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Stand Structure, Volume, and Biomass Production of 9-year-old
Alnus hirsuta var. sibirica grown in Minirotation:
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ABSTRACT

Research was conducted in a minirotation plantation with four different planting densities at Tataeri,
Chongwoon-myon, Yangpyong-gun, Kyonggi-do, to investigate the relation between volume and biomass
production. Nine-year-old Alnus hirsuta var. sibirica analyzed to determine volume yield and weight equations
for aboveground parts. The results suggest that the most suitable harvesting or thinning period at highly dense
plots, more than 6,000 trees per hectare, is five years after planting, and the most fitted regression equation
model for estimating aboveground biomass or total tree biomassislog Y = by + b, log dh.
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evaluated by Young(1976), Crow(1978), Hitchcock

INTRODUCTION (1979), Schlaegel(1982), .and Stiell(1982). The

present interest in the dry weight of trees is at

Many studies on the biomass of trees and forest least partly because research workers are becoming

stands have been made since the 1970s. Methods of
measurement of biomass and biomass production,
as applied to the different components of trees

and to whole stands, have been considered and
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increasingly interested in the biological productivity
of forest ecosystems for the utilization of wood as
a renewable natural resources of both energy and

chemicals (Granthan and Ellis, 1974; Hyun and
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Lee, 1979; Lee and Hyun, 1980). In this context,
assessments, comparisons and predictions are
greatly meaningful if expressed as dry weights
(Parde, 1980).

The experiment reported here was conducted to
determine the effects of plant spacings on the
growth, change of stand structure, volume yield,
nine-year productivity and distribution of each
component of Alnus hirsuta var. sibirica which is
a fast-growing and widely planted hardwood tree

in Korea, grown in minirotation.
MATERIALS AND METHODS

The Alnus hirsuta var. sibirice plantation in this
study was located at Tataeri, Chongwoon-myon,
Yangpyong-gun, Kyonggi-do (37°34'N, 127°44'E).
It was established in the spring of 1975 on a well
prepared site. The study design was a randomized
complete block with three replications and it cover-
ed 6 hectares.

The plant spacings were 1.8m x 1.8m (3000
trees/ha), 1.29m x 1.29m (6000 trees/ha), 1.05m x
1.05m (9000 trees/ha), and 0.91m x 0.91m (12000
tress/ha). Each treatment plot covered 0.5 hectares,
and height and basal diameter were measured for
every tree in a2 100m? plot within each plot.

The management was intensive: Each year, at
the beginning of May, the plantation was fertilized.
From 1975 to 1983, 9 year after planting, 165
kg/ha (°75-76), 219 kg/ha (°77-79), and 600 kg/ha
(’80-83) of NPK fertilizer were applied.

After nine full growing seasons (end of Septem-
ber of 1983), three trees were subjectively selected
from each diameter class and harvested. Fresh
weights were determined immediately for each
component seperately. A Scm- Disc in width was
taken from butt to tip by Huber’s formula. Ten
centimeter long Bolts were taken from the base-,
mid-, and tip-point of upper-, middle-, and lower-
branch of crown position. Dead branches, cones,
and leaves were selected randomly from the aggre-
gate of the sample trees. The samples were placed

in plastic bags and conveyed to the laboratory.

All specimens were weighed green and then oven-
dried at 80°C until no further weight loss was
detected. Oven-dry matter was obtained for each
component specimen and its ovendry to green

matter ratio determined.
RESULTS AND DISCUSSION

Stand Structure

Change of stand densities: The general spacing
effects of 4 different densities are illustrated in
Figure 1. At 3000 trees/ha, little density competi-
tion was shown until the fifth year. At 6000 trees/
ha, an abrupt reduction of density occured in the
6th year after planting. At 9000 and 12000 trees/
ha, an abrupt reduction of density also occured in
the 5th year after planting.

Table 1 illustrates the growth of height, diameter
and volume at nine-year old plantations. Here mean
height and mean DBH decreased with increasing
densities. Volume yield and average annual incre-
ment of the different densities are shown in Table 2.
At 3000 trees/ha, a gradual increase of volume was
shown through 9 successive years, and in other
plots, average annual increments were decreased.

Frequency distribution of DBH class is shown in
Figure 2. At 3000 trees/ha, the distribution was
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Fig. 1. Natural decrease of stand density at Alnus
plantations.
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normal, and in other plots the distribution curves
showed a leftside screw (left kurtosis). Table 3
presents the regression model for estimating average
height of 4 different densities. The r°-values were
larger than 0.93 with two exceptions.
Competition-density effect: Analysis was applied
to the mean single tree volume using reciprocal
equation model 1/V = Ap+B. As shown in Figure 3,
the volume decreased with increasing densities and

ages.
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Table 1. Height, DBH, and volume growth at
9-yr-old Alnus plantations of 4 different

densities,
Planting th:ns1ty Mean  Mean Volume
density oo height DBH s
(treesfha) " (m)  (emy /)
(trees/ha)

3,000 2,267 9.4 9.7 92.5
6,000 2,933 9.5 8.0 75.3
9,000 4,100 8.5 7.0 76.5
12,000 4,833 8.0 7.0 89.8

Table 2. Volume increase and its average annual increment of Alnus plantations at 4 different densities,

Plantation Volume (m? /ha) Average annual increment (m?/ha/yr.)
age 3,000 6000 9000 12000 3000 6000 9000 12000
5 27.2 43,5 41.8 56.3 5.4 8.7 8.4 11.3
6 31.9 40.8 349 40.8 5.3 6.8 5.8 6.8
7 56.5 51.6 54.0 54.0 8.1 7.4 7.7 7.7
8 74.2 66.8 66.1 70.2 9.3 8.4 8.3 8.8
9 92.5 75.3 76.5 89.8 10.3 8.4 8.5 10.0
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Fig. 2. Frequency distribution of DBH of 9-yr-old 1 1 L | ] L
Alnus plantations with different densities. 24 3 3645 6 9 12
Density (x10%) (trees/ha)
Dry Weight Biomass Fig. 3. Competition - density effect.
Table 4 shows aboveground biomass for each
component of 9-year-old stand. The proportions of (1982).

each biomass component measured were stems
64.8-73.8%, live branches 19.8-25.3%, leaves 5.3-
8.8%, dead branches 0.6-1.5%, and cones 0.20.5%.
The proportion of stem increased with increasing
densities, while that of branches decreased. These
results were similar to those with red pine (Pinus

resinosa Ait.) reported by Alemdag and Stiell

Figure 4 gives the patterns of standing crop dist-
ribution of the different densities and of DBH
class. At 3000 trees/ha, total biomass production
was the highest, because the standing crops are
distributed in a high DBH class comparatively.

Table 5 presents the regression equation for

estimating above-ground biomass and total tree
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Table 3. Regression equation for estimating average height of 9-yr-old Alnus stand with 4
different densities,

Planting density Density after Regression equation 2
(trees/ha) 9-yr (trees/ha) T
3,000 2,267 Y= Wg-(-)—(—)%—l—)— 936**
D
6,000 2,933 Y= 03040050 919**
D
9,000 4,100 Y = m 937%*
D
12,000 4,833 Y= m 913%+*

Table 4. Above-ground biomass of each component of 9-yr-old Alnus plantations,

Density Dry Weight (tons/ha)

after

9-yr., Live Dead

(trees/ha) Stem branch branch Leaves Cones Total

2,267 48.46 18.89 0.49 6.56 0.39 74.79
(64.8)* (25.3) (0.6) (8.8) (0.5) (100.0)

2,933 40,91 12.04 0.85 3.05 0.23 57.08
(71.9) (21.1) (1.5) (5.3) 0.4) (100.0)

4,100 34,47 10.98 0.51 3.92 0.16 50.04
(68.9) (21.9) (1.0) (7.9) (0.3) (100.0)

4,833 46.48 12.47 0.56 3.36 0.09 62.96
(73.8 (19.8) (0.9) (5.3) (0.2) (100.0)

* Figures in parenthesis are percentage of total biomass.

Table 5. Regression equation for estimating dry weight biomass of each component of 9-yr-old
Alnus at different densities.

Planting
density Component Regression equation r?
(trees/ha)
3,000 Stem Y = 0,02848(D? H)0-92092 994%*
Branches Y = 0.00095(D? H)!-24684 938%*
Leaves Y = 0.00002(D? H)!-60537 933%+
Total Y = 0.02380(D?H)1-00191 986 *
6,000 Stem Y = 0.01708(D?H)?-29710 992%*
Branches Y = 0.00021(D? H)!-43482 932%+
Leaves Y = 0.00006(D? H)!-40918 944%*
Total Y = 0.01302(D? H)1-08255 987%*
9,000 Stem Y = 0.03144(D? H)0-89986 989%*
Branches Y = 0.00159(D? H)!-17438 951%*
Leaves Y = 0.00020(D? H)1-30362 .888**
Total Y = 0.02847(D? H)0-97151 991%*
12,000 Stem Y = 0.04185(D? H)°-36839 969**
Branches Y =0.00235(D? H)!-10029 967%*
Leaves Y =0.00126(D? H)0-78845 845%+
Total Y =0.03942(D? H)0-92359 975%*

D and H indicate basal diameter and height, respeceively.
** indjcates significance at the 1% level.
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Fig. 4. Patterns of standing crops distribution by

density and by DBH class. Ao and non-Ao
indicate assimilative organ, and non-assimila-
tive organ, respectively.

biomass. This regression for estimating each com-

ponent biomass as a function of d?h was found to

be applicable to the 4lnus hirsuta var. sibirica planta-

tion. Such results were similarly shown reports on

Pinus sylvestris L. studied by Attiwill and Ovington
(1968) and Pinus virginiana Mill. studied by Madg-
wick (1971).

CONCLUSION

1) For a thinning or harvesting operation under
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under minirotation at a highly dense plot (more
than 6000 trees/ha), about Sth year after plant-
ing seems to be the most suitable.

Regression equation model for estimating aver-
age height, Y = D/(by + bD), can be applied
with high confidence.

Single-tree equations for Alnus plantation based
simply on DBH and height, would give satis-
factory ovendry biomass estimates for the
whole tree and for the component stem, live

branches, and leaves.

. Madgwick, H.A.L
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