Jour. Korean For. Soc. Vol. 95, No. 3, pp. 299~308 (2006)

HEDLER

JOURNAL OF KOREAN FOREST SOCIETY

Sl=9t ool e MRS oUX] 0@

H71A™ - o] &
SRR, Aok s Ay

Energy Content of Quercus mongolica Stands in Korea
with Respect to Latitude and Altitude

Ki-Cheol Kwon'* and Don Koo Lee?

'Korea Forest Research Institute, Seoul 130-712, Korea
‘Department of Forest Sciences, Seoul National University, Seoul 151-921, Korea

o
2k @it 1,300m, 1,000 m, 800 m),

o B Axe 9xg it wle $euel AhRde] ouA] 2AgRE Yolr] fE AdE HAT
A= FFEA Bkt A9EE 350 m),

=

3
FHRE AT Lot Ao

2 300m), MEbgE FoA) Wes GG 800m), AFE MAEA SRt AEEE 1,000 myE ez 43
A9k Saluel AzEEe] ouiR) B 2,916~6,550 GI/haol 3, 97 olWA] 7 A S 250-440 Gl/haolt}, Ay
T quREEt A7k uR] TAFE Yt GolAFE o BelxlE Aoz et gt $EFE Al

2Pyl e

sl o, AR Be) 242 2 et

FolEe AR Uit AdvrEel Az oA R 874 dARte] dddAe 2

Abstract: This study was conducted to investigate differences in energy content of Quercus mongolica stands
in the Republic of Korea with respect to latitude and altitude. Study sites were located in Mt. Joongwang,
Pyeongchang-gun, Gangwon-do (altitude 1,300 m, 1,000 m, 800 m), Mt. Taehwa, Gwangju-gun, Gyeonggi-do
(altitude 350 m), Mt. Wolak, Jecheon-si, Chungcheongbuk-do (altitude 300 m), Mt. Backwoon, Gwangyang-gun,
Jeollanam-do (altitude 800 m), and Mt. Halla, Jeju-do (altitude 1,000 m) by northern and southern aspect. Total
energy content and annual energy fixation of Q. mongolica stands were 2,916-6,550 GJ/ha and 250-440 Gl/ha,
respectively during the study period. Lower latitude (NE) stands of Q. mongolica showed more energy contents
and annual energy fixation than higher latitude stands. Energy content and annual energy fixation of Q.
mongolica stands were increased in low altitude. Energy content of Q. mongolica stands were higher in northern
aspect than southern aspect. However, there were no significant differences in annual energy fixation between
the aspects. Annual energy fixation of Q. mongolica stands was highly correlated with warm index and followed
by descending orders: altitude, stand age, aspect, annual solar radiation and latitude.
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Figure 1. Location of the study sites.
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Table 1. The characteristics of the study sites.
. Altitude - Aspect Slope Mean SV** No. of Sub-major
Sites Plot no. (m) Topo.* (E,’) ((,f g/%i (%) No/ha t::;rslﬂe* species*i**
J-01 1275 US NE70 19 70 759 1,725 ] PD, APM
02 1300 US NE10 25 70 907 1375 7 ;
03 1275 R NE30 18 70 834 1225 ; MA
04 1300 US SE45 15 70 945 1250 6 ;
J-05 1275 R SESS$ 2 70 718 1,300 - UD, APM
06 1250 US SE20 35 70 802 1450 - APM
1-07 1,000 MS NES 23 60 897 1,600 7 ;
1-08 1,000 MS NE42 25 60 984 1,250 ; KS
3-09 950  MS NE54 25 60 913 1,075 - TA, APM
Mt. Joongwang 10 1,000 MS SEIS 27 70 932 1250 6 ;
J-11 1,000 MS SE40 20 70 897 1175 ; FR
12 1050 MS SE20 25 70 914 1,100 . FR
J-13 770 R NW30 5 60 824 1275 6 FR
J-14 780V NE35 30 60 756 1575 - APM, FR
J-15 825 LS NW2s 27 60 723 1,750 ; MA, FR
)-16 800  MS SEG0 25 60 885 1200 5 PDS
J-17 825  MS SES0 23 60 874 1275 ; PDS, MA
J-18 890 R SESS 25 60 8.8 1325 ; FR
T-01 350 MS SW50 15 35 805 1,875 8 QV, CC
Mt. Tachwa T-02 340 MS SW45 15 35 787 1775 ; QV, CC
T-03 380 MS SW70 20 35 794 1950 . QV, PS
W-01 300 LS NE65 10 35 808 2425 10 QV, SO
Mt. Wolak W-02 320 LS NE60 15 35 844 2,050 - QV, SO
W-03 275 LSV NES0 10 35 825 2475 ) QV, SO
B-01 800  US NW70 38 60 8.3 1325 6 AP, SB
B-02 780  US NW75 38 60 8.5 1375 ; AP, SO, SB
B-03 770 MS NW75 35 60 788 1,400 - QS, CL, SB
Mt. Backwoon B-04 810 US SW40 35 70 808 1,525 9 CL, RS
B-05 79  US SW40 35 70 875 1,575 - RS, SB
B-06 820  US SW30 38 70 858 1,500 ; RS, SB
HOl 1020 MS NE20 10 60 774 2450 - QS, AP
H-02 1,000  MS NE10 10 60 895 2,033 5 QS, AH, SB
Vit Halla H-03 980  MS NWS5 10 60 837 2475 - QS, AP, SB
H-04 1040  MS SW10 10 60 883 2,850 . UD, AP, SB
HO5 1,010 MS SW25 10 60 726 3,500 ; UD, SB
H06 1,000  MS SE10 10 60 819 2,800 5 APM, SB

*Topography : R; Ridge, US; Upper slope, MS; Middle slope, LS; Lower slope, V; Valley
**SV : Synthetic Value of Quercus mongolica, SV = (RD + RC)/ 2
***Sample trees collected for investigating biomass and energy content
****Sub-major species : AH; Abies holophvlla, AP; Acer pseudosieboldianum, APM; Acer pictum subsp. mono, CC; Castanea crenata,
CL; Carpinus laxiflora, FR; Fraxinus rivnchophyvila, KS; Kalopanax septemlobus, MA; Maackia amurensis, PD; Populus davidiana, PDS,;
Pinus densiflora, PS; Prunus sargentii var. sargentii, QS; Quercus serrata, QV; Quercus variabilis, RS; Rhododendron schlippenbachii,
SB; Sasa borealis, SO; Sthrax obassia, TA; Tilia amurensis, UD; Ulmus davidiana
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Table 2. Meteorological data in the study sites.

Sites Latitude Altitude* Warnth Index Precipitation Solar radiation
©) (m) (°C - month) (mm) (MJ/m’)
Mt. Joongwang** 3748 1,050 63.62 1,890.0 3,394.48
Mt. Tachwa 38.18 100 88.00 1,806.5 3,389.83
Mt. Wolak 36.85 200 96.67 1,851.0 3,735.40
Mt. Baekwoon 35.10 450 87.67 1,887.2 4,586.10
Mt. Halla 33.35 5 134.55 2,100.6 5,826.50

*Location of the automatic weather station
*#The meteorological data of Mt. Joongwang collected in 2003-2004, and other sites in 2002-2003.

Table 3. Soil characteristics of the Quercus mongolica stands

in study sites.

Site Soil moisture pH Organic matter Soil texture
(%) (1:5H,0) (%) (USDA)
J-01 41.81 4.41 9.9 SCL
J-02 35.08 5.23 8.8 SCL
J-03 43.33 4.64 13.1 SCL
J-04 35.58 4.59 9.0 SCL
J-05 33.72 482 14.5 SCL
J-06 38.16 4.61 18.5 SL
J-07 37.32 4.58 7.6 SCL
J-08 43.80 4.45 11.9 SCL
J-09 43.12 425 13.1 SCL
J-10 29.30 5.00 10.6 SCL
J-11 29.99 4.57 8.4 CL
J-12 28.71 4.58 10.2 SCL
J-13 28.34 4.04 15.0 SCL
J-14 34.96 4.57 9.5 SCL
J-15 35.19 4.51 9.1 SCL
J-16 36.52 4.44 8.9 SL
J-17 36.30 5.12 7.9 L
J-18 26.99 4.77 84 SL
T-01 23.12 473 12.4 SL
T-02 12.85 4.79 49 SL
T-03 24.78 5.08 11.8 SL
W-01 26.03 5.68 2.6 SL
W-02 38.20 4.45 4.8 SCL
W-03 36.09 453 5.6 SCL
B-01 37.46 425 10.2 SCL
B-02 38.49 451 16.6 SCL
B-03 36.74 425 12.7 SCL
B-04 38.14 3.97 11.1 SCL
B-05 33.48 4.40 12.8 SCL
B-06 2932 4.40 12.1 SL
H-01 46.56 4.16 22.1 SiC
H-02 48.37 4.10 23.7 C
H-03 48.77 4.28 24.9 C
H-04 53.70 4.80 24.6 C
H-05 53.31 438 20.6 SiCL
H-06 50.30 4.13 22.0 C
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Table 4. The aspect where plots were situated was quantified based on annual net production.

Aspect SE NW E NE S N Sw W
Quantity 13.98 14.16 15.56 17.21 17.69 17.70 18.74 20.50
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Figure 2. Energy content of Q. mongolica stands in the study sites.
JI3N (Mt. Joongwang 1,300m N), J13S (Mt. Joongwang 1,300 m S), JION (Mt. Joongwang 1,000 m N), J10S (Mt. Joongwang 1,000 m
S), JO8N (Mt. Joongwang 800 m N), JO&S (Mt. Joongwang 800 m S), W (Mt. Wolak 300 m N), T (Mt. Tachwa 350 m S). BN (Mt.
Baekwoon 800 m N), BS (Mt. Backwoon 800 m S), HN (Mt. Halla 1,000 m N), HS (Mt. Halla 1,000 m S)
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Table 5. Regression coefficients and R® when aboveground energy content of Q. mongolica was regressed on D*H [logY

=A+BlogX; Y, energy content (J); X, DBH (cm)’ X height (m)].

Parameter (Y) A B R’ Prob. level A B R* Prob. level
Mt. Joongwang (1,300 m, N) Mt. Taehwa (350 m, S)
Stem wood 5.6002 1.0018 0.99 <0.001 5.5151 1.0020 0.99 <0.001
Sapwood 5.5721 0.8970 0.93 <0.001 6.0512 0.7560 0.97 <0.001
Heartwood 4.9885 1.1059 0.97 <0.001 3.4218 1.5234 0.96 <0.001
Stem bark 5.0168 0.9156 0.98 <0.001 5.3852 0.8236 0.97 <0.001
Live branches 3.9483 1.3050 0.90 <0.001 3.5731 1.4274 0.99 <0.001
Leaves 45318 0.8704 0.96 <0.001 3.8043 1.1958 0.90 <0.001
Mt. Joongwang (1,300 m, S) Mt. Wolak (300 m, N)
Stem wood 5.3968 1.0452 0.98 <0.001 5.8186 0.9220 0.93 <0.001
Sapwood 5.3354 0.9730 0.94 <0.001 5.9706 0.8005 0.91 <0.001
Heartwood 4.9284 1.0919 0.98 <0.001 4.7649 1.1272 0.93 <0.001
Stem bark 5.1763 0.8719 0.99 <0.001 5.8107 0.7089 0.93 <0.001
Live branches 43277 1.2196 0.97 <0.001 4.9536 0.9943 0.96 <0.001
Leaves 4.6624 0.8344 0.97 <0.001 4.6558 0.9467 0.98 <0.001
Mt. Joongwang (1,000 m, N) Mt. Baekwoon (800 m, N)
Stem wood 5.6915 0.9745 0.99 <0.001 5.1520 1.1249 0.99 <0.001
Sapwood 5.5675 0.9261 0.98 <0.001 5.3352 1.0035 0.99 <0.001
Heartwood 5.1657 1.0339 0.99 <0.001 4.0464 1.3282 0.98 <0.001
Stem bark 5.2051 0.8645 0.99 <0.001 5.0386 0.9413 0.97 <0.001
Live branches 3.3825 1.4487 0.93 <0.001 4.5296 1.1763 0.87 0.003
Leaves 4.5775 0.8645 0.99 <0.001 4.5427 0.8928 0.87 0.004
Mt. Joongwang (1,000 m, S) Mt. Baekwoon (800 m, S)
Stem wood 5.4643 1.0342 0.99 <0.001 5.4300 1.0621 0.98 <0.001
Sapwood 5.7438 0.8472 0.96 <0.001 5.6462 0.9206 0.96 <0.001
Heartwood 4.6575 1.1897 0.99 <0.001 42211 1.3112 0.99 <0.001
Stem bark 4.7782 1.0049 0.99 <0.001 5.1863 0.9135 0.97 <0.001
Live branches 44300 1.1548 0.97 <0.001 4.6375 1.1443 0.97 <0.001
Leaves 47378 0.7913 0.98 <0.001 4.4472 0.9377 0.94 <0.001
Mt. Joongwang (800 m, N) Mt. Halla (1,000 m, N)
Stem wood 5.7654 0.9487 0.99 <0.001 5.2307 1.1127 0.98 <0.001
Sapwood 5.5341 0.9406 0.99 <0.001 5.5357 0.9339 0.90 0.007
Heartwood 5.3928 0.9536 0.94 <0.001 3.6217 1.4825 0.99 <0.001
Stem bark 5.3110 0.8339 0.99 <0.001 4.5453 1.0784 0.97 <0.001
Live branches 3.4584 1.4433 0.96 <0.001 4.1024 1.2721 0.99 <0.001
Leaves 3.2621 1.2015 0.92 0.001 5.2141 0.6716 0.97 <0.001
Mt. Joongwang (800 m, S) Mt. Halla (1,000 m, S)
Stem wood 5.5219 1.0350 0.99 <0.001 5.2167 1.1092 0.98 <0.001
Sapwood 53711 0.9763 0.99 <0.001 5.6481 0.8783 0.92 <0.001
Heartwood 5.1184 1.0762 0.96 0.002 3.5867 1.5057 0.98 <0.001
Stem bark 5.3284 0.8558 0.98 <0.001 4.4902 1.0831 0.98 <0.001
Live branches 3.8404 1.2824 0.90 0.008 4.0834 1.2740 0.98 <0.001
Leaves 4.3094 0.9082 0.99 <0.001 5.2006 0.6968 0.93 0.004
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Figure 3. Energy content of Q. mongolica stands by latitude.
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Figure 4. Energy content of Q. mongolica stands in Mt. Joongwang by altitude.
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Fig. 5. Annual energy fixation of Q. mongolica stands in the study sites.
JI3N (Mt. Joongwang 1,300 m N), J13S (Mt. Joongwang 1,300 m S), JION (Mt. Joongwang 1,000 m N), J10S (Mt. Joongwang
1,000 m S), JOSN (Mt. Joongwang 800 m N), JO8S (Mt. Joongwang 800 m S), W (Mt. Wolak 300 m N), T (Mt. Taechwa 350 m S). BN
(Mt. Backwoon 800 m N), BS (Mt. Backwoon 800 m S), HN (Mt. Halla 1,000 m N}, HS (Mt. Halla 1,000 m S)
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Table 6. Correlations among annual energy fixation and environmental factors of Q. mongolica stands in the study sites.

Age Wi Prec. Solar

OM MO Latitude Altitude Aspect

AE -0.72%%%*

0.81%** -0.07 0.23

-0.19 -0.02 -0.22 -0.74%%* 0.32+

*#* |ndicates significance at 0.001, and + 0.1.
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Table 7. The regression models of annual energy fixation
selected by adjusted R-square selection method and C(p)
selection method.

No. in . 3 ) . . «
Model Adjusted R= R C(p)  Variables in Model
5 0.86 0.88 4.02 X X, X Xg X
4 0.84 0.86 7.58 X)Xy Xy Xg
3 0.76 0.78 2421 X, X3 Xg
3 0.65 0.68 47.76 X, X; Xg

*X,=Age, X,=WI, X;=Prec., X,=Solar, X;=OM, X,=MO, X,=

Lat., X=Alt., X;=Aspect

2) Yol WE AlzZFEY e A7k oigA] _/ZJF/kH]_‘,]V_
ol W& AR A7 A ZAFES 1%

9] oA z}o] 7t YEb=H|(Table 8), :Tx}v:low

2k s 1,000 m A9 345 Gl/halyr, 5944 31 800 m
A1 287 Gl/hatyr, B -24F 2l 800 m A% 365 Gl/halyr,
ek S 1,000 m A% 351 Gi/ha/yro] 57, FAFH A
FHA Y 1,000m A9 284 Gl/halyr, T4t et

400

Zh 3 o) o x| A 2 307

Table 8. ANOVA for annual energy fixation of Q. mongolica
stands by latitude and aspect of the study sites.

Source df Mean Squares Pr>F
Latitude 3 19,996 0.000
Aspect 1 1,695 0.088
Latitude* Aspect 3 4,131 0.082
Residual 16 8,227

Table 9. ANOVA for annual energy fixation of Q. mongolica
stands by altitude and aspect in Mt. Joongwang.

Source df Mean Squares Pr>F
Altitude 2 3,357 0.016
Aspect 1 258 0.513
Altitude* Aspect 2 3,708 0.012
Residual 12 567

800m A< 291 Gl/halyr, w2k sk 800 m A Y 360
Gl/ha/yr, gHERLE 81 1,000 m X199 347 Gl/ha/yrZ YER}
g EAbE 2

R W9 Aol x] ARG e] Qi7k of
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Figure 6. Annual energy fixation of Q. mongolica stands by latitude.
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Figure 7. Annual energy fixation of Q. mongolica stands in Mt. Joongwang by altitude.
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