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Studies on the Productivity and the Production
Structure of the Forests

I. On the Productivity of Pinus rigida Plantation

Kim, Joon Ho
(College of General Studies, Seoul National University)
(1971, 11. 19. A=)
ABSTRACT

The sample stand of Pinus rigida plantation was chosen from those at the Choongnam
Forest Experiment Station, Choongnam. The diameter at breast height (D) and the height
of tree (H) of each tree in the sample plot of 200m® were measured yearly a from 1967
through 1969. The stand was 12.7 - 13.4 c¢m in mean diametzr and had a stand density of 2,150
trzes per ha. The trunk, branches and leaves of each sample tree were separately weighed
according to the stratified clip technique. The allometric relation between D*H and dry
weight of trunk (W3), branches (W6) and leaves (W) were approximated by

Ws=0. 05917 (D2H)"3¥

Wo=0.00655 (D2H)°"9

W1=0.04466 (D*H"-5°
TFrom the above, the standing crops in ihe sample stand was estimated to be as much as
76.7, 81.7 and 88.2 tons of dry matier, above ground, per ha in 1957, 1968 and 1969,
respectively.

Annual net production, as the sum of the biomass newly produced during one year, was
estimated at 4.97 - 5.47 tons per ha per year. The respiratory and the photosynthetic rate
deduced from theoretical calculations were 0.045 and 0.74kg of dry matter per kg per
year. Tentative estimate of annual respiratory loss was made and annual gross production
was roughly estimated at 4.4 - 4.7 and 10.7 - 12.9 tons of dry matter per ha per year.
The ratio of respiralory loss to gross production was approximately 36 - 41 : 1.
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Fol BRIEE HELZ Tl N BUEHES
FAEER =
F XA kol
o] Wit HHAEREA LI EM d7ctk
V5 (Pinus rigida) TS e s 0 HELAFR
WE gy, 4ES f#ewsted Aol 9k =
Fleba S 1907 db2EelA EEC] SA= Lizk

2 mHEA *%ﬂt??}?;l o}t HEEEY w4 o £
Eel JIE okt

HEREAEAT ol ;l‘ﬁ/ﬁ HEEES] FEs FEY e
EWES —Fo R d3td HEH =, drAE B
TR 85 3o Pl Zdelvh. —ERES

BfFie) Hge) MEER

HE7E fEEe]
VR A Moo HERL Kittredge (1944) ¢ C']

B9 RS BER ot [EFEL T 49 BES

olel, RiLEEY RS

sl EE HMERES TANG T & A zﬂlsﬁ‘
G & X, W Al e 2R Rk
W=AX" W

A7 A Are W, X9 Heg 9 28te] EFEH 9
shel BES T EEel® 59 h T EEERGEE €
c}(Shidei, 1960; Hozumi, 1963). AAZ= W& £5H
Y BERS, Xt WEERDS #EE)dA 92
D'HEA RES F vk, HEERES Fied HHk
o] BFEHRT 2ol FlAEs e $-2(Kan er al, 19653
Kira and Shidei, 1967; Nomoto, 1964; Shidei, 1960;
Tadaki, 1969, 19665 Tadaki et al., 1967, 1970), &
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Fig. 1. Map of sample plot showing the position of stem bases and sample plant numbers.
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Newbold, 1965; Kira, 1966) o] wlzlA ol Fe] Fh =
S 5 oS Z2eh, 10X 20m M S &
A 1.3m Eoloh BAEMEE AJe= A49F% F
1967 ~19693 o F& 134 WEEES #lEds FK
HEES 9. 1967~19503 6 WED BHEERS &
e RAA SEEEAF L2A SRS s, EE
i EE L Bkl 144ce) GRS BEaEste 1969
¥ 108 Fee) foARsa sl fokek AL 0D,
0.3, 1.3, 2.3m--8] Bew g £ £F ©-K.
o Sistz, BN BB £ERS AR
deh. § £EY & Tl =feidl Mg, & 9
ze) 180l wishel HFES AFEST F o5& HEES
Lutele] 80°CH FiREElA ERe 2dAA Ty
2 TrHZEL fslz, & BEY REmREREC B
2 Agdgel 2 A o WA datals =T 80°CH
wRERez TG ¥ iR 29 ok
q4 HMEEE-HEREEHE ffREld BEhRN 2R
o #EE HEstach MiES #Es REm 80°C
oA vhq el F K RES @iestd o
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Fig. 2. Production structure of the representative single

iree in P.rigida afforestation. Lcft side of
diagram indicates photosynthetic system (F),
and right side, non-photosynthctic one (C).
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W31 E Table 1o] TATe. BHEES 0.3~0.4cm

Table 1. Annual changes in DBH (cm) of P.rigida

plant DBH plant DBH
number 1967 1968 1969 PUMPEr 1957 1965 1969
1 121 12.3 12.5 23  13.4 14.0 14.6
2 118 12.3 12.5 24 1L.1 1.1 1L.3
3 1.3 1.7 121 25 10.5 1.0.7 10.9
4 13.2 13.4 13.7 26 150 15.3 15.8
5 14.8 15.0 151 27 14.3 14.8 15.4
6 158 16.1 16.3 28 13.4 13.¢ 145
7 161 16.6 17.2 29 10.5 10.8 11.1
8 10.4 10.4 11.1 30 1.0 11.4 11.9
9 12,7 13.9 15.0 81 12.6 12.7 15.1
10 1.5 11.8 12.0 32 119 1zl i2.8
i1 g2 97 9.9 33 9.9 101 104
12 121 12.7 12.9 34 153 15.5 16.0
13 12.6 13.0 13.5 35 19.3 20.0 20.7
14 110 1.3 IL3 36 146 15.0 15.4
15 9.7 9.7 9.8 37 1.9 12.3 12.7
16 14.0 14.3 14.6 38 12.9 13.2 13.5
17 1.5 1.7 11.6 39 14.0 145 15.0
18 10.8 11.1 1.3 40 16.1 16.5 17.2
19 12,1 12.4 12.7 41 10.8 1L0 1.3
20 14.6 14.7 15.1 42  12.7 12.9 13.6
21  18.0 13.4 14.0 43 119 12.3 12.9
22 10.2 10.2 10.5 mean 12.7 13.0 13.4
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Kﬂ_ﬁ}'c‘it}" 15 HES o434 DHE &= 3%
B(Wy), HE(WE) 3 EE(WDS HEERMKE ™
SIPFIRESS] plotst Zo] Fig. 3,4 € 5o|u}, DiH~
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Fig. 3. Allometric relation between irunk Welo'ht
(Ws) and D*H per tree.
This relation is approximated by - Eq .
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&5 2,
Ws=0.05917 (D2H)0-s%7 (2)
Wb=0.00655 (D2H)"%° %)
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Fig, 4. Allometric relation between branch weight
(W&) and D*H per tree. This relation is
approximated by Eq.(3).

Table 2. Diameter of breast height (D), sq. of diameter (D?), height of tree (),
D*H and dry weight of terrestrial organs (Ws, Wb and W) of sample trees.

diameter sq. of diameterfheight of tree weight of weight of |weight of leaves
D*H stem branches
98 (D% (H) (Ws) (We) (W)
cm m cm?-m kg ke kg

21,1 445.2 9.25 4,110.7 68.72 25.70 13.15

19.6 383.8 8.60 3,300.7 53.22 23.20 9.84

17.5 307.0 9.17 2,815.2 51.26 20.10 11.35

15.9 253.4 9.16 2,321.1 41.78 9.10 6.38

14.2 200.8 9.00 1,807.2 36. 50 12.90 9.29

11.9 141.8 5.47 775.6 15.54 4.10 4.43

10.8 117.3 5.48 642.8 11.65 2.98 2.34

10.0 99. 4 5.54 550.7 13.04 3.32 4,68

8.8 76.7 4.92 377. 4 7.78 3.07 3.04

7.9 61.9 4,62 280.0 5.97 1.85 2.42

6.7 l 44,8 3.94 176.5 4.07 1.31 2.20

5.8 34.0 4.03 137.0 2.89 0. 85 1.23

4.7 22.2 3.19 70.8 2,16 0.62 1.0l

. 2.6 6.8 2.14 13.9 0. 56 0.08 0.28

— 99—
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Wi=0.04466 (D>H,-8%0 €Y)

A7 oA HEERGE A2 A s zx
oA Zeket. Abies sacchalinensislA DAH~Ws,
~Wb 8 ~WI9 hzre Z7 0.919, 0.928 3 0,851
¢] 9 = (Shidei, 1960), Crypromeria japonicad 1A=
2 77 0.95~0.97, 0.96~1.18 =1 1.03~1.21(Tadaki
1967)2A4  #7=takT8] hghe] w8
SRS

=

et al., =
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Fig. 5. Allometric relation hetween leat weight
(W1) and D*H per tree. This relation is ap-
proximated by Eq. (4).

B ke BER-S B DHE (2),®)
(DR LA Ws, Wo 2 WIE ZES &, &
?géﬁj&_, 24 Ws, W2l WIS &H3=Z g
& A BEES hagor BEe el Ml B
H(Wo) e Wi=Ws+ Wb+ WIZ 8L stdx, &
o] A= E Table 3o Zgelel vh. Table 3o 4 Wss] H
HE S 48~55ton/ha= A & 6~8%9, Wb 7~9%
o, Wit 5~6%9 s vetdeh b B8

B 1967, 1968 ® 1969w+ 4 76.7, 81.7 ¥ 83.2
ton/ha (100:106:115)= HFHmstgeh. 2= M
Vs o7l 1AL Mok HhEe] 0.4838c)dozz
ohgo et ®E 4 sl

7:?

BEAY £3FEY HEES 24 BEd #HK
g Pinus nigras 68ton/ha (Wright and Will, 1958)
upE] .S A4 AL, ] A= 165 ton/ha

Vs=

A%E

& RRARS EEBES £ED

10000

2
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(Ovingzon, 1957)0] ¢, P.sylvestris= 92-158ton/ha
(Ovington, 1957, 1965; Ovington and Madgwick,
1959: Westlake, 1968)0l 8 2, P.radiata’= 166—2304
ton/ha (Will, 1964)% A<t #{kr} 29 «]« b 3¢
A AWHES Porigidad) 23 22 BERS
k. 28w 6~15% /50 #BinZo] Jeng o
W& BER #nE Ao n sl

o]z

4

=
=

#oEE R

A7 oA LR }T"é% 15 RS B
T TUR. B URES BRI HES wa
BEREZ fidtElo s 71——[—2 + 9 eH(Table 3). .
EERS ML ER-S Table 39 Tl S wtek 2
o] 1967~1968d¢] 4.97 ton/ha/id, 1968~19691d o,
6.47 ton/ha/xd o] g v},

Table 3. The standing crops and the net productions.
of P.rigida (ton/ha)

[ ear | Trunk Branches Leaves Terrestrial
Y (Wo (W) (W) (W)
standing 1967 48.14 15.93 12,67 76.74
cTOp
(ton/ha) 1968 51.28 17.14 13.34 81.71
969 b5.25 18,74 14.19 88.18
net prod- |1967~
l(lcti(;n 1968 3.09 1.21 0.67 4.97
ton/ha-|1968~
year) 1969 4,02 1.60 Q.85 6. 47
T MAEERS BEY £52F 29, 997
A a’:"’r*r'dv glel A 5——30ton/ha/1;1_.4 AT FRE

2 BEREE 10—I15 ton/ha/rd el
9 oo (Kira and Shidel, 1967), P.sylvestris®] 7%
= 3.3—16 ton/ha/rd (Ovington, 1965; Westlake,
1963)el=, FREHyel BT P.nigrad] geold e 5.3
ton/ha/wd (Ovington, 1965)e1givl. HEH REFE &
el Slet=l AFEES] BfEHie]l BHET 6, 7 ¥ 8F
£ Prigida B4 @& fiLEEe 7.95~9.57
ton/ha/Wdel9 2, = EJIMIFEY P.densiflora B4
A= 11.5 ton/ha/idE g9 vh. Westlake(1963):
= Baike] HidERo B4H 2AN Adta 3
Ko, Humlﬂ: F Remkat KL L
£ ER e 9 e ER W T &R k.
I R ?i—A#?F 2378 mhedw

#F HxERsd 3T PR Y P.rigidef
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ST 2oz,
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Bz, WiEY A% el 12, 139 MELEIQ=, #%
SEE 2,1604 /ha, £ ER 4.97~6.47ton/ha/ud ¢
o khete], e 44 6, 79 8k, BE 2,4184/
ha, Mi4EEE 7.95~9.37 ton/ha/udslglvl. %
FEER] fie] 2duct 45~55%uA B A
< e, BFEESY ERE e Aoz 449
q=EE o e HEE oL et vhE ¥
MEEZE ol on AEMS] Paigra (Ovington,
1965)8; ®Wl%g g, 832 Kira and Shidei(1967)
2 &V MAEERRRY 2 HE Btadh.
Fig. 62 EEHNA BARY B2 AT BESHE
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1
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5
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Fig. 6. Changes of frequency in weight of terrestrial
organ per plant with age trends in P.rigida
plantation.

g 3 A

{Vol. 14, No. 4

ol Behd TR BRAA, 2 S B A
9 QE Ao Hot £RMEA Lelz, 245 o
A2 H3A AEHT o8 ¢ 4 doh

PR fR

Yoda ez al. (1965)& P.densiflorast P.Thunber-
giif] F|EF FRES JiEttd ENWEAY SRR
LFE #EIGY. 974 %E Boysen Jensen(1932)
9! Shidei(ed) (1960)8] J7ike] wehA P.rigida?) Bt
TRRES JeaRES vhest 2o ERmen s
&5 ch.

P.sylvestrist # b3 BEE A3t R BiEel
25~30%¢°] 4 v} (Ovington, 1957; Ovington and Madg-
wick, 1959). FHFRAAN = P.rigidad e BEEL
HHsH f9om 2 Posylvestrise EERS FioE
27.5%% 5IH% P.rigida? Fe REEL Eve
o o}(Table 4).

webA ZEHEE Wi

W=1,275 (Ws+Wb+ W) %
Bl BEARBES 2HE Wer
We=1,275 (Ws+ Wb+ W)H—Wi (6)

ol Al 14l e Efr Eid A MEeRES
o, FRERBES HHREL R, MEEES AWe o
T, BR - EE - BEES SRR

AW=a+WI—R-We ¢p]
o5

AW [We

00k

005

=005 W ,

0 08 dio 015 020
Fig. 7. Relation between AW/ W and Wi/ We per

tree, which is approximated as

AW/ We=0,74W1/ We—0. 045.




Dec., 1971]
AW wi
= e — R (8)

AW/ Wed WI/WeE 27 EEiEhPS] TINE ==
HEMEAA FESE, Ta& i ==lA plot 3
2 (SRl flstd Eigol & AH, EiRe Ak ast
AW/ Welily A v ¥ RE 2L 5 & Aol

Fig. 72 pEress] dhkel s & g4 plotgh Z 4l
Wi/ Wezke a2 0.16% ez Sigste, AW
[/ We Zre 498 4L Bz SiEtgdeh of HFHE
o] R B ReH el Wi/ Wed &
7 Atz AFdch Wl AW/ Wed A5t X
ARE a7t eED ZHelth ﬂﬂli Fig. 7404 &-7F
[B o ez xoli= EEEE AW/ Welh 511 iR
IEE ez EEIGH nl-,

ay=1.24 kg/kg/1d
a,=0.74 kg/kgHa
a:=0.34 keg/kg/\3
R=0.045 kg/kg/\d
olgdch (8K and —RE fRASIR

AW WI
We =0.74 We —0.045
z v olal v=g Hike = FEI Abies sachal-

a= 1.92~0.61, Rt 0.04¢|4g 3, Picea
0.95~0,59 kg/keg/xd R 0.015
(Shidei, 1960).0% 5, Abies veitchiid] ax= 1.4, Re
0.04 (Tadaki ez af, 1970)e) g et. o] 59 @HEZ Ro}
P.rigida® &R o= o} 5 EpRet Hdz,
WZE Re Al vt & Jekhagdeh

Table 4. Estimation of gross production(ton/ha-year)

inensiss

jezoensiss) o=

1967 ~1968(1968~1969
Production of terrestrial organ 4,97 6.47
Production of root* 1.37 1,78
Net production 6.34 8.25
Respiration loss 4,40 4.69
Gross production 10.74 12.94

*Root dry weight was estimated as 27.5% of
terrestrial organ.

LIiEAA 1& Rz HEMA #ES SNEERAN
o e 2]gl (e 4.4~4.7 ton/ha/idolgth
(Table 4).

wMEES

7] elA] MRl et 2 I - FRES BRI

& LIRS ARG £EN 161

=, EMEERS FRRPpRaES 435 09
e fEFERc e G)Xd std 2ERS ML
EES (8)Rel 9 ite rERiBRR-S ket FEST M
HEER-4 Table 4o &4l T ASe}. Tableol A #4

EfRE-e 10.7~12.9 ton/ha/w]el=, WRUEE/FBERE
BElbe oF 36~41%° gt d76A EER fEER
L, Abies sachalinensis D Picea jezoensis®] 19,0~
23.8ton/ha/v] (Shidei, 1960), Abies veitchii®] 16~
52 ton/ha/1i (Tadaki et al, 1970), Cryptomeria
japonica®) 52.6~54.4 ton/ha/vd (Tadaki et al.,
1967 5ol w]8ted ol ukd] L ol v,

H‘F

#w o=

BEAREREEFNY 87t (Porigide) HAM
o] &£ENS FEsdrh. 1967~1969 Aol MrER
(D)= #EHEH)E EeaEslde. REERY £RE
EE 0.3~0.4cm/4Fo]s ITARBEEES 2,150%/hac)gl
vh. 147ks] E#ERE Ekstn ZBEAS RHND Y
wgirfEsld BES NESE SEEERS (Rt ch
EBEY E'J;Jr D2H A HEEERS I8t &
W & cegatgd vl M LEBE BHERL 1967,
1968 o 1969@01 #4% 76.7, 81.7 ® 88.2 ton/hao]
g+t BERY £/ £ FEERLS 4.97~5.47
ton/hag A -8 BEFY 2TFel st A gl
E T EARE WA FHERL MREL 0.045
ke/ke/d, FSREBL 0.74 kg/kg/d4gx, £T
BHGREe 4.4~4.7 ton/ha/dels, SFHRERERE
= FEHsERA HET ERAERS 10.7~12.9
ton/ha/vdel=l, MpEEI/FEAEERIE o 36~4194°15)
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