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Changes in Aboveground Biomass and Nutrient Accumulation of
the Korean-pine (Pinus koraiensis) Plantation by
Stand Age at Kangwondo Province'
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ABSTRACT

The aboveground biomass and nutrient content (N, P, K, Ca and Mg) of Pinus koraiensis S. et Z.,
aged 9, 22, 34, 46, 66 years, were measured in the Experiment Forest of Kangwon National University
of Kangwondo province. The site index of the stands ranged from 13.5 to 14.2. Allometric equations
(logY =alogX +b, where Y, X is ovendry mass and DBH, respectively) relating dry weights of stem,
branches and needles to diameter at breast height (DBH) were developed to estimate aboveground tree
biomass. Total above ground tree biomass increased with stand age from 21.8 t ha” in the 9-vear-old
stand to 130 t ha' in the 66-year-old stand. Aboveground biomass was allocated as follows : stem>
pranch > foliage, except for the 9-year-old stand which had a greater proportion of foliage biomass
than branch biomass. As stand age increased, an increasing proportion of annual biomass increment
was allocated to stems. The aboveground biomass of shrubs and herbs ranged from 0.4 to 3.9 t ha'!
and from 0.05 to 0.6 t ha™', respectively. No relationship was found between aboveground understory
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biomass and stand age. The mass of woody debris and forest floor varied between 0.59 to 1.54 t ha”

and 6.0 to 21.63 t ha’, respectively.

Nutrient accumulation in aboveground tree biomass increased

with stand age and was in the order of N>Ca>K>P>Mg. Average rates of nutrients accumulation
in biomass were greatest in the early stages of stand development, and less marked as stand aged.
The nutrient concentrations in different tree components decreased in the order of needle>branch>
stem. There were no detectable trends in nutrient content of the forest floor and mineral soils with
stand age. Understory vegetation contributed little to the nutrient pool of these Korean pine ecosystems,
Mineral soil contained the greast proportion of nutrient capital of the various ecosystem compartments.

Key words : Pinus Kkoraiensis;
understory vegetation, mineral soil
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Table 1. Stand density (stems ha”), DBH {(cm)

and basal area (m’ha™) of Korean pine
forest at different ages at Kangwondo

province.
Stand Stand age (yr)
characteristics g 22 34 46 66
Density 4400 1900 844 650 375
DBH 4.6 12.9 18.9 24.6 30.1
Basal area 7.31 4.8 23.7 30.9 26.1
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Table 2. Allometric relations between various
parts and DBH in Korean pine at
Kangwondo province.

Growth variables a b
Stem, kg 1.2152 -1.2889
Branch, kg 1.1649 -1.5980
Needle, kg 0.7819 -0.9539

* Allometric models of the form logY =alogX+b.
The Y and X indicate growth variables and
DBH (cm) respectively.

Table 3. Aboveground biomass accumulation (t
ha') of Korean pine stands by stand
age in study site.

Biomass stand age (vr)
component g 22 34 46 66

Stemwood 10.67 61.16 63.30 86.17 90.01
Branch 4.42 20.06 22.76 30.47 30.28
Needle 5.47 11.53 9.64 11.14 10.48
Total 20.56 92.75 95.70 127.78 130.77
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Fig. 1. Relative distribution of above-ground bio-
mass accumulation of the tree components;
stem, branch and needle by stand age of
Korean pine stands,
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Table 4. Biomass (t ha™) of aboveground understory vagetation, woody debris and organic matter of
forest floor by stand age of Korean pine stands in study site.

Stand age (yr)
Component
9 22 34 46 66

Shrubs - woody 1.37 2.92 0.43 3.89 1.76

- foliage 0.80 0.28 0.13 0.54 0.45
Herbs 0.59 0.14 0.05 0.13 0.02
Subtotal (understory) 2.76 3.3 0.61 4,56 2.23
L layer 2.8 3.04 1.52 4.60 2.40
F-H layer 3.2 18.59 12.90 6.83 18.22
Subtotal (forest floor) 6.00 21.63 14.42 11.43 20.62
Woody debris - 0.77 0.59 0.70 1.54
Total (forest floor) 6.00 22.40 15.01 12.13 22.16
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Table 5. Average nutrient concentration (% of dry
weight) of Korean pine tree biomass com-
ponent, understory vegetation, organic
matter on forest floor and wood debris
for all sites and stand age combined.

Component N F K Ca Mg
Needle 1.80 0.21 0.38 0.59 0.10
Branch 0.46 0.13 0.17 0.34 0.06
Stem 0.23 0.05 0.07 0.08 0.02
Shrub, woody 0.56 0.18 0.36 0.49 0.06
Shrub, foliage 2.64 0.26 1.14 1.21 0.28
Herbs 2.44 0.28 1.41 1.09 0.34
L layer 1.19 0.10 0.08 0.93 0.10
F+H layer 1.65 0.16 0.09 0.76 0.12
Woody debris  0.50 0.08 0.05 0.95 0.09
et
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Table 6. Aboveground nutrient content (kg ha™) of the tree component Korean pine stands in age series.

Stands age (yr)

Nutrient Component

9 22 34 46 66

Foliage 98.4 189.5 173.5 200.5 195.1

N Branch 2.3 92.2 104.6 140.1 139.2
Stem 2.5 140.6 145.6 198.2 207.0

Total 143.2 422.3 423.7 538.8 541.3

Foliage 11.4 2.1 20.2 17.8 22.7

b Branch 5.7 2.0 29.5 34.3 39.3
Stem 5.3 30.5 31.6 37.9 45.0

Total 2.4 78.6 81.3 9.0 107.0

Foliage 20.7 40.0 36.6 32.2 4.1

K Branch 7.5 34.1 38.6 4.8 51.4
Stem 7.4 42.8 44.3 53.1 63.0

Total 35.6 116.9 119.5 130.1 155.5

Foliage 32.3 62.1 56.8 50.0 63.9

c Branch 15.0 68.2 77.3 89.8 102.9
a Stem 8.5 48.9 50.6 60.7 72.0
Total 55.8 179.2 184.7 200.5 929.8

Foliage 5.4 10.5 9.6 8.5 10.8

M Branch 2.6 12.0 13.6 15.8 18.1
g Stem 2.1 12.2 12.7 15.2 18.0
Total 10.1 3.7 35.9 9.5 46.9
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Table 7. Nutrient content (kg ha™) of the understory vegetation, organic matter on forest floor and

woody debris by stand age of Korean pine stands.

Nutrient Component

Stand age (yr)

9 22 34 46 66

Shrub, wood 7.67 16.35 2.41 21.70 9.85

foliage 21.12 7.39 3.42 14.25 11.88

N Herbs 14.39 3.41 1.22 3.17 0.48

L layer 33.32 36.17 18.08 54.74 28.56

F-H layer 52.8 306.24 212.85 112.69 300.63

Woody debris - 3.85 2.95 3.5 7.7

Shrub, wood 2.46 5.25 0.77 7.00 3.16

foliage 2.08 0.72 (.33 1.40 1.17

P Herbs 1.65 0.39 0.14 0.36 0.06

L layer 2.8 3.04 1.52 4.6 2.4

F-H layer 5.12 29.74 20.64 10.92 29.15

Woody debris - 0.61 0.47 0.56 1.23

Shrub, wood 4.93 10.51 1.54 14.00 6.33

foliage 11.28 3.9 1.83 7.61 6.34

K Herbs 8.31 1.97 0.70 1.83 0.28

L. layer 2.24 2.43 1.21 3.68 1.92

F-H layer 2.88 16.73 11.61 6.14 16.3

Woody debris - 0.38 0.29 0.35 0.77

Shrub, wood 6.71 14.30 2.10 19.06 8.62

foliage 9.68 3.38 1.57 6.53 5.44

Ca Herbs 6.43 1.52 0.54 1.41 0.21

L layer 26.04 28.27 14.13 42.78 22.32

F-H layer 24.32 141.28 98.04 51,90 138.47

Woody debris - 7.31 5.60 6.65 14.63

Shrub, wood 0.82 1.75 0.25 2.33 1.05

foliage 2.24 0.78 0.36 1.51 1.26

Mg Herbs 2.00 0.47 0.17 0.44 0.07

L layer 2.80 3.04 1.52 4.60 2.40

F-H layer 3.8 22.30 15.48 8.19 21.86

Woody debris - (.69 0.53 0.63 1.38
742 7382 aspen (Ruark®} Bockheim, 1988; 9-22 34 Alejel 4mE &A s, MR} KEE
Wang 5, 1995)¥} balsam fir (Sprugel, 1984) 719 #4% 244 (Simarde} Vyse, 1992)<
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(Wang 5, 1995)% paper birch (Wang %, 1996) <
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(Wang 5, 1996), ¥ 79 sty A%+ 1995)2]
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°] 2.8t ha'e 2 o4& YEE uc} Az HA ¢
oo, A Hee EEsle 2R g gF
vlsle] AdiHeg @b, HAgiL fxskA o
= A QlFEHelgke "ol ze{gehd ol:
B A7) o) A BEe Hey 988 € 5 9
< 7oz AR, ey {f3A7 Y 2] E
o] FRAAFA @ okdal wldlale A ek
A A Feol Hrs ook & o)},

2. YEEL

B2 7 ck¥ol oty FHje] FFYolrt
(Table 8). dbdoz Aty Ecke] opyitere
ddol 873 97t AAgR A5 @A
W, FE e i o8] AE werd,
ol Eoke] R Ao g Alele &
THE GEAar FES P2 Adsie A
gHatg-o] 9188 A|AlgY} (Landsberged Gower,
1997). £ 79 AR HE A $7t FAR
o 9] z=7ukE Adglona fje} #e o
48 sl M Ade) o E §x =
A8 S A vlasle, B Fo {7189
Filgs, o9 sAE Tl B d47F Ho
& 7lolc},

715 FEEFE JEY Ao wE F
g wske] A%E JehiRe gdgtont, Atd

Table 8. Nutrient distribution (kg ha™) in Korean pine ecosystems by stand age at Kangwondo province.

Nutrient ~ Ecosystem Stand age (yr)
component 9 22 34 46 66
Overstory 143.2 422.3 423.7 538.8 541.3
Understory 43.1 27.1 7.0 39.1 22.2
N Forest floor 86.1 346.2 233.8 170.9 336.8
Soil (0-50cm) 5487.4 6148.9 7153.2 5813.4 8005.2
Total 5759.8 6944.5 7817.7 6562.2 8905.5
Overstory 22.4 78.6 81.3 90.0 107.0
Understory 6.1 6.3 1.2 8.7 4.3
P Forest floor 7.9 33.3 22.6 16.0 32.7
Soil (0-50cm) 362.7 431.4 460.9 494.1 447.5
Total 399.1 549.6 566.0 608.8 591.5
Overstory 35.6 116.9 119.5 130.1 155.5
Understory 24.5 16.4 4.0 23.4 12.9
K Forest floor 5.1 19.5 13.1 33.6 18.9
Soil (0-50cm) 453.9 636.8 344.5 273.1 496.4
Total 519.1 789.6 481.1 460.2 683.7
Overstory 55.8 179.2 184.7 200.5 229.8
Understory 22.8 19.2 4.2 27.0 14.2
Ca Forest floor 50.3 176.8 117.7 101.3 175.4
Sail (0-50cm) 531.8 834.9 5477 417.2 478.4
Total 660.7 1210.1 854.3 806.0 897.8
Overstory 10.1 34.7 35.9 39.5 46.9
Understory 5.0 3.0 0.7 4.2 2.3
Mg Forest floor 6.6 26.0 17.5 13.4 25.6
Soil (0-50cm) 213.9 233.2 159.9 177.1 226.1
Total 235.6 296.9 214.0 234.2 300.9

P is available content. K,

Ca and Mg are exchangeable content.
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