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BEERBABECR WA LEZDN D,
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B9 LT, 195640 LB L 720

AEEHE, EREHASEXAMESGHS. 5 M/hMicsd b, & 0.093ha, i &<
BRI BELCRATH D, HILBECREL, NEEORBEUEH»STHER CABEL,
TERBTTHL, cORBERD LEEMTEH - k8, b FHEE 2 5B iEin B
ERELRZDTHL S,

BBkl ERIERAIL 1 5T %, BEOEERMChR<RZIDLAKETS S, &K
B, 27097 OEBIEC L > THEI Lk, Tihbb, RE#E E, F7ovy27k5

B, ThXhDT 0y 7icoFIIRT 4 DOMIEMEE R L h ZHEERICE] D BT,
1 fEHEAE IR X



2 EEERLL 1SS A/ AR
3 BEEERALL 1510/ EX
4 FERREERIL 1 S15E X

21

19564 5 B Ic AR 21770\, ¥ HEREBEZIE Lz, % 0% 1962 ¥ TERK
W e eiEEELY 6 MEE L, s, MEIARE ha 404 3,5008Ch - 7,

1956 R E LRI E 25, TR LNORBRIC B CH—KECH DY 5 e D
B DRERITIR- 7ets, TakEH e 3 W TFhoRBRKHIC W T ZERIFED bhind

-2 7Co

i R kB X U E X

b/ FERMREKERREARBRIC B0 5 6 FHOREEENTIE, RITIORTLsD
ThbH, AEOHRMER 1 o0HGH (P), 4-o0fiEE (T) sXvr2EORE (R)
OERYHEE#2HER (Y1), A4E8 (Yo, M6FE (Yn) Jrrd@EREYY

BETRLEIDTH %,

CDECHESHWT, AXOEE AR & 17, QEI, BHNOBEAER
AT 3R 2{Tk->2. Titb (BAHL - cm)
b, S IGELZOERT— 23+ 5 B Y

N R P
WCH Y, ASE (—EOBSY) & T AEEE AR e E
Lo T oo FUAFORFRRISCH 1] 69| 13| 215| 417
TrEITH2, 0 |2| 59| 126 212| 397| 814

SR HET Uk 4 FEIBMLEIC 3T, 5 |1 67| 129 207 403 -
WEFROREIC oW T BEEERER 2| 78| 165 246 489
e e T
B, WMEOERIEER 100 2 L2 &, |y} g3 15| 233] 46
BRI 18 5 EX cik 110, & 10 2l 78| 143 250 | 471| BB
(CIESES 1031 A 15X T }}5 &b, |1] 282 s32| 855 1,669
FERER & Wi d X & b B Folo| 204 5811 938 1,811
BEBERL T o, ¥ic, MBOMER " o1 o7 1113 1701 | 3,480 | 3,480
X - THIESER YOk 5 b bn
ConWTHE LTARS e, HiltE2HEH

% 18. ix & a4 W
\B%,éi Yr Yn Yu

mr ~Fg d.f.i s.8. m.s. 5.8, m.s. s.s. m.s.
K @ 1] 18 300.125 820.125
n m 3| 275 91.7 433.375  177.8 1,045.375  348.5
" £ [ 3| o233 7.7 697.375  232.5 481.375  160.5
& s | 7| 5% 1,430.875 2,346.875




22

O BX B EEEREEE 100 1 3huE, 5, 10, 15 AKX TR ERFR 105, 115, 114 27
b, MIE# 4 FEHCRNBEXEELEEE100 e LT 5, 10, 15 EXCRERER 95,
119, 112 72 b, IHICEEED6EFTREL S 92, 108, 106 274 b, Wb 3R
BYRRADENREWLE I ThS, chbDZ enbd, IBKE L ¥ ik nsE
Z155 e DCREEGTEOWR & { ifB#d < b 2,3 FETBMEITR 5 BHE
BELZOTRTWPEELZBNS,

5 HEERFANMCEIIER

AEOFUET, EREMEORE L, SN LAHIERERCES < koicid, Hiitsic
B AEEHRBOEINZHELNCTEDRBEEATFERO—OTHS 22 L, T
EREThRIKE, FREERATSGLEWEZRNWE, KED 1 ~4 W THRE LR
FRICESNT, e TaThywSREEEOMABBETALLERD, WohDHIK
DWTEREZMLTERbLc 2T 5,

(1) BEzhoFH:

AF, b/ ¥R EMRR, —RicEKE
ETH D, FRBWRPRTRVWOT, L
ORI RSAC L > TEBBE O] "
TR%->TL %,

EIEOMEXHME O L b LI w0 | Thy
A, EEZOBERBEWEHER TS,

DERELEWCHEMLAEL&RD, D2hicik 120

o T AFE U TR HEBUKHEE 5 B HERS & 7o I \\\\\\‘*ii*
Bedi b, EORT H v vic 1 EED 3 T e s e 5 ; 7 s s

ERMEETR, SEHECOMBIEN ) o v w0 ()
DEEILEHS, B2IORT L S RORMROBAY 2 T\ 5,

(2) HEERBMOLER

BE R ERKEEC DOWT, A, JacoB B0 BRI OB A & EH I h i IVER kg o I
OREFNENM Ak, NEBOEME, MED2VWREHE, BEoLEACEI-T, &
HKERELRD L LTWD, ¥k, ¥bDTORBOIE, <o inE o 82160
RERLAEDRBBDONARNC BB T b, NG EEY -
FWSFREZRBTHLL w5, k2 iE, K3k, ToOMLLE@AERLTWS,



SESWSONTIEEER

skl ¢ii]

X3

L o

LR

100

i3 o

. WEREE A 2 o i (H. von Uexkiill)

4.

i0 20
BERAEEALL SRS 0 mAR  (E)

2 XRiEERoRERC X 2% 1L

23

RO, —JACHRD 3
WS, ek 2iERXOMEEETRD
R NS L&, 34£H,64£H,
IEHK BT 2HBERBOYHEK X
> C—HOINHEHZEELKDTERD L,
K4k kiieid, gile X<
LircErmnZDd b b, —RIHEE 2
LTRERDORLTWA Z 2ic, HE
BERoEIC W TV #EE L <
T OB S 2 \» 5 IEEOTERE
BB BN, AFXLEHKCEWTZD
B AEDLNBE LY S 0E, &5
SRR X » THELD B 25
WBETHA5,

(3) HEZhHEEHETIE & BRI R O RA
AR BT, BEOMBEMIERE
BT B B R» D, MEEEE 1
HA5 6 ML EECHEMITICLE
235 T, WHU B LWIE % RT AN
Zlindce®ilA Lk, b%HEN
Bzbhtna§a, EHoEEFE
ohbofitE, EREHO &L
3, HE U, EOR ORI AL E
BREE, RBEREYSIEABDIIT
WETEAERITRTBEFENL D,
Tt ORI, EMNEETE S BRI

HEDO—FHRTEHB, ILLBZEOREBHRCREFH L IFELILBTES, BiE
BB B T EIE R R R O HE K #EY 3B D B L E LB, ch b OEIKERRIE
O S EEREROMESORBRC L » TREIR LW B TEF X 5,
HEOWIRMIE, AvbheERKEDWAAC L > TEREFNREL MG TRLS 3
LPREIN DR, HRHERE CEICEHRNEOE O 20—k, BBRCHKHBITE
PEA LRSS, FFELD 2RO EHRAR Y Cledbbh i w5 2 2 Th 5,
7, REOMERBEO LI T, BFNCBEWHREIND S & & O TEF % HE L
TARBT e 15, 1EFAD30 Gzt 71 HloMHLEE O, BEGIEFRES X CBE
ZOME IR ENEESHRE, X198 IR0 LRI TH D, BEEHTI50~250

= 19, jEEE KM K

BEDHWIEH DS - e piliz,

MEREER | 1 2 3 4 5 6

&t RO 46% Z 5D T B,

8 B &

20 | 18| 18] 6] 2 2

71 DX inEmEN, 1962 F£o

* Ml EeERERE 2 v 7 —vRREIX D,

SEKHIIEEE = 7 — VRSB



# 20. LRARESHROBEIHESfH *

BE | 100 | 110 | 120 | 150 | 200 | 250
| 0 0 0 l ABE| B | 3
= | 110 | 120 | 150 | 200 | 250 | Bl
% ﬁg@ﬁﬁﬂf
B REIN T
Bl o2 6 | 30 | 19 5 6 3| 7| TS
* HiBEL D,
DOBBIEBAERLEBE2L LB TIBEDOND LA THLED, i, 1HFTHERE
£ 2. B OB O3 M B E*
EEE
%100~110/110~120120~150/150~200{200~250!250~ 5t
[l
= ¥ 1 0 10 8 4 40
v J % 0 0 7 3 1 17
- v 0 0 2 0 0 3
B 0 0 0 0 1
x o i 0 0 1 0 0 1
z 1 0 20 25 11 5 62
* piEBE LD,

TR RBETH, WALBLDIRLE L » THF B rRHEI®E W5 LizxEH

Ihb,

Fiz, MRHERNC X ARIEAEEDT ShTWwaBHl%, 1964 4 % X o8 1965 EDRIEE a2 o~
I —ISERAR LA, e 2B D E D TCRBERS BICK6 D2 8Y TH B,

(3) HESR

(4, BOSELERBEE 27 - VRERC X 3)

6

Ko ()
B 5. 2 ¥EREREKOFEHE

INBORMD, AXTREFLLEER
B2 1.4m B EB, €/ Tk 0.9
m ks PRS2 8|EINT
W3,

Ibk, MOMBINER, EE
32 R BE, BERCsW T
BLBWLL K& RSBz 2k, K7
BRRT LB TH B,

DEEST 2, BEnd@miicss
SARHIAEEE, HEARE M AIAE ol
TREROBRAETR L 5 TWERL
Zinh o el ¥ C, HRHEENED
BB TRCRELZLTWE2RBDH
h, 0k ARt aERT S Mk
Hiff & LT OMAKRIEEOER S L 8%
DR, HEREK BT 5 EENE

BRI KE e EX 52 5b D LIRS B,



25

O-wmm= FURF, A7, /N5 4 H7IREHK
2r 160 F O—---- ¥ ¥ XPRIEH
O—— ¥V ZA¥IBEH
O—— & ¥ X FIRIEHK
10 b O 4 7 AREIEHE
°r ha 2 ¥ A AR A AR bk
5 ¥
" “
% 8r u
o H 00
6 F T w
60
4}
40 +
2§
20
0 2 4 é 8 10 12 o
#e 4 ()
K 6. b/ *@EREREKOEEHE R 7. = ¥ HREEKOMELER
(BAE,FSELEKEREE Y 7 - VRERC L) (HALIERE No34 kX 5)

HIE HAMBEXLIBEMHMONEFE
1 ® &

AR = ¥R, AR ERMREEENET G IC s W, RO LASREKA 30 3
EFIrOECHEMCERL TS 230 T, Mo x FIEEEEELZ—BLTHVWTW3
b, LARCZDEARTHESZ 2 2 LT,

BMREC X > THL»bIThbh T & B one, ToREe#E~xsc 2Rk, bt
TLEREELEELOCEELCE2ELDNRS, LbK, ZOLBFOPYER, BN
B 2 BT L 28, 5 5 \WIREEEANEEARS & BEEE U 2o AR & ERBARES U 72
REBRRLNBLCTEFRV, TDRdD, ABERRXLORLACET 5T RTH, 55
WIS X VIEUNCEEREAEEIR IR EESs T, cDX ik e
b, MEFNEXZOHBRNE chiibd, brEOMMEZOREERELHEKL, Th
¥TDrc A, AUREAEC L > TR Wi % ¥ CHENCEE ShcBflrsr e A
ThwoT, FiRREd bhkho kD Thb, kik¥, H—Nohsr vtk
D YR X N BTECHAE = FIEEH S O —EH 2 RWE Lk, AREOBMR, * DA
BreiESwil#ERE W LNETHRRZFAR T 2 0d %,

AR = ¥ IRERRIC 813 B AERE AR, TOHENE» LN, s hHETS
b, LienoTik, HEREOKERECHYTZ2OTRRVALELDRS,

A X OIESEHRE A EASOBIRCS Y, AEEd > TRIERNLEEEF TS 2
Bh X hBDRRNE, FEERIS EFINER AU TE 5o b, B ikl
OIS X MO HRFERFORRBLIET 5 & L 3, BEORKN ARG 0EMER
LT BT ENTELD,



26

i A M o #© R

S X EEIROJLFEEICAIE LTk b, R0 R, FEFxR0 & CEEED L
IORKE->TERAY D D, FAEHOEE X 100 ~ 200m FEE TS 5, AHTx,
BERABCELTrY, REPRER, EBRRBKEEEYZ<3UEARThLD, BE
U b o E#HERTE 2 UTKREBREE R~ OWRHETH Y, ToRtc k- T
HROEEL W5, (AEIDRATHHEILEOID LR TLD LI TWw5, £
BEMEER ERERERE L vwbh, ERBOMEING S KEGWEES R L OBRKE
WE, BERrvyLTrLl, Wb®3EA R L CREAEERELHEMNDEL I A TH
%, RECHEHESEOKLUKSHEE L TAECLL W HRER COMGOERT, %
BOEIIBERHEIBAEOBRKEES T, T RRcElh, chiez-> TE/LLT
HRESWLHBYET S,

THAIHTT D 2 ¥R HBOMEICOWT, RN X 30 A DM 2 £ Bk R X O
HEREPRHE D IR B 35 X R L DILEIBE 2 K220 & 5 i LT\ %,

& 2. HEHEBMEAE 2 X HEEKE SO LM E

i H i i S ® om B K
A, | A0—3cm) Ao | A(0—3cm)
XA 1 Wiz | 1 2 1 ; 2 1 | 2
pi { K 62 | 61| 59| 57 63| 62| 55| 5.6

KCl 5.3 5.3 4.8 4.7 5.3 5.3 41 4.2

4 R #E (%) | 29.70 | 29.64 7.45 8.43 ) 27.91 | 27.16 5.83 5.44
2 82 % (%) 1.09 1.07 0.54 0.56 0.92 0.90 0.39 0.40
C/N = 27.2 27.7 13.8 15.0 30.3 30.2 14.9 13.6
& #ft # Ca* | 61.0 62.9 18.4 17.5 49.0 51.7 8.26 9.61
4 Mg 6.66 6.34 2.65 2.65 6.46 6.03 1.90 1.91

” K 0.97 0.96 0.88 0.65 0.77 1.02 0.55 0.49

4 Na 2.26 2.57 2.40 1.10 1.07 2.19 0.57 0.18
HEMBOE 70.9 72.8 24.3 21.9 57.3 60.9 11.3 12.2

* me/100g ¥+

BB, FLE, HER6°, 20 Fok 5T 2 parts 2 LT,

o TEESEN] X0,
[EWDLE, HEEHRNE 16.4C WAL, EVEHTEE 1,77lmm BEE <, BEESWL W
2&Do
UbD X3 BREHEND, XM ON#MEHRD LAY DEBTELTW 5D TR
T eEXLBNS, AFXFATHZBFEMCE L L, REMZEHRCLERkROMEESIC
Lo TRTDHNRE 1 REMA KBTI ED TS, AXHEAELTORH L
BEME L TRRAFATHERSE VE L b,

i M A B D
2 FBEEADBER, EXRGHET Y 2XROT7 AN HEESh, EAHE TR Y v



27

AFXLHRINTWBIAEHGOMA FTH B HRR TN 2 EEFRELZH VT S 25,
BHICS b0 dHELOMIC X AEEEHELTR - T, EOBRPRRABLZEE T
DR A TR Te e W3 2 2 Th b,

M UER, FRERL, 2 oREL 2 ELEOREREL TS,

WA, KANWHIEZ 21775 - e, HEAWTEN 2.5 R (75cm), HIKWIR (30
cm) DILOMEIZREIED, HEROBREBRELERLHD ARTEY, JTZXTWDHR
IEBFELLRBD, TWhRWEiTh-> Twb, T ORHR WL EHEER TS 5,

AEPEER, WROAEELZELUCHRIEY LM (1.8m), HMIENLIEYE (2.7m) 0B
HENE% & LT HDT, ha X9 AR AL TRBER 2,000 K Th %,

HEE 1 VA 2R CHARES L2 RAT, $1E0MES XK F 2T
o Tnb, Tibb, HADETA LK 20~30cm ~ECRAEBET, HEELWLEL
(Ao~A; O—B) Z EFABRCH»T Y 20, BIAR1IARMYFH5 M (19g) OXEEHK
MLTW3, e, 1~2cm OBEICHIBLILTHWIN, IHRAXIDEERIY
i & BIRGOBE L ¥, MERC L HHEERErDHALEETLHNT, HADHE
HErERTHY ~Bo~VvF o rE2BEL k., EEMAR, FRESERENoR»TRrRLE
BHTCORBBRDBVWIERDO—oTH ), MERER: LTES TRV 2HKLT
HALCLDTH 5B,

EREEE, ERoFE,S 3EMCb> TEELETF>EEH 3 TS, WINLiE
EERAS 1 HHOFELABETLY, sV FE V- A L VRS, EENELYfT
> et, BUEbLOMBRRELTWS,

g, FEOBELCTR-> Tnwb, ¥k, HEKOEBRCOWTDORS 2, ¥FF
MR PHEEARE2E, 2~34EH % CE2 B CHEERTECREN T TANETRN, b
CA~SERETERENELIRMTOTNEZEMT20E2HIEL LT 5, BRELEIERE,
BEROBRELNCESL ZVETIRTWR L,

P bET 5w, HAREEEESE, oFORHEHCRTRGE > Thwd2ni 5,
(1) EEERETE AWz 2
(2) 3EHEGEOMEEXTR >z
(38) <=wwF 7oA
(4)
(5)

4)  HE D i AR
5) MAROEIDER L MEAI X 5 BOTEER AL D A PR

ZricBieonT, EFEOLOROIUEY IR NUxkEsciR, FTFEEER] 2 Wi
BrZifilcERIhTwBrnr i,

iii BEHoOUL o > & &

PE U e A FIERME, HATFEFOLAEHEIXOPTE, BELTWAHA T, 34
HENBITEEE TORBROERHD LB OB EABEMK TS 5, Fie, HEHET
Sredic, W, HE, BEE, WARE, f@efhradiBso e LTEMEED bR
LI EEEER Y, Th TR OEEFAERD B v LR L TEE L, Uk
X D FEE U e REEE I R FIEEGRL 11 B, MM 13 AT - .



28

IS

th b ORI T HHBHEEZOEFOLE I T D,

(1 m

IR FBIE R 2R HEREM 2 L CHY 2 B2 DR AMS 2 XERE L,

(2) FERIRKRDXY

FBLELO O ERIAARX 3 HAEC UTehi- €, HEEORKEITh > kBERERIh
IREDBDOEEMK, MEINIZI<ELOZEIMAKRL LT, HEERT L cEAREELT
AT o

(3) #  #n

HEREENDEELTRD S, Wb 5 REEMKEY - THEf 2 L,

4) MEEE

HEE1.2m OfEYd - THE L LT, BRCEA2HHOEEZHIEL, TOEY
BExd-> THEROHBERE: Uk, HIEHAMZ 1cm EHTH 5,

(5) 3 =)

PEHATIREIRIC X - CHEHBERE T, 0.1m $EN2 L, HBALBR Y 1 CHES
B X v EARIESRTTR, 0.5m FEHE L,

(6) FHWEERES X TSRS

TR, BIMART 2 e e ERAEMEEEG Lt FEEEEH U, BATR/NEIEL
Tlfilce ¥ai,

(7) & # B

BRARMBEHBO A FTRBHMERC & - THAMBELRD, FoEsc X h EHEY
Kb,

(8) Myl

F, BIMRS L e WEEEBNEES R LV E DT, FOBENOHENERLE
e r v EHLE,

WOR

EROBEHEI X - T, AFEREMS L X2 FEBIEKO LR Fhicont, BiEiEEr
LD ELDTCRBER23DLED TH S,

2 HAMBILEERTOBRN S

& 23 IR E e AT O 2 FIOEEHAT 5 X OB, T b O BEA TS 2 $Hk S
IS D 3BT, MIHERGERT & Hl U AR OREAL O A 0 B 2 1 &
N LT,

i M EH e EE &

MEOHERIC X 2 PENEEEOENIN 8 KRT LR Ths, cONMD, ¥
EMARCEROEAEESRT ShTwb e BHOND, HEMKIC I\ T &+ & FEEE 0k
FLARBEALSZ L2 LD, TOHEHALLTWAWSEL b DR, 51 Ekal
ORI X 2ROBE, ENAETACI2YEOUE, SbeBmIhETEEER X



£ 2. MAOW A FEEAS XCMAKS 2 ¥ NEKBE N ORI

mo|® | Ak ES w*® A Hl w & x B K K & &t

* B E S E ha A 0 FHHE S ha S0 FHEE|[EERE ha S 0
i m | (R g | o R e | Ula o BRI g
H cm m % m? m? cm m i m? m? cm m S m? | m?
m| 1] 3 — 1.1] 2,052 — — — — — — — — 1.1 2,052 — —
2(10| 11.3| 55| 1,697| 17.5| 59.9| 6.8| 3.7 365 15| 3.6| 105| 5.2| 2,062| 19.0 63.5
"lo3l10| 13.7 6.2| 1,036| 158| 59.2| 9.8 45| 346 2.7 7.6| 12.7| 5.8| 1,382| 18.0| 66.8
mlo4l12] 171 8.5| 1,156 27.3| 137.1| 10.6 5.0 20 0.2 07| 17.0| 86| 1,176| 27.5| 137.1
| 5|12] 17.9 8.5 951 24.0| 117.8| 9.1 4.9 135 1.0 22| 16.5| 81| 1,086| 25.0| 120.0
6|15 15.3| 8.0| 1,000 20.8| 95.5| 11.3 5.8 142 1.5 5.2 14.9| 7.7| 1,232| 22.3| 100.7
B 70122] 22.0| 13.4| 1,273| 49.0| 352.8| 16.4| 10.2| 242 5.2 300 21.1] 12.9| 1,515| 54.2| 382.8
W 8|24| 24.4| 131 1,407 66.8| 441.8| 18.0 9.0 19 0.7 2.4| 24.3| 12.8| 1,426 | 67.5| 442.0
9l26| 225 14.9| 1,538 | 61.2| 371.0 — — — — —| 225| 14.9] 1,538 | 61.2] 371.0
10[35| 3209 19.7 815 | 68.4| 680.0 — — — — —| 32.9] 19.7| 815 68.4| 680.0
11]37| 357! 19.4| 784 | 79.7) 723.1| 29.1| 17.1 31 21| 17.4| 35.4| 19.3| 815| 81.8 740.5
1] 6 1.8| 2.4] 2,740| (0.8) 1.9 — — — — — 1.7 2.3] 2,740 | (0.8) 1.9
w2 7 36| 32| 2,78 | 3.4| 9.6 — — — — —| 36| 32| 278 34| 9.6
| 312 6.9| 45| 2,5%2| 10.9| 27.9| 3.3 2.6 404 04| 109| 6.4 4.2| 2,936 | 11.3| 38.8
4(16| 114, 82| 2,80]| 31.0| 158.2| 7.4 5.8 366 1.7 6.2| 11.0| 8.0| 3,256| 32.7| 164.4
Wl 5|18| 13.4| 7.4| 2,217| 31.8| 143.1] 9.8 5.5| 642 5.2| 18.6| 12.6| 6.1| 2,859 | 37.0| 161.7
%1 6|19| 13.4| 9.0| 2,432| 35.9| 204.5| 9.3 7.0 221 1.6 7.2] 13.0 8.8 | 2,653| 37.5| 211.7
w| T|20] 17.0| 11| 1,330 | 31| 192.6| 12.2 7.0| 395 5.8| 23.5| 16.0| 10.2| 1,725| 36.9| 216.1
8l22| 17.1] 12.6| 1,846 | 39.3| 288.2| 14.2| 10.3| 417 0.3| 41.9| 16.4| 12.0| 2,263 | 48.3| 330.1
B 9|los| 19.0| 12.6| 1,448 | 40.7| 277.6| 14.9| 10.7 561| 10.1| 61.3| 17.9| 12.1| 2,000| 50.8| 338.9
sl10|26| 17.8| 12.2| 1,753 | 44.6| 253.0 — — — — — | 17.8| 12.2] 1,753| 44.6| 253.0
1m|27| 16.4| 13.0| 2,185| 47.9| 355.9| 12.1| 10.1 252 | 5.0 33.5| 15.7| 12.6] 2,662| 53.8| 392.2
12133| 23.8| 14.2| 1,180 | 53.9| 421.4| 15.7| 11.5| 417 5.9| 36.3| 22.3| 13.7| 1,432| 58.9| 454.9

(

) AREE 1.2mY LOREARD Z OB EKELR T,

6¢



30

[+]
o—— W E R ¥ IEE K
3 F
7 ——— T H AKX E A K
=]
4 ——— g E B F ATHAEH
2 1w
3 -
P
- ~
- L 0%
= T e
o
/,’//
R .
» ~ N E
//,/
-
//’
e
o Ve /,’./ ///’
10 //’a ,/’,/
.
s
e
'
Vo
7
}/
/
‘e
(] 1 1

[ 10 20 30
#® & ()

B o8 s # X T H R EE &

SR Y, HBIEAEEE e T AR AN BRI X W EEIN D TR e
EIND, ¥, EBEROAFEERLENH TS C 2 b REAEAEEEEL LFHHA
DB LOTRRWHEELDND, Thbb, HEREHELKIESEC X 3IEEAEED
BEOTEMT50T, BEAROEKEER—EHRDON DO TRIRHEHEINS,

i oMoy F R e

TRIMAREGFHOEEREE R, HICRTLRY Thb, HAHE O LHET 5D
RIS IEMR D B EEYBEAHTT A 7 9 A FMOINEERED il L Tx 52,
FAREERLPHRABCET S 2 EZRLTh, KT OVEMMEE Wi WwHREE T
WOTEAEWHEHEIND, —77, EEROMEAETERNGEEMKO TR XY 2k
DAREWEASED BN, EFhAT7HRAF 1 EKMOBELEEY S LEb b, chbDHIE
kb, HARR FEEREEOFEYDRIEERCH - T HEER I<bbbh Tk
b, MY 1SR/ LS EFCwB Tz ek, BEKEEoZORERmELTWS T
LEREHRUERONTERNLLATL 5T 5LThS,

W PR EERENLEEEE

FERE bR 3 & CARMEAN B AR O REBHEMNIC O\ T, OB ERE & FERE OBRLRE
ERI0D 2 %D Th s,



(3)

3) BHEEH

(

E23: 2]
™

20~

O——— HWY X ¥ B
O———- B2 ¥HEH K

————— KK M H ATHRAFK(D) S

O——— EWME R ¥ RS K

O B F R Y E K

B 10.

D pumsaz (@ P

Tl EsEENTFAMS

31



32

ARcAbh S &5k, MEOBRR VTR EREFCE N, %7, BRIRRER
R BB RRPRENVEALLB 225X 5 Thb, Thbh, YHRNSERYEEL
TEL% L, —EDOVHMEERCHN T 3 FOMEREBENBEXOTRAEF W, chik
Ee LUEREMRE BT 2BEREEREEERIDIRENC2EERL TV 2ELDbN
B,

A S D B N~ §

AXONAERE, HA, MECX-TRAEZDRTEL, HERCI-> T3RLD,
K1lix, B X RIS ER b O o b & il 5 D EEAHT # 7 % 2 ¥k

ok
'
4 oO—— HHMP 2 XEBK
4
i e——— HEWB K AYE AN
o ——— kW H ATYRFH
3p00
ha
%
0]
&
#®
x
200 |-
wo b
o o

) N N
0 10 L A T3 %

K 11, # # ¥ ha¥ » X ¥

O EHINIC BT B AREE LR LD TH S, AT E RO STAREBIE T E A A
MY REVH, A7 FRAEHRAFMMNICRT BIARER L BERBE TWD NS, —7,
EERTRINDOWMEBCLARTHAR VBB LWL LD, LaLaid, YREROBHE
IR OHER I M LIS WIS LT, 3SR TRIBIEH —/KERFES L, REX ¥
AT 24%) ha 240 3,0004~4,000 KD EARERSLETE 25, FEROFERDD
WD L A E DR DRAR T 2 B2 70 I, FEAR R FIREKOETE I X
g, BAREROE#EC X5 MONEOREED Rith s X & ThXhokked3 3
BEND, BENCHSRLDRENWD,

v ha%3 2 ZXBENEHKS B R
FEEMICOWT, FEHNEER 2 ha Y XBOBEREREEN 120 L 8D TH 5,



(#) B # < T

—~— )
\
o o
N * O—— BE K X ¥R
. * \\ .o :
N O HHW K AYE AN
\\
b
wob
0 o D gumsEzr (a) P
K 12, EH M EERTh Y bR

vi

ZZ S

33

ERSMR 3 & JEERE, Wih
FABEE DRI Licdi- T
TS EAR T 5 —ED
HAREDBND, Licdi- T,
fEEE M 3s & LB O AR % I
452, WEOMEBRERE
L L - REEHRTHBICD
b bE, BERO AR
BHEEHI/NE L, ZRFElE
EFROKFVDOBZV, Th
b OHEM A LR L TH D
&, Bk, —Hic
KPEE LB /PSS,
BROEKEENRKENWENZ
X5,

2 FABREAK & FYEA, 8 & CHNINE ST DD ICEEA#TT £ 7 Y 2 FHRD 3EFIC
DONTHES 2 ha 4 B BEOBEBRRNIBIRT LY ThHS, BEKOAREEX D
BHTINE L, 34EAET ha %) 815K Th- T, WBMKOREA BT S 1,432 KL

800

O— Had2AXEBEHK

200

oMWY ¥ RIEHK

OF @e——— HEmB K AYEBH s} e MWL T A XE &K
he ———— ik k5 AT7HRYEK ba
: 3
® "
" b
@ " o
p= E: °
“w b w
o

(]

L ]
00k L)

:
D we

X 13. # # xf ha Y v @ H M

N N
VooRBmE () »

R 14. Figwx ha X4 b 8K



34

THBT%ICT i35, BROEKERICE IZD THROABRMBETCRNI62% L0425 T
K& s, cOX)BBMBEENEZOET S 2%, REDICHIEMEC ZDOHE L
THZ2RTERWA, HIELELSUEREEROFEIRCI 20 LHELTIW
DTRIEWHEEZLND,

File, VHEE 2 ha Y0 BHBEOBERIEREKS L FEERK L b IR ERER O
BRIchH5 2 MU CRT 2HD Th b,

vii MEHEBHEESR
MAMEL TR EROMRB TR L THEEERBY RO DO RN TS 5, EEEHD OF-
BEERBR IVHELETRAEOH20m KEL TR Y, 20 EAL O 5 EEMIC k) 5 F
BEERIT R L F 14~20m® Offc S 5, chicw LT, M@k T 22EEk BT 515
m3EFE AL L, 204N EO 6 EiEic 813 3 EEEERBIR S W 2w 9~15m® OFEH
Chd, Ubsrbdb, PHEEBREEMEWBLLA LI REWC E, ¥FMHBOHRL 2
BIELEWCEENAE K h2HANERIETRDOORDI L W o 2R TEE D,

20L o
O———— HUYA¥PEEK °
O——— HABEFEX¥XYEAH
15
o
h -
'Y ° P
L ~" e
o] ° -~
¥ /’
¥ ~
£ //
& r'd
= '
m
T}
]
° /
o s °
/
/
5- /
/
/
/
. // °
/
/
.
L I3
0 10 20 30
H® 9 (%)

W15 kKON ¥ B & E R



3. & H o ®©B K

A, BRI 5 X X BB KO WITR L EERD LD END S DXFEA T S A,
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FERR LR EERICKT %5 ha 24 b ERARAR
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zrel, HURKSGRTRbRd- .
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AR OLIGRENT, il 2 OBRBEEEL HRD B0, $ixbb, Korstin ks &
CEHRREALC, BPEFECE VBEEEZRETIE, 2¥OERRAELRS,

log y =— 0.85693 + 2.12249 log x — 0.48267 (logx)?

_ x®
y= 54317 + 0.8377 x + 0.0264x2

(y: YiE (m), x : i (EE))
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PHWT, RMERBEC > TREZRDSWERRNICRT L ED TH 5,
Korstin & : log ¥ = 1.06166 — 0.33172 log x + 0.40394 (log x)?

2
# OB R Y= (751397 0,635262 10014758
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Bl ARIC LT, RE, EREZE, PERHEEYL reElodEaELRELtAx3 e,
#5 DL ThHB,
% % HENFLUBEEESRL OB S H
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OFLRRT LRI TH D,
Korstin &, : log ¥ = — 1.09923+3.59619 log x — 0.68070 (log x)2
o x?
# B XY= 515790007994 x F 0.00222%7
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¥ olROBEHR, R RTEEY ThS,
£ 2. MM BaglodaesE
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wom R T - o p m
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m® i me e %
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log ¥ = 3.4826 — 0.4532 logx + 0.0905 (log x)?
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log ¥ = 3.5050—0.3968 log x — 0.1510 (log «x)?
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ZOROERE T LB ITNERIO DL LD T 5,
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BA)ZZRThOMEE (v) THRL TRz, chboXhARMEEERR, £ 31
BLIOH2ILRT L BDTH 5D,

2) Bl M K x 8l. ®BMEEER
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k> T BIMAKOMRBELIET S 2 2 15 | 154.40 ‘ 10.29
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HARHOMDBIRE & - T, $bIC 2 g B B
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BEECOWTH, RiHc LABEOHEHLD, EHECHKE 2 OBHR»bKD 2 DM
ThwnwiHEzbhb,

%X T, Hiica, b, c TEEL LAIMKROVIOEE, FHWSEE L ha 4K
BOWMEMECESTNT, YRBHEEZ»OMEZRDD 2 2L,

Fhebb, BMMRKOLLHWHERZR & LEEE»bBEIIcXRS, Thbd

logv = 5.7962 + 1.8196 log d + 1.0257 log 2

(v : EERMBE(mS), d: LHEREERE(Cm), - : LHHE) (m)

HOEEAMBEERD, chbicENEFR ha MO AREFEL C ha X BHELRD &,
TORRBER FITK2BCRnT ) THS,

& 32. B BE 30 ha X4 b B M OK B M B

ha %49
L 3 d h n v o R
4 cm m Z m? m?3
5 — — — — —
10 8.4 3.5 304 0.0102 3.1
15 11.5 6.7 130 0.0374 4.9
20 14.7 9.4 76 0.0882 6.7
25 18.2 11.7 51 0.153 7.8
30 21.8 13.7 36 0.249 9.0
35 25.7 15.4 28 0.375 10.5
10 -
B
*
*
ha
%
)
®
]
L
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H e ()

= 28. o Rl Ak K ha ¥ b B MK
) TR MHRAKREEEME
a & ¥

FRIMARSHABREEEAE» SEHET, IFEEL T AR X FEIRAREK
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b BT
TRIMARSHBHMER, S8MEC L CaEE L LERKS X CRIkARESMEY &3t LTk
HBHTEE Lk,
¢ BMEEERERICEER
BHMPEEEEERR, SEE I L CERNKREEHHE 2 B o EMABRMEOZ %
HMERTHRLTRD e, BMEYEEERER(A), (B)Oo2RETRTzL2LLT, (A)
RHLEEE TORNERLZTDOL TOMEBTRL TS, (B)rd skt 2EE]
MWAREGEHBHE Y LOMEE TR L TR® 2 (F33),
% 33. ® M B £ E B

_ - e o= EHEERER
BB WA | BHEA | & ®Dgg S

= mS m3 m3 m3 m3 m3
5 12.1 0 12.1 2.42 2.42 2.42
10 65.5 1.8 67.3 11.04 6.73 6.73
15 150.4 | 2.7 157.1 ;;-22 10.59 10.47
20 267.5 | 4.0 271.5 . 13.80 13.58
25 396.0 | 7.8 403.8 26.46 16.49 16.15
30 534.0 9.0 543.0 27.84 18.64 18.10
35 677.1 10.5 687.6 28.92 20.37 19.64

F e, TRIMKREHBMBOEERZ, PrESSLER XT7/hbb

M—m 200

M+m n

L PilERER, M: 5BROMEK, »: WHER m: RYOOMK
- TEHLELDT, TOMBRRMCRT LB THS,

® M B M H E R X

P =

. , M—-—m
% R M m M-m M+m MTm P

= ms me me m? (%)
5 12.1 0 12.1 12.1 1.000 40.00
10 68.6 12.1 56.5 80.7 0.700 28.00
15 159.3 65.5 93.8 224.8 0.417 16.68
20 274.2 154.4 119.8 428.6 0.279 11.16
25 403.8 267.5 186.3 671.3 0.278 11.12
30 543.0 396.0 147.0 939.0 0.156 6.24
35 687.6 534.0 153.6 | 1,221.6 0.126 5.04

4) INHETREEZOHE
LIED & 5 A 2 SR OWT, TRIMAOBREEYEE L, chy
B3 hbRTAMEOYEEMMC s 3 RBNER LB L, T/hbb, bEIL
DOEFE I}, 5E~IEOHHEIC OV THHEREEL KD LRI L Y ¥ D TR



48

RHIDLBYTHS,

# 35, MOAE 2 ¥ EEKSKETEE (FEH
® ES EON K &l 7S /N
S ha % b o3 ha % b
. % w o x| g |8 LI 2 % w | x| 8
£ % [me 0w | o ® X EREN B & % *

1E cm m | m? P m? m? m? cm m PN m?
5 | 106| 2547162 121| 24| 24

10 | 13.6| 6.106.9 1,318 655| 106 65| 84| 35| 304/ 3.1
15 | 17.0| 9.4(30.8 1,188 154.4| 1778 | 1020 11.5| 6.7| 13| 4.9
20 | 20.6| 12.244.1 1,112 267.5| 22-62| 1338| 14.7| 94| 76| 6.7
25 | 24.4| 14.756.1 1,061 396.0| 270 1584| 18.2] 11.7 51| 7.8
30 | 28.4| 16.866.1 1,025 534.0| 2/-61| 1780 | 21.8] 13.7 36| 9.0
35 | 326 18.6(5.9 o997 677.1| 29| 1935 25.7| 154 28| 105

* Bl oS K & & @ w®
ha % y I
& | w |8 F|ewmvnsss & | W
w | B |®E[ A [ B | 5| B | ®
H OB

& m? m? m3 m3 % m? #
1,662 12.1| 24| 242| 242| 40.00| 12.1 5
1,622 es8.6] 1130 68| 6.86| 28.00| 68.6 10
1,318 159.3| 1814 1083 | 10.62 | 16.68 | 162.4 15
1,188 | 274.2| 2298 | 1491 13.71| 11.16 | 282.2 20
1,112| 403.8| 2592 16.74| 16.15| 11.12| 418.5 25
1,061| 543.0| 27-84| 18.85| 18.10| 6.24| 565.5 30
1,025| 687.6| 2892 20.55| 19.65| 5.04| 719.1 35
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R OENNEREI 2O 2T 5 HN TA X EFRONEFEREL AW L, L
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M ORE | 15,000 | 2 7 (EERETEL)
c2 3|F x|1500]|7 7 + 10,000 # 7
W 150007 2 (7 )

c3 4| F x 10,000 hadsniox + xi]10,000] 2 7
1A1R1,000M

cd s |F w0007 F x| 10,000 # 7

cH 61 + x| 10,000 # 7

cel 7 a3 xullo,ooo v

Tdh b,

ZDRICOWTHARZ XEEKOFELHBINCSF TA520FDLBYTHS,

(1 1&#£H

@ HiHFz
WTFNR R EAN D I X B KARHEE ALY Bv w5,
® ® K

FESEAR DIBBERREFREREVE ha 240 1,622 KT, chix@EMKOK 50%Icth, b

THHETHD L VWA L), TR X > TBROESEREER, ThbbRR, BEE
DX ORBELFELIHT AHEELETL Y, MAEEDOHESZRIRWII DL
REEELTWBDTH S,

® MEMTE
R TR LALH 1S0AT, [ 200 K0EEMkL b TERENT 21T T2 2%

Abns, COEERROEOREHBHEC L > UThbhTkh, TOREEREWC
LRfTEBWREA T OERBCoRE > Tind,

@ K H
B OEREEETH 2RERHE AV TWw2, 1424 ) OEfEE B R ICRERG

rBbDTREL, BeHRELRLLSD, 208 Th- o

® HE B
Hr A CERMIEOBEEM O AL, HEKRELL, cvwTEHrBRORELXZG

Bt d, T L THEBERKOESG S ERWED ILIEEOHEL L 3 2%
Bcd, ERYHEICORIVEELITR> T b,

® T A
WHERCREROFECETNRELEGTR > OnEETCH 50 LT, Bk TrRE
HEOBAKEEXINA 5D E2HN L, 1HAERCPEDK, 2HBFRSCPLERHKR
THMZEETL TS,

(2) 2HEBEK
@ # M
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FHEOBFEC 1E, HEL1TR- T2, TOBRERERASR, KERFCLDELR
BN, EEL L CREEARO 152 RAZ AT 5,

® M

1EH ABOEHE T 2EHKCE 2 ML, 3SEECE3AMHELTR-> Thd, Lk
235 T 3 N EERSE L fElE 2 7R B,

® T A
EARCRERLE,D THEH 2 CEE LETFOBE T RO FNETR > OB EETE
%, chiextL T, Mgk 24H, 3EHETE2EOTN2TRw, 44£H, 5F
HeElEoTN 2T 2088 Z1bN05, coOBcE MROERREECLD,
MO OBEE (5 - M%) 88 ks0T, TAREERZCOX > EMHL T, KR
DEFREESHFECEZ2D0TH 2,

4 HEMBIFEPERHICEIT IBEDR

FRANRY 2 FREER 3 X OF o & oA 2 A 2 FEBRTERERICET I
7 2 O DREEBEOREY DWE ORESELRD, IbICEBETTIR- T,

AR 2 PRS0 EELRRE, BEx—kT5EBE o b, BEDRX L
FNIS I X > Tl L 2o

MBI RS AR CHARE S L B MM, FERENA R X CHEKRAL LR > Twd, ERIX
A (Aw) B AFEEMERORMIEATLLLINDG, Thbb, ISCHEML2NETHE
FICHESWC, IUABHBNEBFIAELELC CRAMEY KD, THHEEMN (formula
of conversion surplus) »5HRDA-BEEZEL T, KT 2 TR ENFERINADERE
{fi (current worth) ZEH L7,

BRI, BB e B O b 2 1IfTi-> T B DT L, BEKR, FERL Y O ERERET
bh 3 CBEFRND, LOXARMMNAL BRNA 2 ReTT, 1SFEDL FH1EOD
NARE, TOBSET LORENAYR AR, b ORMBNARE Y HI TR LH
BRI X - TERIc B BEMZRD 5 EHEZER L L, zor g, FTREMR
WacEdzeserde, MNFRIARELBEC CTRRPFIEIEE (alternative rate of
return) ZHvic, COFIFRR, b5 TMEPEFCHC2 L&, KERLILLA, B &
By ORBAELRFRAEOHL S ZoESCH L TREOFARZITR) C2ic X
s> THRBLNBFTFETHY, 5 THIIEOWT—ERDIDL ZALRLFTETS S,
DUERR L #5201 C, la rate of interest determined by the firm’s best alter-
native uses for its funds.] & LT\ %,

AFCix alternative rate of return % 6 % »{RFE L T, #HitBHICH W,

DEIL, IFCRRERBADEREFLHELRD TRIFE6 % TREMERD o

L EOERIRINIE 3 & OERE, 1 AEEIR oW TR 5HERE & i ER I
BEeBRAORZIESK %,

B L OBRBEHELY KD ik, ¥ FHIGSOREM? bEREBOBREME 3 LTI
WeEHE (), BREHER (), RAUENTFE ) k> THEEME (Vo) 2RD %
FhEi b,

Vo=r/[1+if —1]



80

e, COX CEMNCRET SERTHOMICRTHEAREHREOR L THIE, &
MERXEFETII <EHDTHAH,5, F£ha b 2,000 H & LUEMEEAX 33,333M2
RoEhid,

U EORFEERY, B L CEERIIC 2 b F LD TURRIEEB DRI TH S,
CORTHR FMEEKHS L 0 LM OB E RTBETS 5,

* 53. OB A% X OF 3 B o L MR 2%

(ha %4 v H)
- H B bk H O (t) % B otk (t)
25 30 ‘ 35 40 %5 | 30 | 35 ' 40
s RISE IS j

3 fk(Aw) (831,600 (1,401,7502,166,8002,868,750 352,920611,650 914,340 1,281,000
s1EMk (D15)] 5,266 | 7,047 9,429 12,618
H2EIRIK& (D20)| 7,284 | 9,750) 13,049 17,459 3,275 4,384 | 5,868 | 7,851
$E3EMEK (D25) 10,958/ 14,668 19,631 9,232 | 12,358 | 16,539
AR (D30) 15,806/ 21,157 14,677 | 19,645
FEEMK (D35) 22,478 20,512
SE14E M 2 ( C0)1317,278 | 424,614| 568,172 760,668| 287,993385,422 |515,731 | 690,459
oMk ( C1)[128,703 | 172,315 230,686 308,716, 53,407| 71,504 | 95,726 | 128,106
H3LEE R ( C2)| 95,500 | 127,775 171,000 228,875 38,200 51,100 | 68,400 | 91,550
A R ( C3)| 36,040 | 48,220) 64,540 86,360| 36,040, 48,220 | 64,540 | 86,360
M54 b 2R( C4)| 33,990 | 45,490] 60,880] 81,480, 33,990/ 45,490 | 60,880 | 81,480

HOEEHRE(CH) 32,070 42,920 | 57,440 76,860

BTEENRE(CH) 30,260 40,490 | 54,180 72,510
Eis 232,639 | 611, 091i1,124,474 1,495,994;—155 ) 765:—59 ,880 | 30,346 | 118,222

& AL SRS ‘ ‘

£ OB O % 70,668 | 128,813| 168,183 161,033 -47,316-12,622 4,539 12,726

HEE B B 33,333 | -33,333( -33,333| -33,333| ~-33,333|-33,333 |-33,333 | -33,333
7 " : 3 i B

(- # 88 4228) 37,335 ‘ 95,480 134,850 127,700 -80,649|-45,955 ‘ 28,794 | -20,607

LR e PN

ESERTIE, 25 HA0FEE THERFIL L » RO W TFhic kLW, THIREIY
HREDOHHE LD, chIFBRCH LT %ORFERLYPFT I enm T
AL T35,

chicsd U TSR TREEESENNIC RS We b 200b b3, THifliiiasx 6 %o
FFE2EZERLCI L BEOREE Y, 2oiinE Bk Licat> TLREWICHiZEEX
B s@Easdby, KEBSFECENTRERSHEY &%, £ L TLORRELT R
BBDbN D, (KSSE T, M ha 24 b 134,850 [ 2 /¢ 5,

COEHEIMMBT M CHHGORMORBELHMM TR LALIDEVWA LD, Th
bbb, bLH5FE2 ha 4 134,850 HE AR WETLHLEA L, FEED OEFHE
Ul d7e bk, Lhd chE THBRARZRESLTRARTRCELWLED LN B,
BEAB A THBCN LT %2 Toh WY T2 83 TEX5DTH 5,
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B6E HMREYBERELEECSITIINKRESR
ORFHOME L RERA

1 8@ B

MEOBEARMABEZ TEARMEAARL LT3 2EAbN 58, chiifioEI e
B ABRLRBERBELAOFEY L > T b, FTHRRENEKGBEDEEEE» D
Boie—2oDEEMTH Y, TheARCEROEECHTIEADERE DT LAt
TE52w5 2T o &, F2EENMXBEREY oz, o bl
B, s, FIEBEG, BA, Bk o3k sd 2283 FHILA L, TokdicH
REBIMEVELRDLEALLND, H3 L, MEBRONR TR —BRCHERELRT
TEMRBWCE, OREBRERNENRE N 523, TR HRUBEEERHEA T,
HEEYOBEMNRALE Y » TNBNBRZ AN DBIHHO—0EADN D, B4
MEBEADOS D HIc k> T, MAERBCETSEA, CXHEBRIRS Y EL T
52r, ThPLERBEREWGEY, FRMAERCX T 5EAUERTE (alternative
rate of return) 2EWR Y, MABEOBERRE kb, HB5CAMEERISHME
(versatility) #3202 2 Th %, TbbLbEAOTREDOFIACRIIGE » OIEREL
e bliE, o LANANKESEE TS5 X)) Mo BWARERCEAD T LT
%, 2O LRMABENOHRELZERCELIDOTLS, b, KHOWETE W
THEHBIAHRET 55, DI WREHT 202 AHCES CERTED L WIBRTEWE
P (time versatility) 23> TWwB 2 W) T 2B TE X 5,

MARERERER, chbo#EMHC - TEbDdTHEELID LR > ThD, BRI
B AIMAEEEHEORHHER, ThbbHABER LFAROHEEGLLIIELTHLE,
EHILHRATLD, THIEZ—ERATLD, T LIHREERE—IEBEEHTLH 5
LEBCEERTH D BEHEES 2 LT, DUERRDIIEEERE T AL b kiEo
RIE% & D> T b REUSLDRRABEDN T, B IO A FMROIEDW-THRE LT 5,

ABIC B W CRER OB b A 2 F IR O RFm R s & SR 2 ¥ sk
Dl IA%E RS, © FLlE ORI L B LT, &> TRKEROUE B3
BEOHEAK I > TEDL CHEINLINEHLBE T2 2T 5,

2 W B o & #®
i MR = FREREEK

R 2 FPEREAA, ATRO & 3 0 B IREBEEAET < W T —FTEE 8 —EDE
BEEAT - CHERLEEBEEMK L b, LS o g e X 5 BRI
RGO Lz ThhTnw 5,

WE, - OREDREAHFINIER (alternative rate of return) 236 % Th 5 & L, %
e DB, A FAMOEETARLTINASD 12 b RRDOMAIGZHERS 51
LBHLIREL LD, —MBC BB BEKSE L TUNADD 5 0REENLO T, BEOEEH
HIEEER G THRIN B ENEEREEBE L TRE I 5,

COBE, BEREINT DL 3 CRDENETHS I b ¥ 3 EOHAIR X ¥
BRI TR DTN, 7 JIRHAE L MRITIEEE L RIARE KD,
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SEMBTEN TR ORI 2R AMBEELRONIERMOEL, H2Horsv Th
5o

® M. HANZ FEEKOFNAHRERS XCEEEE

(haH)

wo| B | mesr |T oy B | wewEses

B T TR
w | B o|momis sl Bl B e @8 %

F md m? % m? M Bl % =

5 | 4.84 0.97 2,420 484
29.46 47.9 31,880 69.9

20 34.30 3.43 | 34,300 3,430
61.28 22.8 156,860 41.0

15 95.58 6.37 | 191,160 12,744
82.65 13.2 254,415 18.4

20 | 178.23 8.91 | 445,575 22,279
104.43 9.7 402,405 13.7

25 | 282.66 11.31 | 847,980 33,919
124.59 7.6 577,395 10.9

30 | 407.25 13.58 [1,425,375] 47,513
*142.83 6.2 *774,945 9.0

35 | 550.08 * *15.72 {2,200,320) * 62,866
49.92 3.0 199,600 4.2

40 | 600.00 15.00 (2,700,000 *67,500

* B, % x4R¥E alternative rate of return (6%) k& U < ik B A,

MAMBEPbESET L OEEERE (B3IM), ket h e ERERFCH T 2EKTE4
WicR Ule, SEEHEMBERR TR ERNEREEZREB TR L TRD R,

D Sfmt ogis

%1, BMICRINTE 8 DOBWLIHRICOWT, WTFNHBEEHREL TS 202N L
o, TTTNEBREEERDTCOWTRIT S, ¥ RBREDCEFH TR
LIET Bo O RERERACET 5 —2o0BATR, BYRENETLEERYER
RKeT5, Lichis CHAEREY Y EREEECREOELEYRT LA CEED 2T
BEBATHD, BIE»DLHIIELEEINS,

LA LRAD, chiRBEEEN»DLART, 2200B»SHBEIRRER DA, O
—ORHHEHDOE I X » TELT 2MAREBEEZEZERB L TR &, fio—olkdikd
REVETFHRINIUAERCET 2LHEALEZRML TRV L Th D, FUEHL
L3, 4AMrORLNAREES & v 3 bF iz vbitin,
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£TT, 2~5MMESH 2Tk %o Thbb, 2HOFIAMBECESHT, Hilh
T ENENHRE, MEOM EEZR LicMEST 21Tk - iEE, 6 MoN#nyS
oo THILIIARIEFEMINIE (conversion surplus) Th 5, 7T~9MEENFn 3 ~5%
CHET55DT, chbRWwTFhHENCESHLIN T 5,

DX EERSOEANEELEE SR L, BHEREORK AR EL 2
MBS B, £ TCEEHEERDRARAECS bbb, © OLEEERITMINGY
HbbLTVnEE, IFCRREHFHEEEOMNELEE L T DX, ik, 2FD
3ODEEEMEER L MIELTT R » TRERKESD 2 WARHEEAREH BRI IS
BIRTRER B R,

2) R E O M IE

MAREED DO ZHERAEZ, WEHEOEICrR I RESHETH2LEALDNDN,
Z0EILLDRIE 1L OREOERIC X » TETHHEER, B2k chicf-
TRED S OINERELES 5 C e bETIHRRER, H3 N EBEL R EERE
DDIIMAERERELBH T 20 bETHHRBRARY T 5, HIEDHRITESS
ERINTWB,

#F 55. AR ¥EEHKcKFS hai v A LEN, B XOREHLY

i 4 hiEE R M haupy R OR| RAMEEER
% W E A RIEELE R —
# £ R R tha¥d | ha % b|ff EHRMm ) & ||k =
F ! % & H H H M =] %
32 | 1,778,368 275,716 [14,489,000] 452,781] 55,574

8.7 40,673 | 3,015 7.41
33 | 1,933,440 331,034 (16,284,000] 493,454] 58,589 *

7.1 42,134 | 2,343 5.56
34| 2,071,680 * 331,416 (18,210,000| 535,588| 60,932

6.2 47,583 | 1,934 4.06
35 | 2,200,320, * 329,089 (20, 411,000 583,171] 62,866

5.4 46,023 | 1,550 3.37
36 | 2,318,960 324,453 (22,651,000 629,194 64,416

4.8 44,617 | 1,240 2.80
37 | 2,429,280 318, 131 (24,931,000, 673,811] 65,656

* BT, EEEIBAMBEEE(6%)ICEL B AERT,

B/ 1OHMEC DWW TWAKE, HAE 2 FIEEAROBA R » NEM L2 v EimnL
T3, chbR FEORSEYRCT 50T HBECLREETE v (B2#), T
FBIMOMRDEMEEERD 2D X OMBC W TEERN6%BLUT L322 L
oo THRHBLIERE 1 OBXERALZR ULMHIEHETS 5,

82 ORESBRAYER TV, fiE,L DL AE32UET 11,778,368 I, 55
Wik 334ET 212 1,933,440 Lo EE, IEXREZE2WMeTT X5k EREHNERS S



84

LT, *OBREMTHET20RBYTEH5 9, BAMREIARMCRING, chboD
BAMEZ T ThomEiod L TR T 5HHOBEAMEER L TW5, £ LT, L
PR 1EEHEIRT, MELHETXETHD I,

EIOLEHEML LT, EEEWEYBET S ehbETHEHCONT, ZoERIE
NDHEEHFARTERDB L 2T 5, B2OMETE, tET 1 HONRE BT 5 KE
HEODOD 2 TORBEHRETTL - o L ULERLERENRL RN & kb BESE
A ESTFsccbs e TECORMNERL I 5 X5 1HED & el E Uik
D055 L ICHFERERETBHERSS 5, Thbb#ElENcRkThEZnomifedL
THMEEZ Vo804 T, chxBFNET L2 cEbERTI2ELLD
ERLDH, COHMICKTIEARES OS~I0HMRT LRI THD, HELHMEE
ERC W TRIEFECET 5, chpbER L L ) 2T 53EEEHEO t haXy b KiffET
bbb, chOREFNREFRO, 1, 2,...., (t—1) FECoha Y BMBEORIHTKD LR
%, HOMTKBMEL t THRLULha Yo EEHETSL S, b BEREENERD
X5 BIEERTiho kT _XTOMSTOEEERD® ha ¥ ) FHEELZEERL T 5,

7o, 780k ha X 0 BEIEMERERR L, t ha X4 0 EHEEEELRLTW 582
BWOBEL t THRLTRDBbIS, Tbb BT ESEEER (mean annual growth)
THBLNWITLHBTEL I,

kb, H6M BT, BEIRc—FHERCOTT 2 EERETHD, Fhicl
BESF 2Tl t—NOEERBTHI L WAL ), CoTCHHMEREA—TFRAKY S,

Uledis T, Ml MAB AR EHEGCROFD L IR ET S 2B TE 5, 5
05, EREHORFAMER, HOMOELHRAKD 2 2l k- THHIN D, RAMH
EERR, AR LCETH bR, R TRBELEKMCRT LB TH 5,

UEORIE,ND, AR FEERKC 3T 2 REEGE, BRAMEEERSEEOR
KGN FER L HE LB ECEE Y, Lkd-T Ek BEREHIFECAT b 33
FloEED LHEEIN D,

il FEAHET = M Ak
A 2 FEBERCOWT, BSOS : ABRCEEMEZEEL T, chieonT
BE I OEE2T - ko
1) FHEiwmoME

5~45 FEE TOD S FEMBITEA L 9 20w EIER I oW KB OBE Tk - oo %
DER, FHMEEERAKORGIIE, 56 KCRT LR 464EL 5,
% 56. RS = ¥ S EAORAMEERS X O HHEER

W kR | F 4 | s R
e | R W | FIEELE
BBk % | & R I
57 4o mdt S H 7 _ "
| ‘ 6.76 | 21.8 | ‘ 1 |
] 80 | | 1 1.08} — ! —
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39.65 | 36.1 )
15 | 50.45 ‘ 3.36 | 25,225 [ 1,682
61.64| 17.3 | 86,865 34.7
20 | 112.09 | | 5.60 | 112,090 ’ 5,605
«71.27 | 10.3 7 254,630  26.8
25 | 183.36 7.33 | 366,720 14,669
70.08 | 6.7 { 266,880 11.6
30 | 253.44 * 8.45 ‘ 633,600 21,120
61.56 | 4.5 | 311,400 8.3
35 | 315.00 9.00 | 945,000 27,000
51.00 | 3.1 \ 336,000 6.3
40 | 366.00 \ j* 9.15 1,281,000 * 32,025
C42.00] 2.2 i351,ooo 5.0
45 | 408.00 9.07 [1,632,000 * 36,267

* B EAE, ¥ X4EEEN alternative rate of return (6%)icZ L < 7 B K,

2) #MEME O M IE

BCHOERIC & » TETZHRER, chichEd KED D OINEIRIES DT 5
BA, SOEENEY ) DL IOMAKEREFLMIET S e bETIRRBAYER
ThiE, BEHEIHRES7T CRT IS CHIEEN 5,

& B7. A XSERCET S ha vk A LEN, B IEEERKRE

m e fndE] %OE % MG | ha % 0[RAEH IRAMELE
| W TE @ t A BIEAE B
1 C thawy |hady | | & @k %
E b % | B &l | 2] m| B %
34 | 876,238 | 140,198 7,167,350 210,804 25,772 ;
| 78] 19,013 | 1,228 6.46
35 | 945,000 141,256 8,043,588 229,817 27,000 *
6.6 ] 19,866 | 977 | 4.92
36 |1,007,178 140,864 8,988,588| 249,683| 27,977
1 6.4 | | |20,473 991 | 4.84
37 |1,071,821 140,291] 9,995,766| 270,156] 28, 968 |
6.3 ‘ | | 21,096] 1,005 | 4.76
38 |1,138,975 1 139,580 11,067,587] 291,252 29,973

6.1] [ 21,737 | 1,019 | 4.69
!
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39 |1,208,686 138,770 |12,206,562(312,989 | 30,992
* 6.0 22,392 | 1,033 4.61

40 1,281,000 137,890 |13,415,248335,381 | 32,025
5.3 23,064 874 3.79

41 1,348,848 136,247 |14,696,248358,445 | 32,899

MRS, EFRRERFrRAMFIER(6%)CELWEETRT,
Bl 35 E e it 5,

3 = ®

HAIE 2 FIEEHRC 3\ T LEERE (FIAHE) 2o Bk B ETHLI 0L
T, HAHS A FEBEMRTIRA0EL D, DNEEN2ER L Uk ko Higcr,
AR X PSR ERIRECE S 2 v C R TED 2 L RARBRTLBH T
%,

oFK, BEENSHMREYERETS L, LrL XOMNEREBELTFORL L
ChdeLieEs, HANAFEERORERKIAL3BEL D, —7F, AAME R ¥
YBEARTIRIDEL D, MEXHBE LTS 2, HOE 2 FEEKE LR b Gk E
FEATHL0THS LERINL Y,

T BMABEOBREHGTORERFIZ 2 ODHEEBENRF R D LELbND,

(1) BEXoRAMEERER

2) ToREwr B} 5RAH/ZINIE (alternative rate of return)

B L Z3I20ERIC X > THEINS, TOFE 1 ZFAMBEERTRINIEEY
REEER TS Y, ROBENRE, BRNSHEY, BEELSC > TREILS
LD ThbB, F2IE, MRBEMOERTHY, HBOER, M, BB Y- TH
EEINBZHDTHB, B3k, MABTRCHE RS HWBEATHS (K L alternative
rate of return ZfR<), EHFECBR LB hicEEh 5,

Thie LT, MREADOREMEES-ICHMEBERLEH D%, F1CBAD I b—FR
ReNTHD, HHOBE,BUEEY D THrr3BAr REEEHSCCHEY 5 ik,
B2 HEYERKETEREHOREHG P CHELS L v, MABRLEAET 2
ik, bo LA LRBETDIC2READN, TOL FMOBRERES W & 5 T
53DTH2H, LHrLEBbMOFHAAETEZ2R TR, EEEREMD LR T35
DT, RRYLEEERIALLL->TLEIDTD 5,

BTE & EL]

ME s % RS O AEEMR N X 2 BEN AR ERREL RT3
D& TS, MEEEORIE2ZER TIUE, HELIEM L L THRNOBEDER % ERRC
L THIIORFFREZET Y, b THMAREBTCHE L RERECHFET S cicb b e
EAbhB,
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DX iR A% & oM R, FEEC RT3 bBEAMEBEEREOG - B2D,
DBROYNEEN 2 ED 5 —FERE LTUBEIR, FLZWLSERLOo0b 5 EHR
bbb, LaLisd, IBEMEEERKE CRENREC 3T 2 MEHBEOBEE LT
B#HIND, ThbbEEKEOREE R, BT & MEMNRIE2 w5 2EHEY 3
DEWALY, TOEE, MELAERETLALERTRE 2o0RKHRb %, TO—D2
RYWMHTH Y, ThE c ORI EEEYSLTY, BRREKETOBARR IR
BEhLThB, tho—okf&cw LRRIICH Y, ThikchboiR®HI X - THM,
EMENERRA TR I RS A ELITE1DTH 5,

EBIER, REAEELThENBEEAZRL I 0LBH NS 2 00T b b i
% X BT 307 5 AEEEMERBEE LY ZWET D, F2 LTRASIE X
> GERELEZLDTH S, UTEEOHFAMRLENL T, chicBENZEL2RHAD C
re¥5,

1 B ®

1) F1HEOLHCBW TR, HHEEORE R X OCHROER R L IeFE ST, bt
HCRMMEEARETH S LRk, ¥k, ThEBREOMEREO I LI DX
SIEDANDLNTWE2EDT HIHBFPET s 22 dic, b DEEIEEK 3 CE
FET 5 DTE —RIVREKE 2 R E R ICIEE L i,

MHIERE RO 3 3 R, MR E 2 LTRKIETCTETnwB e, ERER
MEESOEREIYBATHELEADND 2, ERED DHED ORI
LOBLW R ELhD, chie LTEER, bREOKRECHBBEANETEHS T
LEBRU, Tinbb, brEOKMEIHMEIZR CRIMNERC X 2 -EEAREC Y
PP l, HEEEORRE, BELRTwel, Lieti-s TELOEFERY EFRER
T, EHEREOKS nREORR - ik, BEIRARNOERL, HKEAEOERE
b, BhHkEOHER, KEREC ST 2REEZHROEE Y, AMREOHEAER Y
brERER AR, BEN, ERBENLERBC L > To I &ESTFbRTHw B8
bTh %,

—7, BEOMERE TR 1960 Exfilc 2 1, {bZEImka i L 2 RE 80349 52,000
Aruwbh, $Z0JLEEHT 2> SEBERAMEG & CILBHACETINR W5, ¥, H
AT RSV 1960 4ELISE, X 46~13 % DIEFR TRIEEERBEMELRLTW 5,

MREERE TETIN T 2 HIERE D B RINA R, 4E 5,800 SHHlic o TORE
HPOED—E I ) 22N TEF D, KB BEIRIBBETH0bBDOBN, i
1935 E LRI BT INH W S DI 5 %I T Fint, EENEIL% B AEREEHvTw 5
2%, 05 b FERER (54%), BHRIEE (30%), {LRER (8%) REX Hiikdo
ThbH, Lo UILEIEE, EREENC X 2ERIER : oRER, TOBRBEER I O5D 5,
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Study on the Management of Fertilizing Forestry

Yasusada MIYAZAKI

Résumé

This study was undertaken for the clarification of the characteristics of
forest fertilization, first from the viewpoint of production techniques. Sugi
(Cryptomeria japonica D. Don.) and Hinoki (Chamaecyparis obtusa Endl.) stands
were chosen for this purpose. The effect of young stand fertilization was
investigated on the height growth through field experiments continued for 6 or
9 years. On the other hand, Ochi-type fertilized Sugi forests, adopting a unique
forest treatment systematically and continuously for 37 years, were investigated
on some elements of the stand composition.

Next, based on the results of these experiments and investigations, an
approach to a rational management of fertilizing forestry was made by the
marginal method and the budget method.

1) Introduction

(1) Necessity of forest fertilization

In general, it is said that fertilization of the soil is not so important in
forestry as in agriculture on the ground that trees are essentially made up of
carbohydrates, relatively greater parts are leaves and fine twigs that fall to the
forest floor to be re-incorporated into the soil, and the deep-rooted, long-lived
trees draw their nutrients from wide areas and considerable depths of the soil.
Contrary to this, the author emphasizes the necessity of forest fertilization from
the viewpoint of biology, management, national economy and social conditions
in Japan.

(2) Forest fertilization in recent Japan

The forest fertilization using inorganic fertilizers was begun in 1919 in
Japan, and fertilizing forest farms increased to about 52,000 in 1960. The
steady expansion in acreage is estimated at 46~13% in the annual growth rate.

2) Effect of Fertilization on Growth of Young Sugi and Hinoki Stands

For the clarification of the relationship between the fertilizer levels and
the tree height growth, the following 4 tests were carried out over 6 or 9 years:
Forest fertilization tests of levels in equal intervals (Sugi and Hinoki).
Forest fertilization tests of levels in unequal intervals (Sugi and Hinoki).
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The fertilizer used was KOKEI HIRYO MARUYAMA No. 1 (a kind of complete
fertilizer; N: 6 %, P: 4%, K: 39%). These tests were planned by the randomized
block experimental design. The results obtained can be summarized as follows.

(1) The height growth curve based on increasing quantities of fertilizer
took an S-shaped course or a parabolic one.

(2) Effect of fertilization on the growth of tree height was still reserved 6
or 9 years after treatment, but the average index had a decreasing tendency
after about 3 years.

(3) So, additional fertilizing in about 3 years seems to be advisable if
favourable response to fertilizer is to be obtained.

In other examples of more intensive forest fertilization in Japan, the average
height growth was attainable to 1.4 m with Sugi and 0.9 m with Hinoki.

3) Prospective Yield-table of Ochi-type Fertilized Sugi Forests

Ochi-type fertilized Sugi forests investigated were composed of 11 stands
subjected to a kind of particular mulch-fertilizing treatment by the late Mr.
Makio Yamaguchi, and are located in Ochi-machi, Higashimatsuura-gun, Saga
Prefecture in Japan. For the comparison with the fertilized forests, 13 stands
of ordinary Sugi forests were chosen. The treatments were described in detail,
and some elements of stand composition were investigated, and the prospective
yield-tables for average sites were prepared.

(1) Features of treatment

1. Use ’of ABURA-KASU (rape-seed oil cake).

2. Continuous manuring for 3 years.

3. Application of mulching with small stones and gravels.

4. Standard number of trees was about 1,670 per ha, that was less than
3,000 per ha in ordinary afforestation.

5. Intensive weeding for effective cycling of nutrients.

(2) Prospective yield-table

The prospective yield-table of Ochi-type fertilized forests was prepared for
the average site by the following regression formulae.

Average height of dominant crops:
log y=—0.85693+2.12249 log x—0.48267 (log x)?
where y: height, x: age.

Average d.b.h. of dominant crops:
log y=1.06166—0.33172 log x—0.40394 (log x)?

where y: diameter, x: age.
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Total basal area of dominant crops:
log y=—1.14299+3.13112 log x—0.75984 (log x)?
where y: basal area, x: age.
Volume of trunk of dominant crops:
log y=3.4826—0.4532 log x—0.0905 (log x)?
where y: volume, x: age.
Average height of dominated crops:
y=-223-09 x
where ¥: average height of dominated crops, x: average height of
dominant crops.
Average d.b.h. of dominated crops:
y=—4.00+091 %
where y: average d.b.h. of dominated crops, x: average d.b.h. of dominant
crops.
The mean annual growth of Ochi-type fertilized Sugi forest was estimated
at about 20 m® per ha at 35 years of age, where its maximum period had not
been reached.

(3) Features of Ochi-type fertilized Sugi forest

1. High productivity is maintained by fertilization and mulching to-
gether with the moderate planting density and intensive tending.

2. The chemical features of the soil in the fertilized forest has a
tendency to be improved. (Table 22)

3. Ochi-type forest fertilization is recognized to be suitable for me-
chanized forestry, because of its smaller planting density and practically

no need of thinning.

4) Best Combination of Varieties of Sugi and Fertilization Levels

Recently, many forest farms in Japan have adopted forest fertilization in
order to save labour and expenses of tending works and to realize even working
throughout the year. So the method of weighing, choosing and deciding the
rational fertilizing level to serve their interim purpose of lowering the burden
of weeding, was explained by illustrative calculations.

(1) Forest fertilization and number of weeding times saved

The relationship between fertilization and the number of weeding times
saved is expressed by the following formula:

C=y(A—folfis)

where C : number of weeding times saved,
y : standard years of age where weeding comes to an end,
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fo : tree height of ordinary variety at y years of age,
fis: tree height of varieties (j) fertilized with (i) units.

(2) Best combination of ordinary Sugi variety and its fertilization level

It was shown Dby illustrative calculations how the best combination was
decided for the ordinary variety.

(3) Best combination of some Sugi varieties and fertilization levels

The best combination of 3 kinds of Sugi varieties and fertilization levels
was shown by illustrative calculations. The development of varieties that have
higher fertilizer sensitivity was considered to be effective for the practice of
rational forest management.

5) Enterprise Planning of f)chi-type Fertilized Sugi Forest

When the estimates of revenue and cost per ha were given, an approxima-
tion of the best rotation length was calculated by the soil rent approach. The
“Soil expectation value” that was an approximation of the ceiling price of the
bare land, was estimated at about 135,000 yen per ha (alternative rate of return
6 %). The fertilized forest was recognized to have the advantage over the
ordinary forest.

6) Best Rotation of échi-type Fertilized Sugi Forest

The best rotation of Ochi-type fertilized Sugi forest and ordinary Sugi forest
in Ochi District were determined and compared. The best rotation for annual
yield is that which equates the marginal growth per cent of the forest with the
interest rate. In this marginal approach, allowances were made for three types
of variable costs: (a) that of waiting out the rotation, (b) that of postponing
subsequent yield, and (c) that of regulating the growing stock.

Best rotation for fertilized forest: 33 years.

Best rotation for ordinary forest: 35 years.

Financial maturity occurred at lower ages with the échi-type fertilization,
and it was recognized to be suitable for afforestation aiming at the short cut
system, from the viewpoint of forest economics.



