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Eiichi Morita: Study on the Estimation Method of the Quantitative
Effect of Fertilization in the Matured Stand (1)
——An estimation method of fertilized effect
without the unfertilized plot as control—

(Research note)
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NIBROMEILET 2 2 LIC L - TRHOBFRAEMET 2 HEE LTRFA Lt bDTH L. COBIEIK
W R 2 v 4 — - HITAC-8450 A FIA] L7z,

RIFFOFRIG & T - 7o BHELOBEN, 20 CICERORM S LURBICEWEE - 7 iEAREKE
© IS, SIS LCBRREERBORLL, ARO T w5 L DIERICBIEI A BT L
Te MU E £ v 2 — DAL S TN, 182 RICB X BB O OB 23 5 b LA B TH

BB D IR, MEMRIMEE, 361, BRICH D TREEN - U RSB EIR - PR

EAR L0 I ARBHIEMRRE « BREOEEL, BRICCHE 020 SEmE 1 iRER - K
BT B X OSBATREHICOPSECBLAR L LET 5,
I % #

BENCIE, BEAREMRIBE N T 1965 FICHE SN BRI B D > B, AEATRIKX 37 BRI /NIE
DOAF, HEAOWRIO/NIEDE / &, FETEEX 66 HILIC/NLO 2 F 0 3 REMAE ANz, o DEER
WiKEBNT, 3FMIC N 450kg/ha (14 H»S 200kg, 150kg, 100kg) OMEAEATTHALIEERIX D
s, BHISED |, BEAREXO 2380 RE 3K, SKIFER P OIZ1IK, ¥z nNFho
SHEMIOMEINK A& 1 X, 105K A8 & LT, 1972412 Ap S 19734 3 Bl THEA(T
STce TNOOHBKOEEA Fig. 1 1KRT,
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1-1 BEAZF  (Kumamotodistrict 37w, Cryptomeria japonica )
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Location of experimental plots.
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Table 1. % 77 o » + @ ¥ W
The stand condition of experimental plots

) U N — s W I R
By iy & MR { Tree FRRC) L it |Stand condition (per ha) Mean
Locality & species | age 10 0 Treatment . ‘ § | Tree
o (at 1972)Flot No. N G ‘D B H. jeight
m? m3 cm m
1 N S o 4 1 | 875 55,3 443.9 26,7 16.2
Kumamoto district . N 450 on | no & o e
37 10 48 6 |t kg/ha 620 39.5 | 300.8  25.9 | 14.8
(Cryptomeria japonica) 9 J | 490 34,21 234.2 26,9 13, 4
8 Unfertilized 825 48,1 351, 5 25. 4 14.6
ez - F 4 1,465 60.8 | 517 22.7 17.0
Kumamoto district A il N 450 . sa =
5 b 66 o kg/ha 795 1 51,8 | 410.9] 28.5| 16.7
(Chamaecyparis oblusa) 12 | | 680 46, 1 361, 1 28.6 16.6
8 i Unfertilized | 1,200 | 52.5 | 443.8 | 23.1| 17.1
ik o= F 44 13 } N 450 kg/ha 620 56. 4 547, 2 33, 4 21,6
Obi district 66 T T - - . 5
(Cryptomeria japonica) ‘ Unfertilized 670 54.8 | 493.5 30.6 19
C DR TR X & S IEN 7o AR D2 FE O JIE T THEIEZR (BUFEZh &) 2 iR

BRIEN (LURIE &0 2) B 2RI N D &R INE 5
S U e Al O JEERs (LMK &N 50 Ik T s

T4 ED AT ENTOI2DT, HElt;
NTHNIE»-Tee Uieht- T, Hll#k 7 A
figiz 7 Table 1 jZix L7z,

ST D foH ORA R, KB O S ICEEENOA S IZ U T 10~15 &
EAKBEHORMABE L T2.1m F/2134.2m DOHKE
~10 DA G T AT LICEitiE 0.1 em By, figsix 1em BALT

DIEEAREIED, BRI Lice 2o of
P £ L
W Lico 7538, MBI IC & 2 Ho 24, RIEAT 3~4 m (3 H B OftRN» 5 T 2001

I REsh o TTEOBER

WEZhDHETE Hiikd 20 G FBIH IR 2 QIR BN D 5705, REMBLOELT, 2X0OHOMBHI S
N5bo

D BB &K O ha M) MR EO %10 & 2 ik

T 6 1329 LD 2 F RS DR A, FHIX O &, GO BRI ER CUR:

V) MO IRIX DR EDRETH O L, COMRICET 5 & BRIX O M EU i

JX A ha /o) 538.8 m3~631.6 m3 TH -7 DICH L, HHHIXIE 558.3m® Th b, MEELkd b

DN, b oL b—RINICHN ST B JIETH B, £ OBa, SHRBRKOMESMAE %S
25T ENNIETH D, ISR B DI & 2 SIS G E N BE, ChE %

JHERZE RS I T

Rt Murscueriicn OERERICH S & LT, GBI TR IZN o BAA A ST L
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TRDIE MR T & DM B O TEEREER L, B2%E 55 b T HEARE L,

L L, AHETH1IOWAL LT 2RBREKHEOHEOH AR RLILLOBEEALS & 5 1113
e
LEDIL, 1OHERERCE UREFHEERBOBNIC I > THONZANSE OIS AIETH
50T, KR BENTHHESNLEA L REROEAOERROETIEMAET 5 kX 5T &
L% UL, fiilicisic, FMBRKOMEDMESIESNTE LT, Fi Table 1 5K
EXRESHEC BN THE—TH -2 E BB ONITNDT, BWHEORBRITR - THILK N O &Mk
DI SN 5 7o SRE LI OBIRM B 4 V Tek~ 2 FikTHEE L, s cBiio R s o
EAEREGHET A EE Lz, COBBIE, RRNTHHS BRI I ICHEMBEERCESE UcAERBO
el T o hEEAE—E05,

NER) =vg—v;
= (Vo= Vag) — (Vi—Vor)
Vo=V 72770 (Vaa=Vi) = eeerreeerernei (1)

LT, vy BHEXOEMMRRLER, v QUEEROEEMEARR, Ve 3K O HARMEE,

Vi BEHIER OB AGHTE, Ve RENENOROEEHRME, Vi BB SISk - o EE LicEe
DKM TS %,

IV MERMEOER O%ET

MARDMENLZ ORADIWEERE, WEOREMD O UABMEEL AN TRHEONEHTH S
Lo L, BLARR—BOMARIO SEBHICE - TRIBIKBEE0DN TS, ZOTENEETHNE
MARBMIERZ O TRD AR OMBILB/MNCE S, ZOME, BHb@/NEEInsEs

Table 2. M B R M B & EMHE O L&
The difference between the volume applied to yield table
and the observation that it was calculated by the use of
sectional measurement

- | | AR B e | BEERRE
5 & B E | %D 7 ,t Number f’ﬂ?ﬁggn | Standard i o E
Locality & species Plot N(J) of of devi tioni error f~test?®
|- | samples a | Sb )
i | ms |
R NS R Y- 0.0475 ‘ 0.0111 | 4.286%*
Kumamoto district 37 » ‘ 6 3 13 0.0340 | 0.0117 ‘ 2. 894%
(Cryptomeria japonica) | 9 12 0.0195 | 0.0117 | 1.660 not sig.
Y | ‘ g
g 13 0.0274 | 0.0062 | 4. 390%
i ‘ H i
AL/ F | 4 ‘ 15 0.0107 ‘ 0.0033 | 3.220%%
Kumamoto district 49 1 10 ! 16 —0.0035 | 0.0030 | —1.170 not sig.
(Chamaecyparis obtusa) ‘ 12 12 0. 0084 ‘ 0.0061 | 1.382 mnot sig.
g 15| 0. 0039 ‘ 0.0040 | 0.968 not sig.
| i ‘ .
g7 ;o2 F \ 13 11 —0. 0336 ‘ 0.0192 | —1.754 not sig.
L . ‘ |
Obi district 66 I 150 |11 —0.0002 0.0067 | —0.030 not sig.

(Cryptomeria japowica) | : : | : 1

1) : Unfertilized polt
2) + A test of the null hypothesis on a variability trial in a paired experiment
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NTHE DS L, MADEE D is

BENT EBEDONTHBEY, F i,
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MWE ofEEiEE 2 MEXe R 5.
Xia=ay+01Y;
Xjg=ag+b3X; 1
Xis=ag+b3X; g

Growth curve
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Xia=as+byX;s
Xi-s=a5+05X;-4
Xi o= +beX;s
Xin=a;+0,:X;¢
BROEDPS n FROMEOEAMET 21013, WIBROEBRERNT ¥V 5 X £HEEL, C
D Xy DHEBEEANT X ZHET2FELBROR LT X TTEMET 205, COFIHZRK
DEICEEDLTEWTE S,
Xi-a={(ag+boay) +bs01 Y5
Xi_g=(as+bsag+bsboay) +bsbsb, Y5
Xi-a=(asbaas+ bsbsag+ bibsbeay) -+ bibsbab Y
Xi-s=(as+bsas+bsbsaz+bsbybsas+bsbsbsboar) + bsbybsbsbi Yy
Xi-o=(a¢+beas+ bebsas+ bebsbsag+ bebsbsbsas—+ bebsbsbsbeay) + bebsbibsbabi Y
Xi—r=(ar+byag+brbeas+ bibsbsay + brbehsbsas + bibebsbibsas + bibebsbsbsbas)
b bbebsbabshebi Yy e (2)
=a+bY; (3)

2. EHWREZIRE LERMEOHE

COHETEICHE, PRIRD DRSO R O 1R O 7B IE R B i aic & - TRISH T U 7o AR O
JEES LI O RBITER, CheBERITHAL, BBEEOSAOHEDHEET A EE Lt T4
b, BAROHMESLIAT 7 AR O NERE, BEOSEOFEEARRICH TEIDTHA Fh—T%hEK
D,

X,=K—apt (T=Zn=<14) e (4)

LT t=14-n

Fle, TOBEILITHTA ¥ — 75 ORREBOEREFEL KD, KEGICoEd 2 1 REER % Kb
b0 PVT, TDOHA FH—T7EBIUBRELOEFAAZMER/FOMEBH T CRE LT, WRICBT 544
Fh~7 DM X 5 XOBHERE §o £K0D 5. S5IT, ZRZNOEAKIC OV THE Liciig o
Xig OHA FA—TTRDI -7 BRU § FOMEZNTNOEIER A% RO TRRIC XV IHEDE
Xy %3k 2

Xﬂ:X’i+(Xi,,7_Xi¥7) ,5%‘_ .............................. (5)

i1
zo (5) RTFM UL Xi & Xooy AAVT, DXOMRERES TRIB I,
Xi=a'+0'Xsy e, (8)
3. EMEZIRE LBENEM S HEEROEE
(6) RTHEE SN2 MBS HEZRABRE TS 50T A X BERIEEY 2 KBS 50, ABETH
&11;5&LTW5ﬁmT®%ME@Fﬁ.ZT%m%mﬂiim,%Wﬁ%&ﬂ®ﬁi*®%ﬁ®@
L2 DD ORATHEBIRNT L EAKDEL T TH S, Lichi-T, (7) RICKTHIADHA X i
BERNERE OBIFREZOF TR LB A bEAT 5 & & Ui,
Yi=a” +0"X, s (7)
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T Y BEARADINKROEAL & ST
X AR O IR O B N TR
PLED (8), (6), (7) XA T 225 EHIERRK ORI BT 2 2 A0 LAHED [MST=tiac]
2RI A T LB OHEE R RERIC L - TRD B 2 ENTE S,
Vi= (@' +0"a' +b"0'a) + bbb Y,
=A+BY;, s (8)
7272 L, BEOBAIZE /=0, b'=1 Th D,
Co (8) NTHEE Lo miais, Mo MEREE B0 THEESRY, WERK N OEEIEA I E L
B OB FIREZ R oD T o

Vi BB o RE

MR X OB sh L, TR L7z (1) 30 & O ABRK N D A A D TR S 7 HIERE 0 IR R (Vo)
IR 2 e L THEE S A BRI MEE (V) oA, TORBKER TH LT 1 ha OB Y
FeDICHE LU CHRRT A EE L,

LT, ZONEOHERE £ ERIEE, #TREOE 202 T v IBHAINAMTHLDTH
WA EE LIz, L L, MNTEORELARSLOE, CONEERERKICHS TRO G, Wi
B OHEIRIE LIRT & MEIRRE LI DA Bos 4 DRI 5 LA, Fig. 2 02797 1&
25y OB R EBLEDEARTENTEL, L -T, EELXICCOFESHTIE
DI EDNO ER 3T TH L, £ CTHEBE Ui 3 BRI RKIC TS DI hE# A U
7oA Table 3 [K/RT, ZNHEDHH, BBRRAFTEEZDEIZO -7, A/ F RKERF
TR3~4%BDEARLTNE, ZDRNAD—2ICHE, —HOEARERCTEM Lz (8) Rick-T
MBRANDOAERAME T 20 0 BEAMMOBEEOMBEISEHTE XS5, tho—2iIdil, BERKSIEL
ABMEHEX O ERE 2R LT n E I hOMB LB RENLETHA S, THhDHL, Fig. 1 [KRT &
S, HERZAFTRFEICH - THRBESHRGT Oh, LrbZzoMalidkchsrolx L, BAe /5

FOBRIE R FCREEIEX O LI SHE T o TB D, fFFICKIEAF TIPSO OEMETSH
Bo LEMN-T, TOMKDI~4% DENEEBICIOHFEDHELRENTINKOED LR S 1

Table 3. & M B X ¢ B 1F 5 ¥t & K K

Accuracy in the unfertilized plots

Lot

5o & B ORR 7oy VRS A}i % jﬂk 75 The test of
Locality & species Plot No. ¢ uzll stoc Difference (%) covariance
BT votume - analysis
m?3/ha m3/hal
[ NI |
Kumamoto district 37 » | 8 351.5 0.0 (0.0) not sig.
(Cryptomeria japonica)
ok e /& |
Kumamoto district 49 ‘ 8 443.8 15.5 (3.6) not sig.
(Chamaecyparis obtusa) ‘
T S S S |
Obi district 66 T } 15 493, 5 16.3 (3.4) not sig.
(Cryptomeria japonica) ‘ |
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Table 4. #t & ¥ 1 = B %
The estimated fertility

a ) £ B O i o N [ }j\:@\ﬁﬁ}ﬁ' B
5 Hr Pl @ ey }‘%‘J\ Actual stock HEE i % | The test of
Locality & species [ Plot No. volume Fertility (%)* | covariance
| | | analysis
| [ mé/hal " md/ha }
BB OAR = F ‘ 4 | 443, 9 4.7 (1.1) not sig.
Kumamoto district 37 » { Y
(Cryptomeria japonica) ‘ 6 | 300. 8 35.6 (13.4) 5% sig.
| 234.2 ‘ 16.3 (7.5 } not sig.
E? K e s éf ) | 4 i 517.9 \ 55.2 (11.9) ; 1% sig.
umamoto district 49 0 | - | .
(Chamaecyparis obiusa) 10 ; 410.9 | 35.8 (9.5) : 1% sig.
12 361, 1 8.3 (2.4) | not sig.
‘ |

Obi district 66 T |

®om o= ¥ f 13 [ 547.2 63.2 (13.1) J 19 sig.
(Cryptomeria japonica) | } ‘

Fertility

‘Actual stock volume— Fertility %100

% : Fertility per cent (%)=

%o

—F, TOFETHEINAESBR L TESTES A ELOWERBERENL S, 2T, —D0MHF
HEELT, BAKOHE LHROEAES XUBEARDIE L CORETHESNCIAROZNEN O
ROMBEE, enenBEE x WXL v L3 2R EITET, 2 DORRBHICEDSS NITER R
DHONbDELTHETHCEE Lic, TORBEICEINE, HIRD 3 >OMMEIMXIZ Table 3 (2R
EOTTNTEIED LN - T2,

PLEDTiEAHIRRERKICHEE LR Table 4 105RT, Z0O8E, Bshd b HERIN-HABRK
REEARF, 7Tay F 652AB4D20RBR EEONG, Bb3OORBKXD D b, fRARF, oy b
91216.3méha (7.5%) T -» S BATORRRBEREZ LS 10D - 0

VI EEL & UlER

PED X2, AR TILEEEKDAREITEIEX OMILE P D R ZDICHRBX & LToRE %
RLUBROEAOEMHEED —REICODNVTHE Lic, Z08E, ZOFHETIE N BEE CH U 450 kg/
ha OWESEBSINERRXTE > Th, HEINLLHORE JIKE LR DENL SO, £
DOIRKICIE, ERIORFME, W, THOXED 2 0 IEHE, [RBEMES JUOBBEROED BN ERH
Jonzhs, bR >0 TRE  OPRBROERICE SRS 0,

TN ERRRIC, BRZEHNRD oNEH - LEBRKICOVTE, 20RREZDEEDLT LY
THT ALY, BRACRENERKRDOLEROFEMEEE - FEREIC 20T, MEIEEEEET 7 455
DA R RS 7 MO/ ERE Kb Table 5 & Table 4 A b4 5 &, HEhEgh »
HOONBP - KERAF - T oy P4 LT 0y PIBIURERE ) +« 7oy M 121IKBWVTIE, HEE
HROEREOZEMIIMORRK & DKL O RTHEERDEIBEDONE, Licdi-T, EHEX
EHREET, TOMIEKADZDE ORI TRIEEANE L C OMEOFHIC K S Table 4 OfF
REDPITOEUENENCT EBBDONL D BB, TOMADOFHER 3 2OEBEIEORMBRICET 21
ATREZUBERSEONLY, SO HRCX AR OMA 2 LEBERHA D,
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Table 5. i JE fi % ic % W 3 4F kB X
The annual increment per cent before and after fertilization

2)
3)
4

PHIRIEA -
o CRTEA - R R & B MR, HRFT, 176, 1~54, (1965)

ARt

HE T IESE -

e E—,

| o B Ml Period
s L R TR Sy EE : = 7
B & BB Tay MRS b i i T (&l %
. . 58~-19 5
Locality & species Plot No. v—~~—;~938~‘~‘i6f5 19651972
D.B.H. (Tree height D.B.H. ’Tree height
S S . SO B
BB R = F 4 2,387 2,719 ‘, 1,444 ! 1,448
Kumamoto district 37 » . | |
(Croplomeria japonioa) 6 2.861 2.781 | 1. 803 ‘ 1. 642
9 2,894 3.133 1,467 1,892
8 2,370 3.298 0.947 | 1,243
Ak v s % 4 0,884 | 1.835 0.905 | 1.796
Kumamoto district 49 © 1 =0 T e |
(Chamaecyparis obtusa) 10 0.887 1.523 0. 868 | L. 726
12 0.911 1. 697 0. 845 1. 533
8L 0. 865 1. 580 0. 848 1.448
®o;mo= F ( 13 | 1.522 1. 395 1,544 1,499
Obi district 66 i N ; | A e | o
(Cryptameria jap(mz'ca) 15 ‘ 1.760 1.329 1,571 1,266
1) : Unfertilized plot
50 A X &

JIEREE « MFEA ORI ICBI I 2 0158 G 18D, MGpmsgR, 141, 1~29, (1962)
PRHIEEE R R O MIC B 3 2 WG E, KT, 1961

BBREESR I B R B A PP V) — R EHERIC 20T 2 A 8
Rk, B3, 4250, (1971)
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Study on the Estimation Method of the Quantitative
Effect of Fertilization in the Matured Stand (I)
An estimation method of fertilized effect
without the unfertilized plot as control

(Research note)
Eiichi Morita®

Summary

In many cases of the experiments on fertilization in the established forest, it is very
difficult to institute an unfertilized polt as control, because the stand condition varies in its
density when the felling season approaches. To solve this problem, a new technique on the
fertility estimation was devised. The following data are necessary in computation.

1. The data of D.B.H. and tree height from 7 or 10 years before fertilization to the pres-
ent, of those obtained through the stem analysis of the sample trees which were selected
according to the diameter distribution in the plot.

2. The plot area, the number of trees, and the D. B. H. and tree height of all the individual
trees in the plot.

By the use of these data, the estimation is as follows:

Step 1. The first linear regression equation is obtained by the method of successive linear
regressions using the data of every tree age from the beginning time of fertilization to the
present.

Xiu;:!l‘{*byi .............................. (3)

Step 2. The solution of the modified exponential curve method? is obtained by the use of
the data of unfertilized D.B. H. or tree height in every tree age before the begining time of
fertilization. The result of this solution is a so-called guide curve. The mean value and the
standard deviation in the supposedly unfertilized trees can be estimated by the extrapolation
of this curve. Second linear regression equation of the X, value corresponding to the X;_,
value is as follows:

Ri=a' +0'Xien e (8)

Step 3. The third linear regression equation of the relation between D, B. H. (without bark)
and D.B. H. (with bark) is as follows:

Yi=a”/ +b"X; (7)

The estimated value of either D.B.H. with bark or tree height at the present time (¥;)
can be obtained by substituting Xi for X; in the equation 7 (Fig. 2). Finally, these three
equations are summarized as follows:

Vi=a' +b0" (@’ +b (a+bY)) = (" +b"a +b"'6'a) + bbb Y;
=A+BY; i (8)
These values (X;-;Y; and ) of varying quantities are transformed into estimated volumes

by the volume table. And, the test of covariance analysis on fertility is made by the use of
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these volumes, i. e, X;,V; and ¥;. From the result mentioned above, the fertility for the
whole stand trees in the plot is evaluated by the subtraction of the estimated volumes from
those of the actual stand trees after the fertilization.

This method has the following advantages on the fertility estimation.

1. In the case that the experimental plots have been instituted without surveying the
initial conditions.

2. In the case that the comparison between unfertilized and fertilized plots seems to be
impossible.






