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Modelling Growth for Two-storied Sugi
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%%=:§Z~—w% (3.4)
tEIh3,

(3.1) BT (3.2) ROGUE—TH A1+, AT 01 +7) ZEBROKRAFERE, §HbbEOMNE
BEEEO S bRBICAR SN b0%, | ITHBITREMEMA 7@ (1+7) THl-fETsH
B0 KX T DME%E TMEES] LS EITT %, A0 [(1+7) ZBEARDEES, AZo"(1+7) 13
M OHENLIFREMTE B,

3. BHLIMITESR

WIRT L HBRAF, 7/ +HEMRS OB =BV THIBERRCBEARERD /v 5 4 — ¥
EWET B, BAINS, KE 1L, 3RO I2ELT, B2 RNOTEH A, b 2R 5, Kkiz, KE 1,
2B ELT, BNRD/F A =% k,n 2R, ThSDEOEEEH NS,

(1) &x

RN I I BREURF RO EMIC B 1 2 AREABH (LA S, 1988) 9 b, 2F¥BLUL/ +
DIEE AT OB E W Tz, TS W RBROBIE S L 3-1 1R, CORBRMITIE, 1
BEZIC OV TIRER, #EICD WV TIIEEREER L TEAMCIIZE 5 FRBTREL TV
%o 1L, BEIc oW TRBEFEOHE LAHIE L THED,

UT DT, SMKOMBEDEELELTEDT, RO KD BHETEMRROMBEEHEE
L7 7, BSRAERREBICHEREHREZRE Lz, £ OB, &if 3 oM EakaE%
ThZThRD, CO3H>DEPSEATORIERHCB T 2EEHE L, 22T, LA (1991)
WEEEMENR & LTRD & hic kSR
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Table 3-1. Summary of experimental plots

Initial states Last states Number

Plot . Area of
Species Number Mean Number Mean
code (ha) ?f‘; of trees  diameter ( re) of trees  diameter Mmeasure-
y (trees/ha) (cm) YE) (trees/ha) (cm) ments

005B  Sugi 0.0502 27 2689 17.8 61 1673 25.7 6
032D  Sugi 0.0710 27 1577 216 60 1338 30.5 8
036B  Sugi 0.1280 38 1273 24.0 65 1141 30.6 6
503A  Sugi 0.2387 30 1596 22.7 60 1357 30.9 7
006B  Hinoki 0.0573 40 2426 18.0 61 1990 224 4
033F  Hinoki 0.0707 31 1867 18.7 60 1485 25.5 7
504C  Hinoki 0.1106 33 2061 16.2 63 1501 245 6

Note: The plots have not been influenced by surrounding environment.

H=M{1-1.089 exp(—0.0239¢)}
H=M{1-1.131 exp(—0.02392)}
fctiL, H: SEEiE, ¢ i

(Z¥)
(/%)

IS, M E 2D L XOREE5Z THRBII T & I0/°5 2 — 9 M A2 RE Lo B5E L - RISk Eh
B o LB OEIEE 2B L, Rk, BROMEEZEONERERD SHE L 7 5EEiR

REE L S 5 B4 (1981) O s iR

% _ ( % )0‘5594~0,00173:

2L, b #iE, A PEEE, d REER, 4 PERSEE,

i

RO, HERERE L, OSSR, SEMRONBEREHETE L1z, BRICEIEEHK
BB ZAF « b/ FOBBRITERD SR 7 EE (LA « S8, 1987) 2H L, &

RKOMBEEHETE L 1,
(2) MOEERD /5 2 — 5 O#EE

(B2) RDEH A, b BIRDLHITKDBIENTE B, 3.2 ROFIE S DORIER t;1, t; D

Rl WTHE : TS T 3 &,

« av

& dt=Sz_lAdt—5::_ledt

av=A4t-b" sar

1L, 4t ti—tio, AV MEHRER
EWB, TIT, BHAROEHDOE2IHIZ

" Sdr= SimitSi
ticy 2

feil, Sit BEE G B 2EMAROEKRERE MBED 2/3%) ofdE
ELT, RDODBIEMTES, Tz, AVIBROISICLTRDSN B,

AV=V;— Vi +L

L, L. WiER

(t:i—ti-1)
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Lich-T, ROKDICIEB,

av Si1+S:
AT

ZIT, BEICUTRO THRBRHI T L ICER A, b 25k, Th o DEHII (3.6) Rl D
HEADE_m, /N _FEICE VKRB ON B, 721, Fov b 032D & 503A DOHkER 30
FELITOBENT, HEMSZL2IEHLTOEVWEELNEDTRA L, &56iT, MBI LIIE
b O ERD, b EFHMEE L& ORI & DFERM A OEEBUR/NFEICL DK
Wiz, TNHEDEERK 3-2ITRT,

(8) BABKERD/ YT £ — 5 OHEE

BHRDFT A= k, n BRELDE—-FEOR—-HIATEEMRKIC>VWTELEEE S
B, B, BETc L - TREET A UHEMNH B, T I THVWEHORERRE 1 F£TREW
DT, TNED/NT A — 5 ERDBIBE, “HoORELHHNO TGN EEERDEELPTE
B, LiztsoT, CCTHRUTOEIBHREIL L > T BEMICB Y 5/55 2 — 7 k,n DY
IS E% R B,

B RXERNTEE, KEADBBF LN,

ii?m_g MWtS bv?edt

(3.6)

v={" kvar—b{' vear (3.7)
B.7) ROGIFEIAIZ (2) LRIMkIC

213
b s ;U_'l‘"*“ .
vadt 5 (t;

LLTRD B, EHD DE%E (2) TRDIMEET EE, 2HHICBT 2ME» S B.7) XOHLE
—IADEERD B EHBTE B,
T,
p=kv" (3.8)
EB L, REND IRBOBRAREEE ICHAILEKENRE, 22T, BHOZKAKIIOVWT
HEES) p O B O VIE Pyer X HEE T 5, TOfHEIT

—ti-1)

# 32 PSR OMSERERRIC B 2 EROHEEME

Table 3-2. Estimated values of constants in the stand growth equation for closed stands

Estimated bs fixed

Species Plot code Usually estimated for each species Am:i)utnt of
b A b A ata

Sugi 005B 0.0420 64.6 0.0305 52.4 5
032D 0.0218 54.3 0.0305 64.0 5
036B 0.0355 57.8 0.0305 53.2 5
503A 0.0227 574 0.0305 66.1 5

Hinoki 006B 0.0134 26.6 0.0170 29.8 3
033F 0.0176 325 0.0170 32.1 6
504C 0.0200 31.3 0.0170 29.0 5
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D U CEP. vf +vFP
pwar= 7§ vrdt= 10

ELT, fHEsh3,

Bl—HS3OEMARD 7 — 5120 T, ZoDORIEHRINOME v 8 X OS] p OFE %5
sEdE bic 7oy bFBERS1 DEHIKE D, K (a) BRXFOH, K (b) ikt / FOFTH 5,
NSO b5 X9, My EAEES p & ORI 3 EcERBFRSR N 5,
THbBL, (3.8) RO &I BEFROSE—MANTED L >TVWEEVD T ENTE S,

72T, FBRhoa LT, mxidh E TEIRES T, B8)RD/¥5 X —F kon ERD I, 121
L, BIBIPICHESE L 22 RIZBR VTV 5, BRERBIZ A FIT>WVW TR 086 LI E, £/ FicoW\WTid
075 D b &7y, B, MENCBIRIE K SOMERESED SN, K 3-2,31K/%5A4A—-% k,n %
T K 3-2 3 &bt (a) lFAFDERD SRD - EME, K (b) ldk / FDERH» SR 155l
ThHb, /X5 4 — 5 kEOEEIMEL & SIWRDT AERIBR O, F, T2 —% n DA
ZF, B/ FEBIT, KA 09 D5 1.1 ETOMHEEED, Wih & ORI IZIAERBIRI A O N
Whotze

4. EE

(1) BERDEFINE DR

von BERTALANFFY (1973) BAEYOER w ORERPAREAMOETH D, 21)ADLD
BEEARERICL 0EMMIcEENE & 2R LT, £, B TROFEERREAERICB &
FHBITBDT, m=1&EBLIENTEBELTVWE, —F, AR TREMEIT>WVT(3.1)
RAEBV, 31K 2.1) ROBHKEBEAE LB >TVWS, Q1) ROALFE—IE, FIHIEH
ZFhBRICHR SN BEHLE, BBRVERT 2D OFFREARICHIG L TV 08, #%E I3kE
ORERICHH TS LIREL, m=2/3 & L7,

I (1985), R (1992) DBARE € 7V T bR ONRRESMBRERICLATIE LT
W3, 258 (1985) DIREICB T 3 HRBREEDCDICHVOLNE 2 2 VK —HERT, RED
BiclHwONI T2 LF—HEBRIREIELNIAZ AN —DhiEGETNTWEEELI LN
%, % 1o, MERESR T IIGHRERE S FREREEZMIERE L TVWS, LAL, 23)X, (24)
RD/¥F 4 — 4 OEICBAL TIRIARE HE M, F#, BEAREEBRLEEICL>TELT ST
EEZONDY, HEETIRIATH B, BXTW5E, —7F, EE (1992) oMBEKERTIZ
ERNRELAD SHSEREMEEMIERE L, IS 3MRERICERLET-> TV
Bo TIT, 2B5)RD/¥T A —% a 3D REDORULES—ETHE I ELORD, 524 —4%
bt bla LHREEEE OBRBRBREAVTRDTVE, AL T, AHXTREMEDOA%
EHEL, "X —FEEHRELTERRLL, TOHE, R8T 38K RKOMBERER
RBRMEOARZIDOAICL - TREB &I B,

Kaimi (1965) (3MTEHEASE L oMM D TRKBEROBINEMSIZIZ—ETH B L L, MrER
VoOBERELTERYRAEB W, TIT, N34A—5 A RBHNERIRT DT, /54—
S BRBBICL>T—ELBIERELTWVE, KX THIRE 3 CRIKDHEEEBVTWVS
7, BOEMAMBEORER R AGUE AR > TS, 72, (82 RD/¥5 2 —% A B3HS
2EORULICERT 2R ELTWS, Lid-T, HaMHMlch 2EE R L 18804
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Fig. 3-1. Relationships between volume and productivity of individual trees.
(a) X ¥ ZNEAHI 005B THES 36 £ & 40 SFICHIEI N BB A A7, (b) &/ +0f| REH
006B THhA 50 4 & 56 FFICHIE S ni- BRI E RV 12,

(a) An example of sugi; (b) An example of hinoki.
Notes: The data for sugi were measured at 36 and 40 on Plot 005B. The data for hinoki were

measured at 50 and 56 on Plot 006B.
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Fig. 3-2. Values of parameter k2 in the
tree growth equation for closed
stands.

(a) A¥ =, 005B; +, 032D; —, 036B;
* 503A; (b) £/ F <, 006B; +, 033F; —,
504C.

(a) Sugi. -, 005B; +, 032D; —, 036B;
* 503A; (b) Hinoki. +, 006B; +, 033F;, —,
504C.

Age (years)

3-3 PHEMOBAREERICEBT 5/¥5
A —% n O

Fig. 3-3. Values of parameter z in the
tree growth equation for closed
stands.

(a) 2&¥ «, 005B; +, 032D; —, 036B;
* 503A; (b) £/ % , 006B; +, 033F; —,
504C.

(a) Sugi. -, 005B; +, 032D; —, 036B;
* 503A; (b) Hinoki. +, 006B; +, 033F; —,
504C.

H, THROBHMARBEL TVWEEELZ BT ENTE S, 32 RD/¥5 2 — % b IZFFRICBA%RS
BEHE LTS, Lichi-T, F—HER, E—KEIC>WTRECMHEICE SRR S0,
RARDFTA—F ARGB2ARICBITBZADITHILL TS, WTFROBEBICH/ NI A -3
BB EHIRI S IREEL TV B, L L, AR TRADEENEAMBED 23 fOMEX>T
WBDT, MOMBENEL VKRS TOMRSEEDEVIC L » TRE - LREEEICE 5,
NS A —5 AL b IRBEICET SR CTRICBIT ARHELBIR L TV B, THhbDL, /7
A =5 ABKEVEV) T ERAAKREEBRZIVIEEBKRLTEYD, Y5 A-F bMBKE
WEWSH T Eid, BEFEENPRKZIVWEVWI ZEZBRLTVWS, Lich->T, B LaR%E L
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HEBEIIIR, BRI HIENTER Y, T, —KoMARCHIBELEE > VLVTHXEIL
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(2) BAKICBIT 5 HHE & MRERER & OBIfR

BHAROMBERER TR, 92— n R3E3IF 1 iROEE LB Ebh T, Thid, HR
HEE BT AIREMELVWE LGS, BEMA TREIREERD S LB ICHR S W 5 BHH
BICRBEHAIL TR EEEKT S, CCTn=1&¢9d5&, NIA—F ki N52A—F A&
MAMBEV 25 AV ERIN D, T1bb, BELCHMIKETIE, /5 2 — % k BMOMHEIC
BIERHAIT 20T, MAMBORIMICE SBVEDT 3, Lidi-T, Hilhe & bicEhEd
TBEICNBY, TOIEEIMI2ITRENERE—FT 3,

Bl—HANTOMEE # OREBOBRARICET LR 34 DL H i 5, A—HINTI,
BHADBIEE B IMARIOVTIE, MRy PRZVEE dvjdt THROEREENSKELL S, L
13- T, MAODREZDE O DENREIHLAL TV TLERLTVWS, T, B
BOMRSGOMAKEHEKT 5 L35 DKHI8B, (3.1) XOFIHOMEIRE U TH 3755, S
155 EMAMBEISIEMT 5728, X5 A —% R OENELL, TS—HOMII/NESL S, 20
tod, BILMBOMAELET 2L, SHicE3 3ERERII/NS 5,

MR L THREAZED L AFFHEER > TV, UL, BEMoLERE NBEDE
PBHEMEORKRICAVWONEET B E, ZOENRICIES, THROLBEEERENIFRECL -
THBINIERYEBEL TR 5 X 5 mKESE T ITHEME RS TRHIET 2 L, 22
T, MBROREEEESHRFFIREE X VNS L5 & HARVHEIBT 3 LIRETSE, 0
TERRDOLS KBS B,
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3-4 MR &R EEE OBR. 3-5 MERICHd B EEEEOEL.
Fig. 3-4. Relationship between volume Fig. 3-5. Change of growth rate with age.

and growth rate.
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7 y0)28 = Rkl
AV —pv (1+7) di
1+7 BIETHBDT,
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L3 A BIARRMAET 3E VI T ENTE S, FBERIEEMSNZ S0, #HE S TIRKRHL
LTWL T EMRENDE, TTT, doldt BRERBIMAKOMERZDOHSRTD N5 2 -5 2
Lo TRITKIET B, 78T 2 — % R WL & S ICD T 2DT, dujdt=0 &3 58K v,
THOLLBX3I4ICBWT R E WP EBRLLIEIBT S0 B 35 DX chie & btk
& (1B, BABMONTIE, EFEAREBMARORESIERLZICRKELBL - TVB I EMREINS,
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1. IU&HIC

MR L 72D TREIZED L H KK OEEN 2 —EMBEIRET S ENTE, 0%
EHA ELTHELL, L L, BELAMSTRAEENITERA L0 &/NSWELEE S, FHOH
TRHRSEEDZREICHEMLTVE, EHA B - BRI BEAET 2 EEZZEMT
X%, Lzdi->T, BBRIOEVHD TR OEENBREREORTED LS Il TwL
DERZ ZHLBEDD B,

Fh, R¥, b/ FOHBEKRSOEREET LR, 3.1)RD/v5 4 — 4 n idERICBIRI
RS H 09D 5 1.1 FTOEENRD, 54 —% kRMEEEZICBDLTHL, vy
DS DI oo XT A =5 B EEHA ORIICIZ (3.3) RO & 5 KBARMEIIT 2 DT, M
oM B DB T BDOREURBERTHEEVZ D, T, /¥5 4 — % n ZBEROR
W OkER, Z2E L EMEMRTRMIICBEL O ¢ —EEICE 2 LNET A T EWAfEE S o1, &
NoO5 2 — 5 BREI-MDBNOEMRAROME L EENOREBKRERT D TH S, LEkA-T,
BASYRT DM TRMAROMBE L EESOBIRBED X ST > TV B EFHNZLEND 5,

EASSRT D BREAM Y TRIM D 2D EE N IMADKEICE bW D L o> MLTWwW5, &
7z, BMRAKOBMEE & AES OBGRHSESEMMIC BT 2BIFRE BEL Y, B1)KD/¥5 4 -5k,
n CEL CHERMD L RBRE - BX AT B LB TFHEENS, AETRIWELSESET R0
EHOMRSENRE LT, MADEETIOE, MANORMRRDORME & AT DORIGRZ T L
1= (BEBR, 1992b),

2. BEHERITER

(1) &¥

T I IR RREE R IC B 3 R F B XU E / + ORBEITERL (BRACHEEM « kg
HEWRE, 1987) 2RV, BTV ICERIZEET 6 2OMa D oBNE N bDT, T0D
FICREBBEAL T TR, W EBTH-b0MDLEETN TV S, BHOMELE 4-1
WWRT . CORTREMAEML BOWSEZE #E, BuoEmi, AR S L O
DINARFEIRENTWV B,
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Table 4-1. Summary of stem analysis data
. . Planting Density at

232 Species glfusr?e?ﬁz ?fi Dl?;f)t er H‘(srlf)ht density collecting data

yr. (trees/ha) (trees/ha)
001S Sugi 18 33-38 8.75-30.05 10.40-21.60 3030*! 1927
003S Sugi 17 42-56 8.63-34.75 8.560-25.07 — % 1650
005S Sugi 9 43-47 24.45-4568  22.75-31.00 2670*2 669*2
002H  Hinoki 18 30-38 8.00-27.75 8.50-16.26 3030*! 1835
004H Hinoki 14 48-51 9.73-25.88 12.75-18.07 3880 2379
006H  Hinoki 9 45-48 13.95-27.20 15.50-20.70 2670%? 669*2

HD CORICBIBERZ 0.0m OMRD SHEAI - - ERKTH 3.
A3, 0.3m O SHAM - 72 EEEIC 1 2L 8 & L,

*1 B 001S & 002H DGR, *2 KBk 005S & 006H DOFHEREE; *3 KB,

Notes: Ages in this table represent numbers of annual rings on disks at 0.0 m above the ground.
However, for analyzed trees that did not have disks at 0.0 m, ages represent numbers of annual
rings on disks at 0.3 m added to 1.

*!average density of Plot 001S and 002H; *2average density of Plot 005S and 006H; *® obscure.

772U, 0.0m OMEBRAIE W

F/, COBHTRIFESLOFEREFZIWN->-THEDT, 1 ETEDRE LBRMEAHTES
BT EMTES, MROFAUIEIZ 0.0m, 0.3m,1.3m, 23m Pl Eid 2m SEEH->TWSE, %
IT, MEOFEICIMMEARER W, 721, KM 006H @ 1 A%< &KL 005S D
LERNTIZ 0.0m OFEBBRIF TS, #01H, ChoOERHIBEL T, 03m & 1.3mick
1 BEREBALERERTUNCER T 5Lk >T0.0m DEREHE L 12,

BB 51 2 ATHREIRIC X 3 &, B 001S, 002H Ti3bid 10 EB LU 13 EED
BRHCBRMR EBHT B 21T - TW %, HRERH 003S TIIMKES 11 L TRRR, WHld 27 ETRIK, BT
ZfT-> TV 5, B 004H Tl3bD 20 6 LU 21 FEOBHCERE, BATH%iT- TV 3,

(2) BKOAES

AETHTICHAVAERRB ERD XY IC 1 ETEICHEINTVWADT, 1ETEIEEHE
KDBIEWTE B, HEHERRITRTEBD TH 3, (3.1) ROMI4E > DS ¢y, £; D)
IKOWTHR t TR T3 MR DEHiTh b,

4

—dt—j kvrdt— S bv?Bdt

ti—y d t
t Y t;

Av=5mﬁvm~bLFfW%t (4.1)
(4.1) ROAAE IHIZ

. 2/3 2/3

fiu%dr—fﬁigﬂgwa~nﬂ) (4.2)
ELTRD B, | EROEENE2p EBL &, TOMIR 2HSCBI 2MEL»S W) R, 2R
EFHWT

V3, | 2

b
p={! rdi=dv+b 5
L, (4.2) XD ti—

ELT, FBEhB, 1K L BRTOEGITIEL B, CoRick ->TEED
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Fig. 4-1.
ages.

(a) R ¥, FHEHN001S. (b) b/ +fl, ZEH 002H.

; X, 30 4.

(a) An example of sugi. Plot 001S. (b) An Example of hinoki. Plot 002H.
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HOBEROTLTOTROEINEICHBEL TWB, 7272 L, 15 ELIBREBE SR KEIE
E->TW3,

wic, BEBMOBRHI LT, FE T EICHME v EAEES p it EcERER S &
T, BNFRIC K DN A =5 kon 2ROz, 1120, MERPEOME, £EHIHRA A F
&) ofiEH W, H4-2 BLUOK4-3 ICENFN 52—k BLIU n DEAETT, TOXT
REER 7 — s £\ 4 > DEERH 001S, 003S, 002H, 004H @ 5 L FOBEHz > W TR L
1o B L L OYil, FOBRII T 2RI >LW TIN5, £, REFRKITVWThoBEEK
b 0.896 LI ET, R, FEICBREEVHEBMIED Shi, /52— % k OfISENICIZ
FEEEFICED T AEOIAR S s, SR L S BHBEERAIIE R LT WIS WL, FilZ i,
S8 004H TWF/¥5 £ — % k OfFI LOFEE TIHEML, Zo®BDOLTVS, 1, /85
2 — % n OEOE LIz > W TI2EER M 001S, 002H & KE&H 003S, 004H @ 2@ v ics3hh iz,

0.4 . (a) &8[ (b)
0.3} " - 0.6 "
- B3
0.2} 0.4 .
0.1} o 0.2}
ob. . ol e
0 10 20 30 0 10 20 30 40 50
Age (years) Age (years)
1r . (c) 0.8, (@
0.8+ 0.6
006 r -~
= 0.4 o
004 r .
0.2 . 0.2; - i
o . R i o . . .o: saeeee :O.'. .
0 10 20 30 0 10 20 30 40 50
Age (years) Age (years)
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Fig. 4-2. Values of parameter k in the tree growth equation.

(a) BRI 001S; (b) HERH 003S; (c) HEAHL 002H; (d) &XE&MH 004H.
(a) Plot 001S; (b) Plot 003S; (c) Plot 002H; (d) Plot 004H.
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Fig. 4-3. Values of parameter z in the tree growth equation.

(a) 5REAHE 001S; (b) ZXERHE 003S; (c) BRI 002H; (d) AERM! 004H.
(a) Plot 001S; (b) Plot 003S; (c) Plot 002H; (d) Plot 004H.
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Fig. 4-4. Relationships between average volume and average productivity of stands.
(@) R¥ -, HEAM 001S; +, HERHN 003S; * HERHI005S. (b) b/ + -, HBRHI 002H; +, &5k
1 004H; *, &{E&H! 006H.,
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Table 4-2. Estimated values of parameters in Eq. (4.3)

. Coefficient of Amount of

Plot code Species B & determination data
001S Sugi 0.546 0.0768 0.990 12
003S Sugi 0.592 0.0776 0.994 12
005S Sugi 0.679 0.1682 0.993 12
002H Hinoki 0.614 0.0699 0.996 12
004H Hinoki 0.754 0.1310 0.999 12
006H Hinoki 0.715 0.1222 0.993 12
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Table 5-2. Thinning ratios on thinned experimantal plots

Thinning ratios

. Age
Plot code Species (yi) Number of trees Basal area Volume
(%) (%) (%)
005A Sugi 40 28.6 21.9 20.8
032E Sugi 30 30.1 20.1 18.8
036A Sugi 39 26.0 18.0 16.7
503B Sugi 30 40.2 26.8 248
503C Sugi 30 36.6 25.2 235
006A Hinoki 40 15.2 11.6 10.9
033G Hinoki 32 35.8 275 26.4
504A Hinoki 33 464 28.3 259
504B Hinoki 33 215 9.1 7.7

BIZ> W TIRHEBEISPREL 12505, T ORIGERERMS LEMNIELILE, 2, X5 4—9n
DA MR IZ & » TRD G 505, RIS & ERIEMS L D EDILL 78 B,

X 5-1 (2B 032D (ERIEHMSY) & 032E (KM B 5/95 2 — & n OBRICXTS
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13388 032E TRUKDMTHON BRIORIEEH» SRDETH D, 2 BFELBED S REKE DR

EME» SRDIETH 5, 1, M52 1cHER

1.0, #h1 032D DAFES KT % 032E DAEEHOH,
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9t . s+
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Fig. 5-1. Change of parameter n in a 20
thinned stand and in an un- Age (vears)
thinned stand.
-, SABRH 032D; +, HABRHE 032E. B 5-2 RSy 032E & MR R4k 53 032D
B BB 032E o—FH L ARKR D SRR e B SHSEE N OLuOZE.
BDF— 2 oROIETH 5. Fig. 5-2. Change of the ratio of stand
«, Plot 032D; +, Plot 032E. productivity in the thinned
Note: The value corresponding to the stand 032E to the one in the
youngest age in Plot 032E is estimated unthinned stand 032D with

from data before thinning. ages.
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age. .
(@) & +, #KERHL 005A; +, :AERHL 032E;
—, BRI 036A; *, 3AEkHI 503B; X, B
503C. (b) &/ ¥ -, :AE&HI 006A; +, HAER
11 033G; —, RERHN 504A; * ERHE 504B.
(a) Sugi. -, Plot 005A; +, Plot 032E; —,
Plot 036A; * Plot 503B; X, Plot 503C. (b)
Hinoki. -, Plot 006A; +, Plot 033G; —, Plot
504A; *, Plot 504B.
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Fig. 5-5. Relationships between average
volume and average productiv-
ity of stands.
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Nihoki. », Plot 006A; +, Plot 033G; —, Plot
504A; *, Plot 504B.
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Fig. 6-1. Layout of the experimental plots for two-storied sugi stands.
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% 6-1 RRXFEROMSRI (1966 %5 H)
Table 6-1. Stand conditions before establishing plots in May, 1966

Plot Area Species Number of Number of Mean height Mean DBH

(ha) trees cut trees (m) (cm)
Clear-cut 0.39 Sugi 276 276 21.5 31.2
Hinoki 69 69 18.3 249
Total 345 345 20.8 30.0

(884/ha)
50/ha 0.40 Sugi 313 294 19.8 30.7
Hinoki 34 34 17.6 24.8
Total 347 328 19.5 30.1

(867/ha)
100/ha 0.30 Sugi 184 158 20.2 28.0
Hinoki 36 36 18.8 26.0
Total 220 194 20.0 276

(733/ha)
150/ha 0.44 Sugi 270 213 184 28.0
Hinoki 59 58 18.2 27.1
Total 329 271 18.3 27.8

(748/ha)

. HREUAOTRE & EEREE R EERAROREE, 5SROI bDTH 5.
Note: The mean heights and dbhs were calculated from measurements of only thinned trees
except clear-cut plot.

A4 12458 L THEEREL 2. £/, 10 % 6-2 1970 Fic B 3 LAROIKIR
Bicik ﬂﬁ%lﬁ@%ﬁ*mﬂﬁ L7 TAROFEIZ Table 6-2. Conditions of overstory trees
. N — - in 1970

1989 4 11 A it MEEEARE L, #E &R -

EAX /I 20 m X 20 m OFAEX % 2 o Number of - Mean = s, ppy

N _ R N Plot trees height

MmEL, DS OVTRIE Lo & 51T (trees/ha) (m) (cm)

1989 4 11 Aic, MEiE, #E MERE% 50/ha 48 18.4 39.3

L ESAD SEBAE CORED SRRAL  100/ha 87 180 382
150/ha 132 183 35.5

RREAX 10 AT 0BORBI L, BB L /2.
AEOEE, 00m & 03m, £hllEidlm
fRICPR AR L 1 &I FRmEFAE - 12,
(2) BAKDHEN

cotid, FRokdic 1ECECHES M ERIrER s w5, Licd-T, 1HTL
WCHFENARD B EDTE D, HEHEIBIVELERTH 2, THEDE,

U;z@1+'l)i2'3
A
2k > TBROEMARICOWTHEENp AHE LI, TCT, EROOBEEIMEILIT—ELL
0T, & ECHEKS OBED Sk (XF130.0305, £/ Fi30.0170) ZHWV I,
Kic, BRBUOGEHCST LT, &M v S4BT p AT E TERERS €T,
BNTIRIEIC LD 85 X — 5 kon BRI, 2L, WREBIIEOM, EENHRA 1 FR)

i
p=S'_kv"dt’—-=Av+b
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0.3 . . 03 . . .
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Fig. 6-2. Changes of parameter £ with age in understory trees of two-storied stands.

(a) #EXIX; (b) 50 AK; (c) 100 AKX ; (d) 150 AX. ]
(a) Clear-cut plot; (b) 50/ha plot; (c) 100/ha plot; (d) 150/ha plot.
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Fig. 6-3. Changes of parameter n with age in understory trees of two-storied stands.

(a) B{XX; (b) 50 AKX (c) 100 AX; (d) 150 KX,
(a) Clear-cut plot; (b) 50/ha plot; (c) 100/ha plot; (d) 150/ha plot.
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Fig. 6—4. Relationships between average volume and average productivity in understory trees
of two-storied stands.

(a) HIXEX; (b) 50 &X; (c) 100 AKX (d) 150 KX,
(a) Clear-cut plot; (b) 50/ha plot; (c) 100/ha plot; (d) 150/ha plot.
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Lichi» T, EROWMIIEES & ERMBEMRORAMRDEET D 53Rk S SPAEED 5 FARD
MAEENEZHEET B EDTRETH B E VR S, £, R—HINCBT 38 RKOME LA
ENOBRB"BMO TR THHFENE L$5L, EROHHEED O FROBMADLEE %
WETEIEMNTEL LIS, £, FEED 6.1) R S3kvn o0 3 HEE X EARDIRED
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4. B TAONE
554 (1983) i & 2 AR T REARMNIC B BHEMBEIE 8~4% £1E->TW05, Lichi-
<, BB BN IESRIc B BEENLI D bRESBBLEI B LY TE %o
FIFOBRIC LS &, HEO LIS ZERXE 50 AR TiE 50 KX D E 5 HETEEIPK
X1 oTWB, T 1, REOTEICH S 100 KX & 150 AX G BEE CAEEN LB >, £ C
<, RE3AMIELT, “BROFASHE L& &, ZBRIc I 2 BINHEIEY b OO
HRIEAERD, TOMERB—ETH S EIRET %,
RE 3. TAROMEMEAR L T\ 2 EE B BAREREY 0 OMILEREREE—ET, [Hin
Bz LD bREW,
O &R, FAROWSLEEES P, S, Bz 2HRADHAEFES As i 5 ERDHAES P,
AELB|VEED A—P,UTFER B EABHRLTVWEDT, ROBIBRISKILY 5o
P,<A,—P,
o, TAROMAMEEE T I EIR SR OSERSE L 7B DM BT TH 20T, IREADHILY
%o
0<P,<A(<Aj)
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L7chs-T,
0<P,<Min(4,—P,A)
ERDEFES 03 P OB D FROFREES], 3700 LFOLEENE AJP) & T 5L,
AJP,)=MaxP,=Min (4;—P,, A)
PBOLY B, TOTEERTRG LR 6T DLIIL B, THhDE, “BKOTAOEE, bk
BEET 5100, ZTOREIRARSZT 32BN T 5 &0k 3,

FAROAEESIFGEIC & 0 AR DEE & BRI R#% OREERE T 5, Lis-T,
EARZEY B 7B D FAR OIS ORA LR IS T 5, FAROEESS P, 0B O FAOKS
OREEEE DTSR, EREWOBRVIHEO NROMSEES Pictd 3, EARDEENH P,
DEED FROKSAEFES] PuPy) DEIEE—BT 5, 21T, KX TR OEIEE THExERES ]
EFERT LT B, THOL, FTROHEMAEENr 3RO LS IcEEN B,

7=Py(P,)|P

L7ehi~>T, FAROAES EEAROEENHEMEES r 2 2 bD L 18 5,

RO FAIZBIT 2 AT & PR & DBIROBITRER D 5, FADBBIMKIE T
REAZZOEFBEHT 2 ENTED, LEi>T, COBOMMEENZ 5.1 KRR F
RO Vi ELAFEN, 0L - T

P,=aAuP)VEN,*#
LB, TTT, AlP)=MaxP,P,), A=Max P, r=Max P,P,)Max P 115,
Max Pu(Po)

Max P
tEFxh, FOoRRKROLSICEZM|I ONE,

P.=raAVEN, * (6.2)
D& E, HMEEN 7K 6-8 D& IcKHEHEA,

r=Min (4,4 —C,1)
L5,

LS~ T, ULOBREZLDBERDLSITE D, PAOMBERER ZBEIAET KD
owekanzs,

dv __ aAVEN,*?
at T e
2L, N4 —4 ald ERETARETRER - 1flid & 3, $7-, EREMKOESL & EEIC
yaAVENL#F=vA
5o E SICPVROWEDBAHT 5 EEZ B EMNTE S, L BAOREREIKRDO LS
iKRIhs,
dv _ Av

— _ Bh23
i rV,, bv

AuP,)= Max P=rA

v —bv??

5. B%
BRI ORITHIR TR, MO0 1 AL OV & LRl bic 7oy b33
&, ERXUAD 3 5 DXHBEEX D SR G T IcTe#E L TV S EnR b, —F, B
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6-7 LAROHESETROFZKREES.

Fig. 6-7. Relationship between productiv-
ity of overstory and maximum
productivity of understory.

Note: In this paper, “productivity” is
defined as ps/(1+7), where ps is a part of the

net photosynthesis rate distributed to a

stem, and 7 is the construction respiration

coefficient in the stem.

Crown density

6-8 PASHEE & T ARDMENEEES OB

Fig. 6-8. Relationship between crown
density and relative productiv-
ity of understory.

Note: a=A,A—1.

Note: In this paper, “relative productiv-
ity” is defined as the ratio of productivity
of understory trees in a two-storied stand
to that of the same trees without overstory.

MK RDHDEEEND (6.2) RTERENB LT 5 E, FAROEHBIC Lich > TRARDOHEIARES»
DIED/NS {185, LIchi=>T, ZEBRWTFRICE I 2 g & B B i3 ih b CRiks
BAfRICIZR 59, MHEEr OEIIEUT, RACHMICBEH LTV 2 Eikikd, ol &
BER ORISR E B LTV,

ZHE(1983) 13 R FHRIC B ZRIREZ OB E HUBE & ORFRER LI, £ ko
(1983) i3k / FHICO>V TR OBIRER Lzo LA L, OWEFNRSIEHEITHT 2 BT
40~50% FEEE TORTESLD2VT W3S, INEBHKEEESHER L LHAHEEIBBELEIC
LEBTHELEVHETHEULTVWS, L L, FIFRRESEEHELIEEE LTV BDIIHL
T, BERWELSEAS T 2O EHEL LT W5, 7, BEFEEHBRIEIC—ETH 3755,
MEEASRFF O BIAR IZFHKIC &K » TEALLB S T EMFIETRIN TV B,

chicxt LT, BERR (1989) MR EZNENEILETRT ik, H2EEREELHE
THILETESY, HBRROEBCOMEROELL D SRIGBEBVWI &, RUBRKERET 2 —
FHOBETH D IHITHERPHERE L JIEFA LW LE2EHLTVWS, —F, ERXoH
ETRMAEEN L EOKHMETERIC L3 TROERA#EL TWSE, COlkTR, Lk
ARDPASHRIEDIFICHRAM 1 2L 0, EARVBEREORKICIE, EROMED S BRE % FRld
L X135, BRESHWERICHA LI B3R BEAEIRLENT 52— TH 2D L
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T, WHIEEIET 2 SHMAIEE > TLE S T ETH B, ARL TR, MEABIBL 72 & 2Tk
DEEHRBERICEZELT, COLXOMPEENEZ—EMBE L, &6i, 62)RDLH i
NS A—F a DEFRRICE > TELS BT LIt - T, BMBEEMRSEENOBFREELE
HTWV3B, Ff, TOMIFRURATIOMTDIRBEIZ IR L TV B DT, ThLFIoEFRR LK
BMLTW3, LEd-T, ZOEETRE, BOEMT 2 FHDORETH A HIHERE PR
BEE A LIEVE VWS RELIYBHANTVWBEOT, Bitkick 2tEEBoE(LZTTisl, £
RKOBE & RIFITIIROBRBOFRIE TEITH TEMNTE S,

I (1988) iR R & RHH BB & OBIR AR L, SR ERD 12, WimRkkkR &
R BE DA mEEE Fic 7e v + 45 &, KEDOMEIZAE 1 OEF LD FHic 52
LAERL, 20HEE L TOREOAVBELLSOLORELY TRIEL, DM O5AZLDE
ZVDT, BELSDORITHNTHESLCHICESNP T IMEKRICHEELIIC WL, ORitkiz—
BICTREAD SIERITON B 120, BRREZMERERERERIC LGS, ZBoRBHRHREER
DPREKER LD b/NEDh -7 &, QUAVAKBRAMOMSBEETN TV T L, WEERYS
TW3, BERMXDHETIE, OO DOZEALIZEASIKED S BEIRE~DE/LT (2.1) RD/*
SA—%n DEMBETEETEINTV S, 1, QORUKADHIREIC S W TIIPASIKEET
BHE S & HPIBERIC S 2 BMREEREIC LABREBERV TV DT, ED &5 EEAZRIK
TEMEVI T ENEEINT VS, X512, @DHIALIC & 5 BEDOERMAEEHDHIC
EFhTVW3E, $HbE, BUKIEETOREAMBRERL > TV BT, PARELRELCT
H-Th, REIEAMIEEN A OfEEF-> TV,

VIL. ZEMORRERTFRANDILRAG

1. FU®IC

BETIE, _BHMOLABIUOTAROMBEMESEBT S0 TEL, £ 2T, AETIEAH
EDEFNERICLLZBROBRE TS EERES 5, 1EROBETFNAHETE, RWSEE®
WS ERES & oREERLE L, ChICHESKREMEEEMA T, MEDTRIZTS OhEE
Th b, BIEOETFNVIMBEREDEF LV THZDT, fERE R, MBEOBREAPOLELT,
MEREEMA T, WESERETFRHT2HEEE S, Ld-T, SEoBE & MEREOBK
AEHmTAMLEND D, RIS, MO0 BRSO S RIXKS0REE LTHVW SN, 5
HEEEMBIC B 2 PE8EIc & > THIRIIER A R L T b, £/, HIMETEHBLALII I,
M FES & MR OMTEEFEREICBIR L TV 2 DT, R E T MG OHMICBERD H 5 EH
THBEVZL D, £IT, HAIBHEMRDEFE L OBIREBRL L 1o, RKi&IC, HRURFETIER
ok 3 XF_BRRic LT osEEEER L

2. HbRT &M EEH DR

(1) &H

T I R ERFETEEEIC B 1 2R (T - BRI, 1975) 55, 8 DR F
OB ZR W, BT W RBRIOBEZE IR 7-1 WWRTHED T, IhE CEEDO MEM
A 1I~5 EEHENT WS, T/, ThoORBMTE, WEERICSVLWTREKR, BEic>w»
TIIAEHEA A BN L CEAMNIC 31313 5 BB TRIEL TW 3,
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Table 7-1. Summary of experimental plots

Initial states Last states Number
Plot name Area A Number Mean Number Mean of

(ha) ge of trees  diameter E€  of trees  diameter Measure-

(vr) (trees/ha) (cm) (yr.) (trees/ha) (cm) ments

Anno No. 1 0.109 13 3560 7.0 88 1220 26.7 16
Anno No. 2 0.073 14 3685 11.0 89 1110 29.8 16
Gobozawa 0.540 36 848 26.5 86 541 46.6 13
Godai No. 1 0.141 11 3837 12.3 86 745 40.8 17
Godai No. 2 0.034 14 2912 115 89 559 43.4 17
Metaki No. 3 0.037 13 3622 9.6 88 784 39.3 16
Minamizawa No. 3 0.090 19 4298 16.6 94 982 46.6 18
Ninodai 0.057 16 4825 84 88 947 33.0 17

LTI T3, SKROMBEOBEELELTZ0T, ThE TORFT & RIS EER
R, SR, BRSO TEMRRKOMBEEREE L 72, #Smk&Ei#E=1d MiTscHERL-
1cH XAV, KRREROFEEICH LT DeMing DB/NEREICE > THTRED, £,
St ERER 3 3 IR A FH W o8, CORIERD /NS A — 5 13T S (1987) SHFE AT M
THRIL BRI D oKk 1,

(2) HINTFEEL & MBS & DBALR

HIfTFERUR—MRIT, H D EEMIRICH T 2 FBAFEIEIRMEIC K > TREN S, AR (1972) i3
HEICH T 2 EERE S LTI 4A0 ERESHVSATVLAE EIERHLTWS, 2T, HNIEK
% A0 ARG & LT, MIAIER E M AEET & ORAREMRBR L 1o,

RAERHD 40 FARBEBRDO X H ek, £, 20 FALEOBERIEM/O F9fEIC Mit-
SCHERLICH A M TNz, HEI NN A— 5 DERRT-2DLDICH o1, ¥TWRHOH
7z MitscHERLICH &> 5 40 FEOMEEFTE L ico 7o, MOEENIRZRD & SR 7, &N
INE TLEMEAETHEAT &I 2 RERONEEET] Dyear Z3KD T2 BHRARITOWT DN
HEFES] Dyear 28T L, BBRHOERE TR L IEE Z O 2 B EHOERSEEN & L, Rkl
ZmH b, KEMBEEL TV S EEZZ N ZHHOERSEENETEZROHL, cho %Y
LTHOEEEN & LTz, RO S 40 ARG EMDEENRZR T-3 0B TH 5,

Wiz, F£T-3 1B 5 40 FHARE Heo EMSTHEET A DEIK

A=a(Hs—0.6)° (7.1)
L, a,bid/¥s3 A -4
ZYTIEDI, TTTO0.6 BEEFOBEERLTWVWS, ZORER, a=144,0=0.364 L1 -7z,
% 72, FHBAMREIZ 0.852, YJUEMREUZ 0.727 L7150, FOVHEBEMSED S, Lichi-T, EEo
D OMRDEENEHEEST 5 ENAIREE 18- 7o,

3. FRHE
FRlodbLIMEORELE L, ChickEZokELlA80E TREEROBKELZHET 5,
MEREXIIETR LARERAV 5, #E8ERE MirscaerLIcH I,
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% 7-2 HWEREHREO 52 -5 % 7-3 HIRIFEERE MROAEES
Table 7-2. Parameters of age/height curves Table 7-3. Site qualities and stand pro-
ductivities
Estimated parameters
Plot name Site quality Stand
M L k Plot name (Height at 40) productivity
Anno No. 1 537 0954 0.00461 Anno No. 1 111 39.9
Anno No. 2 111.1 0.960 0.00226
Anno No. 2 13.7 37.2
Gobozawa 38.5 1.285 0.0288 Gobozawa 299 42.3
Godai No. 1 47.2 0.856 0.00855 . ’ :

. Godai No. 1 18.5 42.8
Godai No. 2 32.0 1.123  0.0262 Godai No. 2 194 304
Metaki No. 3 31.9 1.122  0.0257 Metaki N.O 3 19'1 41'3
Minamizawa No.3 33.3 0.891 0.0183 Minamizav.va No. 3 19'0 45'2
Ninodai 420 0946 0.00949 Ninodai 148 40.0

h(t)=M(1 —L exp(—kt))

ERWAED, ERERERTENT S, 2T, NI3A—%LEREEEL, MIMICHL TR
P %R /S5 A — % MIEEIBENT B ERET S,

PIF, FHIHECSWTEREAT 3, £, K7-1iIcRohEomnNER~YT, MBEOKRET
A 1T EDBRRETEZTT-> TV L,

(1) EROFH
OBHRAR DM B DOHEE

BEMAROKEERE, MENGZ S NIGEIE, HERRE RV TERAROMTEELHTES 5,
QMSTHFET DHEE

FTHSOEENEHEL, Thi b LICBHRKROEENEHTET 5, BAFMKOBR &R,
SOEFESNI—EMBA 45, COBERBEE ZhICHIET 3HIAIIck - THRES W B, 17,
BEBAMRDIRAITIE, MO ha M0 MFE V & ha 40 AR N H oM OEENEZHET 5,
WS P it

P=aAVEN'~#

k> THET S, 2T, a,BREBIEICL > THREBZEKTDH %, 72, a L TH SEAH
TEHETOEMMNTIE—EL T 5, I 6DOMBEITZERE (1962, 1982) DRZERERIR & TV
BONNSA—IMoRDBIENTES, TNILELBE, Y5 A -7 BDEIF 0521 L5, &
7o, RHE(1962) RECHEIXRICBF AR E204LELTVBDT, COEEHWVWSEE, /¥5
A=FalFl77X107° L1585, a OEIF—HEASE L /- BI1CRifk L 788413, HRICIB U T L
T5b0DET 3, THITHO>VTROTEHAYT 3,
QOHADMENEED T

MAHDOEMAKRD | FROMBERERIZ (7.2), (7.3) XKoL Sk, 1 FEROMEETRIT
%,

dv= A—V” — by (7.2)
BN1—B
Av= Mvn_bv%i (73)

Xt
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Fig. 7-1. Flow chart of predicting growth in two-storied stands.

(7.2) NZBABEM DS, (7.3) RBBEIMR DB A TH 5, HERKFHRIHEH OBk E BRI O Bkt
OFTFERICK 3 L, FAEMOBECIR B RO/ A -7 n B 10FBOELEE -1, £C
T, SMRKOEETIp 135 42— n D% 1 £ T 5, HEKEHRETH O BB O
FrisRic k3 &, MEASEATOHRKBBIMK OB AT B RS X -4 nid 1.0 Xh/phaw
BEBD, WEISEET BIC LM >TL0IESVTWL T EMR LN, T/, BREOBE
FRDOBAIC R, HMEEROERSB LN, £2T, N4 -9 n 3K 7-2 Dk 5 icEAs
ECA2bEICHRET 5,

@HSIMRBOHE, PAHEOHE

BRRKOMBEE G LT, MOMBEERD 3, $7, BENKOEA, HOLENZHEEL, B
BURREIC B ML & O EBABEE C 23Rk 5,

OEkERD Tl

PRt E OREE I 13, MiTscHERLICH R ZEH W 5, 72721, BB ER TLEMUT %, KFK
oftERERIFEMESORERLE T 5,
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Parameter n CEROHEE

MEIZIN U T, MEEEED SHEERE %
AW TEMAROMISEREZHET %,
@itk s 254

BRSO SRR S nL B A i, BB
ZlIT & » TEREROEENRZELT S, £
T, MHKBEROEAROAES % BURER D & D
POFET S, TOEE, 54— n idREHK
Iz & - TEABEM O ME A S BRBAIRE OB Ic (LT
%, PASKEFOMEA 1 &L, BRBARFOMEE na T
£To na DERMEKOESVICL > THRE S

1.0

0.85

0 085 10 (R 7-2 B8, % ~BRBEORERD <5 £ —
Crown density o ) N . -

Fig. 7-2. Value of parameter n in relation LB TED, TbDL, XATOMI T, #
to crown density. DROBEAMEBAROMBEE ZNTN Ve, Uar &

L, BHKEOMIME, LAEE, SHRKDOHM
A Vo, Nava £53E, X3 x—%aldiRBRDIHICKDEN B,
a=vhar SVi/(VANY V) (7.4)
(2) FTARDFH]
OBMAR D REFFF DHEE
M OEMEA 1.0x 1075, ZTEEEE 06 & L THBIERESHEE L TR HRAROMTE %
Y 5o
QM EEN DHEE
%9, (1) DQLAEDHETERBIEWEEDOMSIEET P 2K 5, (RiT, LARDOEAHE C
Do TARDHHAEERr 2RD 5, 22T, ZBHRORAKMRSEET A (385K (1981) DFH
BERARICA=1034 £95E, r3RACE->TRHON S,
:{LO (C=<0.03)
1.03—C (C>0.03)

TAROMSEENI P &L THESN S,
OB ADOHHEMREERDTHI

1) o@D HELEAMIZIRFRILTH 5, 7L, (75 REHVTEROEHASEED S TAROM
SHISEE N2 RD, HEAEETHIC COBEEET 5, L, MEKEEVSAICE 3541
BHEET B2 bDET B,
@OHDMEOTE, PAEEOHE

BHRAOMBEEEIT LT, KoaMBEERD 2, £/, BENKOGE, MWakEEHEL,
SHIREEIC BT B FES L D SEABE A RD 5,
Otk ERDO Tl

%7, (1) 0@ LEKIC EABB VS OERERERD 5, (Ric, EROPAHE CH»5TFAK
O EEHERER Y2 KD 5, JCT, rIZEASEES 9% LIT TR L, 5350 L5 2FAHE %

(7.5)
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r0 L HAMEELE BT BELD0ELT, TOMEERTKRAD X I ITEML 7,
,_{10 (C<0.09)
(1.03—C)/0.94 (C>0.09)
Lidi-T, BERERBEAPLTVEZOMEEERIC 2T b0 L1035, BRI
REERI S ORERE T 5,
OEZRDOHEE
(1) o® & [EHkIZT 5,
ORItk 254
1y @ & [ERRIZT 5,

4. ERBHI

TEEREAK 3 ARBE C2-3 /NIIC B 1 5 2 F ZBMGABRIX I L T LEECD ® Fvic S WPl
2TV, TORBXD»SBLN FARTTROER & OHEEIT-> 120 EROFRNIZ 1970 4
DREMD SRE L, 1992 FEDORIEM & HE L 7o TARDFRIZ 1967 £ ORERREF O % FHE
L, ZOfEih SEIEEL, 1989 AEDRIEM & L 72,

AR 57 0B ks, FOBUEICT AR E Nz, FTARIIMKE 11 H£/X 0 19 4
TREEIT->TWAD, I TREBEHESIThzZ i L, 2 EOBRMRICE T 5 AKX
KHEF LI B &SI, BRREREL 7o, BRKTiE 21%, ThSicld 14% & L, #il
13 3IREIER A VDS, TOMERD /Y5 2 — 5 I13FFF S (1987) BSHRERFET E#E B THREL
LR oRkDI, £, LADOHBKRKICEBIT Z/¥5 % — % a DfEIZ50 AKX Tt 1.78 X
1073, 100 AXTid 2.30x1073, 150 AKX Tid 2.27x107% & L 1z,

MAHFES A \ZHAIIER R /R T 40 HEAERNS Hy L OB TH 2 (7.1) A SR, Fi,
85 % — 5 b ODERFHFKRFHIEENRD 2 FEABMS TR 72 0.035 & L 1,

B4 (1985) iz FEHEEM AR E LT, MITSCHERLICH D /Y5 A —9 L L k2 —FE L L1
RS R AR

h(t)=M(1 —1.029 exp(—0.0215¢)) (7.6)
ZRH TV B, HRMDO_EARORE IS 1966 4 (bR 58 FETH 508, HOREMES DT 57 F

# 74 HEXIcBT 3 RE TR
Table 7-4. Prediction of growth on the clear-cut plot

Age Number of Mean DBH Mean height  Basal area Volume Degree of canopy

(yr.) trees (/ha) (cm) (m) (m?% ha) (m%/ha) closure (%)
4 3300 — 2.4 — 13 32
_____ o 330  — 48 — & 87 i
4 2607 143 71 434 165 100
19 2088 162 93 441 212 90
23 2058 173 109 507 082 100
6 2058 | 181 121 557 338 100

Note: It was assumed that the stand was thinned at the age of 11 and 19.
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ELD) epE BT 206m, RE T 19.2m (FAFNREREBRWIEEEES) <
H-o1DT, TOEMS (T6)RD/¥Fx—% MIZFHEN 295,275, 40 ERSOHEMBIIZ
NZFN 16.7m,15.5m &7 - o, IRICHIGTIEE & ha X4 0 MAEEES A OBIGRRD & B3 D
MAEENA ZRDBEIENTES, (AP OSRDLADEEZDETETHWT—ET E DK
EBZHETAEBEBRICEEDT, (1.1 R 09 2#iF, ROk > Ic@IELERXERD 2,

# 7-5 50 AXic B AREFURKE
Table 7-5. Prediction of growth on the 50/ha plot

A Number Mean Mean Basal Volume Degree of
Story g of trees DBH height area canopy
(yr) (m®%ha)
’ (/ha) (cm) (m) (m?/ha) closure (%)

Overstory 62 48 39.3 184 5.9 51 9
Understory 4 3300 — 24 — 12 31
Overstory 67 48 41.1 19.2 6.4 59 9
Understory 9 3300 — 4.7 — 74 81
Overstory 72 48 43.5 20.0 7.2 68 10
Understory 14 2838 135 7.0 41.6 158 100
Overstory 77 48 458 20.6 8.0 77 11
Understory 19 2440 15.1 9.3 45.0 216 99
Overstory 81 48 47.6 21.1 8.6 85 11
Understory 23 2440 158 10.8 49.9 276 100
Overstory 84 48 489 214 9.1 91 12
Understory 26 2440 16.3 11.9 53.3 321 100

Note: It was assumed that the understory was thinned at the age of 11 and 19.

# 7-6 100 AXic B 2E TR
Table 7-6. Prediction of growth on the 100/ha plot

Age Number Mean Mean Basal Volume Degree of
Story ( i ) of trees DBH height area (m%/ha) canopy
yr (/ha) (cm) (m) (m?fha) closure (%)
Overstory 62 87 38.2 18.0 10.2 88 20
Understory 4 3300 — 2.1 — 9 26
Overstory 67 87 41.6 18.8 121 110 23
Understory 9 3300 — 4,0 — 51 67
Overstory 72 87 45.5 194 145 135 25
Understory 14 2838 11.8 5.8 31.6 107 91
Overstory 77 87 49.3 20.1 17.0 162 28
Understory 19 2440 135 7.5 36.2 150 98
Overstory 81 87 52.3 20.5 19.1 186 30
Understory 23 2440 145 87 419 197 100
Overstory 84 87 54.4 20.8 20.7 204 31
Understory 26 2440 15.1 9.5 45.5 230 100

Note: It was assumed that the understory was thinned at the age of 11 and 19.
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A=13.0(Hs—0.6)%3%
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Table 7-7. Prediction of growth on the 150/ha plot

Age Number Mean Mean Basal Volume Degree of
Story ( f) of trees DBH height area (m¥ha) canopy
yr (/ha) (cm) (m) (m?/ha) closure (%)
Overstory 62 132 35.5 18.3 135 119 28
Understory 4 3300 - 2.0 — 7 24
Overstory 67 132 38.9 19.0 16.3 152 32
Understory 9 3300 — 3.6 — 40 58
Overstory 72 132 42.7 19.7 19.6 188 36
Understory 14 2838 104 5.2 24.7 79 78
Overstory 77 132 46.4 20.3 23.2 227 40
Understory 19 2440 11.9 6.7 28.2 126 99
Overstory 81 132 49.3 20.8 26.2 260 43
Understory 23 2440 13.2 7.7 34.4 147 100
Overstory 84 132 514 21.1 28.5 287 45
Understory 26 2440 13.8 8.3 38.0 174 100

Note: It was assumed that the understory was thinned at the age of 11 and 19.

# 7-8 Hb 84 it B B LAROFHERE R O TEMSIER O TRIFR

Table 7-8. Prediction of mean heights and mena dbhs of overstory trees at the age of 84

P Mean hight (m) Mean DBH (cm)
lot
Observed Predicted Error Observed Predicted Error
50/ha 214 —4.4 52.5%* 489 —3.6
100/ha 25.8% 20.8 —5.0 54.7 544 —-0.3
150/ha 21.1 —4.7 51.56 514 —-0.1

*The value is mean height of sample trees. ** The value is mean dbh except two added sample
trees.
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Table 7-9. Prediction of mean heights and mena dbhs of understory trees at the age of 23

Number of trees Mean height Mean DBH
Plot (trees/ha) (m) (cm)
Observed Predicted Observed* Predicted Error Observed Predicted Error
Clear-cut 2050 2058 13.8 10.9 —2.9 15.5 17.3 +1.8
50/ha 2438 2440 11.7 10.8 —-0.9 14.6 15.8 +1.2
100/ha 2400 2440 116 8.7 —-29 11.6 145 +2.9
150/ha 2488 2440 105 8.3 —2.2 11.0 138 +28

*The values are mean heights of sample trees.

& 7-10 HEKXKIcBI 2ETIER BEE2EBELEY)
Table 7-10. Prediction of growth on the clear-cut plot

Age Number of Mean DBH Mean height  Basal area Volume Degree of canopy
(yr.) trees (/ha) (cm) (m) (m?%ha) (m?ha) closure (%)
4 3300 — 3.0 — 13 32
9 3300 — 5.9 — 85 87
14 2607 13.3 8.8 37.3 165 100
19 2058 14.9 11.7 37.1 212 90
23 2058 15.8 13.8 422 282 100
26 2058 16.5 15.2 46.1 338 100
Note: It was assumed that the stand was thinned at the age of 11 and 19.
# 7-11 b0 ARic B 2ETHRER (FROMEEEE L E4)
Table 7-11. Prediction of growth on the 50/ha plot
Number Mean Mean Basal Degree of
Age . Volume
Story (yr) of trees DBH height area (m¥ha) canopy
yI. (/ha) (cm) (m) (m?/ha) closure (%)
Overstory 62 48 39.3 184 5.9 51 9
Understory 4 3300 — 3.0 — 12 31
Overstory 67 48 41.1 19.2 6.4 59 9
Understory 9 3300 — 5.9 — 74 81
Overstory 72 48 435 20.0 7.2 68 10
Understory 14 2838 125 8.8 35.7 158 100
Overstory 77 48 45.8 20.6 8.0 77 11
Understory 19 2440 1338 11.6 37.9 216 99
Overstory 81 48 476 21.1 8.6 85 11
Understory 23 2440 144 13.7 41.6 276 100
Overstory 84 48 48.9 214 9.1 91 12
Understory 26 2440 14.8 15.1 44.2 321 100

Note: It was assumed that the understory was thinned at the age of 11 and 19.
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Table 7-12. Prediction of growth on the 100/ha plot

Age Number Mean Mean Basal Volume Degree of
Story ( %) of trees DBH height area (m?/ha) canopy

yr. (/ha) (cm) (m) (m?ha) closure (%)
Overstory 62 87 38.2 18.0 10.2 88 20
Understory 4 3300 — 2.5 — 9 26
Overstory 67 87 41.6 18.8 124 110 23
Understory 9 3300 — 4.9 — 51 67
Overstory 72 87 455 194 145 135 25
Understory 14 2838 11.0 7.2 27.7 107 91
Overstory 77 87 49.3 20.1 17.0 162 28
Understory 19 2440 125 9.4 30.9 150 98
Overstory 81 87 52.3 20.5 19.1 186 30
Understory 23 2440 13.3 109 35.3 197 100
Overstory 84 87 54.4 20.8 20.7 204 31
Understory 26 2440 13.8 12.0 38.2 230 100

Note: It was assumed that the understory was thinned at the age of 11 and 19.

# 7-13 150 ARIc B 2RETAREE (FROMEEBEIEL 58
Table 7-13. Prediction of growth on the 150/ha plot

Age Number Mean Mean Basal Volume Degree of
Story ( f ) of trees DBH height area (m?%ha) canopy

yr. (/ha) (cm) (m) (m?/ha) closure (%)
Overstory 62 132 35.5 18.3 135 119 28
Understory 4 3300 — 24 — 7 24
Overstory 67 132 38.9 19.0 16.3 152 32
Understory 9 3300 — 4.5 — 40 58
Overstory 72 132 427 19.7 19.6 188 36
Understory 14 2838 9.8 6.5 21.9 79 78
Overstory 77 132 46.4 20.3 23.2 227 40
Understory 19 2440 11.1 8.3 24.2 126 99
Overstory 81 132 49.3 20.8 26.2 260 43
Understory 23 2440 12.1 9.6 29.2 147 100
Overstory 84 132 51.4 21.1 28.5 287 45
Understory 26 2440 12.7 10.5 32.1 174 100

Note: It was assumed that the understory was thinned at the age of 11 and 19.
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Table 7-14. Prediction of mean heights and mena dbhs of understory trees at the age of 23

Number of trees Mean height Mean DBH
Plot (trees/ha) (m) (cm)
Observed Predicted Observed* Predicted Error Observed Predicted Error
Clear-cut 2050 2058 13.8 138 0.0 155 15.8 +0.3
50/ha 2438 2440 117 13.7 +2.0 14.6 144 —-0.2
100/ha 2400 2440 11.6 11.0 —0.6 11.6 13.3 +1.7
150/ha 2488 2440 105 9.6 —-0.9 11.0 12.1 +1.1

*The values are mean heights of sample trees.
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Fig. 8-1.
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Summary

Forest management goals require various treatments, and establishing multi-storied
plantations is now to be considered as one of these treatments, although coniferous
plantations have generally been clear-cut. On the other hand, a great deal of research has
been done regarding growth of coniferous plantations. However, pure even-aged stands,
especially stands older than 15 to 20 years after the first canopy closure, have been the
main subject of the research on the growth of coniferous plantations. Moreover, light
control as well as stand density control are necessary to establish two-storied stands, and
an indicator of light conditions for understory trees on the basis of the condition of
overstory trees is needed. However, the data available on two-storied plantations is far less
than that on pure even-aged stands.

Therefore, in this paper the growth process of overstory trees and understory trees in
two-storied stands is described. For this purpose, every state of pure even-aged stands,
including young stands before the first canopy closure, and growth of underplanted trees
under shading have to be dealt with. Thus, growth equations for volume, the basic biomass
of the tree, are derived from the point of view that the growth of tree volume is the
difference between photosynthetic production and respiration loss, because volume growth
is an easier factor to use to develop a theoretical model. Furthermore, due to the lack of
data, the growth process of two-storied stands is described by expanding a growth model
for pure even-aged stands, and the effects of shading by overstory trees on the growth of
understory trees is expressed in the growth model.
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To begin with, making assumptions concerning photosynthetic production and respir-

atory loss in a tree, the growth equations for tree volume v are expressed as
dvldt=Fkv"—bv*3, (1)

where &, n and b are parameters. Moreover, “productivity” is defined as a value of the part
of the net photosynthesis rate distributed to a stem divided by 1 plus. a constructive
coefficient. Pure even-aged stands can be classified into open stands and closed stands on
the basis of canopy state, and open stands can be classified into two states, i.e. open young
stands before the first canopy closure and open mature stands after thinning. In this paper,
pure even-aged stands are classified into three states.

First, closed stands are dealt with, because they are the stablest in tree growth. Adding
an assumption that stand productivity per unit area is constant in closed stands, growth
equations for stand volume V and tree volume v of a closed stand are derived as follows:

dvldt=A—bXv??, (2)
dvldt=(A|Vv—bv??, (3)

where A is a constant dependent on species and site and represents stand productivity per
unit area, and b is a constant dependent on species in a region. Moreover, the method to
estimate these parameters was proposed and the values of the parameters were estimated
for plantations of sugi (Cryptomeria japonica D. Don) and hinoki (Chamaecyparis obtusa (SI1EB.
et Zucc.) EnpL.). Volumes and productivities of individual trees in a stand showed a straight
line relationship on logarithmic scales. Most of the estimated values of parameter n, the
slope of the line, ranged from 0.9 to 1.1, and the value did not show a clear relationship with
stand age. This means that productivity of an individual tree is proportional to its volume
in a stable closed stand.

Secondly, volume growth of open stands from planting to canopy closure is analyzed
for sugi and hinoki stands. At the stand level, mean volume and mean productivity of the
stands show a straight line relationship on logarithmic scales, and it is considered that
mean productivity remains steady after canopy closure. In the tree level, volumes and
productivities of individual trees in a stand show a straight line relationship on logarithmic
scales and the slope of the line is smaller than that for closed stands. It is considered that
the value of the slope approaches 1.0 as the canopy closes. Growth equations for stand
volume V and tree volume v of an open young stand are derived in relation to a closed stand
as follows:

dVidt=aAVEN'F—px 23, (4)
dvjdt=(aA VEN' /S v"n — by?3 | ()

where N is the number of trees, @ and B are constants depending on species, and A and b are
common with Egs. (1) and (2). In addition, the equation
log V+(1—8)/8-log N=—logalg (6)

holds between stand volume V and the number of trees N, when the canopy first closes.

Thirdly, volume growth of open mature stands is analyzed for sugi and hinoki stands.
The same relationships are observed in open young stands. Then, assuming a relationship
between productivity and volume in open stands, the change of stand and tree productivity
by thinning and volume growth after thinning are described; and the effect of parameters
in the volume growth equations changed by thinning on the relationship between stocking
and stand volume at the next canopy closure is shown. Parameter a is determined as
follows by stand structure before thinning and thinning intensity:

a= (vt TUAI(VENL#V5), (7
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where Vi and vne are stand volume and volume of the largest volume tree in the stand
before thinning, respectively, and V4, N4, and v4 are stand volume, number of trees, and
volume of each tree after thinning, respectively. Eq.(6) holds when the canopy closes again
after thinning; and the equation depends on thinning type and intensity. Volume growth
after thinning is also described by Egs. (4) and (5). It follows from what has been said that
volume growth for three states of pure even-aged stands are described. This model has no
restriction for stand age and thinning method.

Next, the volume growth of two-storied stands is described, expanding the model for
pure even-aged stands. “Crown density” is defined in terms of stocking and stand volume
of overstory trees, as an indicator of the shading of the understory trees by the overstory
on the basis of the relationship between stocking and stand volume at canopy closure in
pure even-aged stands. “Relative productivity” is defined as the ratio of productivity of
understory trees in a two-storied stand to that of the same trees without an overstory.
Then adding another assumption concerning productivity in two-storied stands, these
assumptions lead to a relationship between relative productivity and crown density, and
the relationship between shading by overstory trees and growth of understory trees.
Moreover, growth equations for tree volume v are derived as follows:

avldt=r(A]/Vv—bv*, when canopy is closed, (8)
dvjdt=r(@A VEN' 8L v"w"—bv*?, when canopy is open, 9)

where 7 is relative productivity, and its value is 1 for overstory trees and depends on stand
volume and stocking in the overstory for understory trees. In this model, it is assumed that
only the canopy of overstory causes a growth decrease in understory trees.

Furthermore, the relationship between site index and stand productivity is obtained,
analyzing data on sugi stands, and a formula to estimate stand productivity from mean
height is shown. Assuming height growth, a method for predicting the growth of overstory
and understory trees in two-storied stands is proposed on the basis of the model. The
method is applied to two-storied sugi stands with different overstory density. Volume
growth is the most important in this method, and diameter is predicted on the basis of the
growth of volume and height. Because growth prediction is based on volume, which is
biologically the most meaningful, the model for pure even-aged stands can be easily applied
to two-storied stands. However, the method may make diameter estimates unstable. If the
relationship between volume growth and height growth or the change of stem form and the
relationship between shading and height growth can be elucidated, the prediction method
based on volume will be more effective.

Finally, a growth model for more complex multi-storied plantations is considered. A
pure two-storied stand, in which overstory and understory trees are of the same species, is
the simplest multi-storied plantation. Thus, the model for pure two-storied stands was
expanded and applied to mixed two-storied stands, in which overstory and understory trees
are of different species, and multi-storied stands, which have more than two stories.

Key words: Volume growth model, Two-storied stand, Productivity, Crown density,
Growth prediction



Studies on Growth of Multi-storied Coniferous Plantations:
Modelling Growth for Two-storied Sugi
(Cryptomeria japonica D. DoN) Stands

Satoshi TATSUHARA

This paper deals with modelling the growth process in multi-storied sugi (Cryptomeria
Japonica D. Don) plantations. First, the growth equations for volume in closed pure
even-aged stands are derived on the basis of assumptions on respiration and photosynthe-
sis and analyses of measurements of plantations. Secondly, the growth equations for open
pure even-aged stands are derived, relating them to the growth equations for closed stands.
Thirdly, the growth process of overstory and understory trees in two-storied stands is
described, expanding the volume growth model for pure even-aged stands. Finally, the
application of the volume model to multi-storied stands is considered.

Change in Photosynthetic Rate of Chinese Poplars
During Dehydration of Soil

Jae-Myung Kang, Takeshi Tancg, Katsumi Kojima,
Yuji IpE and Satohiko Sasaki

To clarify the drought tolerance of three poplars (Populus tomentosa, P. alba cv.
Pyramidalis X P. tomentosa and P. euphratica) collected from the semi-arid region of China,
changes in the photosynthetic rate of the seedlings during dehydration of soil was ex-
amined. A similar depression in the photosynthesis with dehydration of soil occured in
chinese poplars and the improved poplar FS-51 (P. maximowiczii X P. plantierensis). From
the analysis of the relationship between intercellular CO; concentration and photosynthetic
rate, it was found that the photosynthetic mechanism of P. alba cv. Pyramidalis X P.
tomentosa or P. euphratica was more tolerant to water stress than that of FS-51.



