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Spatial Distribution of Fine Roots in
Quercus mongolica and Quercus acutissima Stands
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ABSTRACT

Vertical and horizontal distribution and seasonal changes of fine roots as well as inorganic nitro-
gen content in soil were determined in Quercus mongolica and Quercus acutissima stands in Mt,
Taemosan, Seoul. The vertical distribution of fine root phytomass showed a power-functional de-
crease as descending soil depth. Fine root phytomass was 170 g DM /m? (46%) and 225 g DM /m?
(47%) in top soil of 5 cm depth, and 370 g DM /m? and 480 g DM /m? from soil surface to 50 cm
depth in Q. mongolica and Q. acutissima stands, respectively, Fine roots in relation to the distance
from the nearest tree were evenly distributed horizontally in both stands. Fine roots phytomass in
top soil of 5 cm depth reached a peak in June, and thereafter decreased gradually in both stands.
Patterns of seasonal changes in fine root phytomass were closely related to inorganic nitrogen and
moisture content.
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INTRODUCTION

The root system of forest trees is divided into coarse roots (diam.> 2mm) and fine

roots (diam. < 2mm) (Hermann 1977). In particular, the quantity of fine roots in the root

systems represents a large and dynamic portion of the belowground biomass and a prime

significance in regard to water and nutrient supply in temperate forests (Persson 1978,

Smucker et al. 1991, Vogt et al. 1987).

The purpose of this study is to determine the spatial distribution and the seasonal

changes of fine roots, in order to understand the importance of fine roots as maintaining
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stocks of soil organic matter in Q. mongolica and Q. acutissima stands.
STUDY SITES

This study was carried out in Q. mongolica and Q. acutissima stands which had developed
on the west of Mt. Taemosan, Kangnam-ku, Seoul (Fig. 1). The sites have been pres-
erved as a royal tomb, Huninnung, for a long time, Soil texture is sandy loam (sand 62~
72%, silt 20~25%, clay 8~13%) and loamy sand (sand 75~85%, silt 15~20%, clay 5~
10%), soil pH ranges from 4.5 to 5.0 and from 4.6 to 4.9, and tree age is approximately 30
and 35 years old in Q. mongolica and Q. acutisstma stands, respectively, Understory of both
stands, though the abundance was scant, mainly consisted of Rhododendron mucvonulatum,

Styrax japonica, Artemisia keiskeana, Carex lanceolata, Puevaria thunbevgiana, etc.
METHODS

The soil cores for the root sample were extracted from the permanent quadrat (10 x 20
m) with a 5° south facing slope in each stand using a soil sleeve (4.5 cm diam.). For the
examination of vertical and horizontal distribution of fine roots, cores were excavated to
the depth of 50 cm into the ground at intervals of 5 cm of Q. mongolica and Q. acutissima
stands in relation to the distance from the nearest tree. For the examination of seasonal
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Fig. 1. Vegetation map showing the study sites (closed circles)
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changes of fine root phytomass in the upper 5 cm layer, three cores were collected from
each of six randomly chosen points on the permanent quadrat, i.e. 18 cores per month
from each stand at monthly intervals from March to October 1989. Fine roots (diam, <
2mm) were separated from soil by flotation and the residue was carefully checked for root
fragments, Roots sorted from the aliquots were oven-dried at 70°C for 48 hr. All roots were
weighed after drying and converted to area basis (m?).

The inorganic nitrogen content of forest soil was measured using ion exchange resin
(IER) bag method under field condition (Binkley and Matson 1983). Bag with approximat-
ely 100 cm? in area was placed at 5 cm depth of the soil in the stands on every month,
Placement of the resin bag had 18 replicates.

RESULTS AND DISCUSSION -

Vertical distribution of fine roots

In the vertical distribution of fine root phytomass for the two oak stands, the phytom-
ass typically decreased with increasing soil depth (Fig. 2). Fine root phytomass of top soil
of 5 cm depth was 170 g DM /m? (46%) and 225 g DM /m? (47%), that from soil surface
to 20 cm depth was 270 g DM /m? (73%) and 313 g DM /m? (55%), and that from surface
to 40 cm depth was 370 g DM /m? and 480 g DM /m? in Q. mongolica and Q. acutissima stan-
ds, respectively, Powers (1984) found that about a half of the fine roots in a mixed-conifer
forest existed within the top 20 cm of soil, the result of which was deeper than our data.
Many studies have shown that the majority of forest tree roots are distributed in the up-
per 50 c¢m of a soil profile with most of the absorbing roots in the top 20 cm (Hermann
1977, Santantonio and Hermann 1985, Kwak 1993). In addition, fine roots of Q. acutissima
stands was more evenly distributed along the soil depth than that of Q. mongolica stands
(Fig. 2).

Relationship between the fine root phytomass (FRP) and soil depth (D) appeared to be
a power function equation as follows (Fig, 2)

FRP = 423.7XD™'% for Quercus mongolica
FRP = 721.2XD™%® for Quercus acutissima

Applying these equations, the fine root phytomass was calculated as much as 447 g
DM /m? and 654 g DM /m? from the surface to 2 m depth, and 75 g DM /m? (17%) and 176
g DM /m? (27%) from 50 cm to 2 m depth in Q. mongolica and Q. acutissima stands, respect-
ively.

Existence of a large proportion of fine roots within the top soil suggests that conditions
of nutrient, moisture and aeration are most favorable in the upper part of the mineral soil,
However, these fine roots in the top soil may be vulnerable by the stresses such as droug-
ht and coldness.
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stands, in July, 1989, Estimates are given as the mean ests seems to be fairly in-
phytomass + a standard error dependent of the proximity

of tree stems (Makay and

Malcolm 1988, Kwak 1993). We may certainly infer that fine roots have the strategy of ef-
ficient uptake of water and nutrients from whole area of soils, forming an integrated net-

work of expanding root systems.

Seasonal changes of fine root phytomass and inorganic nitrogen content

Fine root phytomass within 5 c¢cm of top soil increased in June, thereafter, decreased
gradually in both stands, which showed that fine root growth most flourished in June
(Fig. 4A). Inorganic nitrogen content within 5 cm top soil exhibited similar monthly chan-
ges in both stands (Fig. 4B). Seasonal changes of fine root phytomass and of inorganic ni-
trogen content showed similar trends in both stands. Our results correspond with the hy-
pothesis that fine roots grow vigorously in nitrogen rich soil (Vogt e al. 1987, Powell and
Day 1991), but contradict the hypothesis that fine roots in nitrogen rich soil grow less
than that in nitrogen poor soil (Wareing and Patrick 1975).

Seasonal changes of soil moisture content in the top soil (5 cm) were closely related to
those of fine root phytomass and of inorganic nitrogen content in both stands (Fig. 4 and
5). McMichael and Quisenberry (1991) has shown that fine root phytomass altered as a
result of decreasing soil moisture, They showed that the rooting density decreased as
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Fig. 3. Horizontal distribution of fine roots from surface to 50 cm soil depth in Quercus mongolica and Q.
acutissima stands In relation to the distance from the nearest tree, in July, 1989. Estimates are
given as the mean phytomass + a standard error (g DM /m?)
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Fig. 4. Seasonal changes of fine root phytomass (A) and inorganic nitrogen content (B) in top soil of 5
cm layer in Quercus mongolica (open circle) and Q. acutissima (solid circle) stands.

rooting depth increased, especially in the upper soil layers. It is assumed that drying in
the upper soil affects significantly on the growth and function of fine roots.
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Fig. 5. Soil moisture content in the top 5 cm layer and precipitation of Quercus mongolica and Q. acutis-
sima stands from March to October, 1989,
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