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A Comparison of Production and Solar Energy Utilization among
Young Pinus koraiensis Plantations of Different Ages

Kim, Yong-Taeg, Seung-Woo Lee and Joon-Ho Kim
(Dept. of Botany, Seoul Nat'l. Univ.)

ABSTRACT

Phytomass, annual net production, respiration, annual gross production and litter
fall were estimated in young Korean pine (Pinus koraiensis) plantations reforested
1,2,3,6,9 and 11 years ago, respectively. The estimated phytomasses in terms of
allometry were 0.07, 0.44, 0.58, 13.37, 32.26 and 48.42ton/ha for standing phyto-
mass and 0.07, 0.31, 0.82, 4.39, 7.43 and 9.12ton/ha/yr for annual net production
and those of understory with harvest method were 3.70, 4.52, 5.28, 6.72, 7.56 and
5.72ton/ha for standing phytomass and 5.01, 4.71, 5.53, 6.15, 4.51 and 2.08ton/
ha/yr for annual net production at 1,2,3,6,9 and 11 year old plantation, respectively.
Although the standing phytomass of understory increased gradually until 9 years
thereafter decreased, that of white pine increased suddenly from 6 years after refor-
estation. The ratios of the annual net production of understory to that of white pine
were 71.57, 1.48 and 0.23 at 1,6 and 11 year old plantations, respectively. The net
production in calorie value for whole vegetation of the plantations increased until 9
years thereafter decreased; i.e. 224, 221, 280, 466, 527 and 494x10° keal/ha/yr at
1,2,3,6,9 and 11 year old plantation, respectively. The ratio of annual net production
to annual gross production of the understory was lower than that of the pine at the
same plantation age. Efficiency of solar energy utilization for net production by the
pine was lower than that by understory until six year old plantation but that was
vice versa over 9 year old plantation. That for gross production by the pine was
lower than that by the understory at all plantations.
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Likens, 1979). FAX A= F43 & 2047 13 843, A&z 4 Fggfo] F713
& o} 745} (Toky and Ramakrishnan, 1983). Pinus elzottz zZAR oA Q&Y 14
S e 26 T, AAEE 5d Fol Ao o] % ohA 78k (Gholz and
Fisher, 1982). 3 &FoA] Aef A g & o] §3lo] A} Ad-d e AFast 44k
o] %7@51 ub gl (7, 1971, 1976; Ak A, 1977 2 &, 1977). 3

Q9e WD F 54 FEL AR 20 A3 Qe e B Al 3t

I s mo] 2z gk ol % & Arlmd 2gwAe] o 50%% shoh AR eta

QAT BAL AUFE 2YT T AT 1A QRA S 2G5 4%
35, A4, ATPAF R APl SR A Azl WE WS

AEH R
B odFE A7 E G g5 FAn EuE(37°40/~37°45'N,  127°16/~127°20'E)
o &A% 1,2,3,6,9 3 114 shtFzgAd A Fd 5 5leh(Fig. D, A AR s £v
o= A A EaS A (clear cutting) & & 3dA AV 2E5E (U= 2,986/
ha(#F A7 A, 1.83m)RE 412 0.5ha o] 4o} Zlxlel A3tglet. 1W A&
1984\ hgell Al VTR HetaL 1985‘4 doll B Az JFAA 35°8 HF
A}Udzixi A gl = 5177}7‘4 o, TAEA D FFEUTIE SRR wER AT
o} RAEF7IE] waken A A= vl Eel 916}04 Lol Aol qdelukrh 21 2 A
= 1983 7hgo] Alzdvhry & W Es)
127 7' 301984 ol HEE A HiA
RS A28 FEAT oA $H B Q
NAMMANG SUSANRI-> ZL\ AR A9, ErEA 2 Had
Feolgih. 2o AFE ¢ Tem F

Az FAegleh 3d £ X+ 19824
shgell bRl W Eska 19834
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¥ou @ael ol S, UF F

Abgo] LA EHe] it Bk
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nydng

/\/\/\r“oofv\ » lyguy 64 29A%E 19799 7F&el AZvF
| Mg 2R A4 9N 19000 ol 252 3
AT W i e YEAA 250 FEAYeEA 9
AN g JEEot SAGRen 2

0 500m
— Erlo] sAbelsb FA et zhttel] o
Fig. 1. A map showing study area. Closed circles sto] ¥ o7 A Aetgch. EG AS

indicate study sites, S1: 1 year-old, S2: 2 o

year-old, S3: 3 year-old, S4: 6 year-old, lgemelgiet. 9 2¥ A& 19764
S5: 9 year-old, S6: 11 year-old plantation. FhSo| Al AV EEE WEe . 19774
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Ho| 558 AU JF34 25°9 FA ez JANEL dFEVE, Fout Fo] $4
grgch 1Y 2R+ 19749 7H&ol| AZAVF3E 258 19754 ol 25& A9
HEA A 25°9 FEAozA A Ee W TeuoL 24 sk o
R F &
UMMES] HER, MAMZ 2 HEAME QA5 dEFS Fihr] sl 2d

ha|

Atk 59 IxIm Tl 299 AARE AR o), 2 9 2AAE Lo
o 80°C AzA oA o] @ WA QxEA F e

AT $AAFE dHATAEF W03t dHEAEFWain) e Aol AR
DD+ 3 #oz gFstget. A4AE] 2L T3] At 44 Eo] A3
1x1me] 97 o] 50x50cm 4 75 2 do & AR 2mm A2 EFAT B2
ANz AZxA7 5 Agsigdcr. 9 44 & (instantaneous disappearance rate)-& A%
71zl 20 go] £ litter bags 2] 2% A 4ol WA gtz 19861 59004 Fd 847~
33 AA st Tageh. @ 9 S FG S EE o)L AKI 0 FY
TALA] 8 A 4519 o} (Wiegert and Evans, 1964; Ryu and Kim, 1985).

LTl MY =23 T dEFE AR (allometry)e] 9 Fte] FAH =Y
(Kira and Shidei, 1967). 1,2 9 33 Z%=9 Fe A EHdAY 34 D7 Fa(H)E
6,92 119 2949 4% F243Dus HE 349 522 DHE A 4dn
of e WA el Gt EEEE A4 % AES A A% AW, AW 2
A (W& 71 zekd D2HZL A o Al A A A4 (allometric formula) & -8}t o] 2
of 4 297 9 A% 4F DHEE ddehd 294 8 aFe Az ‘t{r}"g
BHW0e ae] BLFW,05 A0 Q2FWa- D AHW)ol 2ds) ol @
W Fotel 43392 AFALFW,0E Wool 92 35£43RE Foied 2
e,

F
]

S8 £ dAAEH 3T ZHAAFE FAN A8d 1,2 2 39 x29x
A28 FAEA F1 84 (Spodiopogon sibiricus)e] A AJ4eL A%, 6,9 P 11 29
A qAe] LA F WE - (Weigela subsessilis)®] #e], &7 2 oL, zzls xh}To
A, A R AFFUR Aed 2419 AW 1FEL 24t A ALY 15
L FeolA AE E SEA] ATl dAT FEZ COt AlA" $5F deolFx
%9 5 b2 3 47 IRGA: Yanaco air 2000% AH&ahe] 27014 ok 7 COBES
2R3t AN EFFY CO, EEmd A 355S A Astg o (Sestik et al., 1971; o),
1984; Kim et al., 1986).

@) 2 F719 ZHFad g -’F’ﬂ

e 3EES 2 A9, 499 F 2 019 A5 el oo (Negishi, 1974;
Satoo, 1982; Yoda, 1983). kvt %71% A7 TF=AFE #4387 S8t ohed g
< Ay E =3

RI(H)::liméz(f( Y))2- Y/k-R(Y)-D(Y)

=f:7r(f(x))2-R(x)-D(z)dx ...................................................... M
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e Y=H/n-k.
RICH): Q4 exzA0A o] Hal v
F7olA DA RT PEHE CO, )
f@@: 499 o] zol A9 719 WAE  wof
R(@): 91919 Eo] zolAg] F79] 94§
237 5SS
D(@): 999 %ol aolAg 279 WF  § -ogeia 097
7 7b QEA DT e A @7 4F
et
f(®)=~(Dy/2)/Hz
+(D0/2) ..................... (2)
A7l A D= AZelAe] 79 A7 BT . e
oo
@3 20°Coll 4 R(2) (ms €O,/ DW/hn)sh T8 B T e e gk of
f(z) (cm)9] HAA ] v}59 = 3t (y=az?) Pinus koraiensis.
7+ A 45 9} (Fig. 2).
R(z)=0. 05422+ fF(x)) 7098 (==(), Q7QT) -erorvevrermeeerensmciiit 3

D@@)el %419 HFuF d=0.51 g/eom’E Ag3z A Del 4 D% @& HYshz
A et 4 ()7 498

RICH) =radD @t HJ (3-4-B) /4 oreevrnacemmimniiiiiiniiiiiiniii it ey
@ Dy (em)st H (cm)9f Aol vhf 13440] AL glvh

Dy=0. 0189H —0. 2295 (7r==0. 9848) «:+ereerrrrrrsrrrtriirniritiiriai i, (5)
A (Dl ()% Wt AT o 4 (6)o] delart

RI(D)=0.0107 (0. 0189H—0.2295)"-%57 (mgCOy/a stem/hr) «weveevrreceenn. )
20°Cel A had 1947t 3§ (Rd, gCOHL b5 2t

RA=RI(H) - (ha@ o] T E) 2401000 «ervreerrrerrtmmi. (N

had 97 % 35FRYE A ®F 2rh
Ry:iz; RAQ: (0207100 B ittt it ®
i=1

Q : Van’t Hoffe] 254 4(Qu0)
T:: 9 28 712C0
M;: 7t 9% A (day)
bRl A% Qe HE 2 AR Akt Aol gPeng 4 FAAY pEd T
<l 1.68& A -&3tgirh
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HEEY
(Adiabatic calorimeter, Parr) 2 o gk-&

EfZULX] OIERE HlFlA] &R

o APATE B HEAA U 02

24 AR o (Sestak er al., 1971).
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=
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Zol 7k 3 et(Fig. 4).
d =979 vy 552

L8 QA2 AFe e 2w FRF

Ack(Fig. 3). 1ds 69 AR ES AT
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9 LA FERE v Fo] £ ow ]
sl A F=Agk 6 o] A9 T
8 Fag5er B o 39 2 AR 3
4
0 A A— -—--11.0x10
A, open
8 108 &
£

&\ o
F6t 06 &
£ g
Sul cover/tree  Jgg ©
3 2
e 5]

2t P28

0 00

6F 46

6t & %
£ kT
) 5
5 =
- g

2y crown diameter 12 £

0 L s g

0 2 A 6 8 10 12
plantation age(year)

Fig. 3. Growth habits in diameter and cove-

rage of crown and tree height, and

open area of Pinus koraiensis plantation

with different age,

AzA7 AEAL 449 £% 0.58%
23 8} o} (Paine, 1971).
< FNAN AEES
FAste] g Al Eo] A=

S 4t
YA A 0.4 R 0.3melQw, FAEL
= 'E’\Q_- l’ 3: s‘doﬂ/q
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pelletz mtEo] i g4

2=9] 104 7H1977~1986)
Jz ag

Fape] AAe z2gdne Wt &
ar

.3 % 2.0mo]g]t}
,14,88%0] oj2x
-‘71—“%"3_751011 v & 3ho] Frof
AAE dg2ELYg o2y
ol Ao} 2ty St
2 89 A el

4ol et
71 A&Asled 9del A v AR
HERF T HEFFEHL AT 1,2
9 3¢ 2gA oA AFF W, W, W,
A AN AzF (W)l A3 A 44
- b3 Zsi(Fig. 5A). 4714 DE
A Zde] A9 A Ao},
log W,=0. 7694log (D2H) — (. 6428
log Wy=0. 8466log(D2H) —1. 7456
logW,=0. 6331log (D2H ) — 0. 3042
logW,=0. 7169log (D*H ) —0. 6953
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Fig. 4, Production structure of understory in

1 year-old (left) ane 6 year-old (right)
Pinus koraiensis plantations. F: photo-
synthetic part, C: non-photosynthetic
part.
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2] 6,9 9 11 2P A A 9 AL g Zokeh(Fig. 5B). o714
= F2A Aol
logW,=1. 517log(D?H) +0. 692
log W==0. 497log (D?H ) -2, 880
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log W,=0. 540log (D*H ) 3. 816
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tions with different age.

0.07, 0.44, 0.58, 13.37, 32.26 ¥ 48.42 (ton/ha) (1:6:8:191:461:692)0 84 1~

el A AFPLE FRqTE 2 ol Fel= FFEo) 3 A (Fig. 6).

ARAE A%

HEFY A 24 39 4% 2719 7He9 43 2o AAFE, 85 9494
H2FE e g Fig. 7). 29l @& AZYF AZAEF(Wnd) S 1,2,3,6,9 2
11d 2AR A A2} 370, 452, 528, 672, 756 ¥ 572g DW/m? (100:122:143:182:

200014 ch, 2ETFHor FAdE 1dxH
A8 Wnaxl 730 g DW/m22 FA4 79

A= v] &3¢t} (Wiegert and Evans, 1964).

ZYd o vt QA EE 2ES #AF
(718 ez FEIS HEFE 24
g A, 2Y4d5Y Fote] v 2EL
el A =zz " F 3d ¥ iy, I
59 43 Erle 6dd 9dol Hmz H
2, FAE FAT FALFL 9d A
F7pste 2 olF Ay oh(Fig. 8).
eliottii 20 =9 YA EL =Y
5d Fo HAAEZHE e gk (Gholz
and Fisher, 1982). Zz" =] u}& zh}
FAZFAEF (W g AFHEAL
2HEF(WHe H W/W,e 1,2,36,9
2 11d z=FANA 27 52.86, 10.47,
9.10, 0.50, 0.21 ¥ 0.1284 =AAYFHE
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Table 1. Instantaneous rates of disappearance of litter from litter bags containing 20 g DW

Interval leference of welght (g) Dlsappearance rate (mg/g/day)
May 9~June 7 4.140.6 7.9
June 7~July 9 3.241.1 7.0
July 9~Aug. 20 2.610.8 5.5

Feiu- &) vl EL 56,7 2 849el 742 7.9, 7.0 % 5.5 mg/g/do] gl e}(Table 1).
o] At FU 7l gbel Tubel Al FA g wFel 24 gkF) ) -8l 3 (Wiegert and Evans, 1964),
sl 7k A el Axel Agkeb(Ryu and Kim, 1085). o] 58 o] &3te] 44 £9
< & (Dead material, W& A4 A5} 1,2,3,6,9 9 114 23 A oA Z}Z} 131, 101,

162, 84, 19 9 35g/mPolglch, wql gk AEAA A7 Al4te] o] F¥ 9lrh

Table 2. Annual net production (ton/ha/yr) in dry weight of aboveground of Pinus korai-
ensis plantation with different age

Annual net
Plantation o o Phj’,t?fmss _ e mIa)tiar(ilal production
age (90 S (Pns) Branch (Pnb) Leaf (Pal) Total (Pat) (Dp) Yot D)
1 0.02 0.01 0.03 0. 06 0.01 0.07
2 0.06 0.16 0.08 0. 30 0.01 0.31
3 0.14 0.48 0.18 0.80 0.02 0.82
6 1.57 1.18 1.51 4.26 0.13 4.39
9 3.46 1.53 1.31 6. 30 1.13 7.43
11 4,98 1.76 1.32 8. 09 1.03 9.12
MM T AR AEAAFENE FA P, AR P, AP B 24

AF(DS 38 tow 7Fsgdch. Put 1,2,3,6,9 9 11d 2 =oA 22k 0,07,
0.81, 0.82, 4.39, 7.43 2 9.12 ton/ha/yr (1:4:11:60:101:125)0.% Zs}3lgdch
(Table 2 % 3, Fig. 10). A2 Ee] A4H oA AI—EHPM)% g AAHs(Fig. 7
AN WanaxSt Wain®l 5 QAAGoF(We) o stan o] ghell 4459 o Ak &
(DS @3 o 753t = 1,2,3,6,9 4 11wdel4 zkz 5,01, 4.71, 5.53, 6.15,
4.51 2 2.08 ton/ha/yr (100:94:110:123:90: 4220 ¢rlel A HaZ Y3 2~61
ApolE 4.71~6. 15 ton/ha/yriz & o] 7} glolor] 11vlel 4] zha3tglvb(Table 3 % Fig.
10). o] A= Pinus eliottii 3 Aol A 1A H-2] gl 4lo] oyl Fol 2z s 9let
b sz, FHEo] 13dsbA] bgE At Askel o A el glelAl dA Lt
(Gholz and Fisher, 1982). & =] QlA-A4-9] ol 4=A) Akl [~2yl 9] ZH3) 3~919] 3}

5 AR Ay ae AAglel A dAIA N Ay St o g s EEo] 100

o

éoﬂ o] & 1ol Al #aslgich = Aol upd zhhiol d A4 EF] AL AEY
8] Ph/P,,= 1,2,3,6,9 9 116l 4 7+ 71,57, 1
L X

7, 16.71, 6.83, 1.48, 0.61 @ 0.328
ob” t}(Fig. 10). <7 oA AEES 1~3y] Abelell iz 9l Aba]-ro] #hpf-wu} 482 64
ofl Al b7l w)Zzab, Oe~livlel Al Fxpr) Lo8ful §-Al ekl vl

BEAHY 1T o5 A 3FEATE A4 EFF-LEWNE AFTS)

=]
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Table 3. Annual net production (ton/ha/yr) in dry weight of aboveground of Pinus korai-
ensis (Pnp), understory (Pnu) and whole vegetation (Pnt) and the ratio of Pax
to Pnp w1th different age

Planti(i;IIOIl age Pine (Pnp) Understory (Pnux) g,l;?fp‘:‘gfl‘;:;f % of Pnu/Pnp
1 0.07 5.01 5.08 71.57
2 0.31 4.71 5.01 15.70
3 0.82 5.53 6.34 6.83
6 4.39 6.15 10. 55 1.48
9 7.43 4.51 11.94 0. 61

11 9.12 2.08 11. 20 0.23

A 43 3544 R=0.289exp(0. 0526)9F R=0, 025 exp(0. 05678l 4 A& Qro=2.105%
1.76% A&t s E719 sdadwe Fig 2% r&zdd, 3, SAuE
A —l M~@el A3tz 4 FA7]-28 A @ 485t 4 sF=AFS
Aaste] gz Fadaor gt dAAEY TF2 A 394 *E’%ﬂ kA &
2 ot gl A =t T"Sﬂﬂ & T EAE 59 2E4E, WEUFUE 493tedH S35
o 20°Cel 4] T {FE2 %71‘*11 o} olo] 59ell 6.4, WE}Helo] 5¥el 4.4 mg COy/g/hr
2 22 # g Vbl 25 A {7 2 A< ghadiglch VF’ 1% 2FEE 4
ol A 9} 2o} 5ol Hwel o] 2xivh(Fig. 1D. o] g o]l Fairlel 2HF] %2 U
Aol 48] gyl wWielvtGH e A, 197D, 434 e sl 141%*«1 G, 1987
of 4y Fers LT L H 4% d5FFE ALT AFAE Table 40 FH3tRAh

g stel WEs = COE Frge

o

12 80 -
E Zarety] $13te] Table 49 3 F4A e
o 2,801 cal/gC0O,%& 4 23} (Odum, 1971),
wor ARe 44T Qs FaAFe AL
gt A= Table 594 7e}, b9 9%
j=
3 ot -
D
B¢
ag 6 i Grass:shoots  A—-—a
EES‘ 1 roots A—-—4&
EE N \ Shrubileaves o—o
5 % ! stems +——o0
- >
8N
g
c
2 3
g
&
% L6 8
Plantation age(year)
0
Fig. 10. Changes of annual net production of Month
understory (Pn.), Pinus koraiensis Fig. 11. Seasonal changes of respiration rate
(P.,) and whole vegetation (P,) at 20°C in various organs of grass
and the ratio of P,, to P,, with (Spodiopogon sibiricus) and shrub

different ge. (Weigela subsessilis).
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Table 4, Respiration (gCO;/m?/month) of understory at six Pinus koraiensis plantations and
monthly mean air temperature (°C)

Respiration

Month ~ Mean air
temp. (°C) Plantation age (yr)

1 2 3 6 9 11
Jan. —5.4 — — — — — -
Feb. —3.3 — — - — — —
Mar. 4.9 0.1 0.4 0.6 0.6 1.4 1.7
Apr. 11.9 1.0 5.1 8.5 8.8 20.2 24,8
May 18.1 193.7 374.7 168.8 286.9 450. 8 362.6
Jun. 22.1 435. 6 436. 3 340.3 294.5 278.0 343.6
Jul. 25.3 573.7 693.3 704.3 468.0 512.6 431.7
Aug. 26.3 454.2 621.7 699. 7 550. 1 757.5 479.9
Sep. 20.2 328.4 322.1 356. 6 329.9 210.3 104.1
Oct. 14.7 181.2 222.1 146.8 194.7 157.8 205.5
Nov. 5.6 0.1 0.4 0.6 0.6 1.4 1.7
Dec. —3.4 — — — - - —
Annual total 2,168.0 2,676.1 2,426.2 2,134.1 2,390.0 1,955. 6
(Kcal/ha/yr) x10° 607.0 749.3 679.3 597.5 669. 2 547.6

FaAZFE 2dd9 e vHEstd Fohsiged 444 EY A2 TR 2 WA 3 94
T Folglieh olst el A4 ES ZFaAl gL ol /A sHE EEEC ¥
7} of Fol}(Yoda, 1983).

NENS YEAY YRAEY A% 219 g3 2AdFe 2o v 4§
3} Al oAt A%l AT Fig 12). 2ok U Fo19 B2 FE 4,274~4, 587
s} 4,300~4, 502 cal /g2 7%} 5% A7 Y& wolgik Wb AM 2 A FA9
Azl A8Y A ol 59 FTRA 4,416 cal/g g A gk

HEYUE Tl dd4 2 2T deY AFPa) (Table 29 )% A5 F
AF(R) (Table 5)& §at & FFor FH4% ;e AFBAFPHLE vhehyglch

Table 5. Annual net production (P.), gross production (P.), respiration loss (R) and ratio
(%) of P, to P for Pinus koraiensis and understory with different plantation age

) “Whole vegeta-
Plantation age . tion
(yr) P,,p RI’ ng };"p/ Pnu RM Pl’“ PI;”‘/ Pni PRI

&2 qu

Pine Understory

3.2 0.1 3.3 97.0 221.2 607.0 828.2 26.2 224.4 83L.5
13.2 1.5 14.7 89.8 208.0 749.3 957.3 21.7 22L.2 792.0
35.9 3.4 39.3 91.3 244.2 679.3 923.5 26.4 280.1 962.8

194.1 16.8  210.9 92.0 271.6 597.5 869.1 31.3 465.7 1,080.0
328.0 39.5 367.5 89.3 199.2 666.2 868.4 22.9 527.2 1,235.9
11 402.5 52.4 454.9 88.5 91.9 547.2 639.1 14.4  494.4 1,094.0
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Tl AFAAFPe & 1d ZHA R “
G o6dol 6o FAARe Mol AHAE | e s
9 AFAAFPrp)e A 104w F7131 /
S& oo}k, 2 v AL I AAE
9 AR AP Idxet 6do] 1.3
Pt ek &l 3T o EA Al
3 AT A v, Pu/Ppe B ¥
Ak 90%E XA A ESY Pu/
P 20~30%% wokth o] AFRYH
A EFaA] AdqA 4 /7
S O $AAeE o4 H ¥
o QAN EL FFELAe]l WolA AL Fig. 12. Seasonal changes of caloric values
g AA ol &atd E3 zdeHo & in leaves and stems of understory.
. o 1 year-old, »: 2 year-old, a:3

< 1d 2829 Q3 EL TAAS % year-old, 4. 6 year-old, o: 9 year-old,
86%% ZFoE Xvety, 4%E T4 »: 11 year-old plantation.
22 o] g3 gt

Ef ol I4X] OIREE ZAANZNE 30km Ao YA ALESaAne] 1d 2 4%
717 (5~9R)FS] dl oAbl vy A = A2 1,023,860 2 618,900 Keal/m?2.4 334 &
WA (PhAR, A 3-8 48902 491,000 2 297,000 Kcal/m2o] g t}. o] 71-& o] L3l 2 2
A g FlviA ol L aEEIE A4S A Table 63 ok, {771 F 2T
E= 149 0.01%004 1149 1.36%2 Z715 2 A9 E= 1399 0.74%404 64
9 0.91%% H1z 3t 11499 0.31% 2 b wolzich, F AL 38 ANY E=
1d9 0.76, 99 1.78%% #H22dle] 1199 1.66% 2 otz Ldi=wte] AA4 =
Tl A7 Ao Ee Q8719 Exc wokvh oA utel A A2 ste] Aufdl & uhet
719 E.&= AX71743F HF 1.50~3.29% (3 I 3.45~5.86%, 7 5, 1973), B 1.75~
3.63% (A 2 &, 1975) =& 1.17~1.33%, WFE 0.60~0.81%, SFF+= 1.24~1.52%,
A2 1.18~1.46% (JIBP, 1970)0)9ith. A §7)1 75 1~3d 2¥x ¢ A E, &=
HFek v =R A Tt 61l ol Aol A& hE Ale) A B} v sekd el

N

Z
(3}

2 2

Table 6. Utilization efficiency of solar energy (E) of Pinus koraiensis (P), understory (u)
and whole vegetation with different plantation age

Pine Understory

Whole vegetation

Plantation  Growing

age (y1) season Whole year Growing Whole year Growing Whole year

season season

Pnﬁ/E Pep/E Pnp/E ng/E Puu/E Plu/E Pnu/E Pau/E Pnt/E Pgt/E Pni/E Pgt/E

0.01 0.01 0.01 001 074 279 0.45 169 0.76 2.80 0.46 1.69
0.04 0.05 0.03 0.03 0.70 3.22 0.42 1.95 0.74 3.27 0.45 1.98
0.12 0.13 0.07 0,08 0.8 311 0.50 1.8 0.94 3.2¢4 0.57 1.96
0.65 0.71 0.40 0.43 0.91 2.93 0.55 1.77 1.57 3.64 0.95 2.20
.10 L.24 0.67 0.75 0.67 2.92 0.41 177 1.78 416 1.07 2.52
11 .36 1.5 0.8 0.93 031 215 019 130 1.66 3.68 1.0l 2.23
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