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Biomass and Net Primary Production of Quercus variabilis
Natural Forest Ecosystems in Gongju, Pohang,
and Yangyang Areas'*

Gwan-Soo Park™® and Sung-Woo Lee’
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FTARE 35, BAEE 2%, 283 AEE FF A ASshe FF5E 414, 469, 2z
A FAHE HAW AL AR AEHEF o dePAFE T8 A8 20009 7-849
Z+ A9 10749 & 3059 BESS A WEsd. £4] Wi=aD"8 Algsle] 243 A4¥ 3 9
EAEFE FFAYGeA 91.31ton/ha, EFRA A 207.6ton/ha, 222 FFAHA 71.3%ton/hao
2 vebgth, £ 2P 207.6ton/had TN HaE FIYTH] AEP B¢ F
7 EE & Hole Aoz Algdd. ¥ FANE LE ZARAYG A 058, £, PR,
an e eog wokvh. F AeAAdRS FFA9 7.8lton/ha, £ 11.5ton/ha, il e
6.40ton/hao 2 EFAHoA b £A vebsdeh, b8 24 Aol wlE A o) vl 3
G ZFA| oA AR BEAE] Ha 20 o] FA vebhd AL 2AA AL V| FEA o]
71813te Aog Atgdc,

ABSTRACT

This study has been carried out to estimate aboveground biomass and net primary production(NPP) in
an average 41-years-old Quercus variabilis stand of Gongju area, 45-years-old Quercus variabilis stand
of Pohang area, and 54-years-old Quercus variabilis stand of Yangyang area. Ten sample trees were
cut in each forest and soil samples were collected in July to August, 2000. Estimation for aboveground
biomass and net primary production were made by the equation model Wt=aD® where Wt is oven dry
weight in kg and D is DBH in cm. Total aboveground biomass was 91.31ton/ha in Gongju area,
207.6ton/ha in Pohang area, and 71.39ton/ha in Yangyang area. The aboveground biomass 207.6ton/ha
in Pohang area is the highest biomass production among the amount of biomass in Quercus variabils
stands reported in Korea. The proportion of each tree component to total aboveground biomass was high
in order of bolewood, bolebark, branches and leaves in the three forests. Aboveground total net
primary production was estimated at 7.81ton/ha in Gongju area, 11.5ton/ha in Pohang area, and
6.40ton/ha in Yangyang area. There were at least 2 times higher total aboveground biomass in Pohang
area than in the Gongju and Yangyang areas because of climate difference among the study areas.

Key words : aboveground biomass, DBH

' #52 20014F 58 38 Received on May 3, 2001.
FEE5ET 20014 58 308 Accepted on May 30, 2001.

? 2o staw -wjof s 4192} 83} Dept, of Forest Resources, College of Agriculture, Chungnam National University,
Daejon 305-764, Korea.

3 9]9]e3 79 Korea Forest Research Institute, Seoul 130-012, Korea.

R ATE FEHY AY T5 Al AR pad A 439,

* dgA 2} E-mail : gspark@hanbat . chungnam.ac.kr

- 692 -



WEAS AT 906)8. 20014 128 693

A2 A SAARAANA d ParEle BA
A Abek(net production)& 100-125 x 10%onel =
sl Aoz el glthLieth, 1972). A Ae)
A AT SAARA 243+ biomassd ¢ 90%
Z A, 2A9} FA 5 {A 9 & A
¢} wlaEstd Ee& £ALFHNPP)E sHAd
(Waring and Schlesinger, 1985).

1950t 32 E) AAMAR o2 A"l A A A
o FEAEF % £ANF gy ATEL
80del A48 ALHQ F7tet A F2 B
A A o]l &3 QA 2AL ¢ rlE2AERA
o] ¥golete ZHoA s A
o}, $elvete] As H FE WA o 65%E
AR s AP AgAL) dE2AEF 4 SN
o g A7 T us wimAH A AztE
gdod, Sah}ate] 2 $£2q 2UF()5L3H
ubghal, 1986 ol4%, 1985 I FFEA,
1989)sF F® AAFA g T4, 199
o3 A} utaly, 1993)0) iyt 37} 2 o]
oA g},

AR E(Quercus)e SElvtele dEHQl @

szoux 1 F8AUAE 2ystn FUTH
SZd 9 AA Y58, A, YA 2 &
AEg A dFE 282 F3 Ao, o
o A dFE AT E4H At o4&
537l S8 ALAo R FHEo ol & Al
o}, @A SEveteld FUFFE HYFe B
AZoz Fely 9lor iie] AFQ YLy
oz o8 % glod, S 5 oI H4E B
B ZRAE ST F A AT 329
gt FE2o2A, AYFFE o4}y fa A
gojo} & AL 8437 A FFSHAA
FI 5o Ut AEAEF] Prlr} o] Fo Ao}
goix AbeEo,

A T3} e] AEAEF P AP
Aehde(F 94z A, 1993; =HAgs 3
A, 1994), A=A 454, 1985), 2
gz 2HEEDS, 1999 $89T o,
1996) SellA o] Fold s, & d7E AdE,
25, 227 AARE YA AT A
A7 AefAe] AEAEST SYAFE 2l
AgdTEst §4 & o AgEs Arsd a9
Aql FAPA FAA T EFE AA s mY

o F3hHF AA 2 o8-S ¥ Bl AHI
22 8% AAstza A=A,

LEE SO T R

1. EAK] Jhs

B dT7Ee 239E T34 AHodd T, A
AEx 23A FAd s1Le], 2z AdE 4
o} Ad o A5l 2 gle AT AAH
S dgate s AAH, B 249 AA2AL
EA YL o JF72 14.6C, A¥F Arue
912.8mm, FFA YL AgFr)2 11.7C, 99
#F 73S 1,239.4mm, 283 A g o
P@r|e 11.2C, 49775 1,351.8mm o]}
},

B a3 A9 AL AP 2AR Y
e we 320meod FAAEd Fxsin i
I AAE 277327 dod, AYE oA ZAL
7ol #AuiE 800myger WGEAIHd FXslw
gz AAbE 25°-35° g, TR ZAA ¢
o 0mel o FE £ FAA Y X
2 gl AAE 25743 Aot 9L FFA
el A& 23-500, EFA G A= 26-63d, S
A Qo A& J1-598 o2 HFYH-L 2t 41, 45,
a8lw 54delddet, F3VEYY FzAARL F
FA DA E GemellA 32cm, EZA £ 8cmel

Table 1. General description of Quercus variabilis
natural stand in Gongju area.

DBH DBH No. of Ageof Height of N
0. of
of sample  sample  sample sample trees/ha
trees) tree(m) tree tree(m)
6 6.5 1 23 5.9 8
8 8.8) 1 29 7.8 61
10 - - - . 118
12 (11.6) 1 41 11.9 190
14 (14.5) 1 1Y) 15.4 213
16 - - - 134
18 (17.5) 1 43 14.6 6
20 0) 1 41 14.7 63
2 (22) 1 46 16.0 51
A4 @) 1 43 20.4 31
26 - - - 31
28 (28.5) 1 50 18.9 6
30 - - - 6
32 (32.8) 1 50 18.4 6"
Total 10 1137
Average 41.4 14.4
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Table 2. General description of Quercus variabilis
natural stand of Pohang area.

DBH(DBH No. of Age of  Height of N
0. of
of sample  sample sample sample trees/ha
trees) tree(m) tree tree(m)
8(7.4) 1 2 6.6 19
10 (10.5) 1 3l 10.6 8
12 - - - 30
14 (14 1 38 10.7 50
16 - - - 52
18 (18) 1 45 15.5 50
20 - - - 70
22 (22.5) 1 48 18.2 43
4 @) 1 49 17.9 87
26 (26.3) 1 49 17.2 63
2 - - - 67
30 (29.8) 1 53 16.8 89
2 - - - R
34 (33.8) 1 52 21.7 24
36 - - - 30
38 (38.5) 1 63 17.6 18
Total 10 718
Average 45.4 15.3

Table 3. General description of Quercus variabilis
natural stand in Yangyang area.

DBH (DBH No. of Ageof Height of

No. of
of sample  sample  sample sample trees/ha
trees) tree(m) tree tree(m)
6 (6.0) 1 31 4.8 19
8 .00 1 52 7.5 12
10 - - - 55
12 (12.0) 1 51 11.8 68
14 (14.5) 1 52 11.6 154
16 - - - 143
18 (18.0) 1 58 12.5 113
20 - - - 93
2 22) 1 59 14.0 118
24 - - - 5
% (2.9 . 1 8 13.8 6
28 Q1.1 1 60 17.3 7
30 (29.8) 1 62 15.1 6
32 - - 14
4 (34.5) 1 59 17.0 7
Total 10 873
Average 4.2 12.5

A 3Bem, BT FUYA G bemellA 34em
o AAA Exse, YFee 27 14.4m,
15.3m, z8|x 12.5melgitt. AEB4E= havd
FFN A= 11378, Edor= 778, 28] oF

ol = 873822 =AME %) (Table 1, 2, 3).

£ d7e 3T 9A del A3z de
AL FFAGAAE Ady, 2uF, 232
.4, AZhy, AL, g, §2H, 7
%, 22, FE5Y, Az, A7iAYE, T4
Fol £x3d e, TIAFAA & Ay,
FeAUF, auF, Weh g, AgR ) Ak
, MU, A Sol BE3 L, FFH

L2
b, ABGE, 45, BIE 5o

PR

stedch

2, EEASH 3 EMUY

2000 7-8Yoll Eok % A Ao Wi¥ A8
HE At AL F2AEF] 2AE 4
# 5709 20m X 20me] EAVTE A5 W&
ZAHE AN F 24 FxA79 WeluelA
AAAH Pl g e SAE 1079 TR5L 7
ZAA Dol A A stger, 3089 5L AR
20cm $=A HE g en e 2m 7HA
2.2 Agsly Agg AHEsle 7 By A4S
Fe sk, A5 248 94 4 FUHF
ol FA ¢ 10cm A=) URFRL B &7
3 F A5 AL a6 AP E ke,
A2, 4, 283 F2REE B, 2339

AR A FAHY F ERARE AYH 2 Fubg)

o dry ovenolldl 75-80CE ¥ ko] =2 a7}
A AzAFHo,

sAAErE A7) A8 SEN- e
< 2 5§79 A AARE Smaliand-A & A}
43t 73t ol & ofAl 5E o] 1|z W
AR AAEE F ohg DA HE v &&
o] &3led AFeFL AL, ¢ Fo g &
AR kR a7t 4RSS H4 AA s
Aok, 42 AP AL Agdlger, A=
22 f3HH 5709 71x"E-F(branch trunk)el
A 7AAldE S A% F Whittaker 24 (Whit -
taker?} Marks, 1975)& o]-4-3}e] FA 31},

(Whittaker formula)

W=Bw / A

W AAe 137k A=k

w: 7kxje] B Rl oo AF (kg)

A : 7}A«d¥ (branch age)

B: 7t 3ol A’ 7HA] g o AW
A el 4] 92 Al<(slope constant)
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FAUE 7 10579 RESAA Feue ¥
249 AZPd FA Wi=aD® (Wt: A5%
(kg), D:DBH(cm), a: 44, b: AF)%t 22
239 AL o] b8l FEAEYT SYAF
WA AL fEdlgdnt, sE2=Al A 2 A E
o FAAL fED FA6 gl 5 &
g3 A4S 7 F 44 FAFeEs
A B S-S FA s,

EgAae P 2ARAIEY ZFFJFHAA 7t
A dEe JAE Al EFSHE 9
ZALE AAR F BEokdd we} A5 AHEA
o A% Z3E Table 4, 5, 65 2o}, AH
9 gofe A A2 F EY F FUIEEFS
Walkely-Black wet oxidation® 2.&, pHE E%
F {545 1:52 3 BAsgm, AL

AN 2 F¥EY FuAAD)IE SHEF
2 stz 4 94 AFs 4 sAAAHS F59
FWHE st AdAdAA], We=aD"g 43}
F=stdct. & ATl A=A ARAS
RHY e AR 2 &P EFY A A A
ARG 9] FAEYE 2RA (.98 o4 R
ABR[A7E Foed AR Ff 67.1%F
F), 67.4%(£%), 282 65.6%(FP)E A3}
F7HERE A A ZAA G A (.97 ooz
& AABAE Jepdi(Table 7, 8, 9. A 7

Table 7. Individual tree biomass equation of
Quercus variabilis in Gongju area.
Equation form : Wt=aD’, where Wt is
dry weight in kg and D is DBH in cm,

< Kjeldahlg 2.2, 84 Ko} Ca ICP%E °] Tree component a d tC oef.ﬁcignt(%fz)
a5t EAshgc), : el

Foliage 0.127 2.629 0.97
Live branch -0.714 3.862 0.99
R Ex Dead branch  -0.158 2.381 0.84
Bolebark 1.558 2.171 0.98
1. XA MEAMFE Bolewood 1.522 2.682 0.98
£ 7oA At fEYEF 9 od&gatey  Total aboveground 1,702 2.678 0.99

Table 4. Soil characteristics of Quercus variabilis stand in Gongju area.

Soil Depth Texture Structure OM Total Ava-P Exc-K Exc-Ca CEC pH
horizon  {cm) (%) N®%) (ppm) (me/100g) (me/100g) (me/100g) (1:5)
0 0 - - - - - - - - -
A 0-14 SiC Granular 4.30 0.20 7.12 0.43 2.09 13.0 5.02
B 14-75 LiC Blocky 3.26 0.1 8.42 0.08 0.31 8.65 4.59%

C 75+ - Structureless - - - - - - -

Table 5. Soil characteristics of Quercus variabilis stand in Pohang area.

Soil Depth Texture Structure OM Total Ava-P ExcK Exc-Ca CEC pH
horizon  (cm) (%) N(%) (opm) (me/100g) (me/100g) (me/100g) (1:5)
0 0 - - - - - - - - -

A 0-4 SiC Granular 4.21  0.20 9.72 0.15 0.72 11.5 4.58
B 4-33 SC Blocky 1.48 0.1 1.89 0.09 0.24 8.96 4.86
C 33+ - Structureless - - - - - - -

Table 6. Soil characteristics of Quercus variabilis stand in Yangyang area.

Soil Depth Textur Structure OM Total Ava-P Exc-K Exc-Ca CEC pH
horizon  (cm) ure (%) N(%) (ppm) (me/100g) (me/100g) (me/100g) (1 : 5)
0 0 - - - - - - - - -
A 0-20 SiC Granular 5.01 0.18 10.4 0.14 0.74 10.9 4.47
B 20-85 SiC Blocky 1.24 0.06 3.24 0.11 0.39 6.18 4.69
C 85+ - Structureless - - - - - - -
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Table 8. Individual tree biomass equation of
Quercus varviabilis in Pohang area.
Equation form : Wt=aD’, where Wt is
dry weight in kg and D is DBH in cm.

Coefficient of

Tree component a determination(R?)
Foliage 0.322 2.286 0.93
Live branch -0.876 3.866 0.92
Dead branch -0.648 2.774 0.69
Bolebark 0.939 2.638 0.99
Bolewood 1.567 2.636 0.99
Total aboveground 1.571 2.759 0.99

Table 9. Individual tree biomass equation of
Quercus variabilis in Yangyang area.
Equation form : Wt=aD®, where Wt is
dry weight in kg and D is DBH in cm.

Coefficient of
Tree component a

determination(R?)
Foliage 0.640 2.183 0.94
Live branch 0.391 2.864 0.93
Dead branch -0.133  2.569 0.87
Bolebark 0.841 2.600 0.94
Bolewood 0.917 2.987 0.97
Total aboveground 1.329 2.823 0.98

9 AR F FFAYY FL27HA A EA
A 0.848 Astx, A7, o9, 28z o
o AAALE 0,92 o]+ ARFAE el

AR 2 FEYEFL FFAYY FF4Y
414948 Z3FedlA 91.31ton/ha, EF= G2
HErd 4594 FahTHelA 207.6ton/ha, L
gl ofefz|de] Yy 5434 YA
71.39%ton/hao. 2 o} & A Ao vl&] FAA4EE 23
AellA HA 20 ol & AA4F HENE
¢ 29 ci(Table 10). o] 4d L& 2
FA A2 GFFH) 9d ok kAT vl
sl EA| G A2 E=o] 26 o] A Y
et A2 ZAAAZE 7] F Aol rIdEE AL
2 AsHY, B 979 23AY FATFH A
9] 207.6ton/had ¥h1 = £3341(1994)2 A
Al i 26-299 4 AT 15%on/ha,
FFA G HFey 6294 FITEHY 1374
ton/ha($3 9 5, 1997), 52499 HF544
4044 =399 115.0ton/ha (ahak<e, 1999),
A 39 20894 F3HFHE S 31.3ton/ha(H
Azt whely, 1993) R} & #E R4

Ovington(1956)ll 23l 44349 Quercus’} 3
FellA 92.4ton/haclglcty Ruslged, £ o
T FFA G FEA B vty T8H
oA o] MEHEY B} Y4 AL e Rolm
s)ew, Ovington(1962)ell <13 A8l Quercus
% 4234 169.8ton/hax E3A|Hexle] AEH
E% Hoh A4 3 g Holm gt B odF
2] Fel ofYA g AEPEFLE 29w F

=
o "R g 3 Helx gloey Ey¥AHL
¥ @ B Fa gin. & A7 35 3
Aol A HEHEFL JT Ao IUd ¥
FAAY Hd 9 40848 23T 115.0
ton/ha RBoh F2 AEFEFS Helx 9low, X
A9 RELEFS vt dA7A B
28 A F M S dE4EF g Alsdo).

Table 10. Aboveground biomass(ton/ha) of Quercus
variabilis natural stands in Gongiju,
Pohang, and Yangyang areas.

corr’fproerfent Gongiu % Pohang % Yangyang %
Foliage 210 23 247 1.2 2.13 3.0
Live branch 12.03 13.2 30.9 149 9,31  13.0
Dead branch 054 0.6 1.30 0.6 1.17 1.6

Stemwood 615 671 100 614 4685 5.6
Stembark 1599 168 2.9 159 119 168

Total *“op 0 1000 7.6 1000 7139 100.0
aboveground

FTEHEHY A F JEYER F R
+ A3 e FAEREA, FF 61.25ton
/ha, %3} 140.0ton/ha, 81 46.85ton/ha® 7z}
7 &3 5 67.1%, 67.4%, 65.6% 5 A3+
dl(Table 10), #lyi=t F34(1994)0) Rt
60.0%, FAA7} o]45(1996)°] R 61.0%,
ae|a whh4(1999)7F 2 63.2% 8o} o7k &
A velgc}, AR Y= FF 12.03ton/ha(13.2%),
238 30.%on/ha(14.9), 283z %% 9.31ton/ha
(13.0)°-2 wpl 33 #341(1994), $Ad7 o)
$-(1996)0] R wlgr} gA el £
+ 3% 15.3%on/ha(16.8%), *3¥ 32.9ton/ha
(15.9%), z=lx <FoF 11.93ton/ha(16.8%)°190 2,
F-&71x & &5 0.54ton/ha(0.6%), £& 1.30ton
/ha(0.6%), 18]z ¥ 1.17ton/ha (1.6%)2 1+
ehytel, 98 FF 2.10ton/ha(2.3%), ®3& 2.47
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ton/ha(1.2%), =L2lx ¥ 2.13ton/ha2(3.0%)
vehgoh, fehiel g4 A9 =AE 39
HuWEE 2.0-3.0ton/hadl Aoz 43A 9l2
H(Z A AFE, 1985), £ A7 &9
ALE o]d &slgcl, F JEYEF] A =
gd zgx A 2E R AEHEF] 7L
A =A vebdel,

Table 11. Individual tree Net Primary Production
equation of Quercus variabilis in Gongju
area, Equation form : Wt=aD", where
Wt is dry weight in kg and D is DBH

in cm.
Tree component a b Coefficient of
bon determination(R?)
Foliage 0.127 2.629 0.97
Live branch -0.599 3.251 0.99
Bolebark -0.083 2.393 0.90
Bolewood -0.099 2.870 0.92
Total aboveground 0.451 2.828 0.98

Table 12. Individual tree Net primary Production
equation of Quercus variabilis in Pohang
area. Equation form : Wt=aDP, where
Wt is dry weight in kg and D is DBH

2, MM

d o Hod SANFS AT o T4
Wt=aD® (Wt: %%, D:DBH, a: &%, b:
A)E ol g3l T3 3HA2 Table 11, 12,
aElx 133 2o, SFUYTHY 2 oA4Ee
AR ASE 2F 0.98, & 0.98, 2 %k
0.972 vla4d & ARBAES Jehyo, 29
W AAASE FAS A7l 9] A4 (.83
£ A9stx A BAAY nERqA (.90 o]4d4]
At A2 el 2 7o FARE AFEA
b g4=(1999)9} o4&} bhsi(1986)9] AlEt
FYo A AAA g PR FellA 2t
0.88} 0.81% vrehtdl, o]eid JA-e thdzt
o] &A ko] wisle] L )7re] AAFINPP)e
Wo| Lo] 37| YEo 2 ArHrio]5Sw}
3, 1986).
B dfeA FHYFYY AN 7 A
= Table 149} Zc}, Z3FHY F &A%
gz 7.8lton/ha, 3 11.5ton/ha,
gl okF 6.40ton/hae2 Zt7 F WEAETHS
8.1%, 5.5%, 2213 9.0%°l sNFadct, £ 4
FollA 2 Aol 1A wd EFA A
Z F2 AT T F AP v Eo] A
vebd AL o Aol ulE Aol wa
Hq e AR wHE F, WAS B9 WEs}

ol K

‘e

in cm,
— ZAGAA Eg7l WEo2 Al cH(Table
T t a b Coefficient of 1. 2. 3)
Tee componen determination(R) v A W
Fqliage 0.32 2.28 0.93 Table 14. Net primary production(ton/ha/ha) in
Live branch -0.490 2.972 0.91 R .
_ Quercus variabilis natural stands in
Bolebark 0.326 2.482 0.95 Congit. Pohn 4y
Bolewood 0.164 2.569 0.97 ngju, ronag, and Yangyang areas.
Total aboveground (.615  2.557 0.98 Tree S 9 9
componett Gongju % Pohang 9% Yangyang %

Table 13. Individual tree Net primary Production
equation of Quercus variabilis in Yang-
yang area. Equation form : Wt=aD",
where Wt is dry weight in kg and D is

DBH in cm,

T t b Coefficient of
Tee componen a determination(R%)
Foliage 0.640 2.183 0.94
Live branch 0.572 2.041 0.83
Bolebark -0.820 2.900 0.92
Bolewood -0.746 3.284 0.94

Total aboveground 0.715  2.561 0.97

Foliage 200 269 247 205 213 33
Live branch 249 31.9 3.67 3L9 119 18.6
Stemwood 2.6 28 4R N6 248 RO
Stembark 066 84 104 9 0.65 10.1

Total
aboveground

781 1000 115 100.0 6.40  100.0

£ A7 ZFAGAA Y F £ALFE FF7A
o ZFHFYY 8.6ton/ha(FA Y} olF,
1996), 10.24ton/ha(tt4=, 1999) Erbe W2
Aoz veigeon, waysd EFA194H A
g 2FaxdeAe] 26-20dA AeuEd
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25.0t/ha, F3IEY 23.2ton/ha, E3}5I
14.5ton/ha, 28w AlZv%¥ 12.6ton/ha 2t
= AL AR vehytl, & dpe 28 2AHA|
Aol B} g 2FAAGAAdy F}Ty
o] sAAteke] w9 EA vehd RL Y29
HEeadol B AFAGre}t AdAodea g4
Fot7] Wz sl a7y ARG
€, 19994 o5t Sl It JEe &4
AbeFE 9.24ton/hat 2 E Q79 EFx|GA
ot okt E=A vpehd},

AL ¥4 FAele RG] A4S,
FAERL 3T.6% 2 A Eokow, thioe] AR
F+2 31.9%, ¥l 21.5%, 283 97} 9% =
713 i), FFEAYe] A 2R AY
FAER, AR 9, aela: e & ogle
v, FFAYY A A ER, 4, AR, 2
g 3 ¢ o}, ¥ A7 A4k 29
W Pl A A £33 $(1997) 2l
A7 ur13(1993)9] AT -3E ¢
Aule] g Bl d2A Jepgcol,

5 B xR
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