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substance cycling and energy flows of all forest ecosystems, 
we should consider the characteristics of different stands in 
order to improve the precision of our estimates.

Keywords Maoershan, fine roots, biomass, plantation, 
natural secondary forest

1 Introduction

The diameter of fine roots is usually below 5  mm and divided 
into two grades, which are 2–5  mm and h2  mm. The bio-
mass of fine roots often occupies 3%–30% of the total roots 
biomass (Vogt et al., 1996) but their growing mass could be 
50%–75% of the forest gross primary productivity (GPP) 
(Hendrick et al., 1992; Nadelhoffer et al., 1992). Fine roots 
have a huge surface area, so it is the most important organ for 
trees to absorb water and nutrition. For fine roots to grow and 
turnover quickly, it is very important to substantiate the cycle 
and energy flow of all forest ecosystems (Vogt et al., 1986; 
Ruess et al., 1996; Gordon et al., 2000; Chen et al., 2002). The 
amount of organic matter from fine roots returning to the soil 
is several times greater than that from litter (Vogt et al., 1986; 
Joslin et al., 1987; Berish et al., 1988). The amount of nitro-
gen from fine roots returning to the soil can be 18%–58% 
higher than that from litter (McClaugherty et al., 1982; Vogt 
et al., 1986). The same is for carbon and other nutrients 
(Raich et al., 1989; Huang et al., 1999; Zhang et al., 2000). 
From the 1970s, more and more attention has been paid to 
the contribution of fine roots to the circulation of carbon and 
nutrients in the ecosystem (McClaugherty et al., 1982; 
Persson, 1983; Vogt et al., 1986; Santantonio et al., 1987). In 
China, research on fine roots started in the 1990s. However, 
only a few reports have been published since then (Liao et al., 
1995; Li et al., 1998; Wen et al., 1998; Chen et al., 1999; 
Zhang et al., 1999). In the last five years, research on fine 
roots gradually increased (Zhang et al., 2000; Zhang et al., 
2001; Zhang et al., 2001; Yang et al., 2003; Chen et al., 2004; 
Mei et al., 2004) but fine root research focusing on the 
northeast of China is limited (Wang, 2002; Cheng et al., 
2005).

Abstract The Maoershan forestry centre is situated in the 
Zhangguangcai Mountain of the Changbai mountain range. 
The main forest types in the Maoershan region are plantation 
(Pinus sylvestris var. mongolica, Pinus koraiensis and Larix 
gmelinii) and natural secondary forests (Fraxinus mandsh-
urica, Quercus mongolica and Populus davidiana). Fine roots 
have enormous surface areas, growing and turning over 
quickly, which plays an important role in terms of substance 
cycling and energy flow in the forest ecosystem. This study 
deals with the dynamics of live, dead, and total fine roots 
(h5  mm) biomass in the 0–30  cm soil layer using the soil 
core method. Differences between the six stands in the 
Maoershan region showed the following results: 1) the fine 
root biomass in the various stands showed obvious differ-
ences. The total fine root biomass of six stands from high 
to low were F. mandshurica (1,030.0  g/m2)>Q. mongolica 
(973.4  g/m2)>Pinus koraiensis (780.9  g/m2)>L. gmelinii 
(718.2  g/m2)>Populus davidiana (709.1  g/m2)>Pinus 
sylvestris var. mongolica (470.4  g/m2); 2) except for L. 
gmelinii, the development of live fine root biomass agreed 
with the trend of total fine root biomass. The maximum bio-
mass of live fine roots in Pinus koraiensis or L. gmelinii stand 
appeared in May, others in June; in the F. mandshurica stand, 
the minimum biomass of live fine roots occurred in Septem-
ber, others in July or August; 3) the proportions of dead 
fine root biomass varied in different stands; 4) the vertical 
distribution of fine roots was affected by temperature, 
water, and nutrients; the proportion of fine root biomass was 
concentrated in the 0–10  cm soil layer. The fine root biomass 
of six stands in the 0–10  cm soil layer was over 40% of 
the total fine root biomass; this proportion was 60.3% in 
F. mandshurica. Space-time dynamics of the various 
stands had different characteristics. When investigating the 
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The Maoershan forestry centre lies in the Zhangguangcai 
Mountain of the Changbai mountain range. Most of its forest 
types are plantations of Pinus koraiensis Larix gmelinii and 
Pinus sylvestris var. mongolica as well as some natural secon-
dary forests of Quercus mongolica, Fraxinus mandshurica 
and Populus davidiana. Due to the various biological charac-
teristics of different species and root types, the space-time 
dynamics of fine root biomass vary. In this study, we have 
investigated the distribution of fine root biomass and season-
al dynamics of six forest types in the northeast of China in 
order to discover the diversity of fine root biology and the 
ecological characteristics in different forest types and their 
relationship with temperature, precipitation and other 
factors.

2 Methods

2.1 Sample plot characteristics

Sample plots were located in the Laoshan plantations of the 
forest station in the Maoershan forestry centre of the North-
east Forestry University (45°20p–45°25pN, 127°30p–127°34pE). 
They belong to the Zhangguangcai Mountain of the Changbai 
mountain range and the forest types are the typical natural 
secondary forests in the eastern mountain area of northeast 
China. The average elevation is about 300  m with a maximum 
of 805  m. The slopes vary between 10° and 15°. The climate 
is that of a mesotherm monsoon and the average annual tem-
perature is 2.8°C. The average temperature in January is—
19.6°C and in July is 20.9°C. The accumulated temperature 
above 10°C is 2,884°C. The average humidity is 70% per 
year, the average precipitation is 723.8  mm  per  year, and 
the average evaporation is 1,094  mm  per  year. The day time 
hours are 2,471  per  year. The frost free period is 120–140  days 
per year. The major soil is a dark brown forest soil.

2.2 Investigation in the plots

Six sample plots were oriented with a GPS. Small plots of 
20  mx20  m were selected at each sample site. The species, 
height, diameter at breast height of the tree, canopy density of 
the stands as well as the degree of coverage of the shrub layer 
and herb layer were recorded (Table  1).

2.3 Investigation of the biomass 

At the end of each month from May to September in 2003, ten 
soil cores were randomly collected with a soil corer (5  cm 
inner diameter) at depths of 0–10  cm, 11–20  cm and 21–
30  cm in each plot. The soil samples were then washed with 
flow water and sieved. The tree roots were collected and the 
live ones were identified according to their shape, colour and 
elasticity and then classified into two groups according to 
their diameter. Group one has roots thinner than 2  mm in 
diameter and the roots of group two were between 2  mm and 
5  mm in diameter. The live roots were weighed before and 
after drying at 80°C to a constant weight in the oven. The dry 
mass ratios were calculated with the formula (McClaugherty 
et al., 1982): biomass of fine roots = average dry mass of fine 
roots in each soil core/p(d/2)2. Here, d is the inner diameter 
of the soil corer (Huang et al., 1999).

3 Results and analysis

3.1 Biomass of fine roots

Table  2 shows the average biomass each month from May to 
September in 2003. Among these six plots, the biomass of 
fine roots was 1,030.0  g/m2 in the F. mandshurica forest, 
973.4  g/m2 in the Q. mongolica forest, 780.9  g/m2 in the 
Pinus koraiensis forest, 718.2  g/m2 in the L. gmelinii forest, 
709.1  g/m2 in the Populus davidiana forest and 470.4  g/m2 in 

Table  1 Basic stand characteristics in different forest types

Basic survey Forest type

 Pinus koraiensis Pinus sylvestris  Larix gmelini Quercus Fraxinus  Populus
  var. mongolica  mongolica mandshurica davidiana

East longitude 127°34p40q 127°34p34q 127°34p41q 127°34p36q 127°34p37q 127°34p33q
North latitude 45°20p41q 45°20p22q 45°20p45q 45°20p52q 45°20p22q 45°20p50q
Gradient direction South South-east South Southeast South Southeast
Gradient /(°) 9.0 4.0 7.0 25.0 2.5 12.5
Altitude /m  345 389 379 425 306 405
Age of forest /year  49 45 38 41 50 41
Density /(stem·hm–2) 1,250 1,110 1,150 1,525 950 1,225
Canopy coverage /%  0.9 0.7 0.7 0.6 0.7 0.9
Mean diameter at breast height /cm  17.6 19.1 15.4 14.9 20.5 15.0
Mean height /m  15.3 17.7 18.2 17.0 17.4 16.9
Soil depth /cm  40 40 50 30 60 50
Soil water content /%  26.5 28.3 29.0 27.5 32.3 28.5
Coverage of herb layer /%  5 50 60 40 95 80
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the Pinus sylvestris var. mongolica forest. The biomass of 
live fine roots was 815.7  g/m2 in the F. mandshurica forest, 
801.8  g/m2 in the Q. mongolica forest, 600.5  g/m2 in the Pinus 
koraiensis forest, 583.9  g/m2 in the Populus davidiana forest, 
428.9  g/m2 in the L. gmelinii forest and 288.1  g/m2 in the 
Pinus sylvestris var. mongolica forest. The biomass differ-
ences between the fine roots and living fine roots in all plots 
might be due to the biological characteristics of tree species 
and environmental factors (Vogt et al., 1996; Idol et al., 2000). 
The higher biomass of fine roots of F. mandshurica and Q. 
mongolica forest might be the result of environmental stress. 
While the F. mandshurica forests grew at a low topographic 
level where soil moisture content is higher, the Q. mongolica 
forest grew at higher levels where soil was thinner and poor 
(Table  1). Therefore, in order to get enough nutrient and water 
from the soil, trees needed more fine roots. The biomass 
of dead fine roots with a diameter smaller than 2  mm was 
206.8  g/m2 in the L. gmelinii forest, 148.5  g/m2 in the Q. 
mongolica forest, 142.7  g/m2 in the Pinus koraiensis forest, 
111.0  g/m2 in the Pinus sylvestris var. mongolica forest, 
101.0  g/m2 in the F. mandshurica forest and 75.0  g/m2 in 
the P. davidiana forest. The maximum total biomass of fine 
roots was 289.2  g/m2 in the L. gmelinii forest and the mini-
mum was 125.4  g/m2 in the Populus davidiana forest. Except 
for the Populus davidiana forest and the Pinus sylvestris var. 
mongolica forest, the total biomass of fine roots smaller than 
2  mm was more than that of the 2–5  mm diameter group in 
other forest types. This demonstrates that the biomass of 
fine roots is mainly contributed by roots thinner than 2  mm in 
diameter.

3.2 Monthly dynamics of biomass of fine roots 

In Fig.  1, the maximum biomass of fine roots in the diameter 
group less than 2  mm of Populus davidiana forest and 
Q. mongolica forest appeared in June while others occurred 
in May, 2003. The lowest biomass of fine roots of Pinus 
koraiensis forest and F. mandshurica forest appeared in 
September while that for the other species were in July. This 

phenomenon might be due to the fact that in May and June the 
shoots and leaves begin to bloom and the above ground parts 
of trees grow quite fast. In order to meet the demands of the 
upper part of the tree for nutrients, a maximum amount of 
roots had to be involved in the absorption of nutrients. This 
led to the maximum biomass of fine roots (Chen et al., 1999). 
After entering the late growth period, trees grew slowly and 
tended to dormancy, so the lowest biomass of living fine roots 
usually appeared in September. However, in our investiga-
tion, there were four forest types for which the lowest fine 
root biomass occurred in July. This might be because of too 
much precipitation (219.25  mm), much soil water and high 
temperature in July, which inhibited the growth of roots and 
stimulated root degradation (Fig.  3). 

It has been reported that root biomass has a close relation-
ship with water conditions (Shan and Tao, 1992). In the 
spring, fine roots grow fast because of high soil temperature 
and more precipitation. At the end of the summer, the amount 

Table  2 Standing pool of the live and dead fine roots at the 0–30 cm soil depth

Forest type Root diameter (mm) Average biomass /(g · m–2) 

  Live fine root Dead fine root Total

Pinus koraiensis h2 263.0 142.7 405.7
 2–5 337.6 37.7 375.3
Pinus sylvestris var. mongolica h2 118.6 111.0 229.6
 2–5 169.5 71.4 240.9
L. gmelini h2 231.6 206.8 438.4
 2–5 197.4 82.4 279.8
Q. mongolica h2 481.2 148.5 629.7
 2–5 320.6 23.3 343.9
F. mandshurica h2 487.8 101.7 589.5
 2–5 327.9 105.2 433.1
 h2 279.5 75.0 354.5
Populus davidiana 2–5 304.4 50.4 354.8

Fig.  1 Less than 2  mm live fine root biomass
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of fine roots became less because of the decrease in carbohy-
drate supply (Gholz, 1986). In Fig.  2, the highest biomass of 
fine roots of 2–5  mm in diameter all appeared in the spring 
while the lowest appeared in August or September, 2003. 
On the other hand, in the same forest, the monthly biomass 
deviation of fine roots of 2–5  mm in diameter was larger than 
that of the smaller 2  mm roots.

3.3 Vertical distribution of fine roots

The vertical distribution of roots are affected by the plant 
species, plant age, groundwater level, soil moisture content, 
soil nutrient, and physical soil characteristics such as 
ventilation, mechanical resistance, etc. (Zhang, 2001). In our 

investigation, the biomass of fine roots decreased with soil 
depth except in Populus davidiana and L. gmelinii forests 
(Table  3). In these two forests, the biomass of fine roots in 
layer 2 was lower than in layer 3 (undefined in section 2.3). 
In all forests, the biomass of fine roots in layer 1 accounted 
for over 40% of the total biomass. Especially in F. mand-
shurica forest, the biomass of fine roots was highest at 60.3%. 
It was reported that the main reasons for fine roots to concen-
trate in the upper soil layer were that enough soil nutrients and 
water was available, as well as a rapid drop of soil tempera-
ture from the upper soil to the deeper soil layers (Vogt et al., 
1996; Steele et al., 1997). Given the results from our investi-
gation, it appears that the biological characteristics of trees 
also affect the distribution of fine roots.

Fig.  2 2–5  mm live fine root biomass Fig.  3 Live fine root in relation to temperature and rainfall

Table  3 Distribution of fine roots at the 0–30  cm soil depth (unit: g · m–2)

Forest type Average biomass  

 Soil depth (cm) Live fine root h2 mm Dead fine root h2 mm Live fine root 2–5 mm Dead fine root 2–5 mm Total

Pinus koraiensis 0–10 132.2P41.3 57.9P35.4 116.4P88.3 26.5P17.1 333.0
 11–20  82.5P41.2 54.2P32.6 96.1P54.6 6.9P4.4 239.7
 21–30 48.3P22.9 30.6P15.9 125.0P46.4 4.3P3.7 208.2
Pinus sylvestris 0–10 71.9P24.3 76.0P8.8 65.0P42.5 48.5P18.7 261.4
 11–20 31.2P19.2 22.9P5.2 73.8P28.1 10.5P8.3 138.4
 21–30 15.5P9.6 12.1P4.8 30.7P23.1 12.3P12.3 70.6
L. gmelinii 0–10 119.4P71.2 143.0P70.1 51.2P25.0 47.8P44.1 361.4
 11–20 64.3P29.4 35.0P19.1 48.8P41.9 28.2P8.9 176.3
 21–30 47.9P17.2 28.8P17.2 97.3P91.2 6.5P6.0 180.5
Q. mongolica 0–10 248.5P64.7 97.1P18.7 31.8P8.8 5.2P5.1 382.6
 11–20 142.1P18.4 32.8P7.9 163.4P18.4 3.6P2.2 341.9
 21–30 90.6P24.1 18.5P3.8 125.4P12.7 14.4P12.9 248.9
F. mandshurica 0–10 298.2P61.0 71.8P70.5 166.2P17.3 84.4P10.3 620.6
 11–20 90.5P27.4 20.4P16.9 95.1P48.9 3.7P2.4 209.7
 21–30 99.1P79.6 16.9P4.7 66.6P23.2 17.1P6.4 199.7
Populus davidiana 0–10 150.8P29.4 40.1P21.9 100.9P65.2 16.9P4.3 308.7
 11–20 72.7P11.0 23.7P9.5 65.4P28.1 13.0P10.6 174.8
 21–30 56.0P19.3 11.1P9.9 138.1P81.6 20.4P14.2 225.6
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3.4 Significance of difference of biomass of fine roots 
in six forests

The analysis on the significance of the difference of biomass 
of live fine roots and total fine roots among forests showed 
similar results (Tables  4 and 5). There were no statistically 
significant differences between Populus davidiana and Pinus 
koraiensis, L. gmelinii, but there were significant differences 
with three other forests probably because the soil environ-
ment (soil water content, nutrient, soil thickness) was similar 
in Populus davidiana, Pinus koraiensis and L. gmelinii 
forests. There were also no significant differences between 
F. mandshurica forest and Q. mongolica forest but there 
were significant differences with four other forests. There 
were no significant differences between Q. mongolica, 
F. mandshurica and Pinus koraiensis forests but there were 
significant differences with three other forests, probably 
because of their similar forest age and density although Pinus 
koraiensis forest is located on better soils compared with Q. 
mongolica forest and F. mandshurica forest. The biomass of 
live fine roots of Pinus sylvestris var. mongolica forest was 
not significantly different from that of L. gmelinii forest but 
significantly different from four other forests while its total 
fine roots showed significant differences from five other 
forests mainly because Pinus sylvestris var. mongolica forest 
stands are found in a better soil environment and the coverage 
of herb and shrub was larger, which was responsible for 
fewer fine roots. In the Pinus koraiensis forest, the biomass of 
live fine roots were significantly different from L. gmelinii, 
F. mandshurica and Pinus sylvestris var. mongolica forests 
but the total fine roots were significantly different from Pinus 
sylvestris var. mongolica forest and F. mandshurica forest. 
The reason for this difference might be due to the biological 
characteristics of the trees and their chemical components 
besides the environment. The effect of these factors needs 
further study.

3.5 Effect of temperature and precipitation on biomass of 
fine roots 

Temperature and precipitation are important factors that 
impact fine root biomass. Because of increasing temperatures 
and precipitation, roots grow fast in the spring (Gholz, 1986). 
Temperature and humidity are suitable for root growth in May 
and June in northern China. The peak value of the fine root 
biomass of the six forest stands appeared in May and June. 
The peak value of living fine root biomass of the Pinus 
koraiensis forest stand appeared in May. The peak value of 
total fine root biomass of the Populus davidiana and F. 
mandshurica forest stands appeared in May and the peak 
value of total live fine roots biomass showed up in June. The 
peak value of total fine roots biomass and live fine root 
biomass of Q. mongolica and Pinus sylvestris var. mongolica 
forest stands occurred in June. It shows that temperature and 
humidity are suitable for the growth of Q. mongolica and 
Pinus sylvestris var. mongolica in June. Especially, the peak 
value of the live fine root biomass of L. gmelinii appeared in 
May, and its maximum value of total fine roots biomass in 
September (763.1  g/m2). This may result from the biological 
characteristics themselves, for which the life of fine roots is 
short because of the small amount of live fine root biomass in 
September (418.5  g/m2). Generally, the live fine root biomass 
and total fine root biomass is smaller in July and August. 
Perhaps this is because the temperature and humidity are 
high, which accelerate the decomposition of fine roots 
(Figs.  3 and 4). The live fine root biomass of F. mandshurica 
forest stand was lowest in September, because the stands 
are always located at lower levels. In July and August, when 
the soil is supersaturated with moisture, the capability of 
the soil to “breathe” is affected. Therefore, more fine roots 
die. This affects the growth of live and fine roots in 
September. 

Table  4 Significance of difference of live fine root biomass for the six stands

Live fine root biomass Populus davidiana F. mandshurica Q. mongolica Pinus sylvestris Pinus koraiensis L. gmelinii

Populus davidiana  0.001* 0.041* 0.000* 0.647 0.069
F. mandshurica   0.266 0.000* 0.006* 0.000*
Q. mongolica    0.000* 0.111 0.000*
Pinus sylvestris     0.000* 0.094
Pinus koraiensis      0.023*

* refers to p<0.05.

Table  5 Significance of difference of fine root biomass for the six stands

Total fine root biomass Populus davidiana F. mandshurica Q. mongolica Pinus sylvestris Pinus koraiensis L. gmelinii

Populus davidiana  0.000* 0.043* 0.002* 0.275 0.398
F. mandshurica   0.109 0.000* 0.010* 0.000*
Q. mongolica    0.000* 0.342 0.004*
Pinus sylvestris     0.000* 0.027*
Pinus koraiensis      0.053

* refers to p<0.05.
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4 Discussion

Fine root biomass is related to site conditions, climate, soil 
types, community structure, tree species, tree ages, and so on. 
Even when under the same climatic conditions and soil types, 
fine root biomass may be different from each other. The total 
fine root biomass of six stands ordered from high to low were 
F. mandshurica (1,030.0  g/m2)>Q. mongolica (973.4  g/m2) 
>Pinus koraiensis (780.9  g/m2)>L. gmelinii (718.2  g/m2)
>Populus davidiana (709.1  g/m2)>Pinus sylvestris var. 
mongolica (470.4  g/m2). There was no distinct difference in 
the biomass between Populus davidiana and Pinus koraiensis 
forests, and L. gmelinii forest, but there were distinct differ-
ences between Populus davidiana forest and the other three 
forest stands. Fine root biomass of Populus davidiana forest 
was lower than that of Pinus koraiensis and L. gmelinii 
forests. The other two broadleaved forests had finer root 
biomass than coniferous forests. This result is consistent with 
other reports which also suggest that broadleaved forests have 
more fine roots biomass than coniferous forests. 

Dead fine roots biomass occupied different proportions in 
the same diameter level of fine root biomass in different 
stands. In the group with diameters under 2  mm, dead fine 
root biomass took on the highest ratio with 48.3% in Pinus 
sylvestris var. mongolica forest stands while it was lowest at 
17.3% in F. mandshurica forest stands. Others are: Populus 
davidiana forest stands 21.1%, Q. mongolica forest stands 
23.6%, Pinus koraiensis forest stands 35.2% and L. gmelinii 
forest stands 47.2%. In the group with a diameter of 2–5  mm, 
the dead fine root biomass showed the following ratios: Pinus 
sylvestris var. mongolica forest stand with the highest at 
29.6% in contrast with the lowest in Q. mongolica forest 
stands at 6.8%. This means the turnover speed changes with 
the different forest stand type. This needs further research. 

The maximum amount of live fine root biomass of four 
stands emerged in April while that for Pinus koraiensis and 
L. gmelinii forest stands was in May. However, there were 
five stands where the minimum of living fine root biomass 
emerged in July and August while that for F. mandshurica 
forest stands was in September. Many environmental factors 
such as precipitation and temperature affect the growth and 
death of fine roots. 

Fine root biomass decreases with depth of soil. Variation 
in temperature, moisture and nutrient can be discerned at 
different soil layers. Fine roots are largely concentrated in 
the 0–10 cm soil layer, which occupies the total fine roots 
biomass by more than 40%, the highest in F. mandshurica 
forest stands at 60.3%.

Fine root biomass of different forest stand types is very 
particular in terms of time and space dynamics. Characteris-
tics of different forest types should be considered to improve 
the precision of estimating when the material cycle and 
energy flow of all forest ecosystems are to be studied.
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