmental factors result in changes in plant 
nutritional, physiological, and structural processes that include efficiency of nutrient 
use, transpiration, retention of foliage, and below- and above-ground allocation of 
carbon (Cole et al., 1990). 
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Fine roots (< 2 mm of diameter) represent a relatively small part of the total 
plant biomass but they are the most dynamic component of root system. In forest 
ecosystems formed on mineral soils, the dynamics in root systems development, 
fine root production and turnover rates play a key role in nutrition, water absorption 
and elemental cycles (Schmid, Kazda, 2002) but data are still poorly represented 
both at national and international levels. Lee et al. (2007) also underlined that due 
to a paucity of fine root biomass (FRB) data, our understanding of the spatial vari-
ability of tree FRB in response to climate and soil nutrient conditions is limited. The 
mineral nutrition and soil moisture resources affect the production of fine roots and 
the carbon economy of plants (Grier et al., 1986). Some studies showed that fine-
root production (FRP) is an important component of total net primary production 
(NPP) in forest ecosystems, contributing 40–60% of total NPP (Aber et al., 1985; 
Hendrick, Pregitzer, 1993; Vogt et al., 1996). However, the responses of tree plants 
to changes in site conditions are poorly understood and appear to be species-specific 
and vary according to the adaptive potential of trees for water and nutrient use (Vogt 
et al., 1996). Hansson et al. (2013) reported that Norway spruce, with larger above-
ground biomass compared to Scots pine, also had the largest FRB (g/m2) and FRP 
(g/ m2y1).

Information on the temporal variation in FRB and fine-root mortality (FRM) 
is essential for estimating fine-root turnover rate and FRP. Although seasonal varia-
tion in FRB has been reported to be smaller compared to spatial variation at site level 
(Yuan, Chen, 2013). Moreover the total root biomass depends on soils characteristics 
at a high degree, especially fine roots biomass (Curt et al., 2001). Positive correla-
tion between fine root biomass distribution and the content of organic carbon, total 
nitrogen and some cations is determined (Curt et al., 2001). Several studies have 
shown that substantial FRP occurs during the growing season in forests ranging from 
temperate to boreal (Tryon, Chapin, 1983; Joslin et al., 2001; Steinaker et al., 2010), 
although there is a discrepancy in the peak period of root production. However, few 
studies relating seasonal patterns of FRP to shoot phenology have been reported, 
limiting our understanding of the interactions between above and below-ground en-
vironments in areas with marked differences in seasonality (Steinaker et al., 2010). 

The relationships between FRB, site and climate factors have been difficult to 
infer from field studies because the interactive effects of temperature, moisture and 
nutrient on FRB are complicated and may vary with tree species (Vogt et al., 1996). 
The effects of multiple environmental stressors on FRB response are not easily sepa-
rable because changes in temperature are highly correlated with changes in water 
and nutrient availability in the field (Piateck, Allen, 1999; Zak et al., 1999). There 
are several national studies on tree root systems with focus on root system distribu-
tion (Zhiyanski, 2003 a,b), elemental content (Doichinova et al., 2003; Doichinova, 
2005), total root biomass (Lyubenova, Bondev, 1987; Lyubenova, 2009; Mihov, 
1979; Grozeva, 1986) but studies on FRB are still insufficient. It is therefore still 
necessary to measure seasonal variations in fine-root biomass and relate them to 
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soil factors in forests and with a diversity of vegetation and climate conditions at 
experimental site scale. In addition, since the pattern of fine-root dynamics has been 
reported to differ among species (Kozlowski, Pallardy, 1997; Steinaker et al., 2010; 
Fukuzawa et al., 2010), considering the species composition of the forest would be 
necessary, unless the stand is in a plantation of a single species.

The present paper aimed at presenting the temporal variation in fine-root bio-
mass and necromass of European beech (Fagus sylvatica L.), oak (Quercus frainetto 
Ten.), Norway spruce (Picea abies Karst.) and Scots pine (Pinus sylvestris L.) stud-
ied by sequential coring in four representative forest ecosystems.

MATERIALS AND METHODS

Four experimental sites – P1, P2, P3 and P4 - were chosen in forest ecosys-
tems formed respectively by beech, oak, Norway spruce and Scots pine. The site and 
climatic specifics are shown on Table 1. 

The study on FRB and FRM was performed in 2012 using method of sequen-
tial coring technique, as described by Ostonen et al. (2005). Root corer sampling was 
carried out seven times over the growing period of the year (starting on 5th of May 
2012). The samples were taken very intensively from the four experimental sites, as 
30 sampling points were chosen respectively per site – 10 sampling points around 1 
model trees. Roots were sampled randomly following sampling design, where each 
model tree is a center point of each sampling plot. Each plot presents a circle with 
radius 2 m. The sequential coring was performed by a cylindrical soil corer, 6 cm in 
diameter and 10 cm long with a sharp edge and was driven into the soil with a ham-
mer. Sampling was carried out to a depth of 50 cm, and four samples were taken at 
each sampling point at different depths (0–10, 10–20, 20-30 and 30-50 cm). After 
sampling the fine roots (diameter < 2 mm, Vogt et al., 1983) were prepared for analy-
ses and within 24 hours they were washed, separated from other roots and organic 
debris, distinguished to living and dead roots (Vogt et al., 1981, 1983; Santantonio, 
Hermann, 1985) and classified according their diameter then dried at 80°С for 48 h. 
The root biomass is formed by the dry weight of living fine roots, while necromass 
is formed by the dry weight of dead fine roots of studied tree species. The fine roots 
were distinguished at two fractions – living and dead based on visual characteristics, 
elasticity of tissues, and color of the bark (Hayes, Seastedt, 1987; Joslin, Henderson, 
1987). The living fine roots were whitish or less pronounced color, elastic and 
without decay processes. Dead roots were brown to black, brittle by the presence 
of varying degrees of decay. Additional sign in conifers was the smell of the living 
roots of these species. The stock of FRB of studied species in 0-50 cm soil depth was 
estimated as a mean value for each season – spring (V), summer (VI, VII, VIII) and 
autumn (IX, X, XI), corrected with stoniness of soil (content of coarse fractions) and 
bulk density of soil layer. 
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RESULTS AND DISCUSSION

The seasonal dynamics of fine root density of Scots pine (P3) is shown on Fig. 
1 per layers up to 50 cm soil depth. The highest density is established for the upper 
0-10 cm layer of mineral soil over the whole growing period with variations between 
212 ± 39.9 and 637 ± 31.8 g/m2, considering the fact, that only one month is included 
in spring season, while the other seasons include three months respectively. The higher 
FRB observed during the summer is characteristic for all studied soil depths as well 
as for the entire soil profile. Over the autumn the biomass of fine roots still preserves 
its high values but for the entire 0-50 cm layer the established dynamics of fine roots 
distribution showed a peak in the middle of vegetation period. The curve of layer dis-
tribution of fine root biomass of Norway spruce is presented on Fig. 2. The highest fine 
root biomass is determined in both 0-10 cm and 10-20 cm of soils, while in deeper lay-
ers it decreased. According to the data obtained for these layers the highest FRB was 
observed in summer and autumn (incl. the period of active growing), while in depth it 
increased in autumn. For Norway spruce the distribution of FRB in entire 0-50 cm of 
soil had peak in late summer and autumn. The fine root biomass varied within 33 ± 12 
÷ 534 ± 30.2 g/m2 with mean value for the whole growing period 967.3 ± 27.3 g/m2. 
Similar to that FRB distribution was observed for European beech in P1 (Fig. 3) but the 
highest FRB of beech was located in the upper 0-30 cm soil layers, enriched of organic 
substances and with favorable soil conditions. The variation in these depths during 

Fig. 1. Depth distribution of fine roots of Pinus sylvestris L

Fig. 2. Depth distribution of fine roots of Picea abies Karst.
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summer and autumn were small and between 513 ± 24 and 738 ± 10 g/m2. The FRB 
of beech showed the highest mean value of FRB (1565.7 ± 38.2 g/m2) for the entire 
studied profile, compared with other species. Concerning oak trees the lower FRB was 
established compared with other species (Fig. 4). Same tendency of highest fine root 
dry weight density in 0-20 cm soil layer enriched of organic materials and with better 
moisture regime was established. 

The results obtained for this depth distribution of FRB allowed summarizing 
that fine roots are mainly distributed in the enriched organic-mineral soil layers and 
decreased toward deeper soil. It was confirmed that broadleaved fine root biomass is 
higher than coniferous (Finér et al., 2007). For example, Finér et al. (2007) analyzed 
variation in fine root biomass of 3 tree species in many stands across Europe and 
showed that the fine root biomass of Norway spruce was similar to that of Scots pine 
but lower than that of beech trees. Hansson et al. (2013) reported the opposite find-
ing, where higher fine root biomass production was determined in spruce (702 g/m2) 
than in birch (196 g/m2) and pine (227 g/m2) stands. For all studied tree species the 
FRB was highest in the superficial soil layers. It strongly decreased toward deeper 
layers in confers and oak trees and slowly in beech. 

The higher fine root biomass determined for Scots pine (1102 ± 32.4 g/m2) in 
comparison with other studied conifer tree species is due to higher stand age (120 
years) on one hand and the better site conditions (I site index class) on the other. The 

Fig. 3. Depth distribution of fine roots of Fagus sylvatica L.

Fig. 4. Depth distribution of fine root of Quercus frainetto Ten. 



11

lowest fine root biomass was established for oak (668 ± 22.1 g/m2), which is deter-
mined by worse site conditions.

The values obtained for FRN are similar to those obtained for FRB. The mean 
values of FRN calculated over the growing season were 240 ± 18 g/m2 and 193 ± 14 
g/m2 for conifers – Scots pine and Norway spruce respectively and 333 ± 20 g/m2 
and 146 ± 12 g/m2 for beech and oak. The profile distribution of FRN also followed 
this of biomass and showed that their quantity was higher in 0-10 cm of soils and 
decreased toward deeper soil, which indicates their key role in soil organic matter 
formation trough root litter. 

The seasonal dynamics of fine root biomass and necromass of Scots pine is 
shown on Fig. 5. The peak in FRB is registered in July and August (332 g/m2) and for 
FRN in August (304 g/m2). The biomass and necromass increased over the period May 
August, then decrease was observed. The FRN was higher than FRB in autumn.

The seasonal dynamic of FRB of Norway spruce showed regular increase over 
the period May – early September (284 g/m2), then decrease in biomass appeared, 
while FRN showed stable increase during the whole growing season, with small 
peak expressed in August (211 g/m2) and higher in October and November (224 and 
238 g/m2 respectively) (Fig. 6).

For the European beech the increase both in FRB and FRN was established 
over the period May – August, whit similar values for both parameters (Fig. 7). Over 
the autumn the increase of FRB continued till early October (411 g/m2). The FRN 

Fig. 6. Fine root biomass and necromass seasonal dynamics of Picea abies Karst.

Fig. 5. Fine root biomass and necromass seasonal dynamics of Pinus sylvestris L.
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showed a small decrease in September (312 g/m2), then increased and reached value 
of 407 g/m2 in November compared with 403 g/m2. 

The FRB of oak increased rapidly during the period May late August - early 
September up to 175 g/m2 then sharply decreased to 112 g/m2 (Fig. 8). The seasonal 
dynamics of FRN of oak showed strong fluctuations during the studied period and 
along the whole tendency of increase two peaks were observed – in August and Oc-
tober with values 184 and 172 g/m2 and two decreases in June and September with 
values 100 and 160 g/m2. As a whole the values calculated for FRB and FRN of oak 
are similar with higher predomination of necromass in August and November. 

The stock of FRB of Scots pine in 0-50 cm soil depth varied from 3685 to 
4496 kg/ha during the growing season (Fig. 9). It was relatively lower than stock 
of FRB of spruce, where values from 4047 to 4613 kg/ha were calculated. From the 
results obtained could be assumed that despite the higher FRB for Scots pine the 
values of total FRB stock were lower due to higher percent of coarse fractions in 
soil, which is referred in the total stock estimation. Higher content of coarse fractions 
in Luvisols under oak stand also contributed to the lower biomass stock of oak fine 
roots but provokes higher turnover rate (unpublished data). Similar tendency was 
observed in forests from Finland where authors noticed values for spruce from 2070 
to 5520 kg/ha, and for Scots pine from 2300 to 4930 kg/ha respectively (Helmisaari, 
1997). Other studies announced other value for spruce forests within 3930 kg/ha 
(Ilvesniemi, Liu, 2001). For the oak the variations of fine root stock were from 1118 

Fig. 7. Fine root biomass and necromass seasonal dynamics of Fagus sylvatica L.

Fig. 8. Fine root biomass and necromass seasonal dynamics of Quercus frainetto Ten.



13

to 1785 kg/ha. The highest stock of fine root biomass was calculated for European 
beech with seasonal variation between 4367 and 5059 kg/ha.  The studies on qual-
ity and FRB distribution in virgin forests in Slovakia is reported to be 3372 kg/ha 
while they are mainly localized in superficial 0-10 cm of soils (Jaloviar et al., 2009). 
The authors underlined that generally in this soil layer 90% from the total fine root 
biomass are concentrated in upper 0-10 cm at 35 repetitions per site (Jaloviar et al., 
2009). In virgin beech forests fine roots were found also in forest floor layers, which 
in our investigation this percent was lower than 1.5 % and was included in the 0-10 
cm layer estimations. 

CONCLUSIONS

The results of present study confirmed the fact that fine roots are mainly dis-
tributed in the superficial organo-mineral soil layers (0 – 20 (30) cm). For studied 
tree species the FRB was highest in the superficial soil layers. It strongly decreased 
toward deeper layers in confers and oak trees and slowly in beech. The highest 
FRB was determined for F. sylvatica (1565.7 ± 38.2 g/m2), followed by P. sylves-
tris (1102.7 ± 31.6 g/m2), P. abies (967 ± 28.8 g/m2) and Q. frainetto (668± 28.9 g/
m2). The stock of FRB followed this trend. Our data obtained for beech and pine 
supported that fine root biomass is species-specific but soil conditions play a key 
role in process of fine roots biomass formation and affect FRB stock at site scale. 
Meanwhile fine root necromass seasonal dynamics indicated the importance of fine 
roots in soil organic matter formation. The FRB and FRN showed highest values in 
the active growing period. The FRB of Scots pine and oak had peak in August, while 
Norway spruce and European beech in late August - early September. The FRN val-
ues were similar to those of FRB for deciduous, while for conifers the differentiation 
was clearly presented.
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Fig. 9. Fine root biomass (kg/ha) of studied tree species
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