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Mechanisms Related to Matter Production in a Thrifty
Loblolly Pine Forest
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200 m, HE1¥ 18° DIZITHEN O RBEHLIZER I T\ 5 J44EH: 7 — &= Y (Pinus taeda) KO E

MAWEAEEO LA ATHLMTL LS & Lo 19704 10 AMAUOHERICENT,

g Gido)

P TIARASR ha H7h #1700 &, SEEMEKN 21 m, THESEREY 26 cm, WEHE A I

41 m?/ha CRIZHB LREEEITEWIRBIZS - o2,

HARBNIZ X 2HIERBRD % H - 7o

FHEEKSOBHRIBRL ZNE TCHARLO NG HROER 4TS HEHR (D, cm) L&
(H,m) © D’H x5 2BH 8 (V, cm®) LBEE (ws, kg) O A KBIR X LB HE & A5 X

* Contributions from JIBP-PT No. 126.
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, ZOEHURRPEDLEITH 570
log ¥ =0.9439 log (D*H)+1.7692
log ws=0.9952 log (D?H)—1.7715

COWMADHEMEE, MEHITHL THEOIECHSKIL D EDHEL I REL, EXRE5ED
BETHEREINSG T £~y 0 D, H 2EROSIAMBE L LTEENITENTESTHAH 5,
FE L7 2K ORGSRV L T, Hi LR 0RERE D2 125+ 254
EBHEBRTHVTHE L. #HEARRKII L7 -4~y KORMBHEERZ 2452 O FETH 320
m3/ha, BEBHFRTII®H 160 ton/ha, Z:F# 21 ton/ha, kit 7 ton/ha, #E# 9 ton/ha, K
$4 04ton/ha LIEE I NI BEEAMSOFEEMONRERZLTEOT H <Y, Z2a<=vkiT
B L TS0, MAEBEELETF - X =V Hhahdi b 30%13 D% nh, BEoHAHEIT
LHEERDH-1bDLEEDNL, L L~yEBPMBEICEKRLTrEY BN,

B 1 £l oR4d ERIIHN 14m® T4ton/ha) T, HEKIZETRAEWD, RBOILHERER
BETH=Y, 7w vIHRLTELOTHNEEN R LI

WO FERHERT A=Y THLL, ®WETOVHMEBER 24.1%, MHXEE 20%L Lo
“BIN” 3£k 1/3ULEESY, WEMWELIL>T. Lichi- THEKMEAEIS {HETH 39
ton/ha & - 77,

A B OHERRIZ 17~19ton/ha TR DV Bir o Tcds, T OFHMREIL 5% BET~ YHD
HRTHEITHDP 2 1o

FEBO LBEATHS L IS, HE BE2RAMLE LD, REEOREEZIZIT 10cm T
Hofre THBIABFEL, BEOEN B HMTH> T,

FEOBAFE KL LOHENBERPEYRTFTH > 1o, (EMEEEEHBEETE L, ¥
CHEHRBOP OFHRLED - 1o

F—E= v 0EOBRSBREFLEZARRRBTIE LGSR EDE WV EL Dol LD
LEBOEFERAGERITES, NBWFED L, Ca BT WAL NI,
AHBEANORSEHROHFRI ha 71 N 6,200 kg, P,0s ¥ 630 kg, K0 # 890 kg, CaO
¥ 1,410kg, MgO # 790kg T, ZHITHEL CEHA4MPITHBE L THLHIZB L, B»
HENER LT ENBBTEL, L LEBRAORSLELL 2L, P, K, Ca D3EEOL
HEHRORBIREBERAD ZWL S ITEbI,
ERABROVEFBRIAT B = 2 ITHND LHEFILEL, 0B F-F<V0EERD
REWCELEDFERD 1 DIZE>Tnd LB b 3 EERITRIE 15 ZR G OWRPGEE »
b, TBPOBRSERDOHBEOES EHELLERE N&EMg BdhkhkhABED L EERbNIY,
O P K, Ca RITERR T & T OTREVWM EE bR

¥ A OB %

BHELPETERINTVWINEE~YEBD b, ZhETF— &< (Pinus taeda)V, =25
Y a2 =Y (Pinus elliotti))®, > X8 2 b u— 7~y (Pinus strobus)® $haW D PH 1k EEEIZ OV
THRETTOTERY, ZORE, ANPEUEOEKLHFLE TR bo~y BIZHELT,
FTETVERT YAy ORGEEI>PZY S, BEAERBELEL LTS5 2
EBWLRITHE ot LAL, ZHRITORKERELIT LA LEKE I0ETBOHEKI LD
DHIOT, REIGELLL) ZEHSOMMTED T TOLEEBBIZOWTH ALY TH o 7o
ChiSEE< Y BOBEHIREAINTH L OBERBLBENEL, HF—F=rvPeRrFyva
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Y BHRENICERENDL LI k27D R Z W0OBLELFPP LD ETHo 70T,
TEYLEHERS T RHT I EBRBTE > D TH S

FENI19704E 10 H, BAEKEEATFLIAREEARKIIEL L Tnd UELED T —F =Y
WEFHET LI ENTERDOT, TTRHRELLGEMY Lo—Eopif s LT HEAENICH
T ARITEER Y ED T LD BRI OMSRAEIVNE L, 2nBELZT LV REEKEL

HBBEINIHBETH 20T, KEABHRIRVDEROIIKRIZE EDTe Lichio THS
BREEPEERZ LV EERSEROBGR L EORRAZEEM IO VWTE, 4BOBERDD
HERITHE L2\,

AP RRRAZESHEMRE L L > TiThbh 30T, i, Y, FEL M L4
BWABERIT L, HIFEbEiw, - LHATEREIWEERICOWTHMTLED T LD
723 DTH Bo

AKEEXLDFEDBILDIY, =Y HOERITHET 2RO —BE LCAoELIFEINE
AR B EEE, WEHER, PIUARRD > TIHMN W BREE,
BALUIEBABKEEE UOMBEMIZE L B#T+ 2,

1. AEMKS> OB KR
PRI S 200 m, SEHERH 18° 03IEBHO REHIZE Y, LI BRO LI IThE
WL, = VHOEBTIZELTWDLLS TH b,
FEEMRSESIHFIRAB LTI M EETE DY, Mol LMIZZEznENE 0.2ha T
L, D% 0.65ha TMD (X100)

FEH 600m BEN LB H 1,000 ] / 1,000
Bo WIS L T w0 500
FzEBbNDA, 1970 420 o
BiiHROELTEZDH T 1) o= 2 (2
i A rd
rrsT, WARWOH &8 100
ER BN THEMEDE B N £
50 £ ‘/ "E
BRI D% > Tt £ 5 o, N %
® e /o 3]
Ha o lzizhRoi 0.1 E .’ R i
ha % HAHE LR, g Ry <
7/
P, DOMERER £ 10 S 10 §
Table 1 (0R L7k 5 T, Lo M 5
WA & b BE DR e S
Potz, Tablel 26
24517, SMERDETL N 1
A BRI 0.8 cm, 4 50 100 500 1,000 5,000 10,000 50,000 100,000
. - ' D?H in em®.m
Pl s AR 60 cm Fig. 1. Allometric relation between stem and D2H in cm?.m.
<, ABHMAEOT H =Y Stem volume (¥) in cm®.
- log ¥'=0.9439 log (D*H)+1.7692 - ovveoven. I
RrueIlHELTED Stem dry weight (w;) in kg.
HEERBIEFLIKREZ W, log w,=0.9952 log (D*H)—1.7715 . ccvocovvenen @)
. . - = O: Kumamoto
¥, WENTETR 2 A, Qo

INFTTONEEYHRD @: Shirahama



Table 1. Descriptions of Loblolly pine stands in Nishikihara National Forest.

Number of tree Mean height Mean diameter at Basal area
Stand per hectare breast height per hectare
(m) (cm) (m?)
I 696 21.1 27.6 { 42.8
11 700 20.3 25.7 38.7

AR THREFEORBIET 2L 0¥V ha fikITAE2LH5THL0T, RFEEHO F -~
v BB ZDRBIELTVWLIDOEE DN S,

2. F—=&x=YotEEIKSEER

1) |REHHE

Wor O LB R IRE LICBERAROBHNI Y 1T L 5 M Bikd bR Lize MO
BRIRBHTRD &L 5 T RIEBEUL TW20T, IKFDORIZLEERKEITLDLIMG I 2LT
&, Ur634K WrbL3ILOFHBEAOEMAREHELVKEL HEO3m tZhl Ll
HA3m),23m LR Im OBTLRY L HL, ZFRBICEIhLI®, B, HEOAFRETLX
HIEH M LTce ZLTH 7Y VIR K DBEEOUELD, ThEThOLEREY D L0
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log 7 =0.9439 log (DZH ) 1.7692: -+ «vreerrevmrmtsiinieniiiiiiiii 6))
log ws=0.9952 log (D2H )— L7715+ vereonvmveiensiiniiiiiii V)

COEMROHEME, BEROOHGHETTHAE L1047 -2~y K COBITHR L
B LTV 24, RAFHEW EEERRIOFEEELY 3m 0T FnF —F < v kS OBE
W I AT T B AT OHMED O (V; 0.8638, ws; 0.8404) L h AL RITKE V. Z il
BARENES, TNICET AMBEORMIEIR AL 0T, b2 —EOKE XL LTRAEDQ),
@QROFHEY ERITELT 2T TH 2, 2 LTA) R b—BHENTHOEEDOF — &=
HWIERTE2 D, H2EROMNAMBELELZ EWTE L),

SHEFHE LT —F=YROLIC, MREEL EOKRIERSTIZHE—ERKITENTH,
D+ H oMt ERESHENIR LYTwoT, BAME DH 2HnilTd, Ddsn
DT A ROENEERFEEACTHARER 2 HET LITL v, Fig. 23,4 2
D2 [Zxt 2858 (V, cm®), % E (ws, kg), HEE (ws kg) & L VEZE (w,, kg) O 4L
B %7 Lo 3HAOEEIARIZIG LA EHMEET, 1, 2000 K ELBWESERL VLS T
B30 LHLIDBEICR E4EHFINIECHOAMEBHRIBLARBEINTHILISR
SR T ELRIENR &3 5 OIBERIA S 225, PR OEBBOMAHER/NE {, FRERAD
ZOBWENITH B LI RELOTARIREO X5 2 BRTEMI L2 L1 Lo D¥em?)
K+ 2 2 N b OEBRIEOE O & ) ITHEM S R

100
50
i3
g
5
210
>
i
=
..dg e}
g5 o
m
o]
1
100 500 1,000 5,000
D? in em®
Fig. 3. Allometric relation between branch dry weight (wp) in kg and
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log wp=1.8463 log D2 38824 . ciiiit i 5)
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log w;,=1.5680 lOg D234261 - e (6)
fog V7 =11928 log D?2—0.7731 -+ o ommmmme 3
log ws=1.2144 log D2~1.1370 -+ -rrrememmmr it 4
10g W5=1.8463 log D2—3.8824 -+ rveouveurmriit i (5)
log W, =1.5680 log DZ—3.4261 «-+-c-nvrreromuriea i (6)
3) M EETER

D2 T 2B RO EERER 3)~6) RE, HAHEEEIDL I Lo ARENE
BAREZSTED, FNFho ha b FRBEFERFHEHEL FOEKEY Table 2 TR L

Table 2 Biomass of Loblolly pine stands par hectare.

Stem | Stemdry Branch dry weight Needle Cone dry weight
Stand volume weight (ton) dry weight (ton)
(m?) (ton) living | dead (ton) | living | dead
I 837 | 168 22.0 6.9 9.5 0.34 0.13
II ‘ 302 \ 151 ~ 19.7 6.3 8.5 \ 0.44 ) 0.89

oo FRBABRRITEEL TR RERLOEEEITI > TH L O ARBEMBRED ha H72)
EEBAERT ALY TR Lo

Table2 LM L0 % & 51T, AL 30 44T 300 mé/ha ] LIZELTWABLY, ZOMEET
AU A EEEEEMONERY T EMIZAY, $-bBEHOT 2~ v RN L BT 2 L,
HAML LEOH TR > LABRMBOZNI5RITADLLITHD, LT LHAEBEMAED I n=y
T Ay ORERBLIVELIREL, IOHBRFATIAELERBEEL LTZOLER
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oKEIRFEREINL I,

ABKS OB OLEIIH 20ton/ha T, HEARMOBLZHEKROMEY L HE50%13EE WD,
POITHERIE 20%15 E D % \vve THRAEDOE I OBWREEEILY EF(BOEHRDENE
EBERTH IO IHNE V.

A OERD Ston/ha iR T, AERKBRUMBOBELZHAIKOE U RHITHE L /24 13 ton/ha
RRAUKSOEMBEERORIES HHE LZEERD LB L T0% 12 LV RV, IR
DESRBEOBRRI L 2BEOREBIFER LTI EBbh2, LaLANLAFEOF -5
< VHROBRL, RAYLNE LD~ VB IBOMSER BT 2 L, WEHIBANL =Y T
HWELZEEBRATY 2 EABWHITA L. FE U 3E3ED Pinus longifolia DIERO L b 3
LB

F—Fe v HROEREAE LBERP R, BELYRGEKRITOVWTI2 AREIEE Lz
R, O 4lton/ha LIEELTnde LS EEAERBB|MICL > TEML, TTREELLL
IAERBIOF ~ X = v YISROBEOFMHEA 242 2 &, KEFELI 1IA~12HITHKE
B3 - L 3% (AREER), ZO0HMO IO ARZEL VA (BEBERE., 2045 %%
BHBONE -V LELT, BELOUNEMRABFEROL > LIDEABHOIDE VL b,
Lictio THRAERO BB IUEHHT X { B-T 2L6E1D 5,

F=E2Y OHEOEFEGIIRICZETH LY, MELEEEIT IR r7u-vDL) 5B
FrELY, FREBOKELEIOIIHIBEYERICXET 20 HET, HEY I
BEFThlehELHETH 2, Lo, BEOEHENLL LA THRFIOEERD I - LB wOR
THA~10HTHA) EBbhb, 7—F <~ YHROEBBERIZTOVTAKRLY, Metz!P 53 &3
T EMOFEERLE L, ZOFHEAILIORBOBED GV LEERITBRELTAS L,
W4T 8~10ton/ha & %Y, AMFHEL-F—F =V HESKROER L IZIE—H LT Lo
TIZDF—F= VY HOHEDOH AR Ston/ha BiE EEEI N5,

HOOREZELBEEFHEOBNILL > TELWFEHESNSL LEbhb, @KL
D OREBIMEOKRE I LOMEMEL, HHAEERFKELL OMEREET, BEHROMERE
HHEICL > THABRETLI LD 70T, Table2 IR LA HEIBSERRE L TE EDiz\n,
37, MAORBEIZODVWTHELLREE &b T AL, #FLldkKTEAWY EFE
BEHERBENSRILEREKRT, KX, KK BRIRFEAFHAEAHIBN O ELOT A~
YHOBRERIZ, ML T 02~0.6ton/ha, HifZ £ T 0.8~12ton/ha TH 5 7zo Lizdio T4
HEL T2 VRORERIT A VHRED W bbb EnwEBbh s,

—%, MO 1lm EIH-h oM L& E T, Table2 HHFHEINS L5 1T, KAEMKS T
1% 9ton/ham (2% b, HERBRBOYGESHD 12ton/ham L HHL TN oo T

3. Mok ESR

1) fE&ko4R

HARBMBOKRZ LEEARBOBE L HBBTHERDG L -+ L Fig.5 0L 51T%%, —
BITHA DB LT 2 EERDERRET 245, AL TIMMEROEBEAEAKRIT L) B A
EB¥EDL, ZO0ITHEBETNEARFIRATTET I TMOMBICHEEINL LI TE D —#&
D=vBOREELEREROBEZEHNIR, BIZB~20EMTHE5LITH2, Fig.50b#lHH
N2&51C, RENRKOBREEARBIILZF LS LA 2BMERL TN,
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R 1 EROREERZ, KRARERO
HE LRk, HREBIERNLLL LDME
O 1AERT O BTt & DXH oMt
ERERrERENEESERTS TED 1
EF ORI BHMBEREHEL, COMLH
HORPRBLEOELLTD EDT, T8
WA ERAROBRES LI Lo
HEMG OKE 1 ERORMBELEERA,
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HeSE X iz
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DUOTFABL e Licdio THRMIHNIZEI B LBDNEMAERLEE D RE6 %05 70
2) MAREE

HMRPDOZ B BNFH LTI HFELE LT, LROBENEES G ETHENL FEOEH, B
PIEE S OAUREH L, KyrOoRED

BWRTHROWIR T BN D 2o NN
Fig. 7 RAARMIE (p A/ha) &5 OFL 05%\x
HAHHE (vm®) OB, ERHBREON
HNBENKREED 7 — 5= HHHD L,
MEORFENEULTWERT vy Y awy & 0.1
HERDDBBIANTE LIS DTS 20 S o %
Fig. 7 (OR LREWEMARR, $Tic 5 oo, o
50D L7 F T 365 2 R ST ’ o 8

log v=—15 log p+4.3075 %’ 001 °
Ebewbit. TOROEEMIER B \
ALY, ZEOORE LT vtk 500
LENBEBDE . BREOTF—F <y
AT EA SR NBR TSR D BEN % \\
EBRTH 25, AREHROF -4~ v H 0.001 J
’, BEEEORBIEL TR ZNT LR O 6 T,000 5000 10,006 55,300 100,000
BEIhdi, Stand density (no./ha)

Fig. 7. Full density curve of average stem volume.

3) WHEOEHRS— L A o Sanoml e

FERLBECTHLE, e, RMLBET
HLEOMINOEEMER, TALLEBINRITL 24 ERERT Fig 8 Iz L. 94
KB L THREBPE I BCOT, I~2EBIEEHFINIERICHE L CEREL L THbbhR
LREBERELIZN,

FRABDF — £~ Y ROEPHOEENES L, Thb0e—F B LBk >y E
(LEER) [TEWRH#MERTY, ZHEBEBETCH L7 1<V HROREYD L L HTw 5,

772
Z

Ys

&70246081012141618202224264 2 0 2 4 6 8 1012 14 16 18 20 22 24

Stand I Stand II ton/ha. m
Fig. 8. Production structure diagrams showing the vertical distributions of dry weight
of stem (Y,), branch (Y3) and foliage ( Y) in ton per ha. m.
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PRS- L1 L BE ¢ 80,000~100,000 Lx OB (E4FRT#%) Ok MO, KA EOW S X

T, WEH (HESPLE) < 1m HKEIZ100 S8&E L, RA—RAOEE L 280 LK

T L HNE (%) b Ll

MR 2HSBIEO I “NIIN” B85 20T, Fig. 9 1OR L7z & 518, —fiTax BE
DINENWFITHHF - 7 LEIT R

501 %o
‘ “HIN"OBRREDORE 7
40F F— F-OREHBITHEEL Tk
S THHHBEOXS Zhkb3 N
= 30 7B % X THR LIT S WA
g Wt H B REN AT ST
& 20f BTE LD o ARSI
= 2 MR 20% WL Lo “B 3
10k N deko 1/3 Y Ex HD,
(1[‘1rﬂ HERRBOEZHEAKLY 3
0 Ml #EcravFMossze

0 5 15 25 %RS&V? 65 75 85 2 L7t
Fig. 9. Frequency distribution of relativ: light intensity (RLI) BT T b L0 7o PR
under canopy in Loblolly pine stand. MR 24. 1% T, [ W T Y

EEFPHOERP BT D
7, AERABRMOELE T — L=V 4k (1.8~2.0%) 227 v ¥a<vik 4.9%) LHELL
HE%V\J: ’5 fé?f:o

2) MiRKA

LR LI, MAPBHEHLL, “BIN” 3040 H20T, HEHMEARLEENS, 2X2m
DIEZD2 hFx N LR, EHBIMS I ¢ 3.6ton/ha, #4511 T 41ton/ha iR L7z
—F, HAEOBERBET, 430 Y, RUF, rvay, AXIEF, ¥ hF,
33, 2, FTS5HY, AVE, ¥eYUY, ArLI/), Cug F4FT, I9NTHYE,
RWUNNF, AV, TS, YHEH RRF, FHIVEETHo0N BHEOBIHEND
HEALTW D,

6. T #H ®W 5

1) BEHE
Ay B HBBORERMEOMS 1, IE3ZRZAREOFTHE LHO 2 #FHFOTHE
2o Ao BOMBBOFTRKERT IX1Im O HRERT, HHNOLRETVAVIER B
2L, By Ay 7 I2L bRk EKBLY ha b EHELEH L. RBIZF0O—5
ERSEROMIARE E Lo LEBOMAER 100cm 2 TORKERY, Z0HEIE O



95

B ELONM TR LIEAALRESD 1L o bio THE, LHEO L, Z0OEML%E 0~5cm, 5~20cm,
20~35cm, 35~50 cm, 50~100cm DE I FNUIHT, OO OHRRIBAEL Y 400cc FEREH
WERCTARERRL, BILFEROSNENT % - T

2) Ao BOHERR

A —#3H 2 B O % Table 3 IR Lie Z OHBERIZMEIITHS 1 OH 0T H - 125,
FOFEIRE(REZ V. DA BREINETIHE LILESHEE <~ OEKDY L KIKT 2
&, KFEMRDPOSHBEL, Th<y TOWEMITED > oo BH, Th< v OEERIRRE
ERHEZL > TWAOERBRRE AL bR,

LA L WibkSr O -2 43 iR 3

(F =2 < v OEEOEHWE Table 3. pry weight of raw hl‘lr'nus and litter (Ag layer) and
. its average decomposition rate.
oL T, BEROYR - ——

- 1 Dry weight f years required | Average
TUEMOEERLEALL, ITh Stand | of i for total L decomposition
PHBERETHRLTER LR ) ‘ Ay layer ! decomposition | rate

- ., ) ‘tonfha | %
BTh-T, Th=rRITH~ 11 f 17.14 I 4.03 l 24.8

HEZE L EY. 20L5 125

MPENZ LERBREROBREEDOTERTE T, ATy Vo< VHERABHEET T
HLBLNL, &d, TOVPHMMELETARARBONSH ERET D L, TR OFH2PE
{ZBoTWAZERRDLNTY, ITHBBFERORAILE A - THI AP ESI 7D
b %\

3) O
Witk & S PIRHELIIE L, Ba HE BErBME L Tnie LEEoMIA
WY 100ecm BETH > ThE Y HEn, 20 —FWAKFHIE Table 4 REH L7 LS5 ITAE

Table 4. Description of soil ‘profile in experimental stands.

Depth Soil * Difinition
Stand Horizon from Texture Structure Hardness of
| f; color boundary -
i surface ! 0 Y
cm
A, 5~0 2.5YR 4/4 — — — Distinct
A 0~13 5 YR 4/8 | Clayloam | Crumb Loose Distinct
I structure
B 13~82 7.5YR 4/6 | Clay loam .| Granular Soft Indistinct
structure
C 82~(100)~ | 10 YR 4/6 loam Granular Soft —
structure :
Ay i 4~0 2.5YR 4/6 — — — Distinct
A ! 0~6 2.5YR 4/6 | Clay loam | Crumb Loose Distinct
structure
11 B 6~70 2.5YR 4/8 | Clay loam | Granular Soft | Indistinct
structure
C [ 70~(100)~ | 2.5 YR 4/4 | Clay loam | Clod Slightly —
structure hard

* By standard Soil Color chart of Japanese Agriculture, Forestry & Fisheries Research Council
(1965)



Table 5. Physical properties of soil

Oven dry weight of fine soil,

Expression in total volume gravel and root per 100 cc. Oven dry
Parts Maximum Minimum weight .of
Stand in the Depth | Volume | Porosity water air Water Fine Gravel fine soil
stand weight holding capacity content soil Root per
capacity hectare
(V'w) l (P") {W'max 2) | (A'min 2) (<2 mm) (>2 mm)

0~5cm 50.55 79.649, 56.219%, 23.439, 20.46% 38.37g 11.80g 0.37g 191 (ton/ha)
H 5~20 72.08 72.53 58.17 14.36 26.17 46.54 25.33 0.21 699
; 206~35 69.50 73.92 51.50 22.42 24.50 61.79 7.65 0.06 927
E 35~50 82.74 69.44 59.01 10.43 29.01 76.59 6.13 0.03 1,149
I 50~100 96.78 64.55 53.47 11.08 29.22 89.31 7.48 0.01 4,469
0~ 5 71.15 71.74 56.35 15.39 23.60 58.50 12.40 0.26 293
‘sé' 5~20 74.77 71.56 51.98 19.58 21.98 65.05 9.65 0.07 976
; 20~35 93.72 64.95 52.28 12.67 25.78 75.19 18.48 0.05 1,128
§ 35~50 96.82 64.33 54.43 9.90 32.93 73.84 22.98 0.01 1,108
50~100 86.37 68.32 52.13 16.19 24.13 76.07 10.28 0.02 3,804
0~ 5 68.49 72.59 49.52 23.07 17.27 56.13 12.00 0.36 281
‘é’ 5~20 89.02 66.24 50.23 16.01 21.48 73.43 15.53 0.07 1,101
; 20~35 117.07 56.29 46.43 9.86 24.93 - 92.71 24.33 0.04 1,391
E 35~50 128.31 52.73 43.19 9.54 26.19 99.55 28.75 0.01 1,493
I 50~100 126.62 53.60 42.13 11.47 25.38 98.21 28.40 0.01 4,911
0~ 5 103.60 59.49 47.90 11.59 23.65 83.94 19.60 0.07 420
g 5~20 89.01 66.10 50.49 15.61 25.24 78.50 10.40 0.11 1,178
; 20~35 100.27 62.58 47.73 14.85 21.23 64.27 35.93 0.08 964
D& 35~50 102.83 62.09 45.43 16.66 23.18 86.20 16.63 0.01 1,293
50~100 116.04 57.44 43.96 13.48 23.46 104.09 11.93 0.03 5,205
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PBHBHBADOITH L, BESLEYEL, FEHOMEEIZIVHATHED oo 1IBE
I B M EMEEIN MR BIFHELTD 720, ST OCEOLRELITE - Tz,
WA EDABRENREEL, HEBTH-1, BEEHREE-> T $72CEBREMKS I
WHEIRTD 2 01T L, MO T TRBREZY, DETES ko Thke Lo LS &L 3BFR
i1 100cm BEOEI T THMH L Tnio

4) tTHomEHEY

ENFhoRRAARC L T2 HIBOHZHME O ELS % Table 5 1TR Lz,
RREBEREFTOH0~70, THTI~I0EETH -, ILBBI LAY B, BR BAER
BETHLEBbNT,

FRHERBKREL YA TRAIDIDEVF LR bR L, —F, BRI TS E, BT
HRETELREPATERREIKREL, LBETH- TER, BABERMS [ REXTE(HOME
T 5% E L TRPRPARERDN T

5) XiEofbFEHME

BRI L » TR L 72308HE, BE#HSN (E% 2mm) L, (LEHRELTHN %
P, H—HANO2HFHDOEML7ZHABR, HURIBRREE LT L SHAKR, 2
EDLHTH5bo

PH : #52BW|P.HA-—-%—

BB hy ik

4 N: rrx—rgpph:

4 C: Fa—0) rEEHEE

P D EYTT I o-BRBICTHAER CRBLAL HE 700 mp ITTHE)

K DOROBRERH (RE 76649 mp 1T-THIE)

Ca OETEORA T (SICL DBEMIC Y > THEREOTH TREL, KE 42267 my
T

Mg : FFWbsrbisk (RBRIC SrCl 23 M L, #d 285.21 my 1T CHIE)

AHRERET PH L UBRBEAREHMLS7-20, ORI BELEOGHERRI L TEENLH7
DICHE LT Table 6 [T Lo Zd, ZRLODEREDI L, Pl POs K iE K;0, Ca id CaO,
Mg it MgO & LTiR L7

AFEMOTBIAERRBGLSRICHE L CBVmEBET, »OBRBREIE . T 74C,
ANOEHRIUBYE L, B THRINERYIGER, BAEVRWLDITHE) THIT
+CRELTVEZ Edbd b, L LI[HRED P,K, Ca, Mg Z—BWITATHERILBMD
v HITPOGHEBRID AW VR nL ) TBDRTI,

R INLBEREOGERYURDYHTHNDZ BB EOERIKG T OB Phd o7 L
PN OAERNOFER I NWOBRSEROGHBEOS T cEELy0oTHEL, LBED
BEIPAMBEORALIBETCRZO R IFOBRSOHAFROZV L ERTILEND S, T
LRINOLBHIBEROFHEBRAREFF2BERO LA ERIFLTI %, ZOMMBOEREH
BRTELTHS5, -
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Table 6. Chemical properties of soil. (% on oven dry basis except P.H and exchange acidity)

| PH Exchange Total Total
Stand Depth H,0 | INKGI | acidity - N CIN
(1:2) © (1:2) (Y1)
cm ‘ % %

0~5 4.40 3.80 21.0 4.929 0.290 17.0

I 5~20 4.60 3.85 20.5 2.788 0.188 14.8

20~35 4.55 3.85 23.5 1.155 0.085 13.6

35~50 4.50 3.80 26.0 0.623 0.050 12.5

50~-100 4.65 3.80 26.0 0.502 0.045 11.2

0~5 4.50 3.60 25.0 1.907 0.165 11.6

5~20 4.50 3.65 25.0 1.731 0.135 12.8

11 20~35 440 3.60 29.0 0.908 0.089 10.2

35~50 4.25 3.60 34.0 0.466 0.045 10.4

50~100 4.40 3.65 345 {0492 0.035 14.1

I/SOI;L‘SCU Exchangeable Hot-HCI soluble

P05 ,‘ KO CaO | MgO P;0; K:O CaO E MgO

% % % % % % | % | %
0.005 0.015 0.033 0.008 0.016 0.111 | 0.076 1.188
0.003 0.011 0.016 0.007 0.013 0.111 0.059 | 1232
0.003 0.007 0.015 0.005 0.013 0.111 0.035 1.232
0.003 0.005 0.006 0.003 0.008 0.105 0.024 1.320
0.003 0.004 0.003 0.013 0.016 0.110 | 0012 1.220

0.004 0.011 0.032 0.009 0.015 0.134 0.073 1.166
0.003 0.012 0.027 0.007 0.011 0.142 0.063 1.208
0.003 0.010 0.010 0.003 0.010 0.100 0.038 1.208
0.004 0.006 0.006 0.002 0.014 0.132 0.029 1.155
0.003 | 0.005 0.001 0.007 0014 | 0.128 0.029 1.197
7. HBRNICBT 5ESBROWEER
1) #HA&ONE

HHERERNCLTLHEBERO LA ATHLLITT 5700, T L, AcE, LEEDS3
DN, FRENOEBPILEENIBLBEROBERTHE LT EBADHY DL, F—4=<
PEOWTEHS T, DOERENRTOWTRE LIcERAR O, S8, M % ARE M
REIVAFAEMERML, A—HIrNOBRATETRE LT Lo HWERARRE—K
BAHT2LHRTFD2X2m NOLBEMVILY, RROHMETE S —F, Zo—BraHrAR
BHE Lo Ao JBIREZE, %, HEW BHEIEZRESTILIOFELTEANTER L
INLORBHIERE B L TR Lice AMOFERDEOFHBEITL - 72
N: rax—r%B#%
P ##rERLKILEL, SO 2 0MOPERS THRELT, EbILe) 7F 7 —-R%
I BaER. CRBILAGITTHE 700 my THE)

K : BRI LRI TREEFEHEITCTER, WIEHE 76649 my)

Ca: BRKAL L 723BBHI DV TP BRI TER. (SrCL DI & b ELK O
EBEpEL, KE 42267 mp ITTRIE)

Mg: EBRIKL 2 BB O »THERFBEMTEIC TER, (HRIZSICL 2@mL, KEE
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2) WMEMEMOBPEROZHE
AR ETRTRED DD ITRE L T Table 7 TR LTz %, 1IEOBA LRI

Table 7. Concentration of nutritive elements in Loblolly pine, ground flora, and A; layer. (% on
oven dry basis)

Stand Sample N P05 K20 CaO MgO
% % % % %
Stem 0.152 0.159 0.111 0.361 0.060
Living 0.229 0.155 0.198 0.216 0.077
1 branch
8. Dead
= b nch 0.218 0.173 0.036 0.191 0.033
[=]
I 3 i{@le 1.492 0.284 0.770 0.337 0213
~ ving 0.988 0.222 0.791 0.043
cone 0.111
Dead 0.431 0.162 0.052 0.136 0.081
cone _
Ground flora 1.324 0.209 0.881 |  1.107 0.398
Ao layer 1.094 0.192 0.198 0.678 0.171
Stem 0.134 0.159 0.107 0.282 0.047
Living
. branch 0.242 0.158 0.235 0.290 0.082
£ Dead
A 0.228 0.185 0.040 0.424 0.061
> branch
11 3 Needle 1.286 0.215 0.605 0.404 0.174
_Q v .
E Living 0.608 0.234 0.531 0.043 0.125
cone
Dead 0.293 0.185 0.040 0.123 0.061
D cone o ' i
Ground flora | 1126 | 0209 | 1.089 |  1.035 0.364
Ao layer 0976 | 0214 | 03255 | 0729 | 0211

MR OERIZIPIZ PO, K iT KO, Ca it CaO, Mg I MgO & LTHhbb Lo

ULo iR v THET 2 L, RPORBEROGFRIRIZLEAEEZNED LR E N,
FECH NP, K, Mg D4 ERBHD T L TR T OH R RBEAEHERELR LI L,
Calg $HEWI LBEEBDL LN,

2 UHICR ST —RICEDOMBTIERD N,P,K O5FRIZ, LBOBLEENRITLEY
m+senbnid, A UEEEGELZLE, BERKL->TIhL 3IBHOGHRIMEMT 52
EREBLAD LN TV RUIIDG,

ARABMSFT DS LIS LTHA T O FEBLOBMZERDSPRARRTH > LB L7
B, TOZEBER] TEPOFHERITENTEILOL AN E

DOEZEBFAEKS L ARRRBTHE LR LTS 2L, EORFBEROTAREL
BEHRLIKRERZWY, AFERZOBHLPHENZ LB8BD LML, THITH L THTHHEADL
PIHGEHKIY A NOGHRIJEL, Ca BEwHisAw Ll IThbDZ &LV ERBREE
MR, RBALTETY MELBRETOINEEOBRSIBELOAFRICABE VR LRI,
DLAREEANHTEAINL BEEOABREVIS KELN LY, BTHNIHEDL, Ca iH



Table 8. Amount of nutritive elements in each ecosystem in kg per hectare.

(Soil layer was calculated by available forms except nitrogen)
T Nuitive clement N P,0; K;0 Ca0 MgO
 Stand
Parts e I II 1 II I 11 I II I I
in ecosystem T
Stem 255 202 267 240 186 162 606 426 101 71
b Living branch 50 48 34 31 44 46 48 57 17 16
=
Upper e Dead branch 15 14 12 12 2 3 13 27 2 4
K=
ground jé, Needle 142 109 27 18 73 51 32 34 20 15
i |
parts Living cone 3 3 1 1 3 2 0.1 0.2 0.3 0.5
Dead cone 1 3 0.2 2 0.07 0.4 0.2 1 0.1 0.5
Ground flora 48 46 8 9 32 45 40 42 14 15
Total 514 425 349 313 340 309 739 587 154 122
A, layer 211 167 37 1 37 38 44 131 ‘ 125 33 36
| |
0~5 cm 702 578 12 14 36 39 80 112 19 32
Under
5~20 1,574 1,538 25 34 92 137 134 308 59 80
ground 5
z 20~35 873 1,048 31 35 72 118 154 118 51 35
parts —
i 35~50 564 627 34 56 56 84 68 84 34 28
125}
50~100 1,861 1,770 124 152 165 253 124 51 537 354
Total 5,574 5,561 226 291 421 631 560 673 700 529
Sum total 6,299 6,153 612 641 799 984 1,430 1,385 887 687

001
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3) ABRNIILTIBRI)BEEEZORS

BEHLOELS, LA BOBIRGRIZNFND ha 7)) &4E (Table 2, 3) ITHf
BOBAYBEROGHBEF L THEMN L,

TEEHORSFEGERIE Table 5 IR L ZHE ML BORSN 2 pFOFHHIZZENT RO
SHBRERELTEH Lo INLOFEHRELLED LT Table 8 TR LT

iy, ZOLEEPORSHEROI DL, NEEERLLTY DD 0TH5A, PKiE
0.2 HEEB WKL, Ca, Mg RBERETH- T, —~CTRBELTEYBOH 5T

TEETORSBERT MM CHRET 2L, BRI - CZLOHERDINBEELDE
EHE LD o7, BEBOREREIZERLIMPITHKRS I OB RE W, L LEBENIZANE
INLEMGOEER, BAOBRERLERXALNIHERIENIT, ALL) 2BEONHEER
LCE7dDEBEbhL,

DEXFAENG OLEE D ORSBER Y, ARIBRETOHSKO EBEX L H~<5% EN
B#2.76, PRHLTHE KRH3IEIFELTEFD, Ca, Mg RIBIZRAENELE LTV,
AEABH TR LEBBNI L3355 TN, P,KOBEEERD R L, 07T RS9I HIE
ERE2bETNERAREEZ o0 2 VWIREBTH -4, K, SHRIh63BHEFHIETIC
EIRE > TARICEHKL, ZORBIFARACESBROBRVITA2ONTREELEE Y DTIT T
22 LRTTIEE LY. RAEKSOLERZ 0N, ARRRBOGHKL DV ZERTS -
T, NNPKOBRERB ZOBRERFEL T i b, BHIETITRISEKL, ZO0%OIEH
EYHERICL > THEBHREVWAEERRENER L TWwid 2 L) IKBbh,

FNEFORFRYARRRIBONSHKORESAY LK & i+ 25 &, SEHLIIE
EAEENEV, O EEDISHLAEKITR, EPFORSPERORERIKSITHEERR S
BMEIZLIBIE—ERE2 L5 T8 bNTo

TN LTRPOBHFERIBYAZV L MR OB L CHFRIBML, 07T
HTFHITH L EBORSBEDLD THL 2 2EHPRD LN ZOERRARICP KN T
FLL, BMTHL B EHORGFOFVBEZRREER L E 570 £ K, Ca T3 ZRITEVWER
FRL7 ZOZLERINOGEBROIBHORMBLEZ NI LERE LTV 5,

i3, BEZALAEMRIIETORSBERETHBE L CER L OTHEY, &F
HE (BEEREHRRS) & LT LSRR % Table 9 127 Lo BWEH ORIIZZ LT

Table 9. Amount of total nutrients (Hot-HCI soluble) in soil layer to 100 cm depth in kg per
hectare.

S Nutritive element
T Stand  — P20 K20 CaO MgO
. R
Soildepth ~——__ | I | 1I I | 1o I | 1T I I
0~ 5cm 39 53 269 469 184 256 2,877 4,083
5~20 109 125 929 ‘ 1,618 493 718 | 10314 | 13,765
20~35 134 141 | L140 | 1,177 360 447 | 12,657 | 14,222
35~50 90 195 | 1,185 | 1,839 271 404 | 14,893 | 16,091
50~ 100 | 662 708 | 4,548 | 6474 496 | 1.467 | 50,441 | 60,538
Total | ,03¢ [1,222 | 8071 | 11,577 | 1,805 | 3,292 | 91,182 | 108,699

BAINTYHEBRICMb> T 30 LBbNEA, Lo LWREBLOESIZERZODNTHEE
{TAHTH 5,
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Table 10. Average decomposition rate of nutritive elements in AEMMIICERE L LCTilg X
the stand. U

(Amount of nutrient in new needle/Amount of nutrient AH0LLTZ OB EHRE

in A layer x 100) L, Table 10 [Z/r L7zo T &

Stand | N | PO; | KO | CaO | MgO DL HE LS REBEHRE

% | % % A 7 ,

1 336 | 365 \ 96.1 ‘ mz\ 30.3 BAREALED & (NRIRE

11 32.6 ’ 243 | 580 | 136 | 208 34, PHR3~44, Ki1~2

4, Ca i1 7441k, Mg i 3~
SAERETHRINI LI TH oo ZORBEERT I = v ITHNRD Eh% D #N,
0L RBLOEBROHEDORNT &, [HEOT H < v RITHRTHRKG DEERHPKE
Polcl LOREGZEREE DN S, L LAKS TRARARLO MR LD LI ORE
BRRELTETVWAHEMIFED LN D,
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BY L TAL BT TH D,

YHBROREE D ONIZOWTHARRICEEZ L O NKS D 2 BETEEROBRFRIT
mbsicw, PRLTFLIRICEE SN CELTEDT 2 ERRLEVY, BO4HEHKZWTR
LEBRICE T 5720, RITEHIZ OB A BEIBEIYBI L TA{ BT THEL, 2D
BEALBICRE 1 EHORGBEOMMAPRTEINFNOBSIEROGHELRLT, 014
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Table 11. /t::r(l)unt of nutrients of current annual u}z{{al;; i)n %% L, Table 1177 Lo
S . g a = - 3 kd =
Stand ! N ; P205 ‘ Kzo ‘ CaO‘}ngO 2&%@%5}1 01 [, @Eﬁcm%?
1 11.86 | 1240 | 866 | 2816 | 468  2#ESEIRE 1 ERICIIRE
II 9.38 f 1L13 | 749 1974 | 329 LV LIEZ2 bR b,
TO&S mAEBORSOH
Table 12.  Amount of available nutrients in Ag layer and soil ] e
i X - T
compared with amount of current annual uptake in BOEI LA 10, LIEHE
stern. g BFR THITRINE h,
(Amount in Ag layer and soil to 100 cm depth/ o pe L i | e [ e
Amount of current annual uptake in stem) Rfg BT F’%_L AT
Stand | N | P05 | K0 | CaO | MgO L, Table 12 {oimlie 2@
1‘ 488 ‘ 21 J 53 } 25 157 il 4% 2 OFERIRIE T4
SR 30 N L% 2 AERIERI TS R

BEOWHEES BEBAET
W, HEZNIDhERL TS, Table 12 LWL A L) KNP Mg dd % b £HAS5 5 &
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Résumé

In a series of studies on the productivity of man made exotic pine stands in Japan, some
important mechanisms in matter production were investigated in a 34-year-old Loblolly
pine (Pinus taeda) stand planted in the Nishikihara national forest (Kumamoto Pref.).
Emphasis on the biomass of the upper ground parts, productivity of stem, production struc-
ture, soil conditions and the circulation of nutrients within the ecosystem are discussed in
this paper.

This stand is situated about 200 meter above the sea-level and a gentle slope facing the
west. Measurements taken in October, 1970, of stand density, mean diameter breast
height, mean height and basal area of sample plots are shown in Table 1.

The biomass of the upper ground parts per stand was estimated by the method of allomet-
ric relation between each parts and D?H or D? (D; diameter breast height, /; tree height).
Sample trees of various sizes were cut down at the base, and the stem, branches and needles
of each tree were separately weighed using the stratified clip technique. The fresh weight
data were converted into oven-dry weights, and the volume of stem was measured by stem
analysis. The allometric relations of the volume (¥, cm3) and the dry weight (w,, kg) of
stem to D?H (D, cm, H, m) closely fitted in a linear relation shown in the logarithm
(Fig. 1). 'These regression formulas were found as follows:

log V' =0.9439 log (D*H)+1.7692

log w,=0.9952 log (D*H)—1.7715
The above formula can provisionally apply to the standing stem volume-table of Loblolly
pine in Japan. ‘

The stem volume per hectare was estimated at about 320 m3 on the average of sample
stands, and the dry weight of stems at about 160 tons, living branches at about 21 tons,
dead branches at about 7 tons, foliage at about 9 tons and cones at about 0.4 tons respec-
tively (Table 2). The biomass of stems and foliage tended to be markedly larger in value
than those of Japanese Red pine or Black pine forest having similar stand composition.
However this foliage biomass was smaller by about 309, than the value of young Loblolly
pine stand in Shirahama Experimental Station of Kyoto University Forest (Wakayama
Pref.). As a result of seasonal changes of needle-fall amounts in young Loblolly pine stand
as reported, the amount of foliage measured before the defoliation of needles of the previous
year was presumed to be the largest of all seasons.

The current annual increment of stem volume was estimated at about 14 m3 (7.4 tons
in dry weight)/ha. And its production seemed to be remarkably larger than pine forest
of other species in Japan, but its increment was smaller by about 509, than a young Loblolly
pine stand in Shirahama.

As regards the vertical distribution of foliage, it seemed that the Loblolly pine stand was
the herb-type whose foliage appeared mainly in the upper strata of the crown as shown by
a production structure diagram (Fig. 8). The average light intensity under the crown
of sample plot showed 24.19, of full daylight, and the rate over 209, of relative light inten-
sity accounted for about 309, of the whole. The ground flora in the stands was rich and
was estimated at about 4 tons/ha.

The oven dry weight of the Ag layer (consisting of litter, raw humus and humus) in the
sample plots was estimated at about 18 ton/ha, the average decomposistion rate of the Ao
layer was accounted at about 259, so it seemed that the decomposition rate of Ag layer in
the Loblolly pine stand was higher than that of the Japanese Red pine stand (Table 3).
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The characters of soil profile in the sample plots are shown in Table 4. The parent rock
of the soil was composed of sand ston, shale and conglomerata, and the depth of soil layer
was about 100 cm. It was presumed that the permeability of water and air in soil was
suitable for growth of trees.

The concentration of carbon and nitrogen in the soil were higher than those of other
exotic pine stand in Japan, but the available phosphorous concentration was remarkably
small (Table 5, 6).

The concentration of nitrogen in the stem of the thrifty Loblolly pine stands was lower
than the young stands in Shirahama, on the contray the calcium concentration was higher
(Table 7).

The amounts of total nitrogen in the forest ecosytem consisting of the upper ground parts
(ground flora included) and the soil to 100 cm depth (Ag layer included) was estimated at
about 6,200 kg/ha, and as the amounts in soil was calculated by available forms, P2Oj5 at
about 630 kg/ha, KsO at about 890 kg/ha, CaO at about 1,410 kg/ha and MgO at about
790 kg/ha respectively (Table 8,9). The amounts of each nutrient were found in abundan-
ce generally. The average decomposition rates of each nutritive element were higher in
Loblolly pine stand than those of other species pine stand in Japan (Table 10). Although
a part of those nutrients accumulate annually in the stem, the amounts of nitrogen and
magnesium in the soil remain at over about 200 times the annual up take, and potassium at
about 70 times, but phosphorous and calcium at only about 30 times (Table 12). Judging
from the circulation of nutrients, it seems that phosphorous and calcium quantities in the
ecosystem were not sufficient for the continuation of present growth.



