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Biomass and Annual Net Production of Quercus mongolica Stands
in Mt. Joongwang with Respect to Altitude and Aspect
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Abstract: This study was conducted to compare the biomass and annual net production between 60 to 70-year-
old Quercus mongolica stand at 1,300m, 1,000m, and 800m from sea level in Mt. Joongwang. The total biomass
and annual net production were 211.6 ton/ha and 12.7 ton/ha/yr in northern aspect and 200.3 ton/ha and 14.0
ton/ha/yr in southern aspect of 1,300m from sea level, 252.9 ton/ha and 17.3 ton/ha/yr in northern aspect and
212.2 ton/ha and 14.2 ton/ha/yr in southern aspect of 1,000m from sea level, and 256.7 ton/ha and 14.5 ton/ha/
yr in northern aspect and 232.4 ton/ha and 14.6 ton/ha/yr in southern aspect of 800m from sea level. The
obtained results showed significant differences in annual net production among the study stands with respect to
altitude, while did not those with respect to aspect.
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o] o A% F7hetal e FAlolthAE A, 2005). H, A"t 712 7.0°C, 987 HARE 17.6°C, A8
53, A Sedeke]l FRSAA P R AR 370, dHE 5 1,900 mmelth
o RES Bolw Y R BYFFEOEN, IR Sk 1,300m 91 BEA) G Aol A £AEH
FH A Qe QR BAY] WA Aol AT Gom, FAR EE A AR 2AR} 2RO g
MRS Ak B FACIHOIET 5. 1990 & b 43R B AL - RAT £ oF 108 H
e gelele) B BN b W BE WA o)%, F1AY dem o) JEe] WEE wAbd A7
VA Be FAYS AT Y Abrde] ANEe Uyl Bapnh o A2k sl 1,000m 9ol M
Q3] sorsla IS AT U8 ATt s AE-HE AT AddE AN 2o, A
Ch B o] HAe e g 9 s 800mt- A S 2AE A ST el 800m T2l BA
E] 1,300m Ato]e] 2ol A] aljekarel ApEel] whE 60~70 AP g AR A AV T BAH ] Al
WA AR vlol oot A7 SN B SE S do] ol FAReA AFES AR AFRo o]
ah-¢] 2ol B wlawah Holet. A 2AE AREor, YAk e] AzhirY e
AP -9t BAd el 2ARRE 24 TH(Table 1)
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1. A CHAX| T A ZUF-E | uto] eul 2ANE QlElA 7} A
BATE Y WA s AGS oo sy, ohdE AZubrde] 20mx20m 2719 g 3324
AL AR 58 drE st Alzhegol %@5}1 A= A Axste] FLAAT 53 5 BRALE stT, 7t A
doz HAAYsFen, 74 128 30~128° 33, 5% 37° Ao A A7) 435 cmo] Y&ES AAFER 5-72S
27-37° 30 Y182 Utk £AE Table 11} 7ol & sl A gFollM 2m HA LR &7, BEF), 7t
AL 1,300m, 1,000m, 800m o] whAbAzt A 2t A 9le) S-S ZA AT Table 2). 9 HE AR5
ZlA 3704, & 18709 - 20m X 20m)E A |55 ebste] AN Hx7Z 80°C o]dolr] a5l
FH 3A7 Sk 1,050m~1,200m Aloo] Fghat X< ol5 M7HA AXAN & AFHAFE AHEste] A A
Woll Al 3efe] FR7 A5 Ae 714 A5E B TR ANETh 2 9 e APIE R 28 F
Table 1. The characteristics of the study sites.
Altitude  Topogra- Aspect Slope Mean age Sy** No. of sample ~ Sub-major
Plot no. (m) phy* %) 9 (yr:) (%) No/ha trees* k% species**
J-01 1,275 Us NE70 19 70 759 1,725 - PD, APM
J-02 1,300 Us NEI10 25 70 90.7 1,375 7 -
J-03 1,275 R NE50 18 70 83.4 1,225 - MA
1-04 1,300 Us SE45 15 70 94.5 1,250 6 -
J-05 1,275 R SES8 22 70 71.8 1,300 - UD, APM
J-06 1,250 UsS SE20 35 70 80.2 1,450 - APM
107 1,000 MS NES 23 60 89.7 1,600 7 -
J-08 1,000 MS NE42 25 60 98.4 1,250 - KS
J-09 950 MS NES4 25 60 91.3 1,075 - TA, APM
J-10 1,000 MS SE15 27 70 93.2 1,250 6 -
J-1 1,000 MS SE40 20 70 89.7 1,175 - FR
J-12 1,050 MS SE20 25 70 914 1,100 - FR
J-13 770 R NW30 5 60 82.4 1,275 6 FR
J-14 780 \Y NE35 30 60 75.6 1,575 - APM, FR
J-15 825 LS NW25 27 60 72.3 1,750 - MA, FR
J-16 800 MS SE60 25 60 88.5 1,200 5 PDS
J-17 825 MS SE&0 23 60 874 1,275 - PDS, MA
J-18 890 R SE85 25 60 86.8 1,325 - FR

*Topography : R; Ridge, US; Upper slope, MS; Middle slope, LS;
**SV : Synthetic value of Quercus mongolica, SV =(RD ~ RC)/ 2
**£Sample trees collected for investigating biomass

Lower slope, V; Valley, UV; Upper valley

**#%Sub-major species : APM; Acer pictum subsp. mono, FR; Fraxinus riynchophylla, KS; Kalopanax septemlobus, MA; Maackia amu-
rensis, PD; Populus davidiana, PDS; Pinus densiflora, TA; Tilia amurensis, UD; Ulmus davidiana
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Table 2. Mean DBH, height and age of sample trees in study sites.

DBH (cm)  Height (m) Age DBH (cm)  Height (m) Age DBH (cm)  Height (m) Age
Alt.1300m, Northern aspect Alt.1300m, Southern aspect Alt.1000m, Northern aspect
8.5 7.40 48 7.9 6.80 39 6.4 6.90 22
12.1 10.29 52 9.5 7.20 43 9.4 10.45 50
13.5 11.40 60 16.0 11.50 49 13.5 15.20 54
17.3 12.70 57 18.4 12.95 57 16.1 15.60 55
22.0 17.50 73 245 14.27 69 225 16.48 57
28.8 15.00 70 32.0 15.70 72 26.5 18.10 64
34.5 16.30 79 34.0 18.40 60
Alt.1000m, Southern aspect Alt.800m, Northern aspect Alt.800m, Southern aspect
6.2 6.65 18 8.1 9.85 27 7.4 6.70 21
14.2 13.40 52 10.5 11.80 31 12.0 12.70 27
18.0 13.20 70 14.6 15.40 49 14.8 14.50 39
204 17.80 66 16.5 16.80 52 16.5 15.90 49
235 18.70 73 22.1 18.40 58 24.0 1720 52
27.0 18.90 71 33.0 18.90 61 (30.5) ) (60)

*The value in parenthesis exclude calculating biomass estimation
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Table 3. Soil characteristics of the Q. mongolica stands in
study sites.

Moisture  pH OM TN Soil
(%) (II5H,0) (%) (%) texture
Alt.1,300m, N 40.07 4.76 1060  0.57 SCL
Alt1,300m,S 3582  4.67 1400 047 SCL,SL
Alt.1,000m, N 41.41 443 1087 043 SCL
Alt.1,000m, S 2933 4.72 9.73 040 SCL,CL
Alt.800m, N 3283 437 11.20 037 SCL
Alt.800m, S 3327 478 8.40 0.17 SL, L

Site
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1. MLIREQ| Hlo|20fA HEE

AZRIEe] FRE 2432
4215 Table 40 Aejatlon, =
L3t Ao B2 logW,=1.526+0. 80810gD2H (R*=0.97)
2 FeEch FaA 71 Fare] St wet ?*Pﬂ o)
A AR Yeo] o Bol gElE R YEgter
A% o HEE AR e A SR VeRd REE, 7

= AR o B Ao 2 YERiTh

sidbaze] wE Az T ] vho] emj o] XfolE U
olr7] 918 F44F A9 &AL 1,300m, 1,000m, 800m
of sl A e vho] Qv AEFES Table 5] H1
wEATh T A AAYFH ] nlo]| Quf A HE
& sgk 1,300mell A EAVH 211.6 ton/ha(R 74 176.0
ton/ha), FAFA 2003 tonha(A] 35 168.0 tonha), 3l
1,000mol| 4| E-APA 2529 ton/ha(R] 44 212.2 ton/ha),
APA 212.3 ton/ha(R] 4 177.4 tonvha), 32 800mof| A]
FEAMH 256.7 tonha( A1 A5 213.3 ton/ha), HAFH 232.4
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Table 4. Regression coefficients and R’ when aboveground biomass of Q. mongolica was regressed on D’H (logY=A+BlogX; Y,

dry weight(g) of biomass; X, DBH(cm)* X height(m).

Parameter (Y) A B R’ Prob. level A B R’ Prob. level
Alt. 1,300m, Northern aspect Alt. 1,300m, Southern aspect
Stem wood 5.600 1.002 0.99 <0.001 5.397 1.045 0.98 <0.001
Sapwood 5.572 0.897 0.93 <0.001 5.335 0.973 0.94 <0.001
Heartwood 4.988 1.106 0.97 <0.001 4.928 1.092 0.98 <0.001
Stem bark 5.017 0916 0.98 <0.001 5.176 0.872 0.99 <0.001
Live branches 3.948 1.305 0.90 <0.001 4328 1.220 0.97 <0.001
Leaves 4532 0.870 0.96 <0.001 4.662 0.834 0.97 <0.001
Alt. 1,000m, Northern aspect Alt. 1,000m, Southern aspect
Stem wood 5.691 0.974 0.99 <0.001 5.464 1.034 0.99 <0.001
Sapwood 5.567 0.926 0.98 <0.001 5.744 0.847 0.96 <0.001
Heartwood 5.166 1.034 0.99 <0.001 4.657 1.190 0.99 <0.001
Stem bark 5.205 0.864 0.99 <0.001 4.778 1.005 0.99 <0.001
Live branches 3.382 1.449 0.93 <0.001 4.430 1.155 0.97 <0.001
Leaves 4.577 0.864 0.99 <0.001 4.738 0.791 0.98 <0.001
Alt. 800m, Northern aspect Alt. 800m, Southern aspect
Stem wood 5.765 0.949 0.99 <0.001 5.522 1.035 0.99 <0.001
Sapwood 5.534 0.941 0.99 <0.001 5.371 0.976 0.99 <0.001
Heartwood 5.393 0.954 0.94 <0.001 5.118 1.076 0.96 0.002
Stem bark 5.311 0.834 0.99 <0.001 5.328 0.856 0.98 <0.001
Live branches 3458 1.443 0.96 <0.001 3.840 1.282 0.90 0.008
Leaves 3.262 1.201 0.92 0.001 4.309 0.908 0.99 <0.001
Table 5. The tree biomass (ton/ha) of Q. mongolica stands in Mt. Joongwang.
Site Stem-wood  Sap-wood Heart- Bark Live branch Leaf Aboveground Root Total
wood total
AlL1 300m. North . 118.8 44.7 74.1 13.8 40.4 3.06 176.0 35.6 211.6
AOUOM, ROMEMASpECt s 1yx 21 (35.0)  (65)  (19.1) (1.4 832)  (168)  (100.0)
Alt.1,300m, Southern aspect 105.6 46.1 572 11.6 48.2 2.6 168.0 323 200.3
(52.7) (23.5) (29.2) (5.8) (24.1) (13) (83.9)  (16.1) (100.0)
a7z n n N
Alt.1,000m, Northern aspect 137.5 65.8 71.7 16.3 54.3 4.1 2122 4Q47 2529
(54.4) (26.0) (28.4) (6.4) (21.9) (1.6) (83.9y (16.) (100.0)
b) 2 1 2
AIL1,000m, Southern aspect 1t2.0 41.1 81.0 19.0 34.0 23 177.4 349 2123
(57.5) (19.4) (38.1) (8.9) (16.0) (1.1) (83.5)  (16.5) (100.0)
32. 3 58. . 3 3
AI.800m, Northern aspect 132.2 73.3 8.9 16.8 61.4 2.8 213.3 434 256.7
(51.5) (28.5) (23.0)  (6.6) (239) (LD (83.1)  (169)  (100.0)
Alt.800m, Southern aspect 145.1 60.6 84.5 18.4 28.8 2.7 195.0 374 2324
(62.5) 26.1) (364) (7.9 (124) (LD (83.9)  (16.1)  (100.0)
*The value in parenthesis indicate the percentage of each organ to the total.
ton/ha(A| 25 195.0 towha)2A] &7} old =2 v} = 1981; 2H&-4, 1987; Brunori et al. 1995; W73,
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&2, Ovington (1965)2 TR 7o) Hy
ZE 174.6 ton/haz} 2. SF3I T} 53k Burgess(1981) &)
godsd e HiEx]7t 173.52 ton/haah st =, Tt
o olint t 2 3 Btk 2 o f= 2AHAY
o]

o) Qo] AP YA YRUE} vinA 2] Rel

i

SHE W8 11.5%(E1E 5, 2003)EE} ELZ] 9k Post oak
9} Blackjack oak & #ollA] A|sHE 8] 8-0] 17.76%°] 3]

= A A} (Johnsonst} Risser, 1974)2} ARt vkel
A F(2003)8] A AFET; 2 Aol A A S v F
of ZA v olf 2= Wit FAAAFNA & A
ZAAZEY A7) fiEe g A7tETh U o R 20X
WA AJRiAlC A A sHRe] SRR AR FEke] of
20% A2 4dHA A=vl(Rodina Bazilevich, 1967;
Johnson3} Risser, 1974; Canadell 5, 1999; Laclau, 2003),
W Ao M I A ] A Ek-o] Fe oF 20% W

DERSIEIS

=
AR Table 601 2.oF5H9ITh ZHAE A8 QA7F A

& S 1,300moll A B 12.7 ton/halyr(K) - 105

SHEFREEEE A 05 WAl 4 5 (2006)

APH 14.6 ton/halyr(R] %45 12.3 ton/ha/yr) 24 EARA 01]’\1
= ST} wobxol] uhe} F7HeE WA EAPHO A =
HE 800m ¢ R0t sfe 1,000m FoM o = ﬁﬁi
LIRS, F9 2 ol A Ht’”‘ﬂéi Az H-o] A4
g Plalgt AHelET 5 1995)011 whE | YAk ]
2 et 1,000~1,100mol A Al ZH-o) Aol =2
o Ao wyH ¥ o) B 04—?01]}\15 e =
31- 800m /\]7h,],‘:' alo] 7415} ‘—HH = ﬁ/ﬁﬂi =
Aol Sl=dl His) sl 1,000m A2V
3 EAo] 72 T A H o= feg 7 2
b A Ro] v 2o Ao 4 EtKTable 3).
Azl o] A7F AR st ohE AT-Eat b
b, 21 52003y AL E &3 ARelA 5014
1.85 ton/ha/yr(A173F- 19.61 ton/hasyr), BF47(2003)= 3
A9 5248 10.31 ton/halyr, 95 A9 3594 11.36
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ton/ha/yr, 4 A9 42948 5.79 ton/halyre}tal & L]"Ri‘:}. v
S urel g FEA(1994)2 A B4 2o AR

1.1 ton/ha/yr, o553 2Ha-3H(1986)E 7+ gfﬂ ¢ 9]
3694 1272 onhayr. B HATH BRI 5(2003)0]
BUE w2 A AlZRREge] oizh 2kt

Table 7. ANOVA for annual net production of Q. mongolica
stands by altitude and aspect.

Source df Mean Squares Pr>F
ton/ha/yr), HAFH 14.0 ton/ha/yr(Z] 45 11.7 tonvhalyr), ) Altitude ) 3,08 0012
2 1,000moll Al BAFA 17.3 tonfhalyr(R - 14.5 ton/ha/ Aspect 1 1.28 0.357
yr), YA 14.2ton/halyr(A] 5 11.9ton/halyr), 3 Altitude* Aspect 2 7.85 0.019
800moll 4] HAPA 14.5 tonharyr(A 444 12.0 ton/hasyr), r Residual 12 1.40
Table 6. Annual net production (ton/ha/yr) of Q. mongolica stands in Mt. Joongwang.
. Stem- Sap- Heart- Live - Aboveground
Site wood wood wood Bark branch Leat total Root Total
5.0 1.8 32 0.6 1.9 3.1 10.5 2.2 12.7
Alt.1,300m, Northern aspect
(39.5)* (14.0) (25.5) 4.4 (15.0) 24.1) (83.0) (17.0) (100.0)
5.7 25 32 0.6 238 2.6 1.7 2.3 14.00
Alt.1,300m, Southern aspectt
(40.9) (17.7) (23.2) 4.1 (19.9) (18.9) (83.8) (16.2) (100.0)
6.5 2.9 3.6 0.7 33 4.1 14.5 2.8 17.3
Alt.1,000m, Northern aspectt
(37.3) (16.7) (20.6) (4.0) (19.0) (23.5) (83.9) 16.1) (100.0)
6.6 1.9 4.7 1.0 1.9 23 11.9 23 142
Alt.1,000m, Southern aspect
(46.3) (13.5) (32.8) (7.1) (13.7) (16.5) (83.5) (16.5) (100.0)
5.7 3.2 2.6 0.7 28 2.8 12.0 24 14.5
Alt.800m, Northern aspect
(39.6) (21.9) (17.7) 4.8) (19.1) (19.6) (83.1) (16.9) (100.0)
7.2 2.9 43 0.8 1.7 2.7 12.3 23 14.6
Alt.800m, Southern aspect
(49.1) (19.6) (29.5) (5.3) (11.4) (18.1) (83.9) (16.1) (100.0)

*The value in parenthesis indicate the percentage of each organ to the total.
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Table 8. The production efficiency of leaf of Q. mongolica stands.

ARG o] @) 20} ATk AV 403

Aspect Northern aspect Southern aspect
Altitude (m) 1,300 1,000 800 1,300 1,000 800
Leaf biomass (ton/ha) 3.1 4.1 2.8 2.6 2.3 2.7
Total production (ton/ha/yr) 12.7 17.3 14.5 14.0 14.2 14.6
Net assimilation rate 4.1 42 5.2 54 6.2 5.4

oh WA wRaE2003)7F A7 @l 1 140mel =
A9 Az} vlwstd A7k SAARge] Hls:
FFEOF Yepton sk 94omoll A AbE FF A
AR OE 27 74 ekt

Whittaker(1966)= <& 5] A7+ sAL o]
B9 9tonhaiyr Hel, 88 13~21 ton/halyr, =F &
29~40 ton/halyr, 3% 41~52 ton/ha/yr2ki. SFAEH], ©]
ol AT ARES THIA T4 A AR Ye
AZF LA AR A ALE 10~15 ton/halyrEA] A g
Al A7k At He qto) Ul

318, Table 6014 917F <=AiAMeE A XM ok &te) o]
H&S B A Z o R 16~17%S1H), AR, | et
L, oMV, ST B AT Sk A
Aol th3t B o] wi¥-o] 11-33%2}al & KR} R
(1968) = M AELTHFANL(1966)8] B ST v]S261A)
VHERSL

v

3 %}19} ARl wWE S Al e A7 A
ArEE Ml EAREA S Table 79 Q.oFstoATt. B
arefl g F oA 9] 717ke) BE-2 0.0130 2 veR}
5% frelpollAl slEare] e AduR-gel A7k oA
e ztelr e R E Jebddt)h eE Alde] wig
717ve] 52 0358224 5% F-olFFo A AbHo| u}
& Ao Alole §le Ao Vel

AbHC mE AT AL Rl 7E YERA] 288 o]
e A A A S 1,300me] -, 94 A
o] s 1,300m o) oAl ATt Aol ehgA] e
LSS B u EAEe] vhe 22 9ldle] Az
of Aol o Aofxl ko] Vel o= FHHY. 1
5L FYAF sl 800m F-9le EAFAY A ZF-Ho
Aaqalol] 2 st sloja Al Fajs whe 5o
2 A7Er
3. =88k

assimilation rate; NAR)2 Table 89 YERHATE. o 7)<

2R Fgk AR A9 sk 1,300mel A 4.1 kg/kg/yr,
&t 1,000mol A 4.2 kg/kg/yr, a2 800moll A 5.2 kg/kg/
yro] 2, GAbE =] sk 1300mollA 5.4 ke/kg/yr, S
1,000moll A 6.2 kg/kg/yr, 312 800moll A 5.4 kg/kglyro =
LebgTt wpeba] B dgx|o e BAbE BT YA
A AR HEskge]l O B2 A0 R e oM,
EEE S 1,300mAE] 800m AtoloAE syt e
$2 £23lgo] ¢ Zolxl: AL nyr) z’s}ﬁ% o7

Aok 2RI 1987y 471 % FFA 2234 A2 T-g
Aol FFEE0] 342 kgkg/yr, HEIS 5(1982)2 2Bt
Fgo) 472 kg/kglyr, AAE F(1985) o}7pA| LR o)
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