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Table 1. The sample stand.

# & H 4  Stand A B | c | D E
K ¥y Age yr 46 44 43 46 33
T & Area m? 216 400 308 397 180
*) ff Exposure E SE SW w S
3 A # [ Stand density No./ha 370 750 1009 1310 2340
ety B 7 B £ Mean D.B.H. cm 28.9 23.5 22,2 21.2 15.7
¥ 15 # B Mean height m 19.5 18.5 18.2 19.2 15.7
WEMmiE4St Basal area m2/ha 23.7 32.3 38.5 46.4 45.6
Z A& K A& ¥ No. of sample tree 3 6 8 8 10
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Table 2. Standing crop per hectare.

¥ &£ M %  Stand A B e D ‘E

¥ % (my | ®  Stems 215.2 324.9 | 3746 472.6 || 408.6
)53 Branches ) 26.2 25.9 36.3 34.4 32.3

Volume 5t Total © ] 241.4 | 3508 410.9 506.0 440.9
% % (ton) ‘#  Stems ) 83.9 126.0 -153.6 198.5 163. 4
E - 153 Branches 14.1 13.4 | 15.6 16.6 14.6
Dry- weight #  Leaves 4.0 5.1 6.4 7.0 6.9
’ (FHE  New) 2.2) (2.8) (3.4) 3.8) (3.4)
q=ES Ab 0ld) g (1.8) (1.8) (3.0) (3.2) (3.5)

ove-groun

b 5 parts 102.0 144.5 175.6 221.8 18479_

#B*  Roots 29.1 |. 41.3 50. 2 63. 4 52.8

4% Whole weight 131.1 185.8 225.8 285.2 237.7

* ROBEIZOWTIX T/R=3.5 & LCH#E
Dry weight ‘of roots was estimated from T/R =3.5
DEZEBEEREOW, TITT <y KGOEED T/R £5FHIIC 3.5 & LT ERES ) R0
EREHEE LS,
%ﬁﬁﬁ%@hagf@@%%%@ﬁﬁ;ﬁ%Zﬁ@&k@f&écu@ﬁifmt<uﬁubkv#
D, Egﬁi‘ik’ﬁia’( LDHLTWB,
EBEORERII-E Dk ST LTRdI,
BOREREBHIRITIC X - T 1 FRIOME I R & KD, I OBEE, &R LENoE> 5 H
REERZEH L, &5IC&HHT L OFHORRBEERE » 0 CERRERT KD, HOKERIC
DT, /MRS T aké%kﬁ«fﬁoé%%wo%,¢&,k&wk%n%ns~m$@ﬂﬂoﬁ&
LD, ZORREHS ORI L - TRIE 5 EROHBREEZIL, hif, AEMNOERBERKICE T
EERERLKDT, i, AHHOBRL ) ThENORE 5 FROE REEERHEELE, 515
FEAFBORT S B, MIOBEINAT, BiE5 EHMORORERE L, £01/5% 1 EHMORER
LU, BORERBARSOFERS S - CRE 1 EMORERE L7, RORERICOVTIHH
%gawmhﬁikﬁ?éﬁiwﬁAﬁﬁﬂlﬁﬁb%mbﬁwkwabr 1O L E % KD,
EIE ha UV ORELEWMORER '

Tablé 3. -Annual increment per hectare in the latest one year.

W & # £ Stand | & | B c p | E-.-
HVOIJ:Ie(ms) %  Stems 95 | 183 13.7 41 | i2us
& & (ton) | B Stems 3.7 5.2 | 5.6 5.9 | 87
4% .. -Branches -, L8 1.7 | L9 | 21 | 21
Dry weight  |' % Leaves . | .22 28 | 34| 38 3.4

production

REIA g;’g;’e'gmund 7.7 9.7 10.9 11.8 14.2
St |- # - Roots : 1.3 1.7 1.8 1.9 2.8
ol sem Net L 9.0 11.4 12.7 | 137 17.0
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ZEHTHIND,

KOO EHEREIABE L OGR4 5L, F1IHOX S KHHOZIEEF LV A~DKG DR T,

S EOI & AR DI E ORI b
Wt 5. COBRSIABEIBART S Vs 1
al
BRSO ED I NETORRE X< —FL
T35, |AWX Reneke DOEHEE® [CHE LT 300
+%K59&wbt7ﬁvj%®¥ﬁm%ﬁﬁ Yr
L STREE L OROMGE LTRASES 8
1WA EAH) #kD TS, LT, The o5
No/m_’- ds
X102 00
30' 80t
0F
20
L m-
>N
% o}
[«
[=% sk NDF
L4
a 9
< |
lo n 1 1 1 1 i 1
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2r ®2M YABEL ha %) OBER
n > 3 BE (ys), BE (yp), ¥EGL), WEHEQT), Bt
e 0 cm i (Vs), Wmsmimmast(G)
_fg'® B & DBH. Fig.2 Relation between stand density and stan-
. ding crop per ha.
FIX FHEER L IATE © Stem wt.: (ys), branch wt.: (yr),leaf wt.: (y1),

Fig. 1 Relation between mean D.B.H. above-ground parts wt.: (yr), stem volume: (Vs),
and stand density. basal area: (G).
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hOBERCHET 2BAFKEE R 100 & LEREOAREEOBEHREARKEE L (SDR) & LT,
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ALTWS,

BAERY D ORI BTFITS o X0 LTI, SIABEC»2bOTEE—EERD, F
RERENEZHRS TS, +5EC5 o NVHBEETIEERIIRE D —FEDMHIC L 5 LE 2 SR T\ 51
0, A~D KHOERLEEL OBFRIBRERRATI EPLEN/, C~D ik a DIz 0.55 TH -
T, A, BRGRED S o RV ORIENTS Tk  FE—FORBITITELEE LTV 72, L
L, HiEHED ¢ OE»SLTEROFCEENRNL VB SO b 5 X 5Thb, 334E4T Full-
density DOIREEIZH 5 EMRS DI EA%6. 9 ton/ha, 46 F4 Th iz b BEDE\ Dksr (SDR=90) T7.0
ton/ha L VWS EMALHT, 7H <V HEBMHKORKRERIEBEEETIHE 7.0ton/ha BEL VW2 X 5, i«
FEEOAERMILA LT TCREOEES—BRE LERICY 2o T, 9o LT b=
Y HRDIERITAE T 12~13 ton/ha BE L #EY SNTV 55, THhIXEECHEET S, 95 ~6ton/
ha BELLD, TR ORUEDFERISLAREWHEE Lo, L L, BHELULRKREDEKTIX
7~8ton/ha L WO ERDEMED SN TH D, BELT TR MK, WA E L oFECEVTISITHR
AT o0ENDD, RRLEERCHTIHERZOEE, FERIIA~DHKS T 56~53%, EHHT49%
LEESECIFEES DL SABERSD - B KERF L P oTe ThHPLRTHHRD o N LET =
YR OEDFIEHFMIL, TRETVHLRTVELIIEE2ETHE LD, LiL, BBOEK
ERERED 14 4T » < Y HROFEE it I, HERIIH 0% THY, FTlbhbho 12~22 4
ERGORAEERS R EPDT 5 LFERTERIPEVITERELRD, EOFMIFBPEVITEEY
boLEXLND, .

MO RER BT 5121, EREORFRLLEICINLOMOBNREIE LS5 LEND DN, F4
R ERAFECHTLEREOEHEGETR T,




— 80 — MERBBVIRRE F176 5

4R b EWEBE O E A (ton/ton)
Table 4. Ratio of each organ to above-ground parts.

FE# M4 Stand | A B C D E
B Stems ‘ 0.823 0. 870 0. 875 0. 894 0. 884
53 Branches | 0.138 0. 094 0.089 0.074 0.079
= Leaves ’ 0.039 0.036 0.036 0.032 0.037

HEREICNT 58 G255 ERETREEOHVKSIZELDOHENEINT 25, HEOEA NI
BT 5, EEOHELHEOBEIT &R E LEIEVY, BEEOKRSIEESIBLTIEARL LN
%, ¥RIERLBEOR LEOERICHT S FLEE DEEOH &I LI T2 EDBE LR UL E
ERHET I oINPT HEARD o1z El/r—3 & DL B LEORKRELL L, HERNTLES
DEEREBEEOKFIZERELL WML TS, ThbOBMIXZILE TOIAREE G ERPS191020
RETHL NI ESNABBRERLTH -,

PAED X 5 IR DD ZOARA~DRGOMTEBREORFES, ThHOEELELHELT
5% &, MAEELBMBL S TEBS SN L F A IAEE L ORicadbhic, Ltk
T, 2bIENRERDOREDOREIREOEE LEFECHRL TV S LEZLNEDT, EKIOWE
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Fig. 3 Net production (Px), relative growth rate (RGR) and net assimilation rate
(NAR) in relation to stand density.
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AECEBRBEORRIC OV TR RREOEEZ PLICHRLTHRL S5,

5 MO OHMEBELEELEE

AREOREERXObELLKERY, SLOOHBREZEH T, B X 5MtAEE»LWTREY
ZB|\ o7 B = v Offis g & (Net production) & s %, £SO HEEL ha Wiz ) OEE 1 ER DM
AEELOBBRREINOLRDT, MEERREESETICONEML TV 55, LTOMMORAILL
REVIET U TR s i g 28 T 5. MEEEL2LRERE TH - 2KER (Relative growth
rate, RGR) L BEDKHREHS L HRULFEIRCHS L 51T, RERIFESBTICONTIHIEER
HICET LTS,

Wi, ha¥ich oeBFREEy, MAEREL 4y, ¥8% yr (BEEERIAVOhTV3) & T 5
L, BERW/yRB280k5CEEHLbE S,

4yly = 4y/yL X yily

Ay[yr EHAEREZER TE S LfETHFR R (Net assimilation rate, NAR) TH v, B EOIEY
) DMAER, THhbLEOWEELEDRELSOLLTEY, yu/y REBRFEREICHT2ERZDEET
»%5 (EWIEMEELE, Leaf area ratio, LAR & Xi¥h3). RERRXID 2 20ERICHFITELL T
LBRTEDLD, ERHOEER, MRALE, BOHEGLELDTHESRLTT. &, I TRERHRKD
bV ICEOREZHAV TV 5,

EH5ER  MEALEE, 2ECHTHEZEOHE, KEE
Table 5. Net assimilation rate (NAR), ratio of leaves to whole weight
and relative growth rate (RGR).

FEMS  Stand A B c D E
HiR{k® NAR ton/tone.yr 2.25 2.22 1.98 1.95 2.47
¥ E /4%E Leaves/whole % 3.04 2.75 2.84 2.47 2.89
A% & * RGR ton/ton.yr 6. 84 6.11 5.63 4.81 7.15
FTA~DRGOMFEULED D 23\ & »D % 1o
Qa n-yl"'
L, ROOBESETICONMF{LELETL Lut 1oa
Tw5 (F3M), TRECLBERICHT S E .;:
[ne
HELIEXOFLEOXSREEL L HCETT g.z- s
Bo Lit'sT, ADDDHRS~ERERNE 2 &
THoEEE LTRMALE, FhabbiEoy W0 1Yo
BAEOKEDERT L L DI, EOHEGOHD ﬁ E.
I {82
B 2 SOBRARBCE- T 5z ot RO %
Db HMIFLESETT 2HEE LTELZLN )

= : . ‘ . 1
BAELEDOE, ThoOHEKS TREED s 4 _ 5 e T
o N & E Weight of leaves
e & MG REPETICONEOERY 04 (¥ ha Y7 DB L AR (P) X CHMFILE
SVBRILLED, HenED 5 1F5%k&Hs Fig.4 Net production (Py) and net assimilation

rate (NAR) in relation to amount of leaves per
BLLBNBOEOMRLESELTHZ LT ha.
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bb. RFOERLHFILREOMFELZZEE, FAROLICERDOWEME & HITHEYLERIITITEE
HIZETLTWS, SHLEEBEOKRFEEEORDIICIERILBEOE,S S b Ld, AkBick
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BBt BB ORERE, MAER, MELEREOEMILUELOLEERBTRTLHELITLA LN
CThoTs

Watson®® IEEOIBREEE (BRI BAFHY 72 0 fi4ER) BEEROMINCE 4T
HURREC L, HHEERO L ERKNICEL, ThI VEERIEL Thr 2 - TREREEEILE
2F5, Ticbb, BEOEERE > TREEEEOHS Z L 2RO TV 5. TOMSEEDT # <Yk
OHRTREANOXSTERNLBREL > THEERY»Z - THDTE LS T LITEEDLNIE 5
7o Lind, BLMLERDOKEZ N DS 7ton/ha DEES DL, TTRT »< Y HBKOBRAES
CELTVSEEZLNEDT, BEDT I~ YKRORELIVTUREEREZE 2D LERILVE5TH
%,

7 h <Y KOMBAEEC2WTIE, HEDHE SRSV, SEHEE LETHHOEET 1 5H
OTF 55 2EMD L L v SHIAIC 7 BRISELD T H = YT, BECI > THA52, 5 -0
HEARC, DS THRIE 1M TH 13~14ton/ha DO#liEFEE, 9 2.0ton/ton OHMFEMLRER Uiz, H
EEZF TR 11~12ton/ha OMAFERETH D, ks, THOETE, BAER2EERT 1~v T
DVWTDETH B FhDE 3BELDEE L ENGTIX, FEM4ERIILM 17ton/ha, i LB FD
WS 14ton/ha TE LT,

MAFEEFZ LD “WEABERE X ) B BRREENOME” O7 »~ Y RFAEER?Y (RXENESESE
FE) I, MAEETHRYVEELL, FHBEN6 ~Tm OE VT »~ Y KORE 2 EHORRE
1, 7A=Y RGO ERT 27.1ton/ha, %45 T 29.8ton/ha L\ 5, Zhk 1ERMICTEETS L
2T 15ton/ha, #H EETHI13.5ton/ha LV SHi4ER LD, SEOC, DRSORAIEME L ITEE
BT5L5ThH5. ok, AAD LIIHMTmME H72D 100 F &\ 5 Bk S8 7 3 EEOEAKS T,
LH D3 EMOFEFHMAERENW20ton/ha iIELAL L HE LTV 5, Eiz, OvineToN? [XER DL A3
ofeB =B 5T BV NTHKITOWT, 35~55 FAEDMS THETFEMARE RN 12 ton/ha, 20 F4T
BTRARDEMAEEEN 22ton/ha [TETH T LEMBRNTV 3, ZDOX S CMAERITYREMHCHE,
WA EWC X - TELTDIDTH B, TH=TYROVTIRERSERNSZLL, &k cii
Ve

6. TERLEBZEORR

FREORRT, BIdFALEENORL, EREOFRNERS X CEENDOERE~OLSEOH
BLE-TEED. FERCOVTRFEINTVEVOT, T2 TREL 1 EBOMEEROFE RS
EREOREEGOEMNTILE6RDOL SiThs, ROKERIIAIVDOVWHERL I > TWBHDT,
ZZTRECH EHBELIOMEERDOHFERICOVTHS L, BADHERIZADLBHRS~LILAK
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HTeR HEEWOLEBE~OFTEE (%)

Table 6. Ratio of distribution of annual products among various organs.

FAENKRS Stand A B C D E
% Stems 41 (48)% 46 (53) 44 (51) 43 (50) 51 (62)
¥ Branches 20 (23) 15 (18) 15 (18) 15 (18) 12 (15)
#E Leaves 25 (29) 24 (29) 26 (31) 28 (32) 20 (24)
iR Roots 14 15 15 14 17

* () N EEMAEERCNT 2%
The numbers in parentheses indicate the percentage to annual products of above-

ground parts.

BESET EHEMT 52, SOCHEEOBWC, DRSTRSEREMETL TV 5, H~OHSERIIEE
DEVAKRS TR D KRE (/L o70ds, B~DHSICOWTIIER RSN A - 720 EADHRBIIFHE
BEVIEESOHEELIRELRD XKW, REBRETII A, ol LMo T, BEMELEbEL
o IR OMEEA~DHEHRIT, BEC X o TRELL D 5 7.

C, DHGDX ST o NWBEALHRG TIRSEBITIIRESLONT, 7 H =y O4ELED S 5
A Lok Tl EERAEEN O S ERITK X £8:50%, 20%, EIOBREL V25, HEDOB LIt
EERTHHHROEERIIH ERAERON1/2IGAET, /v —%%20L 54, ELEbLEEBKE
WZEDRDbPD. LHLROEEORDEEIHNTIEIER, 5> VOEAIC, DRGFTHIL/G, &
EOERVCARSTEIL/2ITDEL TV, SHITROEEREZMIT, £ROEENOSERLHEET
5L 55NV DEALKS TR 45%, +515%, E25%, BISHEREL HZON, HEBRAOSERILITE
LW Lo, BV 33HE4L ‘@/

OEKSTE, WEBOLEND oy
SELRIIRR 61%, 1 15%, HE24
%, WEEDILEENOSEE 10
TV 51%, H12%, W 20%,
B17% LB~OSRES 655 5| P e R
PRGN BRTHLAE L 75 é‘éﬁ_
T3,
upl

File, SEORKENRERZED - ug4- m
HERIC L hIE, 158E4EDT 1< #

v WG O EEAEE O SR 2r Yp
#50%, t%19%, %¥31% Tho ‘ . '
T, A~DHHDOENLIBE—F ® ok m '%O‘e]nsiity N%‘;soo
LTwichd, SEcER D YREEC
A, A S TR %51 %%Kaggfgjﬁﬁlﬁ&ﬁ@%ﬁ’é‘@mﬁi @2

REEESIHCE BE 2 bR Fig. 5 Relation between stand density and increment in
v various organs in the latest one year (see the expla-
%o nation in Fig.2).
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ECXBFLAER L FOFRBL L - T, ZEREORENEEL LAY, BEEEORLERE
PORERE BB TE 2 L3, £ELHEOHROBENIHEREHLD LD, KECKIT B 4ER
HITHHBOEELER L OBRICOWTIE, WBPHRSOEE, HRKEORE, REERLELO
B sV TEHEL X VRETSh T &,

BRI HD X Sic, W LERALEE D ha Y7o b OREER & BE L RERCEKRLTW 5, S OBRORK

BTR EORMEYHOREI 1EBOKBREOLER (ton/ton)
Table 7. Annual production in various organs per unit weight of leaves in the latest one year.
sHEMS  Stand A B C D E
[ Stems 0.93 1.02 0.87 0.84 1.26
153 Branches 0. 44 0.33 0.30 0.30 0.31
1z Leaves 0.56 0.54 0.53 0.54 0.49
i F%F  Above-ground parts 1.93 1.89 1.70 1.68 2.06
o BEREBEIBEWVIZEESZ S,
"%?l')’ﬁ‘ BEOHEMOENTITIEMML K\ 83
201 FRERBR IR IR % TR § o b, DK
gT [ RS - - A .
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Analysis of the Growth in Japanese Red Pine (Pinus densiflora) Stands.

—— A report on the matured plantation in Iwate Prefecture. —
Kinji Hativa, Kyooji Do and Reiji Kosayasui

(Résumé)

Studies were made to obtain the materials for analysis of the growth in matured plantations
of Japanese red pine (Pinus densiflora) in Iwate Prefecture. The area, ages, mean D.B.H., mean
heights and stand densities, etc. of the sample stands are shown in Table 1, and the site
quality of each stand presumed to be nearly equal. The sample trees of various dimensions
were taken from each stand, and the volume of stems and branches, the weight of stems,
branches and leaves, beside the annual increment of each organ were measured.

Among A~D stands which were about 45 years old and had various densities, as shown
in Fig. 2, the amount of stems, branches, leaves and basal area per ha increased with increas-
ing stand density. The logarithm of each value showed a linear relation with the logarithm
of the number of trees per ha. These relations fitted precisely to the power-equation of the
yield-density effect which were found by Kira et al.l and were recognized in many studies
on the density effect in forest stands.

In the fully-closed stands, the dry weight of leaves per ha was estimated as about 7.0 ton.
The ratio of new leaves to whole leaves was about 50%, regardless of stand density.

The net production of each stand, including the amount of increment in each organ was
estimated as indicated in Table 3. In about 45 year-old closed stands, the annual dry matter
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products were 13~14 ton per ha including roots and 11~12 ton per ha only above-ground parts.

The relations of stand density to the net production and the relative growth rate among
A~D stands were shown in Fig.3. The net production increased with increase of stand density,
but it was not proportional to density, whereas the relative growth rate depressed with
increasing stand density, because of the depressing of net assimilation rate and the ratio of
photosynthetic organ to non-photosynthetic organ by increase in the amount of leaves per unit
area. And the net assimilation rate decreased nearly linearly with increase of the weight of
leaves per unit area, as shown in Fig. 4.

The ratios of distribution of dry matter products among various organs were estimated
roughly 45% to stem, 15% to branches, 25% to leaves, 15% to roots, though that differed a little
according to the condition of sample stands (Table 6).

The increment in various organs of a tree showed close connection with stand density
(Fig.5), and also the relation of the amount of each organ produced by a unit weight
of leaves to stand density was connected closely (Fig.6). Stem wood production per unit
weight of leaves was maximum at the density in B stand, but adding dry matter production
in branches and leaves per unit weight of leaves to the stem, the amount of dry matter
products in above-ground parts produced by a unit weight of leaves depressed with increasing
stand density, as indicated in Fig. 6.

These results suggest that it is important to study not only the production in stems, but
the production in branches, leaves and roots, beside the comsumption of photosynthate by each

organ, in analysis of stand growth.



