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Biomass and Net Primary Productivity in Natural Forests
of Quercus mongolica and Quercus variabilis'
Cheel Young Song? and Soo Wook Lee?
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BAshlnh, A A% o 2 YA FA AR S AEste] FAstdwdl, 4
g F EIR:

44w o g Wt=aDH7} Wt=a(D'H)", Wt-aDb ueoh Agslgda, ¥ £F vF e
=2

% Qzepe] mRg AT T-AUs] & A4 w3 ddeh,
el WEare AT dwe ALY Fo] 130.6 t/hadl, FAUT Aol 137.4 t/had
o, elMzE AR Qael A9, o 5.1 t/ha(3.9%), F7HA 3.5 t/ha(2.7%), A 29.7

ha(23.0%). 53] 16.2 t/ha(12.5%), 28l 253 749 t/ha(58.0%)% v}, =3 Y3 ¢
3.8 t/ha(2.9%), %74 2.9 t/ha@2.29%), 477 24.3 t/ha(18.4), 3 20.4 t/ha(15.5%), 1e]
i 7HEE 80.4 t/ha(61.0%)ct.

e 197 AR ool Y FE A7 AU ¥l 10.0 tha/yr, 2HGHF o
ol 8.6 t/ha/yraich. ¥ b AP UGl el FYFU) LG~ 10 t/ha/y)w
7ol §ahg & B,

ABSTRACT

A study has been made to estimate biomass and NPP based on equation form of Wt=aD"H" for
Quercus variabilis and Quercus mongolica natural stands(Mean age; 67, 62yrs old) in Chungju. Equation
form of Wt=aD’H° was more adequate than Wt=a(D’H)® and Wt=aD" for the estimation of the
Jiomass and NPP. Individual biomass was compared using a paired t-test by tree component which
showed no significant differences. Total aboveground biomass of Quercus mongolica was 130.6 t/ha
and that of Quercus variabilis was 137.4 t/ha. Biomass of Q. mongolica was composed of foliage 5.1
t/ha(3.9%), dead branch 3.5 t/ha(2.7%), live branch 29.7 t/ha(23.0%). bolebark 16.2 t/ha(12.5%),
and bolewood 74.9 t/ha(68.0%), and that of Q. variabilis was composed of foliage 3.8 t/ha(2.9%),
dead branch 2.9 t/ha(2.2%), live branch 24.3 t/ha(18.4%), bolebark 20.4 t/ha(15.5%), and bolewood
30.4 t/ha(61.0%.).

Net primary production was 10.0 t/ha/yr in the Q. mongolica stand and 8.6 t/ha/yr in the @.
variabilis stand, respectively. Net primary production of Quercus forest in Chungju was very close to
the mean NPP of the broadleaved forest of temperate zone.
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Table 1. Topography and composition of natural stands of Quercus mongolica and Quercus variabilis.

Quercus mongolica

Quercus variabilis

: No. of Age of No. of Age of
DBH Height Trees/ le Remark DBH Height . Trees/ sunple Remark
L em) (M) e ha tree M(Cm) (M) “yree ha tree B
6 6.0 1 3 28 Sample 6 7.0 1 13 26 Sample
8 18 area : 8 32 area :
10 7.0 1 3 39 0m 10 9.0 1 41 0 Wm
12 42 « 12 45 9
4 10.0 1 70 5 14 9.0 1 55 50
16 127 2m 16 7 2m
11.0 1 5 6 ) 18 10: 1 71 65
%S }ig 2 10(plot % 0:0 93 14(plot
» 13 1 15 s No »n 123 1 g 6  No
2% 73 =().4ha % 104 =(}.56ha
% U0 1 60 74 (Total % 13.0 1 70 65 (Total
28 15 231ha) 28 68 253ha)
30 150 1 18 73 30 13.1 1 48 70
32 3 Aspect: 32 32 Aspect:
3 14.8 1 3 87 NE ~ H 14.0 1 18 78 SE ~
36 10 NW 36 13 SW
38 150 1 3 83 R 15.0 1 7 80
40 3 40 9
- Slope Slope
49 b .
12 17.0 1 5 100 ©) - 42 16.0 1 4 87 ©) :
Total 10 875 60 Total 10 883 60
Mean 24 118 6.6 ~100 Mem 24 118 6.9~ 100
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Table 2. Stand structure of Quercus mongolica and Quercus variabilis.
Quercus mongolica *Quercus variabilis
DBH Average Single tree No. of Volume DBH Average Single tree No. of Yolume
height volume o per ha height xolume o per ha
fem) () (m’) tree  (m’/ha) fem) () (m”) tree  (m’/ha)
6 6.0 0.0087 3 0.03 6 7.0 0.0101 13 0.13
8 6.6 0.0160 18 0.29 8 7.5 (.0183 32 0.59
10 7.0 0.0255 37 0.94 10 7.9 0.0288 41 1.18
12 7.9 0.0395 42 1.66 12 8.4 0.0422 45 1.90
14 8.6 0.0568 70 3.98 14 8.9 0.0589 55 3.24
16 9.3 0.0781 127 9.92 16 9.5 0.0799 73 5.83
18 10.0 0.1039 145 15.07 18 10.2 0.1061 71 7.53
20 11.0 0.1384 135 18.68 20 11.0 0.1385 93 12.88
22 12.0 0.1785 105 18.74 22 12.2 0.1815 87 12.79
24 12.9 0.2251 73 16.43 24 13.1 0.2286 104 23.77
26 13.9 0.2809 60 16.85 26 13.6 0.2748 70 19.24
28 14.5 0.3336 15 5.03 28 14.0 0.3239 68 22.03
30 15.0 0.3939 18 7.09 30 14.2 0.3727 48 17.89
32 15.3 0.4368 3 1.31 32 14.4 0.4062 32 13.00
34 15.6 0.4989 3 1.50 34 14.6 0.4609 18 8.30
36 15.8 0.5618 10 5.62 36 4.7 0.5154 13 6.70
38 15.9 0.6243 3 1.87 38 14.8 0.5730 7 4.01
40 16.0 0.6502 3 2.07 40 14.9 0.6339 9 5.71
42 16.1 0.7596 5 3.80 42 15.0 0.6980 4 2.80
Total 875 130.88 Total - B 883 172.50
Mean 12.1 Mean 11.8
cmell 4 42cm, 3= omel4] 16mel A RE Q52| Fekg of ZHslod ARgE 35 R4
S AU R wd dRes A E ke el

L ogle, B oxApR 2] Fhiidd
e AFel ‘:}"Jﬁh’ AFE gA LE3tct,

oz e vabazle o #Hyvle 11.47,
FHFle 17.7C,

F: FHAGP A& 6.30H 2
d Z4eke 1261.2mmedct. 28] haw ¥
AL Az gl#o] 130.9m’, R o
#ol 172.5m° o2 Fahpywle] Alzhiyelw
o A vhebdel, oA ASsa s 8
e chgs gk, Az Qo] ahEa e
A%, g, wAA, de), Az, FHae,
FHUR, N Sol HESfG oM, FIE 9
o A, sk, duF, S e, )
g, wel, sleEe, AT, iy Gel
SEEL

2. BFHER ¥ 9NFE

1. 32 % £253529 A%
ZAHFE A F e Aol Al =
Abgh Al A E Ayt e, 2
715 20m < 20m=. &hsdct. E_%ii—b Xé*o”‘i
3

=
=
(o
& e AEgEe

17‘&:’10

2 2 :»T._I;I_.Tx’_o] Z=z] ) zz%.ijiH _7}]
} abdel 2E Q1%
g e

4 ghalsla 2]
redd ¢ oglm

ol 48 4 9
£ 44w sle},
AgE 108

od JF_,Q_ 1] Al

= 20cme] €] e

A wxslgon ¢k 2m A o® Aruts)
U Xi%# AP%M e A T
& FAskado. % ¥°1 =45 slsked 2 5
el 7 l()cm Jie] dRE RS @Al
el F4shadct, % S WEE ZTE] el
e 2ab FAsksdch, 4 dEHE b

o} ali =4

e HAE et o ATHS 2
A, a0 FEF Avlel uel Fa
%, B89 "E"a”
t}(Whittaker and Mark, 1975; Whittaker and
1969) PR ERe] FE5E2 5~10%
BR g EQl gyt A EAsled
-rﬁ}oq Agag gubshsict. He il
24 "lﬁ}zl sk ow, 7hA =
el H EFHEF F, 10~20% H=

0
o
2 s 32 Mo

rRoR AAg %

woodwell,
z—] w3y o3 o l'i

AxE

re

X

o tlo R

7L ol _‘?’.Eé: =
2]

3K (e} E
3L o
_LL'F,I' El

i
=



446

Alvhyeh F3uE KM EERS BER 2 WE dEdd 33 97

Table 3. Soil characteristics of Quercus mongolica and Quercus variabilis stands.

Soil horizon (@] Al Bl B2

Depth (cm) 5-0 0-20 20 - 50 50 - 80
) I SiL L L

Texture (U.S.D.A.) I SiL SiL SiL

o 1 4.83 4.69 4.67

pE il 4.80 4.96 4.89

. I 0.62 0.38 0.28

Tetal-N (%) 1 0.54 0.19 0.03

. I 1.50 1.45 1.11

0.M (%) o 1.46 1.40 0.99

I 1.78 1.69 1.59

P:0s (ppm) I 1.45 1.43 1.3

- I 9.50 9.00 9.00

K- 1 0.70 0.80 0.50

Exchangeable il 0.70 0.50 0.60

o ot ] 1.28 1.88 1.46

C"‘/l ) il 0.82 2.48 1.66

(me/100g el 1.30 1.20 3.90

g i 1.20 6.20 2.50

I is Quercus mongolica, 1 is Quercus variabilts.
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Table 4. Individual tree blomass equation of Quercus mongolica.
Comparison of R* and Syx/Y between different equation forms: Wt= aDPHS, Wr=a(D*H)",

and Wt= aD where Wt is weight in kg. D is DBH in c¢m, and H is total tree height Y‘EL{YLA
Tree - _,ARQ_._,W . S}'x' Y (ZWt/o) e .;S,y,x[\?., e
Component  4Pp a(DZH)b aD®  aDHe a(D? H)° aD aD"H‘ a(D’H)®  aDb DL a(D H)h an®
Foliage 098 0.76 096 1.44 0.16 0.18 9.9 544 551 0.4 0.2 0.03
Dead branch .98 0.76 0.95  0.95 0.06 0.08 6.57 3.68 3.69 0.4  0.01 0.02
Live branch  0.97 0.83 0.99 12.98 .39 1.67  69.72 32.74 40.30  0.18 0.10 0.04
Bolebark 0.99  0.81 0.99 245 150 0.22 2961 18.62 20.85 0.08 0.08 0.0
Bolewood  0.98 0.87 0.94 25.42 12.27 30.16 169.77 89.40 145.01 0.4  0.13 0.2
SolalghOVE 098 090 0.90 0.2 24461 U430 20305 165.26 3714 003 0.4 0.3

*

standard error or of the estimate




448 AlZobreb by KM EERS] BER Y WHE EEl B3 o

Table 8. Individual tree bigmass equation of Quercus variabilis.
Comparison bof R® and Syx/Y between different equation forms : Wt=aD’H®, Wt=a(D’H)®,
and Wt=aD’, where Wt is weight in kg, D is DBH in ¢m, and H is total tree height in m.

Tree R s Y(SWt/n) Syx/Y

component DM a(DPH)® aD’ aD’H a(D’H) aD®  aD'HF a(D’H) abb aD'H® a(D’H)® ap’

Foliage 098 076 0.9 0.65 0.16 0.09 6.37 5.4 3.9 0.10 0.02 0.02
Dead branch 0.9  0.76 0.94 0.16 0.06 0.06 420 3.68 3.16 0.03 0.01 0.02
Live branch  0.98 0.8 0.99 537 3.3 119 225 3.1 36.14 0.12 010 0.3
Bolebark 0.99 0.81 0.9 266 1.50 0.3 32.30 18.62 23.87 0.08 0.08 0.00
Bolewood 0.98 0.87 0.9% 21,79 12,28 22,97 145.21 89.10 123.92 0.15 0.13 0.18

Total above
ground 0.98  0.90 0.91 30.61 24.46 84.84 235.08 165.26 275.61 0.13 0.14 0.31

Table 6. Comparison of individual tree weights(kg) estimated from biomass equation' with measured
values of ten sample trees of Quercus mongolica.

pD.BH. Bolewood Bolebark Live branch  Dead branch Foliage Total abgve
(em) ———5— - - grour

A“' B" A B A B A B A B A B

b 3.95  3.42 1.06 1.35 1.2 2.46 0.26 0.14 0.36 0.50 7.44 7.87
10 21.13 13.60 6.78 3.91 8.87 1.99 1.59 1.20 2.19 0.81 35.13 21.51
14 43.77 28.08  11.77 8.61 18.35 7.86 2.74 2.64 3.87 1.31 73.31 48.50
18 76.20 54.72  17.94 18.90 32.06 13.82 4,20 1.18 6.04 3.12 128.00 91.74
22 94.94 103.32  20.28 18.98 36.29 53.25 4.04 2.40 6.00 7.28 168.53 185.23
26 115.99 185.04  22.84 32.44 41.24 53.37 4.03 10.74  6.14 12.80 214.71 294.39
30 164.72 237.72  30.03 46.72 59.61 120.27 5.45 15.90  8.37 14.40 302.88 435.01
34 247.06 270.78  41.95 37.21 94.87 112.83 8.39 11.79 12.87 10.75 441.18 443.36
3 374.97 249.48  59.64 64.85 155.65 174.70  13.55 12.72 20.67 23.10 643.63 524.8
42 555.00 724.22  83.17 73.66  248.97 303.19  21.44 14.29 32.54 41.25 915.69 1156.61

T-test ns" ns ns ns ns ns

[ is Wt=aD"H®, II is estimated, Il is measured, IV means no significant difference at P<0.05.

Table 7. Comparison of individual tree weights(kg) estimated from biomass eguation with measured
values of ten sample trees of Quercus variabilis.

Total above
] o ground

G N A B A B A B A B A B

6 3.64 3.52 1.89 1.76 1.42 1.78 0.48 0.35 0.29 0.48 7.79  1.97
10 15.63 14.38  6.16 5.20 584 5.10 1.32 264 1.20 0.92 28.50 28.38
14 36.95 27.50 12,22 13.20 13.15 7.35 2.31 2.20 2.58 1.26 62.75 51.42
18 6239 54.28 18.30 18.79 20.88 17.82 3.06 1.38 3.77 1.40 104.68 93.8
22 7950 77.15 21.49 18.88 24.43 17.89 3.14 1.20 3.85 2.93 140.42 118.3%
26 107.65 130.74 26.97 26.22 31.47 17.78 3.60 4.03 4.61 4.22 191.60 183.44
30 158.15 184.87 36.72 49.07 45.44 82.55 4.66 13.53  6.57 14.52 271.31 345.74
34 227.03 262.11 49.23 53.13  64.57 87.28 6.00 5.81  9.32 14.03 373.87 425.06
38 321.86 325.56 65.52 54.96 91.24 96.89 7.75 10.35 13.30 16.98  506.22 507.33
42 439.33 434.11 84.50 85.94 124.10 154.30 9.72 8.809 18.23 23.64 663.65 709.86

D.B.H. Bolewood Bolebark Live branch  Dead branch Foliage

T-test ns ns ns ns ns ns
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Table 8. Individual tree biomass equation of Quercus mongolica and Quercus variabilis stands.

Equation form : Wt=aD"H",

where Wt is weight in kg, D is DBH in ¢cm, and H is total tree

height in m. -
Species Quercus mongolz'ci - Quercus variabilis o
Tree Component a b C N a b - c o
Foliage 1.0029 5.2585  -5.8208  1.0014  3.6877  -4.0183
Dead branch 1.0037 5.3483 -6.0920 1.0007 2.6422 -2.8070
Live branch 1.0032 5.3425 -5.2016 1.0005 3.4781 ~3.0204
Bolebark 1.0022 3.7551 -3.4607 0.9999 2.8506 -2.2960
Bolewood 1.0022 4.3677 -3.6016 1.0005 3.4449 =2.5077
Total above ground 1,0017 0 3.8656  -2.7459 1.0003 02,9251 -1.6380
* Standard error of the estimate.
Table 9. Stand biomass of Quercus mongolica and Quercus variabilis stands. -
Q. mongolica. Q. variabilis. -
Tree Component “/ha % s t/ha %
Foliage N 5.06 3.92 3.81 28
Dead branch 3.45 2.66 2.92 2.21
Live branch 29.67 22.96 24.29 18.44
Bolebark 16.16 12.51 20.37 15.46
Bolewood ~ 74.86 57.95 80.37 61.00
Total above ground 130.58 100.00 3 137.38 . lpo.oo
Ground vegetation 15. 7J o 25.08 e
Total biomass 146 33 - 162.46 o
2. YR HEY viale] dEeske G 4794 Quercus robur
Qi HEeEE FH3L7] flste], 282 #E alarele] 128.3 t/ha, 3994 Fagus svivatica
o FATAe dF Add dEsiedel, xR -9 133.3 t/ha, 29w 52994 Picea abies
ZAehs A EAsted A ) A5 2 A4S "ol 132.2 t/ha, vEel Fagus grandifolia *
3k (Table 8)-% “Fabadch. olelgh &% EeF odule] 130.0 t/ha(Art and Marks, 197D} %
FA Al Table 1, 28] F2474, #3125 H& Abgt kg Rl wat F3hre] A gt
ste] zt 7 g haw Y5 BEFE w3l I E daeke Hod Ay wheld(1993)0] g AL
dzeks Fsigda, 2 A3 Table 99F 2 8 2620348 AN #AHe BFEA T g
grel, Aol &7} u°ﬂ ulel dEgr £ty T Adwde] FAAAL 8 FAE:g FA Ao e}
i, A% 18cmet 2cm, +% 62197 65”1(Table AfoA AbeelU g el 164.0 t/ha, aEE
1 #a)% AFstedd 343 715 Kok, el 158.9 t/ha, 3194 Pinus nigra A3
Az WEw A e AEAY FEAAE FA ‘ 163.4 t/ha(eiZd=l %, 1985), o 39
aa)sted 1987l A& felviel s =Fel Lavic leptolepis 21339} 164.4 t/ha(Satoo, 1969;
g397)E e 25-45\delt}, olE wmeld Y Satoo and Madgwick, 1982), ¥ ol duli-
Bl pabgl e o] Wiv|EE "l Z3siddcl. 22} 174.6 t/ha(Art and Marks, 1971) ¥r} &
oefud #H 26, abgde] mEFhglel uwhel FelA A ookl geid) oA 5(1985)e] Hoangh
Far7t F7hstn oSS T ALEEN ¢4 Fapte] 2234 wlrld kvt gl o] 142.2
AR #3s et TEYUr|EE £2HY t/ha %3 Ak, =g, Faiel 4744
HoAe] ol&& AAR Far sluk, Picea abies <3%2] 139.8 t/ha, vl=rel &l
Table 9ell 4, =43 = FFard A2 o Quercus bovealis A3l 137.0 t/ha(Art

°] 130.6 t/ha, &3htisel 137.4 t/haw 2
tprelo] o ow uhehdrh, ® ol 4

and Marks, 19712} 7Qvic} Brunswick®] Abies
balsam, Betula papvrifera®} Picea spp.2} 43l

o
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o] 1537.0 t/ha(Tritton and Hornbeck, 1982)%
frAFsksd o},

2F 130~140 t/hadl o]= % AefA 2] of=Fw)
2 oulER FERTE A L%L % dE=F9 58.0
%, 61.0%2 2=13ked o2 a7} 15.0
%, 16.0% +o& ‘—’rﬂ‘ﬂ‘% gk 5-(1992)°]
Xk 35~5094 AlZvyd &89 70.0%,
84.0% Kot dokx|vt, whalgal FH41(1994)0]
Boagk Alzhbgel 60.0%, 23T 60.0%
frakgl we 2Eeduk, AR HEE24.0%, 30.0%=

11.0% G 5, 1992), 25.0% (a8} =33
A1, 1994) B} cha E=okch. 32 4.0 t/ha,
5.0 t/ha® 3.0%, 4.0%% A3k, -2y
ahe) b AefAlo] glelA] gakx 1 vlE R E
off #gt AMaedte] wpzwl, Fedfo AL 1.0
~12.0 t/ha®] ¥l glod, Hz ¥lxE 2.0
~4.0 t/haz FyebAlel 2|99 G HgFH

AEE o WHE Sk 3% d7

(3.0~4.0 t/ha)=t Falsickz stdoh(Z A 43t
A4, 1985 o1 A@A &, 1985).

2 oAyl e oux ol wlsstct,
ez = algo] 15.8 t/hagt 25.1 t/has #
etz A AelAle] HEgol 146.3 t/hast
162.5 t/hat = =7] wlZeol ARGl YAy
S vmz] ok Aoz eyt

3. Net Primary Production (NPP)
E.‘;‘_—‘?—O] \:}1 *AHA].;'J:E 223} ?‘, 1 iz%
FE AL FA QY A E AFuE
Zzb % Z == Table 10, 113 %o}, Table
10, 119 AYA%5 R%e wwd, Alzhpsst 2
Fhbr 8L 0,918 Adste 25 0.97014
L8 AgAYL s wstod, Aaby 2w
2l A FAAe] Y Eodkdh SUER,
= 3

A, A, DA 279 FAE

>

Table 10. Individual tree NPP equation of Quercus mongolica stand.

Equation form : Wt=aD"H,
tree height in m.

where Wt is weight in kg, D is DBH in cm, and H is total

5) —

Tree Component a b c R° Syx Y Syx/Y
Foliage 1.0029 5.2585 -5.8208 0.9831 1.4492 9.9108 0.1462
Current twig 1.0039 5.2818 -6.7044 0.979% 0.1400 1.0391 0.1347
Branch 1.0040 5.2319 -6.1738 0.9837 0.4707 3.5460 0.1327
Bolebark 1.0028 2.8074 -3.8061 0.9171 0.0661 0.5120 0.1291
Bolewood 1.0035 2.9657 -3.3742 0.9863 0.1937 2.5903 0.0748
Total above ground  1.0024 3.8937 -3.8209 0.9927 1.4982 18.3915 0.0814

Table 11. Individual tree NPP equation of Quercus variabilis stand.

Equation form : Wt=aD"H®, where Wt is weight in kg, D is DBH in cm, and H is total

tree height in m.

2

Tree Component a b c R® Syx Y Syx/Y
Folizge 1.0014 3.6877 -4.0183 0.989%5 0.6592 6.3750 0.1034
Current twig 1.0016 4.1104 -5.3658 0.9889 0.0828 0.8083 0.1025
Branch 1.0005 3.3926 -3.9832 0.9938 0.1790 2.5386 0.0705
Bolehark 1.0007 1.0830 -1.5223 0.9167 0.0526 0.6698 0.0786
Bolewood 1.0013 1.8639 -1.9587 0.9939 0.1259 2.7763 0.0453
‘Total above ground 1.0009 2.3614 -1.9921 0.9978 0.5016 13.4503 0.0373
Table 12. NPP of Quercus mongolica and Quercus variabilis stands.

Q. mongolica. Q). variabilis. o
Tree Component t/ha/yr % t/ha/yr o
Foliage 5.06 50.80 3.81 417
Current Twig 0.65 6.53 0.49 5.73
Branch 1.99 19.98 1.63 18.92
Bolebark 0.41 4.12 0.57 6.56
Bolewood 1.85 18,57 2.13 24.62
Total above ground 9.96 100.00 8.64 100.00
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