WK  Bull. For. & For. Prod. Res. Inst. No. 354, 1989 39~97

BEEDT h <) KRO—REE DN

W AR RES - A Bk —

Kinji HATIYA, lkuo TAKEUCHI and Kazuhiro TOCHIAKI : Primary
Productivity of High Density Stands in Pinus densiflora SIEB. et

Zucc.

BB 7HACIROREEBREIRIT D, BHEBELESABVEEEREED
WA & Ak - HAT & DBRERE L, X612, BV20ELEDKGTE -8 - B - 1 - OIE
HREE~N, ChoOREHBRBELMEER I MAHKTOREENRHRE TR ESLI#EX
HoMIL, 7, AEE7 IR TREEOKEERLLRD, HEBMBEOLITOLHEYE
LT hw RO~ KEBFEICREEMR 720

BREFEOTH < yROB L BHERFE b LHBER/ LB TIOHE) &, 11t/harm T—
Fiokh, THRYORMEEEL OGN, £, BEEHROERIIHABGE L b1 mL, 15~
04ECERA (7.5t/ha) L& b, LEEA L THEMIT.Ovha TRE L EFRIEHOHERS,
AT X AEEII D VAL, IS X AEENIK X Do . BOTHEGIYHBRO 1 EXKGEH,
HHISHD 2 EAL T L, MAERIS~20EERIZY -2 23 0RERLLE L, ERRED
BEROEB EMIE L7, BERRY -/ HHE TR, B OHEEOTRIER T TH  #iF
ENBLOEEZLND, MAEE L FOBRADFEREHUARGIEERT D 510

204F 4 M5 QPR TH B 81326~ 28t /haryr T, EONRREHFLHRHREDSI~5%Th o7,
0ME M DBEFER (Pe) 1336~3%/hayr Th A, FAEEEIILEERNT~30%ICAE
¥, TATYRTHHRERESEOSERRICENTES Y,

BEEOTHATIRTORRHRED, MAEER Py LRALCI~20EEBIIY-2%
DOT, GEHENSBEERS ZOBIIY -2 (75~85t/ha) % b0, RAEERIIHBHICH
KIEDE0~T0% 1% 0, EE TIETT 5, PP lbid, 3B5EETAETTH%ETEL, ERICE
STH20%REEFTHEL T/, —REEMFRKICL ZEHIE, BREAMIC—T 5%, Hi
EROMMZ I TRL L, EOMAABREROBVHEOHSIHMT 520 TH Y, —KEE
OFTERBEIA X LB ERT IO o7 —REEDRELTILTHNLE, 7
BT URTIRAEE - IPREE - MEEL L ICERECHRLY -2 285, DBRABITIERTL
T, HEBIICEELTIT LI BB /Sy — v &R L1,

B x
T. 0L L 8D D cvreeeereeeerrmmesieeiiiie e ee et e e e 40
M. 7HTIERDBATE oo veeermrrrest st et 42
1. BB TTEE oo eer e 43
2. BIFEREBEIEHE ovvererrrrrrerrtinnen it e 47
3. G DRERE ZFOTERIERL oo ovvevrrmmrree e 48
4. %EE&%@%EP, ............................................................................. 52
M. 7H7 DRI S ABIERE  -veeverveeemrseremrneeieenreiteresse st s saeeeeeses s 54
1. %ﬁﬁ&}& ;ﬁﬁﬁ& .......................................................................... 56
19874 4 A10H %H M —126  Silviculture—126
(1) B)TEHER

(2)MBEscH (BLE AT



— 40 — HEARBG#YE $354%

2. B LML ooverreeemere e e e 57
3. B ARODIREIR «+oveeerrrorreeesmmresesia st st 57
4. K, BEOEHIEE «oooreeeererreeeressieeeess ettt 63
5. IRURIHEEE, ASHEFEIR L Z DGR «vvoverereseseesmsereiataesees ettt 64

N. Tﬁv\yﬁo_migmﬁﬂgﬁft ........................................................... 72
1. ARG YRR IR DHEGE wvovvevverronerrerresseemensteeeeneese s e essese s enssaceneeneas 72
2. TR - BETE R OIRIERAL - eovereeerrrererrsmeresise sttt 77
3. R H B OHRIETAL ORI -veveereesemererssenssmnreesearesisense e ste s 81

V i t y) ......................................................................................... 85
1. T HTIARDBLERE vveveererrrrrerenesseste ittt 86
2. FTHTI OGN L RBLEFE voveerorroserneresreresseete sttt asasnens 86
3. —RAEBE DHRIETEAL +vovveverreeresresreerisiestetensest ettt 87

Bl B T R creeeeeeereeeseerene e s 88

I.2 U &

FHRICEAMEEOREL L LI, RERESOBENEL2boTHAI LRV TTLEV, #
BROBKRK, HEMEFEL T, ZOZOOMELTAB LoD, HEREFAL, FELTOL(D
», SHOREDOHFETHS9),

FEEEMSEORRN AR L LT, #HROAEEHEEY L L LT IBP 3 (EREys
BEEtE) AETEN (1964~1974), KEXLZHREL ST, ZOREIR, “BREOHLWIEY
BEOWMEEEORHEYINEL T, SPREHBRORKBOTEREZHOMIIL, ABEOXKEDD
EHBEROFN AR EEFRLILE” LW HWTTTOOLN:, £ 3IHBETRERTHLAE
WMEBROSEOFH L ERO-DOERNHAETH ), £PEED D LTHEKNLOIEEEDS
AT, BAFHRICETI2HEFESL SR, LCABROYRAERLYRBRICE T 2B+
OHLMEEE Sh, KEVLEREHIT (Supe & Kira, eds®®. Kira et al. eds® . Kitazawa ed?®),

BHROPEEEDHMAEDTHFIZH{, & ITBovseNJENEN IZE BT FHR b2 aHKOERES
MBEEE L HROBT» SR UAHTRNEFEIEHL THS (Bovsen Jensen® 2 &), Lo L = DHE
DOWEFS TR LD BEDIBERBELSTHY, L IZIBP DHRICL - THE, KEHITK
ZLERBLE, CORTEROERERIABROYEEERBOBERVEN LAEHEROME
BETRELZREERLTE,

FHROLEFRE L UVEREROERZL L CoOZKEREZOFM L, WREELDEBRORE
BEEREL LTHRREERNOEBIROERNBEN T TOL LV IRNICH S, BAOHFKRERE
FEORELERDO—D2I1L, RRODEROEEFHROMRTHSH, ZOMADOEBERRIIEWEREE
WKBWTRBLARYERDT Y X F v 7 BE (Suvozakt & KiRa® ¥ %2 &) 10X 5 TV AR, #
RO R EHE L ORLOBRITC I OBRIEH SN, EEFELHELLOBRIITE LB,



EHREDT H T I HRO—KEEDORAT (BE - 11A - 1K) — 4=

BAMRASFESBOEROIGH OB ICERL T2 (AA - IEHY, eE - 2E'?, £F
), BoHII, FHROWELEERBOTEORRBIIL - T, COFEHRLIILD, HHROLES
LOWRNEROMPISEDONTVE (BE), TLHRKOERMETTh CHERIEEDOK
ReXTREOBEL TRIRKOYWEEE LWHEBEROBBIEEL TVWD 10, SHOKEKD
AHLAR L ERORREBEI L TWH R T, BHROWEAROMELEITITEELLLTH
55, BEDEROWEEEDERA, IBP & LEOBE % .02, Cannel, MGRPIZE 5 TE L
HENRTH, COPFOH1/4OR-JBEIBEROBERIZE s THOLNRTWVA LI, bHET
DYEEEDHERIERICEDO R TVE,

ERROFCREENIESY I OFBRY T AR TAIZ L2 —REETIIERERESL LATY
b BEBIZL o THAEEN - ERYEESREER (P;) THoN, HPYOLAFIZLI L -TE
O—FIRIPRIZL > THBR IS, COREREHRE R) 2 P »oELFVWRISMAER
(Py) ThhH, HihL L THESh/ -BTHD, 22T

Pe=Py+R  $7:1, Py=Pc—R
LREND, TROOHEBOPMEICV L DLOFENDHS UM, Newsoun'®, BB, &
M, Y, HFRY, AR, Ocawa®™), MAERIFAERT FEERATERD S I LHEL
fTbh, BELZBHOEREIPON TV, HEHRE, BEEROFHIIZIZ T ERENE V.

BHO—REEDHREIE, ChEDERY, WAHAVWALRRECHKIEFICL > TED X HIZETL
L, BROERIZEDL I ITELRTOWLIPEFEN LT, WEHEEDH THRKLHEOEH LS
PICTHHETH 5,

—REEDHRPBEAIC L 7213V R, DREEYEGT2REER, HSERDL XhDHTH
BTHoT, ZROERTLIIHEARIS L2 LBEEMINTE I LT FANARBETH S,
4 HETI, FEOMAEREORRE TIRIHIEERLHE, Bk EOEREO—EHEFH OB % B
S, LES (Kra & Sume®®, HA - BE™, Satoo™ 006162 fL63) 115,30 @3 gargg
& Manowick™ %2 &) 2%, ZBWHET L BRI THMEETE TV RV, T LTR20RICHEE
PEVIHEHR P REEDEB L 2 AL, BB L BYHELHRRRILTEANAZ LOWHRT
»5b,

CDLOERFL TR T I IRICDONT, RGgoMitE, HRHR SEEOKERTIIE, &
HL, THYKRO—REBOEERZBITTAZLILOLYDI, THRVRZOEEARNPLER
BOEBEEETLILAESRT, AREPHEER T RO {, TLRRERIZVD, W
WAL EERGEL, BUNEFORFLERL LAV, #0728, ThITOEELIILDHE { OB
REFEL T, KFOMAEOREYE LER TV,

FhThe Vit BE L, REHEL Sh, FoMBREL CICERBEEDEEAEOE NS
BT HZLid, #OMBOBERPLTF, AF, v/ F, TIBLEOEHEMES: OLBEEEL L
T HAKEN,

PEPSERLICBNT, EFRTHITIVRO—REEOEERLBN T 5720, ThITEEN
RAELTEAT7HIROERD S, BEEELLLAFVETEERLZ LU, kDX ) IZRE %



— 42 — HERBIGE]E $£345

T,

FOT AT YRDOMEREZHRBE & Ul &L ORETHIT L7,

DWTHIC20FEET A2 IHRFIIOVT, FCHRHRELREEREY L OZ, ERT I~
VRO — R E DRRETAL O L RET L 72,

IHSOREBREY NI TORKO—REEOHFERRE & HEBRF LT, FHREERO—AE
THhATHIIRO—REEDRKESEL &L LT LG,
FRXOERII OV THRERKZERETAE KETEARLOTHELW i, 7, BK
KEEHERBBERTOH L OTHHE W0, SCIELEROBELET D,

I. PHYUROMEE

1. MEFE
bEEDFRDO—KEEOTRITELR, FHES A TTLIHEEREONEBROTILHONTET
wa (RA - BB, HEY, Kra), BHOBELELFT - TV 5%, HIEOHNO L0,
KRAEORE HEEXHL3DbH D, LELBTHROBOWEIZIHHIP2E1:0, &b
W ERZFORUEED ZV .,

INLDEIINSVEDIKREL, BHRIA THOBBLF0OBWEEBTHIZ3EDTH-TH,
BEOFMALEMLERL, MAEF YR THIEREMBT T LI EDOTRTFTHo72L b
R b %,

HAOMARETLRBREOHFMEL & O ITHKTOEE, T4bb, HBPER, tHEHFREICE
o ThEGAEND, LIz > THARICBBRTAEZ(NERLZOBBOMITHLPIZLTHLL
Erd b,

COOREROMEEICHETLIELERTHLEE, iy, i, FROMERELD
MELEL OBETHLMIShODHY), Th6DKLZOEMIAL - BE?, KEDICL -
TEEDORTWVE, TROEDHFTT I YKRORH (LT, KOS, oY, BE
511618 gugk - E™, Saro0™, il () 5% L) S FAIR T,

Lo LEERBR L SR, HBRLES LD ICERMICRE SR AERR D2, Rt
CREANAICRESN: BN 2RO THRACE 2 28 o Lo T, BIAITEREDH
REBETTHHE D, BUCEERHOLI)I bORRLE AT IORHNE (LB T
HoNLWhE, FROMEEDEEDRI L BA+FLEIEL R TV 5,

TAZYROMEEDHEOEEIKRIIBLE L THEH, Rill, RBPHEEERLZLELDOVWT
VEMEZIBEOBVEEIZEINTETVE, FHRIATTLEDTLDIZBVT, < VHKDM
EEELLTILOOREE, — B0y EXEENKERR T IV IVKOBETHHDT,
THRYROBBOMEERTMAZ ENTES, T4bbRAK- BE™ 2L hiF14.8¢
4.1t/ha-yr (52), HFREWVIZLNIF13.6445.00t/ha-yr (44) L Ehd, ( ) FHRZAETKIET
H5,

FITHMAITALDOELZSORERE+BEEL, BEFEIOLIVETERS* 2 50, (1AL



BEEOT = Y KO—REEOHNT (R - TP - HE —43 —

PELVHSE T, —RAEE AR E OBE, QHIBATBR UHSMT, —KEELBSEELD
BREBEOIICLT, THRYKOMEECRHETHEEETHL I BB,
nE & 2

AEO¥FICHEL-BEERE, ROBARKRGHLIES R,

(1) HABSTFHSHEARBERICIHBAZCEICHRE S, BHSIE L THHRRAL S - RERR
BT H Y RREBRRABIE L UZOFDOR~BERRKRAER GBS, BESLD, BEPY,
HAL™)

(2) FBIE+ TETHE RIS & %R TR T 5 MR EHRER A TI0~ 255 £ K RAEK
(3) BFEETFEHE (HBENE) BHB~BEEATHK BELY)

(4) FREFMHEMERBENSBEEANTH
(5) HEERATFHAEREBISR) I ERHRM SN, 8EEATH BESY)

RBIOIEY, BFRSMBHFINBEHRBEN, HWERRET7 7 < 7 kAR5 0
SSEAKKEK (HSHY) BLUEFRARN—MEKREENT 7 < VRERBH D120 £ KK
EH (KGR 5°9) ORBYEBEOREIFIM L,

ZEEHORBEEANIMNKRDOLBY THAA, BFE, £ERRED-®, NAUK3IALDIT
OEBEKRIECRAEET 5720

BAEKG L LTRE—LZHST, T020B 0FTLBENE L — 1L T2 HBERU LT
HERFT, TARBFRIESOFU LR EUHD £ 2 5AK, REKFORMERIFE- 1LITRT,

B#EROME

HBHICBIOMBEEROHREORBRICLE b4V, TORFELHEEROWEELEATE .,
ELIZIBPETE 2 K4 B E U THEBRMACH b £ A, BP BT ARKO—REEDEENHED
o b (Newsoun®), ZhoDPEHEROFTHTHLHROERKIIT ChTEY, brED
MESEELMEFELERLTES (I, @' #%%, Karzum 2, Ocawa®),

HBHROYELEOHEER LB ICBWTREIE, ¥EHEMNAHYT, HEOEVWEHLEH
o728, MEHENLEL EHIC, BHOELHI-TETV D,

SEDRAEIBBLEFRN L) BN GE BE™Y) T o7

HEKSOHERE - BBEOBARAELITV, BEOXEXIOGH L TRERE LAY, B
ROBUILHEHKR G TIZ20ER 2 L 6 AN, —RIIZIOREBETHD, BRIBETL 7~ 8F0RH AR
Z6AT,

BEBARICOVTRIRL, BHL L BRICKS L, SESERELHDET, BOEORE
Tt BESX0.5m, 1m, 2m&ERAFEICLL TT o7

BHEOBETHE, HICOVWTIER—BICLER, 1468, 2E€80E WEHDLEFIIOIIE
HICRG L 53052) KRG L7, ETHLERE, 14X, 2ERICHTTTHEL,

BIZDOWTIR, BOREKRFIZOVWTOA, HiEo7a y 7 REREE Karizom®) 125 5T
BE L7ze MOBRFIZOVTE, MEOERZHE TROAFYM LIBE W, L PIYRE W, LD
Mt B o2 o THE L7, $4bB Fig 10L5 12 W, — W BHETI



— 44 — WERBB|E #$3545

Wg =0.250W;
EENWLREFABGEASR, T/REFFEEBREOEREOLVWEBIIOE s T—ELTWE I M
Abhiz, CHIZLHREOHETE R RD,

KEAOBAE TN HRICHEEEICL 5T, ha 472 ic_E I N7,

LRBBAGEELTE, BE, BRI CIEMICERTE

TR OMHEEDBRFREICOWT L KRG THEL 24, SRELRFTONBL LABEE
HCRHAABRERICH L TEMICIKIZEALEETE

HEERONE

MEEBROWEZ, —RHEATORBIIL-THEERES RO S, MEEROMENE 2L LT
NBFEILL > TiFo 7,

Thbb, HHHMOMIZERE SR/t EE Py,

Py=Yyx+Ly+Gy
LB, TITYyRHHHMPICEESNTHERTE TR --B, WERICBIIAH4EHsEH
Thb, Lyiddb bl RICEESIN, K8, Fi, EELLECHERTI TICEbh BTH S,

F7: Gy REEBESNASOPOBPORRICL > TRDRZETH 5,

BIZIZ= IR UL N EOREBENNER LB ELETIIGN IOV TH+TERT LLEN
HHY, BECEDOBLYMETHZ L IHEBENEFV, Ly K2 TRY AR - TH
¥ -HRPRELRLOBELIEITERTHEA, HEBFIZ IR EVFTAILIIRBET, ¥EB
LSUERBROFHELZ EH L THETLALENSHL BELY), BHEL2AET LD
IR FIY PP LOTHETH S, LD > TERENLILISETH AL, kOB S
EEMMAI A% ) OFEEOBENHBEE V55 BELS 5 L ORMONEROMEOES

100
50 - e
S
. _'S, 10t /
2% 5 y
mg o~
g %
®
Fg 1 7
<o05] //7(
0.1L N . .
0. 1 5 10 50 100 500
g +FE  (kg)

Average above ground weight

Fig. 1. HRE L #h -#E

Fig. 1. Relation between root weight and above
ground weight.



BEEOTHTIYRO—REEDEN (BE - 1N - M) — 45 —

), 403Gy IREBE L, Ly btk (10F4ELT) DA TIRERL,

FERFTOUETI, BIOVWTIRBEOBRBITEICLVERBEYHABIRE L THAER
LA LI,

HOLEIIDWTE, BBTONEIHRSINEL ORGORBINEENTE L, THZYT
ﬁ:ﬁﬁmﬁﬁﬁ%ﬁfﬁamf,ﬁﬁiwﬁfﬁotlbuﬁﬁﬂEﬁtfﬁﬁLto%$&u
FOETHFAEETE L 1 EKIIBHE IR i s, 1EEPRIZBITALE
MoOMEEEREL KD, Y TNVOEATITE LTEHERERE L RYD, ABAROKE LD
BREERPLAREY RS, ChEFERsEE LTHAEERE AL L, 28U ETY 1EH
WHELHETER L. 2BZ0L) LEOEROBEEICREXDFH D 50T, K THHE
BB TNRH R EKEL ONMAERMREAA L CRARRZHETAHELHARL: BE -
WD), COFEICE > THELAKS (BEESS, 9, 10, 35, 36, 37) b—#dbs, 754
7 VR E IBTIERDERD O BB SHEKNE S THIE b 5255, oS CiasiniciE
BAIKEHEIDDIIOLVOT, LEREEEIFRHTH -2

EOMEERIEN L - HERLE S > TH Tl TTIIBNS BESY) L312, EROFH
ZibeERI T, L ICHBHKTIIBIREICLR->TWEEEbRA,

BOMEERIIEACEMNISNLEFANELZL, VAVALREEEESTORATE 4 (BEY),
SEBBROEREELROEERL LTHROBRFELLRD . BOMER (2om~5mm) ko
KOHTHIOEED Wi~ W BERARELTVE I 253 ) AT 54, 2mm L TFOMBE
EHAUITLC (Nakane™), HEBROREBIHETH 2, ROLER LBV EHEICE -T2
LEbhs,

Wy OMEEBEIIHARE B2 L HARKEEHEIZL > ThabohichB IR,

HECHKSMERICHbET, BHFEBIUVH ERMAER2DT TS, COBHOELRTT
KARL TV (BRSPS Ok5™) —ROZTE, #BMET- THESL LTEBT
5,

MEHFORE - St st

SEORFTRITHRBEERICREL, (DBAMHTELL, KBOBNLEWI V—TE, 24F
WBEEHZTHNEGIBOSH LIV -TLED{ 5T

FERFICOVTRHETERIC L 2NELE RY) BB - &Y, £8Y) 0k - CTHtt
BIHCHIE L72o Fig 2 INELBR EICHERG T 70y FLIZODOTH D, RY 1L.OIXREHER
ThY, THYYKROBEFEN (KK cihig

log V;=0.5619 log £ ;+4.5350
(Vi i BREEEDEL ED ha B2 ) BHE, P BEFE, ha U2 A
Thobbihd, FTKIELERL, REFEIILV L CHENNZEELETRET, BREBEOK
FERIH LT, BRUKGETAHOERE 29 ERT,

RAERTONELEERDT, FHRIRT, 728 2F0.953EHB0.9500 L1.0F TERL,
0.9130.9LL £0.95F T2 HHHL LTV D, HbAKMI—BROKGEESEHIZEVTIZ RY 0.7~0.87¢



— 46 — HEABERE $354F5

ha & 7= +) #4ik ()
Volume pes ha

103 104 108
IARE (&/ha)
Stand density

Fig. 2. RAEHKRFONELE Ry)
Yield ratio (Ry) in test plots.
AL, 0.6~0.725 R, 0.5~0.60 BV OEREETHD,

WA A IC OV TIMEE L EROBED O AV EEMR LT RO THE L, FEFHRRICKL VX
BYHEER2ERTI-H1CE, HE-ERBRLTHELINICTELENH LS, ZODIZdblE,
BRI BV TRE SN BB L 210005 0BHZFH L T IERERE >< 272,

KL Ot (EHAHE) oFSfEE R, AEHML LTI vy F2 Y vy eRXEHTIRD,
ZEHRREIC L 5T, 30ELEE L T20MIEE—ERMRELERIL ;. Fig 3I245E8hT,
Ihe iR Buig L LT,

SEOBERIIHBNGRKICH T > T A7:0, HFMOEEKELED, 0FEEHEEE L -
THAFEE (Site index, SI) & LTER LA, S5 ICAR0OBEKRSTIFEFOEEM VAL, L
LVEEOBEEEBEEL )L IO TEFEORIIE, ZITHLIEHWETRIHEEICLS
LS - T, BRI IHMNFEISEHETHSL, —HICEZOFESENRABESMEDNL, 4
BOREHIDWHSE , LADEEOBAIKE V20, BEOTHRK, BIHADNEEEHF
AT&%v, EZTHSEREICEESNAKTE L LTLEBHESZE 2 25, ERBAROHE IIHRRY
BB LA b DA 6 ha 472 D 1000RHL DML L, T0OFHEE L LEFolmL L Cifr
HZ AWz, b Fey BEERENAE T ha %720 250K (EL7) # EBRELTHAED, —
B EBAROHER—FL T2V, SOIERERTIYRTHLIOTERE»PLIE LD X
IS L7 T/, ha Bz DI000RLUTIZ R o ARG TREKRKOEYHBLRALL, LEFEY
BEICL hHE s - i iERiIHEROLBY TH S,

PRz & - TRERG OBE & i 2SIl sz, Zhoohd s, BEEKRSE
LTRYO0.98 L U0.950 57 % B, &5 IZHMIEEAI3~16DHBICADHG %R —K4E
ELHRBLOBBERFTTHRKRL V-2 L L, 282 ORI ED IR TI2IZIT]
EnTLISH IS 2EHEHTHE, D EICQMKEK20~23ED b DR BU—R4E LM &
OMRERET S ) — XL Lz,

iy — X3, BEESTT, 22, 29, 38, 39, 10, 41, 44, 450KH5THY, ZHIISELE
KGBEE FESY) 2MA, 25KSLVBEFECIL0EEOKRIER (L ) 59) 5%



BEEDT H Y RO—REEOHIT (BE - 1TH - H1) — 47 —

& (m)

i

#® B (FE)
Stand age

Fig. 3. Hbfughss

Site index in different stand age.

ELTRETERE L, s ) - X EsES4, 5, 6, 7, 10, 12, 13, 24, 39DOHFTH
b,

BBINUNOEE S HESEHEIER L LTHB L., &) - X08KG08HR, MEERI

Table. 1, 2C3kEML TR,
2. BERLRBER

T2 S LAHEYRE ISV THERE & PHEAE T 2 INE & DBMRIIA < BRMTO
3/ 2 AN DT LHBD LN T WD (Suivozakt & Kira®), FMKIZBWTIY, BHEELLTE
BEOEEHEOERIV L, T-AERGTFBENTHL5/20, HREFELOBFRL L TEESR
BE %2 EHEEHROMEN SN TV LY, YREELFEOBRENIEIZ) PIEEDEDENAL <K
D,

PY 0.90LL ED#k5F® ha L7-  p EBER (Yr) LHE (f) LOBFREETT MFHERNL
1%, FOLBELTREFEERYTV . $7:, PBPHUBBH,L P LOoBMRLIENLS
2%, EBRSESIC I ENTEL, COMMBIIMTRHTIZEA LFTICE T,

Yr=K; &M |, Hy,=K,P"
IZBWT, m=h, THhL

Yr= (Ki/K») Hy,
Eh i BRI ERTORE AT E LIRS,

T4 L-HFRTIH ERAFREIRZOB I CROONE, H EHBAFE Y LRARDOFHHE T
#5E, FROEHLZMATOEHHAGEEE (Yo/Hy,) "kobhs, CORFEERICIZE



— 48 — HEABEEE $3545

BRAH Y, BEICLILDSLTI0~13t/ha- m BEICLZEE DR TVAS (Fig 5) (Kra &
Sumer?)

THZYHROBESBREEEOKET Yo & Hy, EANJTHBFIL T, Fig. 6 DX 5 1# HEBRGF
BREFEOLBE—EIChY), FOLREERI t/harnkBHE XN, ZOMIIED MRk ER
CEMBIBIIATEDEPOHRLE FEY) L -ELA,

3. HADXRETDOEBMR

HAXR MR, i

BHROWEEBDIILZVWETHLFHROERIIOVTIHE { OBEICO XA BE L DBERDBHOD
Hh, BUERYS ) ORKOERR, YARTELHA, Wik EPE-TH, HREH4HHEL
T, BEZLICIIZ—EL LI LPBOONTEL, TAMEDULEFHERALL TS
IN—TFTESBBLE—EOMILY, FRLOTHMEHNTLDLATHS (HA - BE?,
BRESY, FAY, Tapak™, RAK™, Tapak’™),

HROEEIHE L C—FbT 201, LHEAABRNIZAIGET, KFOEBKIZE - TER
DPEIZKEV, LrSEROERICIE, HECEVWEEEEAVWA L0, BESH» EARIE
ARBDORELEVDT, EHOBE S SICKELLTHE ),

BEBEMHICTFREL-BEEHORFICL T, THYYHROERIZG 2 5 L AEWE, #7,
HIBOHBIZIITHS IR TWDE BEL™®, Sat0o™, HEY 2 L), SEITEER LK
BLUHHERG L OBEE, DEOBHEEKRICR > TERL TAhL ), Fig 7, Fig 8 RS ER
LGB L U L DBRERT,

IhITHGEREOBERMEL LCHRMI LT ETEREIMML, 15~20FETAICEHBTH
SHL7HEE 2D, 2L THROMLEN)HPELFEHIC, WoERIRALLL, FhETET
HHICA > TERREIBAIT A, BIT—FEDHEER-> TEMWNCEDL LWV I 7 — D
HNTE, (K- BE?), HiES ) —XDi3d, WAEEKI ~0OBHEEKRE ML THRIER
DREERILEAD L, Fig TOMMDLIIIEY, ~RIZVDODIWLIEERDEER(LLBL LY -
YEWniE D, MBiZ7 ) -y FTHERAEEE W AR AH CH7.5t/ha, ZETH 7t/ha & 72
5o BBBERBOIHRGD L ) IC12054T7.9/ha DEREZ LD ENBE SN TS, T4
HBTELEHDES S HGID L, BERELZLEZLL I LOBREORTU LD /Sy - %
BELTIVDE, EEPOWVS L5 CHEGH 505, H—0R3 TCORERLOHE15~ 2044
TH—BICKRES BRIV ERIMILLEZHILLTE S,

ZBEEHNOLH, FHPOBRRICL - CRERK (F) 2RoODE, BAHTHIL ha/ha,
REMTHI0ha/ha L 572,

Fig. 8 DAL E OBRL T TIHE BESY) LAbLinZBiE L ThAL, HAHMS L
ETIzIZ—EL 250, MRS U TOKRG CRESEHEEISEVERITOERIIDR, €5
EiLHHIZALNS L IIIKEI ) LA VWRREL B,

COBFRIIMMONEG: & L IT124E4, 15EEL EOBFERICBVWILBALRLTHY, X5H
BRHG% RYO0.802 ELTFIFTH, HHBEULOMEICL S L HMIZIPbLTHSERIZIZE
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Table 1 L) —ZonRGnBEd s MEER

Biomass and net production in different stand age.

7 a - F NO.

Plot number 41 | 22 | 29 | 40 7 39 | 38 | 4 | 46 K I

H® W (F) 10 | 12| 15 | 15 | 20 | 23 | 25 | 33 | 48 | 55 | 120
Stand age (yrs)
Mo fe K 1413013 13|13 14| 14|15 16] 16| 16
Site index
i fi h
%fefsﬂaiéaééha 088 0.90| 0.93 1.10 1.32 1.32 1.09] 1.19] 1.15 1.05 0.82
% M 4 m/ha _
Siem volame 9 |91 [106 |100 |[168 |214 [240 |409 |473 353|761
'?:? t/ha 29
Stom 38.1|42.7 | 45.3 | 43.1 | 75.9 | 85.1] 83.8 |163.4 |198.5 |225.9 |290.4
o 53 "
BH & Branch. 9.0 9.4 | 9.7| 9.7]12.5(12.3]13.7 | 14.6 | 16.6 | 21.1 | 29.6
Biomas
# : o .
et 68 75| 6.6| 66| 84| 7.2| 6.9/ 69| 7.0| 7.3! 7.9
[T S S 104.3 (184.9 (221.8 [254.3 [327.9
Above ground 53.9/59.6 | 60.4 | 59.4 | 96.8 (104.6 [104. . . 3 (327,
iR "l uslia9 | 15.2] 149 | 24.2 | 26.2 | 26.1| 46.2 [555 | 63.5 | 82.0
Root '
& R n | eeal7a5 | 76.0 | 74.3 [121.0 [130.8 [130.4 [231.1 [277.3 [317.8 |409.9
Total
¥ M f m/ha-yr
Stem volume 17.5(14.4 | 22,3 23.4|19.8 | 23.8  24.3| 218 | 14.1| 1341 95
g t/ha-ya _ _
Stem 770 6.8 95/10.1] 89| 95| 85| 87| 59| 6.2/ 3.5
B : \
wiEE | Branch 450 37| 4.4 51| 36| 41| 44| 21| 2.1] 1.9] L0
Netproduction % "
6.3 65| 53| 6.1 6.3] 58| 6.3| 3.4| 3.8] 3.4| 4.2
Leaf
i 1 " .
Above pround 18.5(16.9 | 19.2 | 21.2 | 18.8 | 19.4 [ 19.2 | 14.2 | 11.8 | 11.5 | 8.7
e " .
Rt 29| 2.4 | 32| 35| 2.8 29| 2.6) 25| 1.6] 1.7] 1.0
N "ol 21.4[19.3 | 22,40 2471216 22,3 21.8 | 16.7 | 13.4 | 13.2 | 9.7
Total

—EIR A EHFBOLNI,

ERBEOER

HAERIHEOER, BEOMIEIZL - TEHMICER T2, SHICEFICE b 2o TERE
BOAEELT 5 @RS, AKL™),

SER T IFEOHSLHERLLIEL, FEREBHMIZIIBLA, BENIZIENLL
<o

Fig. 9 BAERKEMHEROBELTH S, BHITBUBHIZ~16DKES ) - XDiEh, &
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Table2. Hifis ) — Xk BHER L MEER
Biomass and net production of selected test plots in different site quality .

-ua b NO.

AR 12 4|5 | 6| 13|24l 10] 739
" i () 21| 20 [ 20| 20| 21 | 22| 20 | 20 rzs
Stand age (yrs)

N A s 8l10|l10 10|10/ 1113} 14
Site index

ﬁem*jolufe m ha | 48.7|70.1|93.0/100.6(127.2|138.8|115.7|168.1|214.1

B
St t /ha |26.9]35.748.0| 49.1| 58.5| 65.1| 56.4| 75.9] 85.1
" 4.2 7.2| 7.8| 8.4 11.0[ 10.4| 8.9] 12.5| 12.3
Branch
B HF = E
Biomase iy " 5.7| 7.6| 6.4| 7.5 8.6 82| 6.4 8.4 7.2
R v 136.8(50.6(62.2| 65.0! 78.0| 83.8| 71.7| 96.8(104.6
Above ground
1R " 9.2(12.7|15.6| 16.3] 19.5| 21.9] 17.9 24.2] 26.2
Root
&

Total " 46.0(63.3(77.8] 81.3] 97.5(105.7| 89.6/121.0{130.8

B M e hawyr | 5.3|11.6/16.3| 14.6| 14.8) 17.0/ 11.8| 19.8] 23.8

Sf‘e?m t ha-yr | 2.9| 5.2 7.5 6.7 6.8/ 7.9 5.8/ 8.9/ 9.5

Branch " 2.00 2.8] 2.7 3.1 2.7 3.4] 2.9] 3.6] 4.1

Neﬁﬁod&ugﬁion Lﬁf " 3.6| 6.0/ 5.2| 5.8 5.6/ 4.6 5.2| 6.3 5.8

ﬂoveigmufgd " 8.6/14.0/15.4] 15.6| 15.0/ 15.9] 13.9/ 18.8| 19.4

Rt)%)t " 1.0] 1.8 2.4, 2.2 2.3) 27| 1.9 2.8 2.9

" 9.6(15.8(17.8( 17.8( 17.3[ 18.6} 15.8( 21.6| 22.3

Total

HHERME RYO0.90L) OHRSTHUERI ~11OLOEMAT SOy b Lz, £EKIEBOHE
FFRKEXNST VR iIHLY, MEOFEEBOEBY, HEE & DICEBTHEFIZAZ {2 D40
FLRIZIVU TEETH LI ThH D, VOB BRIBOOLNEHh o7z, 50% DHFEETIIEDNF
BFWA2ELEEION D, THTYVRTRYMHCIHTEHHFMNI1EIILTHDH, HBHILE
2D, FELIHEOXRGRENO LAVRHERAEEDO LA VE EIX, ThH< Y HROYELE
ICKREVWEEYLOOT, Z2OERBROLBHLIEFLMEATH 5,

T4 EHORETR T H <Y REEABRMEDORAERDORE L BENITT o 72885, EHERR
BEPE LERTH - ThH, BETLOBEME ZBIIEL OFERILERITHZ ED5H B - &%
2720 Fig 1013 ZDRALRTA, ZOEMHICIEEL ORBREOEE L RKEVWEEIONL,
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Fig. 4. VAKEE (p) L LWE (Yr) -
ERETHHE (Hup)
Relation between stand density (#)and above
ground weight (Y1) or average height in up-
per layer trees (Hup)-

X $13EMHE (T VLIS
Coniferous forest (cxcept Pinus spp.)
O IUM
Pine forest
o [ZIEBER

Broad—leaved forest

Fig. 5.

REEABOEHZO®/E (m)

Average height of dominam tree tayer
BERBEETE (BEOSFEM D) OMYELYR)
LOBEOES L OB
Relation between above ground biomass density and
height of forest communities.
—— AAB% (Kira & Shidei,”  p ! BHENM v VK
Ak GED, a @ b FevihAk (Foxvigr), 9 i
BIBREEAN (NEHESH) (FBRV L)
—— woody plant community (Kira & Shidei® ), P : Pinus
pumila community in alpine zone (Tateyama), a : Abies sacha-
linensis young forest (Sarobetsu dune), q : laurel forest in
coastal region (southwestern Shikoku). (from Kira‘m)
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2 127 yr/hw
Ee2 e o g — = Y NP
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R« o (F)
Stand age

Fig. 6. # EESRAFRERE & s

Above ground biomass donsity in different stand age .

Ry Ry
® 0.95 O 0.95
SI 13—~16 4 0.90 SI 12 A 0.90

4. HEERETOHE

HEEREHEB

BEET A hOMAERER EKRE OBFEE RS LFig 110X )% 5,

EMOMEERIHBHDS2BITHML, 15E~20F4TAHICRADOMEER YRS, L
B Xtk (SI13~16) Tix, BAHIT22~25 t/ha-yr DL R T HITHA, DitSsic®kd
LT, SOEERIBZ TIIRAMOHETDI3 t/ha-yr BEL 25, 2B Table. 11245 X 5121204
MG THMAEERIZI0 t/hayr FROHPS, HPLERB I CRHEERBIIPRVREL TS,
A BAME RS (ST 9 ~10) THREEORELTILD 1Y — L 3BR L THoT,

COLHIICHEETHNE, BRI THIEVEEN RO LRFEDROFE, L LBDH
NTwa, HRERDEEERILTYH, BEEICKI LI T213L, EEEEORARY IZEBIY
BT AT EPBOMIIENTS (REY),

M EDRELILD/INY — T, BAKMICR H15~20FE4EEI, Fig 1212458512, BOLEE
BERPS - L DB S 5TV, BEOYERERORFRIIEERRE TR TH - TRO2D,
CITRABKIEMOL 20ERTH - TH0D LT, TAZORMIEROBESILI LA
TLERDP DS ELEL 2RMTHLA, WBROLBYEROEMI 1 ABETHY, ZORY
OMAEROBIICAD ) IFETIRRV, LN o TIORMOBWEOL EERIH FLES
EEZTVWELDEBDbNDE, TDZEF, ZOBPIEOHERNLBEVERICH- TS
Tl L TEh, ICHEENLE (V-38H),

BOEERMEEL B2 UBHMICE - 212057 Fig 131045 L) KZOHMEED L ) 28
BMLEEBTIIALRT, 15~3BLRVWHRICLZ> TRVWBREENERINS, B~OfEEOTR
PHBE & HICHMLT, ELBIBOHETHIEINDZ L (Fig 14) », HEEDOELZ A
AP bLTREEOVETHFEL H5bivEHEEbN A,

EOBEED-OOMEEDHTEIDRIIZIEHEC, 10F£TIE30% % T4, MEEORAY
DNFELTELERELTL b, BNOFELEDRSLIMPTBY, M TIIELBoME
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or 0r
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b age Fie. 8. 401 IR
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Fig. 7. ##h & o tEm sii: i::j(::ass in different
Leaf biomass in different stand age. Ry 0.9 ’ 20— 2345
®Ry 0.9~, SI 13~16 v
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Fig. 9. #EFR LK
New leaf ratio in different stand age.
@® SI 13~16 O Sl 9~10
30 -
1001
~ o %) (4 N
N = L o
SE 80t @ } (i) Y
11 7] RN
" g 60 I = § 20 + .//o’ <,
&< ™ ° N
0| o5 m\
01 L L n 1 _ b4 o~ 2
20 21 22 24 33 5
‘63 '64 '65 ‘67 ‘76 10 %
Fig. 10. B4 ULHKGHETOH i . l , . . J
EROERER 0o 10 20 30 40 5 60
Annual trend of new % oB(§E
leaf — ratio in the same Stand age
stands. Fig. 11. #iAER &K
( Yid¥r 7 VERE Net production in different
() : number of test plots stand age.
O SI 13~16
® SI 9-10
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Fig. 12. EDREE L Kk "\-ﬁ
Production efficiency of leaves in Stem

different stand age.

O HMLEEREE e BHAERER 0Lu L 1 ) 1 I )

Q : net productivity, @ . stem 0 10 20 30 40 50 60
productivity * B (F)
stand age

Fig. 13. MiAER - BAER & Wi

Net and stem production in
different stand age.

EZTTh050% %23 (Fig 14),

WERER &b
MAERIIURMNRENLCLBEEHITHMMT A, Fig 153MMEENRRE 255 D0
20~ 234 AEMFICDOVT, FIEER CMIERE DRBREA TV,

Fig. 15245 £ )1, KOEROMMAA LN WHIIEE 8 L EOKGFTH-Th, MEESR
AHIMT L0, BEFLLBIIONTEDRENE L7202 %, Fig l6nkbh, #
AL LHIZONEOREIR LHILFHLLT, MEEDHREBIBIICL > THILENE
b5, Fig 17IREND &) ICHUAF L R BIEONTRANDFRERIE T, EAOHEEH
THLIELFHBETHL, TCERVBNEDOES, BEERTRBM 22O TEERF—ELL,
BEOBREEFHINWLMEENDEDS —FILT 5, LW THNDLIWEZATIE, #4EIDH
5572 FERIEBRE~NOTENEL 2D, LEALELHE 2HEAOFRBIIMUATELLL LT
BIBLALES WAL, MEEOHNFIIBROERBIHAINGZ EICLY), BAOFEENK
BIZETEs, COZLEBMAERBICEIBVRUFERITHLEEHLPIIL TV,

I. 7HT7RHOFRHERERBEE

HREDERBECHEEROHEIZC O, HRHEREDOMRIILANALLZVERRKIZSS, L
PLEKOPEEEEZERZ TOLIRAT, PREREZHLZLEFRTRLZIETHDHDT, €0
BEZHEIrEIhs,
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100 T T T T 0
T ¥ Leaf
80~ L 120
P i L
3 [ # ° ®e
2 60- /m__o_o; 40 ~F
c 8 _o-0 "
o o o Lk
® -~ © w8
@8 40- 8 160 &=
R < Stem
- -1 80
20 _A.A_A A=A A A A
# Root
0 1 1 I | | 100
0 10 20 30 40 50 60
® B (F)
Stand age
Fig 14. #i4EEO5R & HKis
Allocation of net production to each organ
in different stand age.
4r
o 2 Net production
" Total ,,, HEE
/ §3r :
Q g [«] /
8 T 5 /8/0 °
>
o o e o
Lo 2 o
o ¢ Stem production
S o wEE
g é 1k ./.
o o B (S /! (3
8" stem ™ 3 —
:/ % * )
d 0Lt 1 1 ] | |
2/!—‘.‘ e 4 6 8 10 12 14
X/ A—‘-_il_‘____;-::*Biranch WEER  (m)
— R Root Site index
X/
| ¢ ! \ j Fig. 16. EDREE L #if
6 8 10 12 14 Production efficiency of leaves in
wtrEd  (m) different site index.

Site index

Fig. 15, #AER & iy

Net production in different site index.

Bovsen JenseM DWE 4 OB T %51 X D375 Motir 542 D 3 — 1 v 23T FAROKRS & B HIE
B RE O MoLer 5412 L 2 BUERBRRIKOIRERBOFEE, BHRO—KREEFEDS
TREEBLFEBATH L, bFETHAE, 12K Kmra®), 2 I 48 (Kra & Yasuk®?),
7 Z#k (SaT00™), THw Y (Satoo®®, k- R, BELY), v/ 4K (OouaTa et al™?,
F#H, Hacmara & Hozom® %1010 Nivomiva & Hozum®®), 73k GLIIS%P, Maruvama®) &
BIZY I, THEY P FIH (Kivura et al®®) 7% & OFFRIER R AT BAHE DR HE S
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]00[ T T - 110
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Fig. 17. MiAEREOGE & B
Allocation of net production to each organ in different
site index.
NTWw2, $72%R, KESIKIZRBT7 V7TORAKOHEAN L RETH S (Kira et al?®,
Yopa® 8 Kira®?), %83, b OHEMEIL Table. 6 (H) 12T LHTH 2,

FHRIKELETLY OBENKE L, MRAEICOERLFTH, BRYVLEL TS, HECHEE
DRVWHEEDRR O LETH S, FRMLHREDFRAEEICOVTIE, IR, TKEE»H 5
A5, B, RE, K7, FHEL UHOEELRLSCOWTELORENH D, BEICE-TEE
BHNTWVSE AT,

3/ MATERE D SRR E P EET A RS LT, SHIOERNRAERYRDHEMK
PR KE, BRSICL22=— 2 2 HENDY (Yora et al 2, KH L™, KEY,
Yopa®-®® | Hozumi & Suinozaki?®, Nivomiva & Hozomi®®), MMk U4 K, v K ToOHTEIC
FIshTna,

1. MEHS EMES*

RENTIFER AL 25 5 HERBRFBABRL I CRET 2 REERERERES
IWEEARRORKET H~ Y 20EERTTH B,

K ERHOm OEBMICH Y, HRITEICHRERE ORI % BH L35 Bg~B M1
ThHb, —HEEFHETRRUKOHERYFRET 5, FERBRBOFETHRIRIZ14.3C, FEBXK
£121,300mm T3 5,

RAEHKGE L THKBTHRFGFDO LD 2T ERE LA (Table. 3), P AT FIHL RBE L
IZh Y, WARK9, NEHE0.62TH -7, P HRFTEIEMEBRHMEOPBEEICH Y, HAHEES,
NEHEO.7TH 572, HEIZI969E L DI71F I THEE, £ERBLUHREOHIE *H#
FLTHF o720 2B—MOBEREIRIIBEETCH-TW5, 4, 5, 6, 7, 8,10, 12, 38
DERAIFHET T » POFBICEREL-REXD 585 ~10KOWERLEE L, @i,
LBMORIZOWTHYUEIE L THEREZITT-7-. HFEBIUHAREROHIEEIZ, TITB
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WTERH L MEEICE LT 5,

R EORE L, RERBBOEBRMRICEVTHRIMET 25 (BERURA-1SH) 2k
SO UL ENEREAVIEREI & o TiT o 720 BRHIEAGEEHEES S0 T T#5%
L, BMFICBEBEEFNICE, B, BOXMSICOIIT, RERLAEABREONIEL &I, MR
BHEICH L TNTORBOMEE, REHS 3 BBUPICET L7, ‘

BONERE T, SHRBEATLCl nIlEDY LAREY—FLTEZ—-VEBICARTHBEL
EEOEE ¥ EHERD -,

BOWRAE T REETLIcE, b, TRICHITT, 4464, 184E 2840 LS
KEGLTYL, FhEFhoy sy It L > THRRAIE 1T - 72,

EOREHMETHE, HEAUSERRBEETL, FRITLICUEE, 14£%E 248037V
% & o THHEIE 24T - 720

LBCO, BTHOoLINANEREYEYEICRETAHS, FROEEL TARALERT,
1kgCO,=0.614kg&M L § 54, FIBMEORESRL0%EFZ T, 1kC0:=0.546k %1
ETEHhOMENDL, BEBIZ1FBEOENTE L, BFREVHBOEHEOMEEE 2
ABHEIEETHY, BEREVHMNZLE LTI EMNOEMEOREYEZ HBRSICENLNTHAD
Lashn (BEY), COMRTREEORERICL 7,

2. EREHEER

HEHRTOI6EDETHORERL 68, 8H, 10ADREATHEL.. Table. 3ICFDER
ART. CORELMOBATCORERNEL, L{BEERENOER LY T, EMOBEEFERENSE
HE L HEE LA (Fig 18),

MEERD Table. 3ITRT, ZBREERIINEARMREREL Y, HotERZ, B4
ERLWEEEL,

3. B, ROFER
BROWROERE

BOEEEDRERKY KD L0, 30~50cm DYRRRHIOWT, BFH T LITKRE L1,
5 ~30CO#MICH- ), BRERBICEHEMEIIRDOR 2N o7, TAFHNICLHLLEE
B, FHLTQu=1.88ETH 7. £ZTQo=1.8LL7T, 20CIKBILROFHRELE
FEHMTLIIRD, kD) ORIEE R) LWBEEO2FE (D) LOMIZ, FHILC
Fig. 1I9{R"F & 5 12,

logRg= alogD2 +b

EWIBBFRD LN, Table. 2 I8 K a, b BLUHBEREERT, 72 RLOWEHEESAY
REL LT, 0CEBITL2BONEER TR, FOFHELEADL L Fig 20028 THb,

IhpbAHBE, 0CICBILBRORBEEIERMEHO 4, SACKLEL, 6, 7, 8A
EEMICERIET 5, 9, 10AIC—HEET 4, £ERKIEHOIZAD2S 3 AT TR»L HEW
WREREE 2B, DT H7Y ORIFEEEDEFHELOMEMIX, KB, BELOEELBLLT

7> (OonaTa & SHDESY, Necs!'®).
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Table3 . FEMKGHBR  HEFE - MEER
Biomass and net production in test plots.
E R P 2 P
Test plot
o ow A 6 A 8 H 10H 6 H 8 H 10H
Month Jun. Aug. Oct. Jun. Aug. Oct.
LN W
Stand age (%) 20 20
éand*denzﬁi};y * (#/ha) 7,280 17,400
WoE B B (n/ha) 17.3 15.6
T H) s EE
Average DBH (cm) 5.2 3.4
FOo¥ OB 5
Average height (m) 5.1 3.5
® % mW &
Stem surface area ‘ha/ha) 0.48 0.53
il 21.0 21
Stem . .5 25.1 18.0 20.2 21.2
Brfrilch 5.5 5.9 6.2 7.3 7.4 6.5
* 3.6
% & Leaf - 5.4 4.3 4.3 5.9 4.0
(t/ha)
Blomass (Cér%eftﬁlgaf) (0.9) (3.2) (2.9) (1.2) (3.4) (3.0)
Rt)Eot 7.4 7.5 6.8 7.5 8.3 7.8
& 37
Total 5 | 40.3 44.4 | 371 | 418 39.5
S{%m 4.1 3.2
Branch 2.1 2.5
MEER %
(t/ha-yr) Leaf 3.2 3.4
Net production
Rﬁ)ﬁl:)t 1.4 1.2
T(%al 10.8 10.3
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Tabte 4. #MRE - WHEED 2 F & OBFEADERNDFHEL
Rs=A log D*+B
Seasonal change of the constant in a formula.
Rs=A log D?+B

A B MO R B

Month Correlation coefficent
4.5 0.946 1.149 0.955
6 0.911 0.979 0.969
7 0.974 0.731 0.990
1.021 0.604 0.920
10 1.151 0.476 0.926
12 1.175 0.109 0.986
3 0.960 0.860 (0.946

Rs : 20C 2 51T % #3& (CO2mg/ hr-tree)
. Stem respiration at 20°C
D g Ak llEEE (cm)
DBH

AEKR S OB HRFIIRIZIONT, BEAOFHIRRITIC C/-BOFERELRD, EPERIZERE L
TEHELEADLFig 210l BY ThL, BOERRBEPROPEEIZ, 2 X587k i10%
REEIEVI L LI, BELALFEVOT, FREEOHTEDLIEEITKEL hoTW
%,

L, FEKRYANOHFRESAFHRBEAVCRO LY, BRAELHEVWCHEEL/-HE
Wi & KEV Lol TLFBAKRYLVOAFREOHETH, AEHRETHVIEELETE
HRBETRW - BRBEORBEMBE OMIIKEN P70 T, ANEREIIAFYRELHAVTH#
E L7,

S OREE R

k7o) ORPEHE L WREROBRIR, TTIKR~EB), FBHI LTSN TR
iz, BEOBIPRERE LBEEOKE S LOBRITEL, WEEERDOIIIRHME, BEBLR L
DRI FERHTE, G TLIINERXOBBIBD LN, 20 LMEERE L OMBFEAHEE b
B, METHIOT, MELKTORIFRREOREIFM L7, '

BEAOBRPREEZEE L /2EEDH- ) OBROEIFER (CO; g /treeryr) EMEHEE Dem) &
DEFREABE, Py, P ORFEOZESL 2 CHEE 1| OMMKEREE, T2bbEEAIEEIEDS
h (Fig 22),

Rs=38.0D?
DRIZKNA LB TIRTE 572

BITRE (Rs COp g /treeryr) EBREHE (Asal) & OIS FHELEME D205, LHAME

T, MRERBETHD (Fig 22), 2OMEIR3/ 2L %7,
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Seasonal change of stem, branch and leaf biomass.

Lo %% L, 14%¥ L, 24%

By H4FEH B, 1M B~ 24#LllE O P2 ® P3

Lo Current leaf, L, 1-year-old leaf, L, 2-year-old leaf

Bo Current branch, B; l-year-old branch, B; ~ over
2-year-old branch O P2 @ P3
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Fig. 19. BIFRE (Rs) LHEEEN 2F D) MO
EHEL 2ocHhE)
Seasonal change of the relation between stem

respiration (Rg) and square DBH (DZ) (calcu-
lated at 20C).
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Seasonal change of respiration rate in stem.
1.0
0.8
©
£ @
£ 06 -3 _ %
6§68 [-1
S§ 5
~ O -
¢ 0.4 120 =g
o= ]
u T o
. B R
g 0.2 1410 m >
O I . 1 1 1 1 1 1 1 A 1 1 1_40
4 5 6 7 8 9 1011121 2 38

Fig. 21. ‘FHROBOITFERHBEEDOTHEL
Seasonal change of stem respiration in the sample

trees of mean size.
O P2 ® P3 X AFHKRE

O P2 @ P3 x Monthly average temperature

¥ 74 (CO; g /treeryr) LEMMRERRE (Vovee) BLUEBERE (Woykg) DI
S EBLBEIAH SN (Fig 23),
log Rg=0.679 - log Vgn+0.934,
log Rs=0.671 - log Wgy+1.191
ORTHELUE N, ThEDBRIRT IV IEH0PREHI OV TKRE - MFEHIRD - HHE
(Oonata & Suipe™
log Rs=0.681 - log AV +0.302
(AV . BHRERE)
log Rg=0.682 - log AW +0.326
(AW . REREER)
LRI OTHY, EROBMEH2/3ICIFEALE LV LIFREKREND, £RELL ) ORIP

WEIZIEENH D,



3

10

As

(crl)
5x10°

10°

3545

3
5X10

./

, Rs-As ® o
10 Q(l. ™
/o

2
5X10 o O/

Rs (gCO2 / tree - yr)
[ ]
@
N

10°

5 10 50 10°
D? (caf)
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Relation between stem respiration per year (Rg) and stem surface area (Ag)
or diameter(D).

O P2 @ P3

Fig. 22,

Ho0RrrR R
FAEKG U ) OROEFFHRELEET L7720, FH L OBRIPHRERE L HEOMMK (Fig.
19, Table. 4) LAZTLOEECEBFSMER T, FAOKIIHREEZ RO/, ThERAELL
E R B 12 Po#R 5 T7.7 COp t/ha, P3bR53rT8.0C0; t/ha Th o7z EWRE L, 1kgCO,=0.546
kg MR E LT, P, THRHEBFFRICL ZEMOEWHEREII4.2t/ha, P3Tid4.4t/ha bzl &
DMAFERIL, Table. 3MDLBY P, T4.1t/ha, P3T3.2t/haTHhLDTHILERD].O~1.4858
BEDIHRIHR B H iz,
womrE R
BICOVTRSEREINISATBS Y, BEES L VHEERIHEETH 5, RONFREI
ST HROEEL ) OIEERE IBROBEBRL L NV IFREFIELVEVIREE BT,
Rg=WpyXRs/Ws
ELTHELe TZ TRy R RENFNEB L UCHONER, Wi Wi FhENEE LR
EBTH5b,
4, B, XOFR

¥l BOBAEITEEEOBERKIZ, 5~30CO#MIZHA - TEBIEH LI FH LT Qo=
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Fig. 23. ®HOENEE (Rs) LMBERRE (Vo) BERE (W) OBE
Relation between stem respiration per year (Rg) and volume increment (Vgy) or
stem increament (Wgy) .

2.0CHY, FEHHLERIALH»TRY o7,

Q1o=2.0L LT, 20CICBII 2 HHMOBMERFREY, SEHTLIIFHLTRDL, 20
B, REORBMICL 2HREED LA ERE LA, HTIS4ER By, 148 (B), 2HHK
UE (Be~ ) OFBEWAICH T TFRBERE* RDAFEE, B L2HANREIRDL D
272DT, BEOLAVGER LT, By, By, Bp~ T EIIEE T & OFIIFRERE % R,

EOREE T, ERITLIITTTH, ERIRKEVIBMICL2EMMERNE LTREDOA,
LEE (L) TRIEE L) LhdbInPFREd o7, LREEOMRAEE 100 LL &,
Lo Ci, #5888, TRE79, L, Ti3hiE91l, TRIODEER L7z, LAidsT, Lo, Ly OFPREE
DEEZ, ThENOBNICHATLBRFRLERL TRD7,

H, BOFHM L ORGENFRERE (20C) OFFHEILI, Fig 40: B0 Thb,

EEREHO5 AORREEIKEL, LUIMRELOOH 2 UERE, YERKORSOWPTERE
REDDTKEV, T8, BLOHICED 8 AIIHREREDETHED bz, FEOFHEHEEF LM
DEHTIIHE VB L dh o705, HTEHEISBAET T HICONET S Z2HEAH S 0T,
R OB OB OEBEBNISH - TVrz,

BFEAFHFRICB T K, EOEHOFEEEL b &HT, Zhk Fig 18Il L. &8 DH,
EOESMOBERL DS, HFAOK, EOREEITKRDONDL, ZOFEHELIL Fig 251245 &
BYTHA,

HTRBEGROTH WL THEOT, HOFPEEENELIZHbET, BRRHEELEHE
ExLTwb, ECIHUEE, 1EEOHFROLTHNKEIVDOT, HEEEOFHENLD/ 5 —
YERLEW S FREOFHEIE 5D, FREREORVEDS AL, HEOBMIZE b ko TH
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Fig 24. - BOEEE (20C) OBHE(L
Seasonal change of branch and leaf respiration rate
(at 20C).
Lo H46i%E L, 14%¥ L, 2%
Bo %44k B, 148 B, 24FH UL
Lo Current leaf, L; 1-year-old leaf, L, 2-year-old leaf
By Carrent branch, B; 1-year-old branch,
B2~ over 2-year-old branch

0.05

FEEDV Lo L LKELARDIENT AL, KFHRHREOY -2 FRHLNT,

108 DHERBKICOVTRDE, EOFTFRE Ry, R) EHER (Wp), EER (W)
DORFRIE Fig. 260 L BN ThHDH, VT OITRNBBETHE 10OBL CEBRTP, P & HITEL
TE, KEIBRICH -7, RBOID2HERSTRING DRI, KGHDOLIVAALRL D
1A%, MERHE, WAL ERFTLICHRROEEN L) VbR LRGSR L LR D
ZEHEVRS, ERCHRTORGHF LN IRFIIBNT IR N IO, E ) Sld+585%T 548
P b,

Fig. 27123 AX0PUR 8 Ry LB ERE R Wy EOBIRER L A2e X XD Fig 23R L2 Rg— Wy @
BERCIE Rg 43 W 3 IC B L7248, Ry TH, Wiy AVhEWEZATRHTIRESNLE D TH B,
Wpy DREVEZATRIZIZHFABRICH A LPBO LN, Wy DR ZE L TERD—
KX CEBTE 7,

Rp=aWpgy+b
5. FRHRE, #EERE TOHE
% St I

PETRDON-EE T zidbkg b7z ) 0%, B, B, EOEHSONRREREL &5,
LUEDOIRBERENRD SN, Table. 5202 FzB8NTHE, AT L ORFIFRIERE IR
Table. 5D EBH T, ZOFHELIX Fig 28IIR &5,

B GOFREE I FOLERBBIICH 25720, AFHFIBOTITITHFEOHRS RN R



(t/ha * month)

FRRR At I

(kgCOy/tree - yr)
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ERKE&EW,

DT,

BEEDOT <KD
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Fig. 25. # - EOMRH BB DOFEHEL
Seasonal change of branch and leaf respiration.
O P2 ® P3
WL (kg)
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Fig. 26. O - FOEFRE Ro, R) EHE (Ws),
¥E (W) DBEME

Relation between respiration per year of branch and leaf (Rg, Ry) and
branch weight (W) or leaf weight (W) .

EEVHLBRETTALKRET, FREEAET L2ZTOT6 BIZ3FRERENK
TL, DEFEHREERACE L THRERENSEMT 5, EHO8 ARMREENFEOIETTS

5%, DRRBWLLPIETTHDT,

LB E DEOIE & EFILEZE DR, %, ROBROHEGEAD L,

RBELBEET L2 LTHRTORENRE BT 5, PREEIIKIC—HRT

IR HR R RBROEEANICE > TET LTV,

4 ATREORFEOEE
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BERDI0%IZT ELvDS, DHBIRICHESIMWZ, 7HIIXII0%ISEL, SHITK»LELD
HRKIEIC D725 TH0%EL DEEE LD D, AR > THUEORROESEIRIL, 48
KEsTWA LI THA,

AEENS20EL7 B <Y 2HFORSEREX, F#hEN25.5 28.1t/ha-yr LiZIFHE LV E
21537, EFREDI L, ZHSTOPREXNEDLHEL 2HKS L L HAIVHLLL, B16%, B
23~25%, ¥53~55%, #6 % &% o7z (Table. 6).

EOMPRIZE®KD0% % Z L, HRTORBEHRO) L TERELBRHE 505, BOREE 2 HS
BTHBTAHE, P (P; ThHhHA, BERIIMIZP) Py Thotze INOHEBTAHFDEERENL
Mo, EROFEOERL, BEOERITLI 5T (Fig 1882H), ThFRREOEICKBL
IR THo7 . BOHBRED ) LHEOIFREDHEIX P, T65%, P; T8%TH 7z,

FELERS, HOPREDS Lk, H, KOREEAD L, B34~35%, H51~53%, HR13% &
h, BEREENTHOBERROBEIKEV, RONREED S HUFEH, 14K, 2480

Table 5. & A o I+ kK ¥H B =

Respiration in each month.

A 4 5,6 | 7|89 ]10|11]12 1] 2| 3] &
Month |Apr.jMay | Jun.| Jul. |Aug.| Sep.| Oct.|Nov.|Dec.| Jan. | Feb.|Mar.| Total
0.4411.92{1.25!2.51{1.9711.98{1.20|0.87/0.59|0.47]0.46|0.43]13.95
Leaf |(32)](43)[(43)|(60)|(62)|(61)]|(57)](70)|(68)|(67)|(66)|(67)|(55)

& |0.54]/0.76/0.61|0.51]0.54/0.51|0.35]0.12/0.09/0.08|0.08 0.07| 4.21
‘ Stem | (39)|(17)|(21)](12)](17)[(16) | (17)|(10)|(10)|(11) | (11)|(11) | (16)
”ﬁgﬁﬁf?§f§ K 10.19]1.54{0.79(1.04|0.52(0.60|0.42{0.21(0.15(0.13|0.13|0.11! 5.82
Respiration | Branch|(14)|(34)|(28) (25)|(16)|(18)|(20)|(17)|(17)](19){(19)| (17)| (23)

4 [0.20/0.28]0.20/0.16]0.170.18[0.14/0.04]0.03/0.03|0.03/0.02| 1.52
Root 1(15)|( 6)[( 7)|C 4| ( 5))(6)[ D334 3](8)

4 |1.37/4.50|2.86(4.22/3.20|3.27/2.11{1.240.87/0.70/0.70 0.64}25.4
Total ¥ 17 5 3
otal | ( 5)|(18)|(11)[(17)|(13)](13)(( 8) | )(w} I3 3)

0.43/2.33(1.54(2.82|2.1312.07|1.14|0.82]|0.56/0.46/0.45|0.44|14.96
Leaf |(30)](44)](46)|(58)](59)|(59)|(55)((68)|(67)|(65)!(64)|(66)| (53)
& 0.6000.84/0.64]{0.53]0.55|0.50(0.3410.12{0.09]0.0710.08/0.07| 4.38
Stem | (40)|(16)](29)1(11)|(15)[(14)((16)](10)|(11)](10)|(11)|(10)] (16)
”??2%2ﬁ?§§§ #  [0.24/1.85[0.96/1.31]0.70]0.75]0.46]0.23]0.16(0.14]0.14|0.12| 7.05
Respiration | Branch|(16)|(35)](28)|(27)1(20)| (21)|(22)| (19)|(19)|(20)| (20)| (18)] (25)
# 10.23[0.32]0.23[0.20]0.20{0.18|0.13(0.0410.030.0310.03/0.08| 1.64
Root | (15)[( 6)|( D) [ 6)[( 5)[{ 6)[( 3) ()| 4 ( 4)|(12)] ( 6)
1.50/5.34/3.38/4.86|3.58)3.49]2.08| 1.21/0.84/0.70/0.70|0.67|28.04

* * *

% » * * * * ¥ *
'Fotall( 5)1(19)1(12)1(17) | (13)(12)1( 7)1 ( 4)|( 3>L£ 2)1( 2)|( 2)

( ) EAZ LRz 2 IHEEOH S

() : Rate of respiration in each organ tototal respiration per month
* [FEIFIRE C X 2 AIFIREO# A
* . Rate of respiration in each month to total respiration per year
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oo Seasonal change of respiration.

o . ‘ L O & o HE x AFHRE

5X107210% 5 X10720.1 0.5 1 O Total, & Non-photosynthetic
B4EER (kg/tree-yr) organ, X Monthly average tempera-

Branch production
Fig. 27. B & & EE OB
Relation between respiration and produc-
tion of branches.
o P2 ® P3

ture

OIEREEDOE A, P, TENRFNM, 26, 40%, P T32, 24, 4% Th-o70

L BROPRIZHHRD & B ) ROPEEE L ROPEEEHZE LV E V) REC L2 HEBETD
5, W EBELBEOMRLREREREBAEERE ORI BHEE L TWAZ L HE™Y) %
L, RONGEHRBREOHEELHLIEELLIAONTWEEEDLDNS, LA LEEDOHIIFERE
ARKEVER (2omUTF) KoWTRTGLRIBENSATELT, BefEOHRERILAVHES
IChoTwdd (FEY), b/ FI8EEKFTORMALIEREORES (Hacmara & Hozum'®) T
iF, BREMR ARSI T TRRE 2 A5 L, MBROFERIZZAUNOROFERDH30% % &
Bz, % BRI OROIPEE IZHOTERED34% T, SEDT H <y K CORPRIZIT SR
MO E36~39% & i3iTEhd o/, DEPLEH L CHSEIOROPREIIBIHEL % -T
Wi,

ZhEITOTHIRGORBHREOUES L SNIFIXITLALLWY, ERICEDHlES
N7Z15E £ (Py) DR (KK53, Sat00™) #attod 72w Table. 7IXHiT 5, BB DK
SR IEO0.75, WAEBRULEEEND, 2B IOKFORRIEREOEWILE TIF0.6140
WEHRTFRAVTEY, ZBETHO.546 % FV/-EL OHELD /-8 Table. 7 ICEEMEHEE L7

ZDISEAERG TITREFFHREHR E 1138.1 t/hayr, EYPRENL L HBIEL T33.9 t/hayr & EHE
D20EAEMRGOFRHBEL ) LFVS, BERINTIHRHREOHSIIIBLLTH S,
TEREONRRHEREOHSIIR2T%, HK18%, 1%, R13BELDE, RONRHEEOH
EVEBREORFTOREL VKL, Z205%, RORRHREOHEGIE Y, 2BROHFEY
72 IFREBREOSEBREORSII SNT2SERETH Y, R COROPEYREHBIH
ETHLILERTLITHD,
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Table 6. HFDIFREBRE EREER

Respiration and gross production.

P 2 P 3
Sﬁin t/ha-yr 4.2 (16) 4.4 (16)
Branch  t/ha-yr 5.8 (23) 7.0 (25)
&iﬁgﬁiﬁ?f% Lfif t/ha-yr 13.9  (55) 15.0 (53)
Rﬁit t/ha-yr 1.5 (6) 1.6 (6)
’Tital ’t/ha-yr 25.4 (100)  (70) 28.0 (100) (73)
ﬁet E!1;:;roc%1ct§n t/ha-yr 10.8 (30) 10.3 (27)
gios?pr%iuc%on t/ha-yr 36.2 (100) 38.3 (100)
.

BEER

HESN-HBHRE L MAER S 2 MANSRERRIKDONS (Table. 6),

WG DOREERIT P, T36.2t/hayr, P3 T, 38.5t/ha'yr CHHMEHDE P kG OED, &
EFRWOREEREIDPR > TKED o, L LWEEEDRE R R TREE I3 5o
D (Py/Po lb), THOLLIERICK o THEESHIERYD LHEBENO L Sh b BBROHHE
i, P, T30%, P3T27% & tMFHOME R o7 (HAIERIZP, T9, P;T8),

BHDOISEERST (Py) Tid, #BEERII33.9t/ha-yr Py/Ps HIZ32% TH Y, L EOmHT L
Y Pg B A/NEVDS, Py/Po lIZHAIATE (BAIRHKI4) L2 RBL TP, P ARG X DEV,

HOHRDOBEORE S (W) &, BHREOREER Py, MERHERE (R) OMFIE Fig 290 &
I, NEFROBBFEDOSNEY, KFAMTORDOERII LA,

Pe-W IR, R-WHIfRE & ICRONEHBIT1 Y KE L, BMEEMKE (2 BICDN, HAT
HEL)OREERECHRHREEIKE LB ILERLTS,

MG LOREERICHTHIMEEROHE, PP LTEEOMRLEEAEONKE LA D
L Fig. 300 X )T, MR THEEEINESL, T2bbBBIL b L BEOEERRLEL LY,
BHROEE (R/P;) HAWZBZLEFRLTYA, HAHREL FIZEEDEINTAD, T3
BHROFENSEL DL, BEOHAKEICIVHLDLEEZ D,

FHOBERDOHR

BRI L) ITKRFTORRERENHE S K, REEESRDONAMIZRANAL W, £
IRROEROLEHBREHE L TREERZRDLFELHRSh, aVMHKPk ) FHTHRE
EELROLNTWEA, I TIRMAEREIFREREOHE L TRO/HEIIOWTRITT 5,
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Table 7. 7#H-=715FEHEK (Ps) OWEEE Satoo®) 12 & 5,
Material production in 15-year-old P.densiflora forest(Ps) (from Satoo®?).

" o£ B #E E R IR B B Wtk E R
Biomass Net production| Respiration |Gross production
(t/ha) (t/ha-yr} (t/ ha-yr) (t/ha-yr)
Ste‘m 41.9 7.5( 48) 10.4( 27) 9.2
Bk o 6.3 2.7017) | 7.0( 18) 6.2
Lt;%af 4.6 4.2( 27) 15.7( 41)14.0
E:
Root 10.8 1.3( 8) 5.1( 13) 4.5
i 63.6 15.8(100) 38.1(100)33.9 53.9 49.7
Total (29) (71) (100)

—— I ERE I 0.546 TIERE L 2(E
——— revised by dry matter base (0.546)

p |
10+ o
/Q/ / 10
2,0 %
/@ fe) :
5r Pe-W ¢ g 15
= 4 //
= /3 Ao. 5
$ / /3 £
DL / R-W L
o o«
0.5 10.5
0.1 1 ! | 1 i 1 20.1
0.5 5/0.5 10/ 5 10
W (kg) W (kg)

g 29. BAE (W) LEFOREER (P;), HRHEE R)
Relation between weight (W) and gross production (Pg) or respiration (R) in

each tree.
o P2 ® P3

F

o

LRBHRERBOREEL LT, BAOTHMANLR (o) LFEEEFOFHFREE (rc)
¥, BAOMAER (AW) LBRERLLORETEHEIFASATN L (BKFE 1960), ¥
bbb

AW=aW —r.Wc
ZBWT, Z{ORBOMTa, re HEETHLHE LT, EEEDOELLRODLIENTED, L
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weight in each tree

Fig. 30. fAAEDKE & & Py/Pc HOBF

Relation between tree size and Py/Pg ratio-
O P2 e P3

2L, ZOBAERLEFIORRELBRFELIEMIIKATLILVIEEICL TS, ZOK
ERELOWMREL LY 727250 DT, ZOWEERIERSED L, EFHMHOKE (Tavak et
™ ARG RE) BV TIOHFERRALAS, SHEORF BN L,

Table. 8 IZZNETOMESID I L, BiE, EEEICHMEOLLNIDEZLLT LD,
BHE, Wi, ROREMNELRY, REELLLVOTEB L FOMEMEE ) #2213 TH B,
R ED D HIERLHRE, HORROEEI340~60% ODEEHIZA - TWd, THYVHROEE

i, ABEOBESEEOFL0FEMMEDENKTH DA, RN IOHHEICA ST,

EEDOBERTT PP RIZOWTHERY JMOBREEREEH L b HETERL, EREKD
Pn/Po DEDTRPENZ L, A LLZFERTEIZORIEL LY, FORTEL L2ERLIEHL
Tb, &L ITRELRELLBHIKTIE Py/Pg DHLIZ0%TZEISNE K 2 505, BEhoERMKk
TIXEFDHIFE0~55% 1E L TREENNFLAb R { T, MEEDFERKD 2 BREICED D
BOTRBZVHILTFEL T 5,

BT BLICTHITIYROBREEORERLLERLAKETIE, 7H2YKRTIERHKRTIZ
ZWAR D 2 BB D Py/P; DLER LI, THTYHRD PY/P; OIS, B TLI0%E
BTdh o7 %5 Table. SIGRLABRIZIILACBEABET, 7H= Y OALLHEBRETH S,
Py/Pg DK &A%, RBBHEOFHM» &) »REBERHIULETHS I,

I RIL¥—-2h%

HEEI L > T—EHHAICERYE LTEAE SN TR VT —RE, 20BN, Z04Y
BIRTERIABIALF-ORELOREY, BYWICLIIPWEEEOIINVF-HERTH 5,
SEE SN T AV HROBAEE, MAEEICHTLIZAVFEF-RRELEET S L Table. 9D &
I D,

FRVRFKOBEREOZALF-$F L, EFMUATRIZ2~3%ELTWEY, ZO7
HTYHRTH, TOHHEAMIZA 572 (Table. 9)o

V. PHT/HO—REEODEERIL

KW DERTOWELHEL, WHRHERELROLHRAIZ T DL, KOIHRE EHRTDET



Table 8. &bkt s, WRERE

- TR - 4R

. PR E B O HEE D %

Gross production respiration and net production estimatedin various types of forests.

W5 FaEE 4 & HHREERER # %
i Wit B E B Respiration E R .
ﬁ115 o tI%ioca i Stﬁrdgge Basal | Leaf |Net (tha-yr e i L
pecies lity area pruduction T Joroduction (%) | (%) | Remarks
W aen | e e | b E | ||
{m/ha} | (ha/ha) |t .y | Stem Branchi Leaf | Root | Total |y py.ym)
;1 {3 b F:‘V E ¥ Kimura
— — 9 -
Abies veitchii, Nagano 15 7.4 2.0] 9.4 1.2112.5119.9 37 89(2%)
A. mariesii
. - Negller
I—0y N7+ |Fre-—F . < e, |
Fagus sylvatica Denmark 8 43 7528 05) 6.4113.9 Mou ?1t9§1]
" " 25 | 177 55 | 13.5 | 3.5 0.7 88223 611 81
" " 46 |23.2 5.5 | 135 | 4.5 0.9]10.0]23.5 57| 4|
" " 8 269 55 | 11.3 | 4.6 0.9(10.1:21.4 53| M| v
7 TR Bl - Al
Fagus crenata Niigata 30~70 57 1 153 | 4.8 1.2112.2]27.5 5| 49 (1968)
i Hagihara
b / X | F il B o
Chamaecyparis obtus?  Aichi 18 1244 541 154 | 6.1] 1.6]15.3] 2.8|25.7|41.2 37| 41 ([llggf;l)ml
[ A B Ak
Shiga 40 160.4 6.9 | 22.9 | 46| 1.0y 5.0| 1.5[12.2|35 621 59 (1974)
7 o = VT % _ Satoo
Pinus deniflora Chiba | 18 158 10.4) 70(157 S1{38.1)59 | 2| 41) D
7 A
(— RV TS Y 1 |weime | | u| e
3 v 4 Ll g & e Kira, Yabuki
C%\Cstanopls cuspidata| Kymamoto 60 6.9 | 17.2 | 10.8 18.7] 4.0]34.1|52.5 32| 43 (1978’)
ete.
~8.3 | ~19.4 |~12.8 ~19.3/~4.8~36.8 ~55.6|~35 | ~48
A2k LY \gopog Ki
A < g . 3 muyra
E})tlgt.yllmn racemosum Kagoshima A 8.8 | 20.6 |22.7 24.1| 5.6/52.4|73.1 28| 54 (190)
BELLRERHK 5‘: o Miiller
Ttopical semiarid I C "o126.3 3.2 | 13.4 | 185 16.9] 3.7139.1|52.5 2| 57|etal
evergreen forest vory Loast (1965)
AESTHE £ 2% | EoL—7 Kira
Tropical rain Western " 8.0 | 26.5 | 5.2/13.1(26.1| 6.1[50.5[77.0 34| 48]etal
forest Malaysysia | | (1973)

Note) * HHE:(1984) HFEIZ BN

supplemented the table in Negisi 47)

%% RelZIER G EDILKEEE  Re is the respiration in non-photosynthetic organ

*xk 5] UG TORERNEIZ L 2P DHESER L L T / %43.0, 29 4% ¥X53.6~55.1t/ha-yr Bz 6T
In thc same stands, P was estimated 43.0 t/ha * yr in Chamaecyparis obiusa and 53.6~55.1 t/ha-yr

in Castanopsis cuspidata etc, from photosynthetic analysis

* kK PE2 L — 2 T AN SRR BT EIE T, IRIZ D TIZENEISt/hayr DEHHESHE S H TV 3

Respiration(R) was revised to 75 t/ha * yr in total.
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RECHBL L EOMBRTHLBHLLTEVENE Y, L ->T, KTORRECREERES
KPOBEESCHEREDAEEL SHETHDRMELH L), THIROYEEEDHEEY
BT L5720, BFE, MEEEVHIE SNEERET I VRIIOWTHRE COTE L2046
B HECTHREBREYHEL, REER RO T, —REEOBEEILFRET L,
1. HDERHREONTE

EOFERDOKETE

HWFOREHRED ) bEOREEISKEVHA DL 2k, SEORERETHLLTS
Do 0EEDORERST T, WAEEHN 4 /ha BETH, RIEREBREOH 1/ 2 FEOIPRIER
Th o7

EONEEIX, ERBLEOPRAF CHXESIL, SEORXOL I ICELLERE, 1EELL
EERICL o TRGLEE, ZRFNOEQOHMGER Y7 ) FRERE AL O% LV RS T3,
FHEBEIH > TOHRBRFEERMFIILD2EZRDI VR EZEZL, L LYEE, 1£ELLE
BICLAEEEO LAWK EIVENSLOT, BRI LOERBOEHEL*HLLEND S,
HOOEEPLZE L TV 2 ESFEARTIE, ERKIEHICBII2ERED, BRI LICREBEIATY
W, EHOEROEBI T ROLHIHEETE LS,

& & D Fig. 18X BT A ERDFHENLS

(1) #HHEFX4ALY 8 AT TERNICHNT S

(2) IBEEAANH11A T CHBRHIZERDT S

Table 9. TH=VHOZANX—NFENGHE
Energy efficiency of primary production in P.densiflora.

WoE w o+ B 1% =
Net produc tion [Gross production Remarts
Qg t/ha-yr 10.6 37.3 P2, P30y
Na— X =
%Dltfc)os: baseﬁﬁE 11.8 41.4 DOx1.11
> s 10
%Eg? }fl/ijaticl)ﬁrllﬂzg 10 4.44 15.6 ©x0.376 X 100cal/t
cal/ha-yr
i * 1020 X 10¥cal/ha - yr B XK A R Hx
@iéf‘%l%wﬂ?—i Whole year /ha-y Tokyo meteorolo:gxial
olar energy 4 & R " . observatory
Growing season 741x10%cal/ha- 8 2* A 4 A~11A (5C~»A)
i F 0.44
®x & L ¥ — % (Whole year ’ 1.5 ® -+ @
Energy efficiency | g & # B 0.60 - :
(Growing season : :

Note)69. 4 ~70. 3PEAMELET L EF(RKFART) & O HRFEL CHIE

The data of Apr. 1969 to Mar. 1970 was revised by the duration of sunshine in Tokyo and Kumagaya
(near test plots)
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ELUT, BREBHONY - 2B THE Fig 310X 2% 5,

SIT, EEKIEEIC BB SRR L FRESH LA THIL, T ORRKIC L > TEMO K A
EREISYEE (L), 1EFELE L~) TLICHETES,
ALIIMEREBIVIEEDLOZAONREEL SEOREERLEBLLELILE, EOK
FHIch) OEFRHERE (Yo, t/hayr) FRODIEHFTEL, EHIALERGTORDEH
PR RE (Yo) LERKEHORERE (V) EoORIZE

Y= (2.0 Y x/Y.+2.25) Y,

LWIHBRRA L LDt Yy BUEEDERTH L, ZOXNTE XORATHRSOEOHR
BEv#ET AL, P, CI5.5t/hayr, P315.0t/ha-yr &% 1, ThENDORFMHI4.0t/hayr, 15.0
t/ha'yr i2& < H o7,

HOWROKTE

& IR OMPEERE L ER, MR, EE RER ERELRSLOBRIIOVTIES (OB
xHL BN, HEIABTERGOTTCTERERE L EFNEFROER L OMIINERRALHERHE 2 L OISR
R DI EARERTV D, LA L, HEBOFRRPEFRMFIZL > TROEHM L) L v
5, HHEERBR TV IR FROBBHIEEICAONS, ZOBE, MK, EEZEOBEDE
BRTHAERIY L, RARCLARRLZ CEENLZBEROHHPHRTITE L 2 ITEESE YV,
MO FEECREETAERL LT, RERIHITOND, 0T LI OMRIIH ORE IS
HEVWEEBESTH - L IERT, HOPIZABIODNAERIIEZHLEVIEENL D IR TIFL
3. XD Fig 221K L2 & ) Iflkd 7o b ORPRE - KER L ORI EFAIRFKR TR, £l
Y7 OBRIFERIZ, XKAEIFIREVEKIIEAE (RS, A—KS TRERIKE W EETE
BEOLWEhEVWZ DT, BORRIIREEZIITLERRKBLLIBEELTVL S,
F-HRIENOECESTERTHI0HEEE FENTE) LHRELOBROEERLE

‘ 00 T T T - T

1% ikl

/
~J
o

(%)
//
(%)

P
=]
8
T
/
/
/
O
(=]

%
Proportion
/
/
4
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»
)
Proportion
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;o

[#3)

o

0 1 L T ) !

4 6 8 10 12 2 (B, month)
Fig 31, ¥, BEOFHELOEXR
FEERTO% OFE

Scheme of seasonal change of new and
old leaves in casc of 70% of new leaf
ratio -
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oMb, BEDFig 23TAS L) ILELEEOKEVEKIIEERERIIKEVY, ZOBED
AR T v,
FITHITRE L RER, AREO2ERE L RBICBMAIET, RKEH (A U7 hHeRE
(R) LERMMLUZ-DERRE (Wey) EDOMREADE, MEOMIZIXFig 3202 EY
Re/As=a+bX Wgy/Ag
]S w A R L DAY AN
ZOBBEASEESS L BEEHO%E L WKSETIIEKBIZOPDOTRLICR Y 20461,
ThbbERa bHF—ETHhIE, KTORPFEHRE W) (Yest/ha-yr) iZEED A; OF
BN Woy DA TRbEKRIYL Y DREBEE Yas (ha/ha) EHT84EER (8L
&) (Ysw/ha-yr) BHRDSND,
Yrs=aYas+bYey
a, biZEFNEFN3.82, 0.56& % o7
% BRGOBRENIZHBBITIC L > TROZBERORERY S MERLIEEIZL > Tha Y
) BRERKERD, 4B Fig 331245 & B Y HRGOEHREMTITFHER & FHHE L o
CEDLDTICKRALTHEDT, ORGP S GHHEICHSTE 2,
BORE D REMB L CEERIKD SR TENE, BOBSLBL U MERTHETE LD,
LA LEORERUEZREFSE L, THTIVREIOWTHEFALD R, THT Y ROBDSEE
EiHEANE L, LrdRTEREOARCHEAMBROAREFIAL COMEOR T LH

(kgCO2/m? - yr)

Stem production per surface area

KEMSH 7- 4 R R

1 1

1 1
0 0.5 1.0 1.5 2.0
FERS - BEER  (kg/m? - yr)

Stem respiration per surface area
Fig. 32. BONRE L BRER - BREER L OBE
Relation between stem respiration and stem prodaction per surface
area.

O P2 ® P3
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RENTRD (%R -+ &KY),
EEOBIFRE (Ry) LHBOEER (Wpy) OBRIISEICHBRAL)CHETHY,
Ry=aWgy+b
OHBERAMNLHN TS (Fig 27). THa, bIKGTHTEL LGS, WHTFHERTL Z O
b0, SEDFig 27TOL BN P, P, Ps DEMHGTOE MEMTILE (BB L. £2TC,
§B=3WBN+b
Ry FHRIERE 89 kg/tree-yr, Wpy FHIHAER ko/tree-yr) 2 AL ) — XOKHER
LTHABIFRERHE L. 2BERa bl3EhEN2.62, 0.21TH -7,
ESHICHMOBREIREFAI L% {, EEICIFEIS VA, IR/ L) ICRONRE L fF
> THE L
ZBLULOE, B K RIIOVTOKRGIFRHBEOHERLHVT, Py, Py onTH#H
ETHE,
P, ¥ 15.5 (14.0) # 11.3 (11.5)
5t 26.8 (25.5) t/ha-yr
P; ¥ 15.0 (15.0) & 12.3 (13.1)
F 27.3 (28.1) t/ha-yr
b, () AOWEMELEBLT, BEL(HETEL,
2. REHRE - BEEROBEE(L
DEOREREICL 5T, Table. 1 2H T/l ) — XDERFIIOVWTHHEHBRELHE L,
EHIHMEEROUEHELNA TREERLFTE L7z Table INIEDFERET I LB, ThHD

60
o
107 e " N o
5 ; / 40 S -

3 =
: 4 = .
@ 0 a ) ®
a . & 20-
§ / w2 .
% 0.5 g z AT
g / = IS
o / S X o I X o et K e
z o oL L 1 ) L | I

4 10 20 30 40 50 60

0.1L e ' ! . ’ R (F)
5 10 50 10° 5x10%10° Stand age
FHBEXTOWE (o m) Fig. 34. M-RIEEE SR
Average diameterX Average height
Fig. 33. &AL EHE - R OME Respiration in different stand age -
Relation between stem surface X Root, & Branch, & Stem,

area and DXH. ® Leaf, O Total
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100 r T T T T T ﬁ‘l 0
“ee
~ ’.\.. ® [ 4 o~ n
80 - AA\Q o .A\.T:\;A’ 20
A_—_/
B 9
~ ] (] o - 40
¥ ® * £
wd 0 1 60 4“?
[+]
mC &
20 - - 80
0 L | 1 1 1 1 ] ] 100
0 10 20 30 40 50 60
o (%)
Stand age {yrs}
Fig. 35. @FFREIIN T 5 EHGOVEREOE G & Hig
The rate of respiration in each organ to total
respiration in different stand age.
Table 10. 0F W& ¥ B -4 & & H#®
Respiration and production in different stand age.
ZACEN) '
Plot number 41 | 22 | 29 | 40 713 (38|44 4| K I
oo (F)
Stand age (yrs) 104 12 | 15 15 (20|23 | 25| 33| 48 | 55 | 120
23 t/ha yr 7.7\ 7.2 8.9/ 9.9(10.0(10.4| 8.9| 9.6| 7.7| 7.4| 5.0
Stem (157](15)](18)| (18)|(18)](20)[(17)[(23)|(20)|(18) | (14)
53 ” 13.6} 9.9(11.7]13.6| 9.6(10.9j11.7! 5.7} 5.7| 5.2| 2.8
Branch (267 (21)] (24) | (25) | (18)] (21)](23)|(14)|(15)](13)]( 8)
bicd " 2.7, 2.4 3.2| 3.5| 2.8| 2.9} 2.6| 3.3| 1.8| 1.7| 1.0
.. | Root CSHOB)CTICTCBC 8 (B 8)[{5)(4)(3)
IR E
Respiration | JFA1E _, |240.119.5/23.8/27.022.4/24.2|23.3)18.6|15.114.3| 7.3
P Non-photosynthetic (47)((41)](49)|(50)|(41)|(47)(45)|(45)|(40)|(35){(20)
organ
2 . 27.5|28.6(25.0126.7[31.9(27.4(27.9/22.4|22.8/26.3|28.4
Leaf (53)"1(59) | (51)|(50)|(59) | (53)|(55)|(55)| (60)|(65)](80)
4 ” 51.5|48.1,48.8]53.7/54.3(51.6(51.1}41.0|37.9/40.6]35.7
Total
#wof E OB " 21.4119.3122.4124.7{21.6(22.3121.8116.7113.5}13.2] 9.7
Net production **
- 29)1(29)|(31 32)1(28)|(30)((30)1(29)|(26)|(25)|(21
%%EEJEE"()()()()()()()(H)()()
Gross production 72.9167.4(71.2178.4 75.9@.9 72.9|57.7]51.4|53.8|45.4

* (2 £MPREIZHTT 5484  the rate of total respiration
sk (THREERICHT 284 the rate of gross production
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iz, BEEGEIRSEEICE RY0.9~), #id 2%FHo Lt GbiriEHKI3~16) TH 5,
IO ORGOREEME, FHEMICL - T, BEEOTH TV RO—REEDRELLERFT 5,

MR L OBIR

KESNRFONRERBEOBELELEAD L, Fig MIRTEBY THD, BELZRFIOMNE
BEBRBOBELLIE, FRAEFROEERICI b HAEERCLHEROBELLERBLTY
%,

EOHEHERIIHKFTOER L FEXOFHEILH,S, FE, HEOARNOIHREZRD L LI
Lo THELLDT, RTEEIEL, LR EEOKEVHEDEEHE V15~ 204 4£FFIC
BEWEOIRREROKEHEIE SN,

HONRHEREL, HAERISKEVEPIIRRL 2 - TV 5, ZOREBOEERS#HRKT 5
Zoh, HOFEHRIZBILTY

BROMRHERTIX, BEELOIbOE-2 3%, Bl L h, 25~-30FERHKICERY,
Bl ) b BEREIFQLPL0REmE D > TV 5,

INGOHEE[ED EE LT, £FRHEEREIINT L8850 OMEEREOSE LA & OB%
%HDHELFig 3B5NEBNTHE, EORFHEBREOHEHIE L, MEELL50% 5L, HEEzH
FTELLITWDRIIHML, HREIIZ0%BEIEL T5, BLROIFROESI330E4EH]
BIZELRYD, HbETIBEREIIL LN, BEVEETY, $7-ERIIR > TOREOHE I~
TL %o BONEOFE TLHRKBHIIC20~25% &R EX\Va5, Mie & S IHL 2T L TR {,

MREEES L UMEEROBERIED /Y —id, EBICIS~20FEEIIY -2 %220 T, &
HEBOD/NNY — 4, Fig. 361CA5 X 15~ 20E4MHICHBEL Y -7 2 b ORERILE L 572,
ZOKE ) — XM &G (BAERKI3~16) Tk, BREEROY -7 & LTI5~ 2048 TS
~80 t/ha-yriEE DHEEEAFE SN, TS0 £ RO i H T1X50~55 t/ha- yri B TR AMEDE0
~T0%42% o> TERPANT LR 220 BT b DL BES N

—REEDFEE Py/Pe DI BEBIZHTIMEREDEE) TAHDE, Py/P HIIISFLEET
TIHBBEFERFRIATEY, UEERETL TS, 1208DERIZR > THPy/P Dl
21% CRAMEOTO%NBES RN T 0B LR SN,

R ORAH

ZZFTHBOMMICE %) IFRERE, REEBOTLLATE, KIKL L LICHAFED
HEBINEOTIFI TR S, BERLEOBBEATAL I, Fig 3T2AB LB, BEER, T
WHRE, MAERE LI, HEROMME L QIZABIIHMT A5, HABKMEISET S ERE
BOBME LB ICHLT A, ZOBE, BHFEIVOIIRBERIIS (AL LHNEER (B -
) XS CERREER L ERBERROMAOMEE b 2L )AL Ehb, B% L Fig
JPDOEMEITHEHRTERLI-ODT, KAl 2y, Fheh

log (Pg, R, Py) =logY—logA,
BIU
log (Pg, R, Py) =—logY—logA;
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Ps, R, Py

(t/ha - yr)

Pa, R, Py
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Fig. 37. BIff & (Y) tREEE (P,

WREE (R), M4
B (Py) DB

Relation between biomass (Y) and gross prodaction (Pg),

respiration (R) and net production (Py).
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Fig. 36. RAER (Po), MKHRE R), MAEEER (P
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Gross production (Pg), respiration (R) and net
production in different stand age.
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50

301

10

ERIHT ZFRBOLR

Ratio of respiration to biomass increment A R/ Ay

0.5 1 1 1 1 1 1 1 }
0.003 0.005 0.01 0.03 0.05 0.1 0.3 0.5 1
F B %
Specific increment rate of biomass A y/y (1/yr)
Fig. 38. £RBIIHTH2EEOL L ARE L DBIE
(HacmaRA & Hozom'V iz & 2)

Relationship between the ratio of respiration to biomass in-
crement (AR / Ay) and the specific increment rate of the

biomass (Ay / y) (HaciHARA & Hozumi 1983).

@ Abies forest (KIMURA and others, 1968 ; TaDak1 and others, 1970),
B Warm-temperate evergreen oak forests (KIRA and Yasuki, 1978).
A Tropical forests (MULLER and NIELSEN, 1965 ; Kira and others,
1967 ; Kira, 1975, 1976), O Chamaecypanris obtusa forests (TADAKI
and others, 1966 ; this research), & Castanopsis cuspidata forests
(Tapaki, 1965, 1968), [] Cryptomeria japonica forest (Tapaxi and
Kawasakl, 1966), W Oak-pine forest (WHITTAKER and WOODWELL,
1969)

OWERE L DL V) WHEROBMIZL AR L, BEER (P), WRINEE R), MEE
& (Py) &, FhFNBHERE (V) IHLT,

1/Pc=A1/Y+A;Y+B (1)
1/R =A/Y+AY+R (2)
1/Py=A;"/Y+A;"Y+B" (3)

EVITHEROERARTEVUTE . b HAAZOZO0ORIIBERNICIZFERIZIZR D 2277,
FziE, RAEEROX P ERLTIIE, FREEE MEERORBEAUREZELLNELOT
bh, SHOBALVLEL TS,

HBERECL > TRDLINS OBBRROERIL Table. 120 BY) ThH b, P, R, PyhH
KERTEEDOY OFEIFVTN LS t/ha TH Y, FT/-FOWKAHEIZ P76, R55, Py23t/ha &
- =X (P4

FE - BRI CORGIREREOBREEEMIT LT, BHEROWMINTHREED
e, BHERODERREOMICHMEMFEYEHSHZ 22D (Fig. 38), COLUEROBEALYE
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0.5
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. 0.1
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& e g2y
14 N~
1 L 1 1 1
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Fig. 39. BlfERE (Y), B4EE (Py), MRHEE
# (R), REER Py DOHERRE

Mutual relation of biomass (Y), gross production (Pg),
respiration (R) and net production (Py) .
Table 11. (1), (2), Q) ROEH
The cons tant of formule (1), (2) and (3)

|
oria | AIALAD | Az (A%A7%) | B(B,B)
(1) 0.263 0.300Xx107* 7.52X1073
(2) 0.310 0.357X107* 11.5X1073
(3} 2.20 2.45 X10™* | —2.15X1073

WHTRBEERICOPDOT—EL L), —HERDEXLBHEAD L ) 2 TIRERFICRILE
THILEEWL, $2bb
AR/AY=m"1/(AY/Y) +c (@
AR=m-Y+cAY (5)
EER L L. T2C, ARBWEEEE, Y, AY IBERLZOHSTH S, m, c TEKRT,
FNENG6.32X107%/yr L1.44E LT3,
Fig. 03 OB SEOT Hw IV HRIZOVTRELZODTH S, 2721, 4), GRATHAY
B OBETIHRRDBEN 2 VOT, Py MEER) & LTRHE LA, RPN EHEM TR

--------

b Table. 11GEHELMEE 7Oy FT5E (HKRER), HOLHIZ, 7TH=IyRIZBWTH
R/Py L& Py/Y HORIC BB BEFRI RO O D,

RREEFIIEBTRLAEBY), TCHRTPYY KK EVEGEIBUR/PyHIKELS 25,
ZhHidknd), 2), BRATRLZLIIC, HEFEITHRHRE, #EERIOY L TAEERE L
THERATAZ L bHBEIN, (1), OIORFRLVRFRDH ZEHTOLEPNL DLV RS,

7 Fig. 390 LRI 7 A2 VRO Py/Po b & Py/Y I E DR ER Lz, HFDTKELLRY
PW/Y A& (e BIZoh, WA R Py/Pg ATRA L
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1/(Py/Pg) =A+B/(Py/Y) (6)
LIRS, EHIIERETE
P, =APy+BY (7)

Ehd, LPLEEOR/PVADHEELBL UL PYYFHEMIYKREL LS L, PP DI
SBUCTAS, £/:0X0 5

R=A'Py+BY (8)
HEITB, BRI E EDIZP;, R, Py FBRELR s THhLDAEBRTH D, (513X (HacHara
& Hozumi'V) LIZEA LRI L% 2,

PEOLSCEBEET I RO—REEDRERLERAI LTE A, BEE, WRHER, #
AR LBHABEOHEMGEEE, B, K2 EO&GLETUDHT, SOEHBTTLI LMW
ETh5,

BEEEEOREE

EROBET(ONT, BENY = 712% DB, BAE, MAEIEAL L DHITL b
Lo LALZORMHOEROMNMITEROERD | FBELEESNL, LD TERDOHEM
PN OBCBERSLHEELY XX LD TIREV, WhOLEOEERD LANER L S
(I-48R), LALIALEBTETH ST, SSICBIFRLEL T2,

BERETT, LPOFAPhOERITLOED 1 EHORER (A LOEEOREME) »Rkin
X, REEE (Po) 12

Pc=ay* ZYxtap* Yo
EEZBILNTED, 175U 3Yy, SY, BENFROFHEB L VIBEEOHBAOER, av, a
BENLFNGE, BEOEGYLEHREETH D, ay, ap I IHMEHIZL - TELT 525, KT
HENEEL 2 ETHE, BEOIIZIELVEEERFOBT, LOXPHEYIDLEVZ S,

COREDT T, BONBEHEBRYROLEEEBL UL, RSDOFHERIISLT, KRHFTED1
EMOHFEOEN, BEOEHZROT, Kl ) — XKy (IHTREL) 1220, kX0
ay, ag TRDLHE,

an=0.896, a,=0.340

(Y /B t-yr)
Efol, SNIZESTHRGD P #F1HE L, EOREMBL BT S L, Fig 400 L IZHH T
BHBEL (AR L,
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tion by respiration. B G5B - MFEH 1967FHIC
HAmngE 1978)

Scheme of the change of gross
and net production with stand
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(4) HERIIMAEEBLERBLOELLTRD, 0 LOBHERIIERE L FERORELR(L
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DL EDOHEEMIE Table. 1212 F LD bR, BEE(LIE Fig 422188 h 5,

hITORETMOBERAREOKELEPVIIFREREOHB THD, MRHEEIBFE

DEME EHICHRTLECHRFEIH LT, SEHOEETIE, §TIIBR L ) ICHEEROR

FEEREONRY - EEELLC, HOMITHERBIIEREERZRL, 20REAFEOHMIZL b
SPMREREIIMINET, 22T 6@ TELEVIELDNNY — % H

Fig 33 BEERORERLERIF LB L WHTH S, LRIFI -0 » X TF DEKOH

Thh, YREOBEEIHNHIE DL H T, DL OFBHICIT TREESLHEED

o E— 73, 20~40E LILVKKBICh: o TWwaERPIIET Y, FLTHERB I,

Table 12. EBEE DT /=Y HRO—KEENTEEL
Annual trend of primary production of fully dense stands of P.densilfora .

§§ i 10 20 30 40 50 60 80 100 | 120

and age

LB EEE (m)

Averageheight 5.1 10.5 14.5 17.5 19.7 21.4 23.6 24.8 25.4
in upper layer trees

%%cjiafi Vha)l 5o | 1a0 | 200 | 240 | 270 | 200 | 320 340 | 350

8§E%Q) 6.5 7.5 7.2 7.0 7.0 7.0 7.0 7.0 7.0
% B & (t/hayn 7-5 6.5 5.0 3.5 2.5 2.0 1.0 1.0 0.5
Biomass increment (11 @1 ® | ® | & @] @ @

W " 21 21 17 15 14 13 12 12 11

Net production (30) (30) (27) (26) (25) (25) (24) (24) (23)

e =" » 50 50 45 42 41 40 39 37 37

Rspiration (70) | (70) | (73) | (74) | (75) | (75) | (76) | (75) | (77)

(ZEDRIR) " 29 32 28 26 25 25 25 25 25

(Leaf respiration) (58)* | (64)%| (62)*| (62)* | (B1)*| (63)* | (64)* | (68)* | (68)*
B EE p 71 71 62 57 55 53 51 49 48

Gross production | (100) | (100) | (100) | (100) | (100) | (100) | (100) | (100) | (100)

WO B " 18 23 17 14 12 12 11 10 10

Dead matter (25) | (32) | (27) | (25) | (22) | (23) | (22) | (20) | (21)

(EHR) 5.0 6.0 5.0 4.0 3.5 3.5 3.5 3.5 3.5
(Fallen leaves) (28)7%* (26)** (29)** (29)** (34)** (34)*% (31)*% (29)*% (29)**

O ) RREEBCHTIEAE, (

{ ) :the rate of gross production, (

) % : the rate of respiration, (

)R EREI ST BEIE. (

)k ARFERICKT T S E S

) % *xthe rate of dead matter
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Change of net production with increasing
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Primary Productivity in High Density stands of Pinus densiflora
SIEB et Zucc.

Kinji HATIYA", Ikuo TAKEUCHI® and Kazuhiro TOCHIAKI'™®

Summary

Research on the biomass production and nutirients cycling in the dynamic aspects of forest
ecosystem will be important for establishing forest utilization and management systems. Forest
biomass production has to be analized in the view points of dry matter production process in the
forest ecosystems ; primary production process as a results of gross production from canopy and con-
sumption by respiration. However, these researches are few and the most researches have been esti-
mated only net primary productivity in the specific districts or areas.

In this paper, primary production processes in Pinus densiflora forests, pioneer tree species in
Japan, were analyzed in the following characteristics ; (1) relationship between net production and
stand age or site quality , (2) prediction of gross production and its allocation using the stand respira-

tion, (3) annual changes of primary productivity in relation to stand density.

1. Net production

Biomass and stand density

The above ground biomass density, above ground biomass/average tree height of upper layer
canopy, in fully dense stands was about 11t/ha/m. This value was well coresponding with the re-
sults of Kan® predicted from stem volume and was relatively lower than the upper limits of the
values in most Japanese conifers predicted by SHIDEI et. al®
Leaf biomass and age

Leaf biomass in highly dense stand increased with increaing stand age and reached to maximum
of 7.5/ha in 15 to 20 years old, and then little decreased to constant level 7.0 t/ha in mature ages.
This constant level was independent on site quality, however, the level markedly decreased in severe-
ly poor site even under highly dense stands.

The ratio of current leaf to total biomass in winter did not different among site qualities, but
different among stand ages. The ratio was 90—100% in young stand, decreased remarkably after
about 20 years old, and reached to stable value of 50% in mature stand.

Net dry maiter production and its allocation

The annual net dry matter proguction was the highest in 15 to 20 years old stand, and was de-
pendent on the change of leaf dry matte production efficiency. The annual stem production in the tot-
al did not fluctuate remarkably. This results suggest that the carbon allocation rate from the tree
canopy to the stem would be kept until the old stand age.

Net production increased with increasing site quality. As the leaf biomass was not influenced by
site quality as mentioned above, this increases will be derived from the changes of the net photo-
synthetic efficiency in various site qualities. Dry matter allocation from the net production in the

canopy to stem also increased with increasing site quality.

Received April 10, 1987
(1) (3) Former Silviculture Division
(2) ex. Shikoku Branch Station (Shikoku Resedrch Center)
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2. Respiration and gross production

Respiration in each organ

Total amount of respiration was predicted as 26—28 t/ha/yr in 20—year—old stand. The
amount of respiration in each organ was 16% in stem, 23—25% in branch, 53—55% in leaf, and 6%
in root to the total, respectively. Higher amount of leaf respiration to the total suggests that the
canopy plays an important role not only in gross production from photosynthesis but also in great
consumption of gross production by respiration. The amount of respiraion of branch was the high-
est among non—photosynthetic organs. However, the amonunt of root respiration will be utnde esti-
mate because of the method in predicting procedure of root respiration.
Gross production and its allocation

The gross production was predicted as 36—39 t/ha/yr. The ratio of net production (Pn) to the
gross production(Pg) was only 27-30% KirasV expected that the Pn/Pg was about 30% in climax
forest and would exceed 50% in developing young forest. The Pn/Pg ratio in this study however,
was relatively low even in young stand, and low value of 32% was reported in 15—year—old P. de-

)

nsiflora stand by Sat00®” . From these results it suggests that the ratio of Pn/Pg was characteristi-

cally low in P. densiflora forest.
3. Annual trends of primary production

Annual trends of respiration and gross production

The ratio of leaf respiration to the total was about 50% in younger stage and then gradually in-
creased up to arourd 60% in mature stage. Stem and root respiration showed the maximum values
of 30% to the total in about 30 years old. Branch respiration was relatively high and was about
20—-25% to the total in young stage, but markedly decreased with increasing stand age. As the re-
spiraion and net production had maximum value in 15 to 20 years old, the gross production, respira-
tion plus net production, also had the maximum of 75—80 t/ha in the same age. Gross production of
mature stand in around 50 years old was 50—55 t/ha and was about 60—70% to the maximum, and
then gradually decreased until old age.

The ratio of Pn/Pg was predicted as about 30% from young stand to around 35 years old, and
the ratio of 20% would be maintained until over matured.

Gross and net productions and respiration increased with increasing biomass which increased
year by year, however decreased after the period when the biomass reached a certain amount.

The period when the primary production showed maximum was almost the same as the period of
maximum leaf biomass. It would be caused not only by the amount of leaf but also by the higher
rate of phtosynthesis of current leaves. This assumption could be proved from the results of the
sum in leaf mass in each age multiplied by the rate of photosynthesis in each age. These results sug-
gest that the leaf age composition in the canopy plays an important role in primary production as
same as the leaf amount in the canopy.

A scheme of annual trends of primary production

The primary production in fully dense stands of P. demsiflora (as 14.5 in the site index) was

calculated and the scheme of the annual trends was illustrated in time—production chart proposed by

Kira and Szer®®.

The results was quite different from KirRA and SHIDEl'S chart. In their chart, the
amount of respiration increased with increasing stand biomass. However, the amount of respiration
of P. densiflora stand had a peak in younger stage and gradually decreased later as mentioned above.

And also, it has distinctive peaks of gross production, net production, and consumption by respira-
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tion in younger age, remarkable decreases in mature ages, and steady states in mature and over ma-
ture ages, in comparing with Fagus, Abies, and Cryptomeria stands. These characteristics of P. de-

nsiflora stand will be derived from the species characteristics as the pioneer plant.



— 96 — WERBRGHE $£3545

fit&—1 TrH=YHKORER,

w0 BewA | 0| oAem | Poae raus| D, BT Ry p
% 5 A K (£) (%/ ha) (em) {m) '(m) e ) : (m*/ ha)
1 19611 4,500 6.2 5.4 7.0 15.3 55.3
2 ] 18 9,100 5.2 5.4 7.7 23.3 90.1
3 |F K-S 21,200 3.8 5.2 7.3 292 108.5
4 51,000 2.3 3.9 6.1 25.9 70.1
5 29,200 3.0 4.8 7.0 26.2 93.3
6 L63. 26,900 3.2 5.1 7.3 30.8 100.6
7 : 20 10,400 6.4 8.5 9.6 37.6 168.1
8 AR 2,400 7.5 6.0 7.1 11.7 44.0
9 6,900 5.9 6.1 8.8 22.4 87.6
10 15,500 4.3 5.8 7.9 27.1 115.7
11 T 77,100 1.2 1.9 3.5 11.2 26.2
12 21 82,000 1.6 2.5 3.9 20.4 48.7
13 19,800 4.3 5.6 7.5 34.3 127.2
14 37,300 1.6 1.8 3.1 9.8 19.6
15 35,200 2.1 2.8 4.3 15.1 37.9
16 1964.1 15 17,500 3.2 3.9 5.2 16.4 49.3
17 | M oK-2% T 13,200 4.3 4.1 5.3 19.2 62.4
18 9,050 5.4 6.2 7.7 24.0 93.7
19 49,900 1.5 2.0 3.5 9.9 21.2
20 2 31,700 2.4 2.9 4.4 16.4 38.8
21 18,600 3.6 4.0 5.2 20.6 58.2
22 17,300 4.4 4.8 5.5 26.0 91.2
23 19, 600 3.4 4.4 5.5 19.4 65.4
24 2o 15,300 4.7 6.4 8.2 33.0 138.8
25 7,340 5.1 7.0 8.9 25.8 105.8
26 1965.2 6,560 6.8 8.5 10.1 27.4 150.7
27 | WA -% F 51,600 1.8 3.3 4.6 17.3 58.9
28 15 36,000 2.0 3.9 5.3 24.7 91.5
29 16,800 4.1 5.5 7.0 26.8 106.2
30 7,340 5.8 6.7 8.6 21.7 91.0
31 20,100 3.8 4.5 7.2 28.2 114.8
32 1967.3 o4 24,600 3.4 4.3 7.1 29.5 107.5
3 |#H A% T 8,500 6.5 7.2 8.7 31.0 148.7
34 9,600 4.6 4.6 7.0 18.7 78.7
35 1976.1 2,000 13.1 8.7 9.7 27.6 123.2
36 . 33 6,000 7.5 7.4 9.5 29.8 133.2
37 (WA EmF 8,400 6.4 6.5 9.5 33.1 145.1
38 25 4,800 9.3 10.9 11.5 39.2 240.2
39 1966.3 23 7,380 7.6 10.3 11.4 37.9 214.1
40 | F -m K| 15 24,200 3.4 5.4 7.0 26.4 99.8
41 10 31,200 3.8 4.4 5.1 28.3 90.6

1965.3
2 || 8 120,000 (1.8) 1.7 2.6 29.5
-
8 |y ;ia.og p| 3 4,370 9.4 10.3 11.4 40.1 235.4
44 1957.11 33 2,340 15.7 15.7 17.0 45.6 408.6
45 =2F - z‘E".g“ﬁL 48 1,310 21.2 19.2 20.5 46.4 472.0
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H & ;

" f ® bR & () (ton) | (ton) | (ton) |(ton) oA oA
24.7 6.1 4.6 35.5 9.9 11 0.50
38.9 10.8 8.1 57.7 13.8 12 0.80
51.4 8.9 7.4 67.7 15.0 11 0.95
35.7 7.2 7.6 50.6 11.6 5.2 2.8 6.0 14.0 0.95
48.0 7.8 6.4 62.2 16.3 7.5 2.7 5.2 15.4 10 0.95
49.1 8.4 7.5 65.1 14.6 6.7 3.1 5.8 15.6 10 0.95
75.9 12.5 8.4 96.8 19.8 8.9 3.6 6.3 18.8 13 0.95
18.4 6.3 3.8 28.5 7.5 3.1 3.0 10 0.40
38.8 8.3 5.9 53.0 11.2 5.0 4.6 12 0.70
56.4 8.9 6.4 71.7 11.8 5.8 2.9 5.2 13.9 11 0.90
13.3 3.4 4.0 20.7 2.7 1.4 1.3 2.6 5.2 5 0.80
26.9 4.2 5.7 36.8 5.3 2.9 2.0 3.6 8.6 5 0.95
58.5 11.0 8.6 78.0 14.8 6.8 2.7 5.6 15.0 10 0.95
10.3 4.7 5.3 20.3 4.1 2.2 2.3 4.1 8.5 6 0.60
19.3 5.2 5.7 30.2 6.5 3.3 2.4 4.2 9.9 8 0.70
22.7 6.1 5.5 34.3 7.7 3.6 2.5 4.1 10.2 9 0.70
28.9 9.2 6.6 4.7 10.4 4.8 3.0 5.0 12.8 10 0.70
38.7 10.5 6.5 55.6 14.2 5.9 3.5 5.2 14.6 13 0.80
1.1 3.6 4.2 18.9 3.0 1.6 1.4 3.3 6.3 7 0.60
18.6 5.6 6.3 30.5 5.4 2.6 1.9 5.0 9.5 10 0.70
25.9 6.3 7.9 40.0 13.2 5.9 3.2 6.2 15.2 12 0.80
42.7 9.4 7.5 59.6 14.4 6.8 3.7 6.5 16.9 13 0.90
30.7 6.1 5.1 41.9 8.4 1i.5 5.3 2.8 3.6 11.6 7 0.80
65.1 10.4 8.2 83.8 21.9 17.0 7.9 3.4 4.6 15.9 10 0.95
47.7 15.2 6.2 69.0 12.4 5.5 3.8 3.6 12.9 12 0.80
69.3 11.5 5.0 85.8 21.4 15.9 7.2 3.2 3.1 13.4 13 0.80
25.7 7.2 5.5 38.3 10.9 10.8 4.8 2.8 4.6 12.2 8 0.90
40.9 10.9 5.6 57.4 17.4 17.5 8.1 4.4 4.6 17.0 10 0.95
45.3 9.1 6.4 60.8 22.3 9.5 4.4 5.3 19.2 13 0.90
39.6 7.0 5.0 51.6 10.3 17 .4 7.6 3.3 3.7 14.5 16 0.70
54.6 8.5 5.2 68.3 6.7 3.2 1.5 4.3 9.0 8 0.95
51.7 10.7 7.3 69.7 11.2 5.4 2.0 5.5 12.9 8 0.90
69.8 11.4 6.8 88.0 15.9 7.4 2.5 4.9 14.8 10 0.90
34.9 7.1 4.0 46.0 10.4 4.6 1.7 3.2 9.6 8 0.70
61.4 24 .4 10.3 96.1 | 31.9 17.4 8.7 5.3 7.4 21.4 9 0.60
66.3 10.2 6.6 83.1 25.8 17.0 8.5 1.9 4.6 15.0 9 0.80
72.6 11.6 6.9 91.1 21.7 12.1 6.0 2.5 5.2 13.7 9 0.90
83.8 13.7 6.9 | 104.3 24.3 8.5 4.4 6.3 19.2 13 0.95
85.1 12.3 7.2 | 104.6 23.8 9.5 4.1 5.8 19.4 14 0.95
43.1 9.7 6.6 59.4 23.4 10.1 5.1 6.1 21.2 13 0.95
38.1 9.0 6.8 53.9 17.5 7.7 4.5 6.3 18.5 14 0.95
11.8 4.2 5.4 21.4 5.3 12.3 4.9 3.6 7.0%| 15.5 10 0.90
97.2 14.7 7.4 | 119.3 14.3 5.9 3.0 4.3 13.2 10 0.95
163.4 14.6 6.9 184.9 21.8 8.7 2.1 3.4 14.2 15 0.95
198.5 16.6 7.0 | 221.8 14.1 5.9 2.1 3.8 11.8 15 0.95




