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Tadashi Kivucasa and Hiroshi Kawapa : Fertilization on Young
Pinus Thunbergii Forest in Ubagahara National Forest
(The Secondary Progress Report)

{Studies on Forest Fertilization in Kansai Area (Part 6))
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Table 1. Jii 8 0% 1 B & U ¥ I8 & (kg/ha)
Date of fertilization and amount of fertilizer (kg/ha)
T Plot - T
Date A B ; A/ B/‘ Remark
R S S i S S - I
1964412 f o . S
Decj I 6} i 37. 5-20-20% - ‘ 37. 5-20-20% - Handlss
I I (15-8-8)
1965410 4 37.5-20-20 = ‘ 37.5-20-20 - g
Oct., 1965 | A
I | B o )
19664E10 | o o oo . | B o | -
Oct.. 1966 ‘ 37.5-20-20 37.5-20-20 |
19694£11 f i ) Cr A0 _
NOV., 1969 56, 3-30-30 ‘ »6. 3-30-30
714F
19714711 /4 100-50-50 | 100-50-50 100-131-92. 4 | 100-131-92.4

Nov., 1971

19734E11

Nov., 1973

it
Total

100-50~50

369-190-190

‘ 100-50-50

200-100-100

100-131-92. 4

369-352-275

100-131-92. 4

(13-17-12)
e

200-262-185

i)
Remark)

(m)

Height

-

o |

* N-PoOs5-Ko0
* N-Py05-Ko0

Oct. 1967
3

Fig. 1

1 L H { i
Nov.'69 Nov.'71 Nov!73
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£

Growing process of height.
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Remark : Arrow shows the fertilization
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Table 2.

s mw v ARKOBMES XU

e o

B %

Height and diameter of young Pinus Thunbergii stands
(Oct., 1967~Nov., 1971]

N . ) 2 . .
>a .y Wi AN Oct., 1967 1968 ; \IO,?" ?,969 B ’1970 Nov., 1971
Nos. of e LT E . . " | IBICESE St 1 . e EMERES s
pot | sena | M@ PRl ow  owmoow wm | ELRF weme ow owoow o w | BEEHE ) mewme
I ] Helgn? diameter I?e}f%ﬁt N Hﬁlght | diameter D.B.H. Height | Height diameter D B‘H
114 185 55 236 s Lo 41 380 440 B 61
A i 142 125~257 29~76 159~322 221~400 36~96 20~67 275~-500 300~590 30~100
§ (18) (164) (183) (184) (201) | (173) (210) (215) (339)
100 113 1 30 128 152 | _ L s 205 50 18
B 122 68~191 16~53 75~221 84~269 | ) 89~340 93~385 24~~87 0~52
(22) (100) (100) (100) (100) L (100) (100) (100)
118 192 .58 239 505 At p 878 480 — 61
A’ 127 101~276 34~80 149~-346 191~420 16~63 230~510 270~570 24~94
(14) (188) (215) (210) (229) (236) (246) (407)
ST w02 27 114 133 36 - 159 175 44 15
B/ 14( 52~194 12~-50 57~214 1~271 15~64 68~321 77~-349 18~73 0~48
(22) (100) (100) (100) (100) (100) (100) (100) (100)
(Nov., 1971~Dec., 1975)
Sy b Nov., 197rlﬂ - 1972 Nov., 1973 1974 ‘ Dec., 1975
Pt | B | mmmEE | w8 W MmEEs | 85 | B 6| nEEs
Height D.B. H. Height Height D.B.H Height Height D.B.H
A 440 61 500 580 83 650 725 99
300~590 30~100 350~660 410~755 36~136 425~580 470~930 43~167
B 205 | 18 230 300 37 365 440 | 55
93~385 0~52 115~445 170~545 12~79 230~620 285~710 18~106
A/ 430 6l 480 555 ) 625 700 98
270~570 24~94 280~650 305~715 35~132 400~800 430~910 50~158
B ) 15 200 270 3 335 410 58
0~48 | 85~380 125~465 10~68 205~525 270~620 21~98
B BALARC - HE N, O MIZARM D OREAAR, BE-om, BE-omm, () AORFRIEDHEY (EEK/&HIER, %)
Remarks) Nos. of stand- Measured/planted. Figures in parentheses are Nos. of damaged stands during 4th~11th year. Height---cm, Diameter---mm,

D. B. H.---Diameter at breast height. Figures in parentheses are fertilizer efficiency index (Fertilized/unfertilized, %)
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Table 3. ¥ & 8 & U
Height and

[ 1968 | Nov., 1969 I w0 | Nov., 1971
2y (4th yr) (Bth year) (6th yr.) | (7th year)
T | e
b | HEBE | dEmE POREERE paee | smme w*ﬁjﬂB%gFEEmIma e
Height Height Height | Height | ;.
rowth rowth | diameter rowth rowth | diameter rowth
grow _ g | growth g l g growth growth
s 69 16 |0 _ 0
A 2593 43-295 628 1o~17o 15~100 5~36
(340) (288) | (145) @59) ] (250)
s 24 1 e 9 _
B 4~48 5~73 227 5~71 | 4~55 [ 1~26
(100) (100) (100) (100) | (00) |
47 L 14 0 ) 85 - | __20
A’ | 17796 | 28106 7~25 20~110 20~95 R
(392) | (347 (156) (269) (344)
o1z 19 9 26 16 .8 _
B/ 3~az | T2~El 1~24 354 239 1~19
(100) ) (100) (100) (100) (100)
W) H2EOWREAU

4. HEOEBHNEEBIUVESL

87, 9B XU 1 FEORFERICTEROMEAELRN L TEEFREOSIT GEAND 217 -7

SR EEPE HNO,-HCIO, 2T BRK% K, Ca, Mg BRFBIEIEE RN TERET -
reds, ZOMBWTNLETERY ERKTH S

SifERIZ Table 4 IGRTEBDTH 5o

4-1 BITEE (9T ER) iR

BT REOHEORBSEER, BERKIIEEEX <3, N, P, KBXU Mg BE, &P

REOBE BRI onjchs, Ca RERIMENRSNIEP -7,

COXDITRDBEONMEE LT, B MBERERKEMEER Sk~ &, CN, NP, N/
K M, K/P lB XU Ca/Mg oA & N/Ca o Bimasiy Sz,

TS DRRENERYOH 1 ~3EEOBELLAZ L, KOEBVTH 5T,

BEXTIE P, K, Mg #E, &P EEOHAMHED S/, NBXU CaBER WML I5>R
MEPRONE P o7 —h, BHEEKTE PRECHASEONIY, TDOMHMOFEERN L& IKHD
FOBBIBRONIE >, 1k, BIFED Ca BERBIER B XOEHEERIZ NSNS MoFEEIC
2 EpRDDOFEDERLUTORD, CORRIRESHICULERE P -,

HEEOLQ CNODHADS BT, BIERIKBNTELIREETH - 7208, EBERICEN TSRk
RO P BREOHEAL NP HOBOMBR OGN EE ELIER Uit RICEEND (4-2) B 114
DR OWHEIEA (CK) B 7EEOHEIEKX (B, B X) Ll Ll EOBRSBEARL T
TEDD, 7PV ORKBOERICE B SRBEBUREMICLEEDOTRIEOIEBLN S, EE 5
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1972 Nov., 1973 1974 ec., 1975 LD GE
A - L1 s otal growth
’ (SLh yr) , (9‘;11 year) N (10th Vyr.) (11th year) during 11 years
MERE | Bk EEakE Bk | R % fhipde et
Height Height .B.H. = Height Height . Height | ’D B.H.
growth growth | growth | growth growth | growth growth NNy
i AR St L= = growth
60 80 70 75 16 665 99
20~85 40~~110 15~115 30~~120 2~38
2570 19 65 75 18 380 55
5~75 8~115 2~472 15~115 30~115 3~37
50 20 70 17 645 98
10~~95 5~39 10~110 3~~36
: |
25 0 26 L e 75 231 35 | 58
5~65 252105 ~42 5115 35~120 448 |
Remarks) These remarks are the all same to Table 2 of it.
Table 4. ¢+ 3 o H 4 B b X 038 9 1k
Nutrient concentrations and their ratios of needles
Y % (Per cent on dry basis)
ool ¢ N P K Ca | Mg | CN | NP NK| KP NCa CaMg
1971 4 11 H : Nov., 1971
] ] | ) | | | [
A 49.5 106 0.11 1,01 0.31 0.11 46. 7 9. 6 Lol 9.2 3.4% 2.8
B 51.4 0.921 0.068  0.71 0. 30‘ 0.088 55,9 13. 5| 1.3 10, 4 3. li 3.4
A’ 0.1 0.97 0.1l 0.98 0.34 0.15 51.6 88 1.0 9 2.9 2.3
B’ 52,11 0.89] 0.059, 0.72 0.34 0.08Z 58.5 15,1 .20 12,2 2.6 41
\ i : i ; ~
1973 4 11 H : Nov., 1973
; SR — : . : - -
A 53.4 1,05 0,12 0.95 0.33 0.079 50.9 88 1.1 7.9 3.2 42
B 51.8 1.0l o.o91‘i 0.80, 0.30, 0.064 51.3 111 1.3 8.8 3.4 47
A’ 50,4 1 101 O.IZE 0.99, 0.34 0.12| 46.7 .21 o83 32 28
B’ 5.9 1 oei 0.098 0.82 0,30 0.088 49,0 .8 1.3 8.4 5| 3.4
| ] i i I I i |
1975 4 12 H : Dec., 1975
T i w 7 ‘ ; - [
A 50. 3 1.05 0,13 l 0.93  0.34 0.15 47.9 8.1 1.1 7.2 3.1 2.3
| ! ; { | 1
B 50.4f  0.89 0.12 0 0.88 0.27, 0.14, 36.¢ 7. 4} 1.0 333 Lo
A’ 49.2 1,03 0.13| 0.98 0.28 0.16 47.8) 7,9‘ 1.1 5, S O
B’ | 50.7 0.89 0.13| 0,93 0.3 0.13| 570 698 L0 7.2 2.9 2.4
i i | ! I | )
C* ] 52,9 0.87, 0O. 0571 0. 60 0.34] 0.11 60. 8‘ 15. 3 1.5 10. 5 2.6 3.1
| ! ! I \ i | .
E) * 1975fF12H 07w v b CRIERBRHITL DMK S iz 7 m= MK

# Plot C is the neighbouring unfertilized Pinus Thunbergii forest planted at the same time as
the test forest.
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DAF YA OB 2 ~ 6 FEOESITOMR S, SMEFABICHLFELE—~2 L LT, Fi4~
6AFEFEIE 2~ 3AFEL D PEEOHAE NP ho@dnRonicc iz, REORWRARICESN
7 TR S 2R S 5 TRTHH Do

R 3 DX 51T, PiOs OMENMEOHINMILHOMTIZ EA EHBEARBES P -l EE, DD
Iy v =y ORBRESERLFRCHO DB 2 LA ECABREVDOTREOLEEDN D,

4-2 HE 811 FEDHER

B FEOENMMTOBA I, HBRHE DO HEIA 30 A 20 TRBHICHE OB ZIT, O
FAECKELUTCRL,

M OMINART TEc A BV A XOF 9 BLU ILFEFEOEOLBSMKIZ, 89, 11EE
DI PBEOHEIE L K/IP HOWiEAS R o LA, ZIAEES XORAIE & Qie—E o R
BEZRONIED T,

WTRERPOHEIFAIISE L BBLXUB XTIR, $9 11FEEOHICP 3L K EED BRE
N/P fBs XU N/K Mo lsRonc bz, Eic—e0Rtos 28 RoniEr otz F 11
FEOHREEZ A BXUA REMKTEE, NB5IU Mg BESEZDEL, CNEDELDHEKRE N/P
HoZLoETHR o, 2ot s Ky & S &R ONT, ST ZEL LciReE
CH ot ENA B

RHERXICHEY T2 FULEED CRIZ, ABLUA X, BEBXUOB K&t e, NEERA
%;UA/Ei©&<,BﬁiUBWX&WEEf%Okﬁ,P,KiMJﬁMng@%D&5Kﬁ<;

a PERMEESEOHATE P o/, LT, N/P, N/K, K/P kXLt Ca/Mg 72 & OEBSLHE
Potce UL, 7THEFTERERTH - BELU B KOB7THEELL~NS &, KBEBESDEL,
Mg BEMSER LN, 2OMO N, P LU Ca BEIRIEEASHESR LN -7,

Ybko &g, BIRICK TN BIU Ca DAOKESRE, Tbb, P, KBXIU Mg, €05
BLE PEEOHANE UL -2 L1, BEOMEERTEDOLNI LS, NBENHE OF 1
~3EELABIASES ECIKHROEENAONTE P - BB 2TETH - 728, ZORED
R ABROBELE LCESNMETH 5,

RS OBHABEOMEIC >N TE, FIBIVCUNEED ABITA K, BBIXUB Kiehs
NHE 5 &, POs BLU KO OF BHA DS HEDL MM IBITHEL, &IKPD & 2D
Hedp o1z,

5 vav Ui FROEMUNNEE, BNEE
BIUESEHE

IR (1975 3K, 13434E) 1€, &7 0 v F OVEEIGLOEES X CI&EEEE T 5 BA
FAIRERAT, WHEHS 10em TEREL, #3E (1bXU 244, SFEBEZREASEELTY
72, K, BOZMABNCXS UCTEREEAREL, £hNE—IKEA Uilblo—4 RRRiciH S
JB T, KOGOWEL KBRS OHITAEIT > Teo 188, HEORDIEERXE LT, gito (4-2)
&R DEBME I O EHATK 30 Ao TRBEOFE LT, CRELTR LK,

FHEADBHIE 50 cm & SICHBUERINL T BIEBRIT AT o /o0, Z ORI Fig. 3, 4 lRT &k
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Fig. 3 SEHRofimikiE Fig. 4 MHAOBEPFZRE
Growing process of height of average Growing process of diameter of
tree. overage tree.
15 REEHEERT ) FEE R RY
Remark : Arrow shows the fertilization. Remark : Arrow shows the fertilization.
DTH5B,

BERDSODR TR 4 DSOS LEKRTH .

SHTRE R ds O Plot OBRALARA TR LTk 7 ha Yich 0L RSETRIZ Table 5 IcRd EHD
THbo

TRl E A, HEAARDE Plot 1 KB E -7 &, T MEABE L & & IR
T EBEE AL LT 2 7od Tk R A e NRIZ & & B4
BB 70T, FBD XD s kAR /, ARSI o to, F A DT DKE R,
WHIEX & Ui C ROBEARDRERZ, BB LU B K2 il 24is BIEEXOREIC BT ST
ELIBAIDBRTH s ahni,

WPNO Plot I8 Td, SESIEEILIESH >SS OMICHD 20 Uiz S0, IO R RER
Wi MO F TR D MR HE L e 2 &, Ca BEFIZ D X9 IKEIRAE, P B L0 KER hig
BAER LTS, NBIU Mg il C KXo Mg IELSAT 200 b aR Ui, i b ok
3, FHEAEOMEEER, b h LHELEEE 2L EOHEICE T 0 INEEDTHA D,

Table 5 [T/R U745 Plot © ha Y70 ) O#SEGH BT, WA L 2% ES L OB HEOME
LT, FEEK THEEERIC AL EF LOBINER Lz, 9705, ABIU A XKTE N

5.6 BLUE5HE, PRT7.4MBLU93M% KB7.0/BBXU7.24% Cald 3. 7/#BL054.045,
Mg i3 5. 1158 XU 5.5 51 BEIUB KT NEF21{EBL0204, P23 1EX03.3

KiZs 1fEbsirr2.9M, Cald L3 fBLU 194, Mglandhd 2 8510% L,

MHBHENEZED, UL, 2D
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Table 5. 7 o <= v #l £ 0 & &,
Dry matter weights, nutrient concentrations and

R il s O, )
1A M kg Né.ﬁ B E (%
utrient concentration
7oy b W (kg per one stand) | __ (Per cent of dry matter)
Plot | P éﬁif:%é%ﬁ ‘ | |
ot art ‘res Ty |
. matter matter ¢ N P K ;
| weight | weight ) B
E  Needle 9.50 5.12 53.5 1,01 0.079 0.60 |
¥  Branch 13.0 6.52 53.0 0. 44 0.062 0.30 |
A #  Stem 32.5 17.4 51.5 0.32 0.018 0.10 |
2 Total 55.0 29.0
#  Needle 5.55 | 3.12 54.7 0.87 0.076 0.56
B  Branch 5.35 2.49 53.7 0.38 0.042 0.20
B #  Stem 8. 20 4,56 51,1 0.35 0.029 0.19
B Total 19,1 10.2
#  Needle 127 7.0 56. 1 0.86 0.099 0.55
¥  Branch 4.6 | 7.14 52,9 0. 49 0.045 0.19
A’ %  Stem 3.0 | 15.4 52.2 0.28 | 0.027 0.12
2} Total 58.3 29.6 3
1
#  Needle 5.35 | 2.98 55.0 | 0.80 ‘ 0.087 0.56
5.3 Branch ! 4,40 | 2.14 52.9 0.52 0.062 0.26
B’ #%  Stem I 8.70 | 4.84 51.0 0.26 | 0.020 0.10
& Total 18.5 9.96 |
1
- - I
#  Needle 2.23 1.2 55.9 | 0.77 0.047 0. 41
¥ Branch 2.57 . 1,19 | 524 | 0.60 0.049 0.25
C #%  Stem 500« 2.48 | 5.8 | 0.37 0.013 0. 090
HiE Total 9.80 | 4,87
I .

BIRT DL S, & Plot O FERAR FLOMEEN AR50, ABICA BTVBHELS shwTd
¢, CRIEBzvAPBIHRIcHELAE D, MOTEHESTCR25L, BEIU B REWEOHMLY
B LAREICEP -7z, B, B kU CXTHE, FHARETEBAEOMIC LEOTRBE T 55
EBTHNTOELEEEZD &, 4% Plot MOBNEHEBOAL BILICHET 20D EFX 5K
EWBRDEBPTLEICNEAD. Lich-»T, Table 5 DEFSEEER HAOESBERIZOVTOR
EBEEE LTEBT AIcE Do,

6. T E® T 1

1

CORBMO T HOEME BB X > T FERICED L S BB AL Uch2H S icd 2 BT,
DX HIBPEZT -7
HIRD 42 B LU 5 DIEHIEX & Lic CREAGD T, & Plot &Eicfliiicit-T, L, BB IUTE
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BHOBEBLORS AN E
amount of nutrients of the top of Pinus Thunbergii

S T

B
‘ Amount of nutrient | SLAAH
- 77‘ ) (kg per hd) - ) _(ha ¥7ch)
| ‘ ] | ‘ Nos. of
. \ : | ‘ < : stand
Ca [ Mg ‘ C % N | P F K 5 Ca ‘ Mg (per ha)
I A BN A
0. 44 0.12 5,510 ! 104 8.0 61.7 | 45.2 12.3
0.35 0.079 | 6,950 57.7 8.0 | 39,2 | 458 | 10.5
0.14 | 0.041 18, 000 ! 112 6.2 35.0  49.0 14,3 2,010
| ‘ . i ;
274 22.2 | 136 140 | 87.1
| 90,460 ( 96) % (740) (vo1) | ;70) L (508)
0.28 | 0.11 3, 300 | 52.3 s6 | 338 | 168 i 6.0
| |
0.30 0.075 2,590 ! 18.3 2.1 | 9.7 14,5 | 3.7
0.19 | 0.054 4,500 30.9 2.5 ‘ 16.6 | 16.8 4.8 | 1,930
10,390 102 9.2 | 60,1 48.1 14.5
o O (207) (307) (310) B (127) (199)
0. 42 12 | 7,700 | 118 7. 16.5
0.29 075 7,410 68.8 6.3 26.6 40.6 10. 6
0.17 0.042 15, 760 84, 4 8.2 36. 3 i 51.3 12.7 1,960
271 28.0 139 I 150 39.8
0 S : . S
30, 87 (550) (933) z16) | () (545
0. 44 0.093 | 3,350 48,6 | 5.3 34,1 | 26,7 5.7
0.52 0.073 2,310 22.6 | 2.7 11,4 22.6 3, 3
0.23 0.058 5, 040 25,7 | 2.0 9.8 22,6 5.7 2,040
10,700 96. 7 10.0 55,3 .9 14,7
| 1o (196) | (333) (285) (19n) (201)
0.44 | 0.12 1, 300 17.8 1.2 | 9.5 | 10.2 2.7
0.60  0.092 1,200 13.7 ‘ 1.2 \ 5.8 | 137 2.1
| ; :
0.29 | 0,054 | 2,490 17.8 0.6 | 4,2 i 13,9 2.5 | 1,930
{ | | i
49.3 3.0 | 19.4 37.8 7.3
| 4990 1 (oo) | (100 * (100) ‘ (100) (100) |

& L, B3 DI 20X20cm D TER AT T, AcBOMEEIT -7, $7, FEICE Plot @
Iy hBEUFWICE 2l (72720 CKIZ 120D, 6l (CKIZ 3 »in wkbss#kd <, +
BWoOWHHES X CEBORNAET » 700 2N 50k CEratt LTt Lz,

ST HEE, Ao BIZATR 4 O EED ST ERBEO A MOz, SEFLEEOR S, CHBIU NI
C-N o — #—c X Awakee:, CEC d Pesen 3, VMR BIFBOGEEHY, Toflizfks s

DT -tee

6-1 Ao B

& Plot TLD Ay JBD HME BIU EBMBE, TNIESHT R ha 2 O BAEEER
Table 6 1Z/RT EBNTH S

ABIVDA RD A BRIVWINEEZ4~6cm T
ZEDTOZ, BEIUB KiZDdNeE I3 ~5em gL, 70 YOkEBIYa vy A0Ek%:

(L, 7 uwYOREL O OBAIENSKIERS
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Table 6. ABOESR, RORESLUENEH R
Dry matter weights, nutrient concentrations and amounts of
nutrient of the A, layer

- [EEE & & B & % 5 & & B
“u | Dry | Nutrient concentration Amount of mll_‘trient (kg/ha)
v b |matter| (% of dry matter) i

Plot welght |

‘ | e | ~

N] PK icé

‘ ‘
2,580 ‘ . 110,200 281 21.4 619 134 516
A | iy 396 1.09 0.083 0.24f 0.52 0.20 (268J (gégj (6”8) (619)’ 75| (479

1,770 | . , . 6,990 172 12.4 372  117] 44.3

B | (hiz) 396 0.97) 0.070 0.21 0.66 0.25 (aiy 5) (a7e) (372) (326)] (410)
, | 2,820 * 12,350, 313 36.6 73.3 257 107

A (340 43.8 1.1/ 0.13| 0.26 0.91 0.3§ (325)| (410)/(1,110)| (733) (720)| (991)

7,760} 173 15,5 39,2 943 46.3

(204) (226) (470)| (392)| (264)| (429)

3,800 76.4 3. 3\ 10.00  35.7] 10.8
(100) (100) (100) (100) (100)| (100)

, 1,780 | .
B (o1g)| 43-6 0.97) 0.087) 0.22/ 0.53 0.26

830, = o . . ‘
C | (lo0) -8 0.97 0,040 0.12 0.43 0.13

I 7y aNORFRIER (Fay P Cicdd 5 %)
Remark) Figures in parentheses are index (Per cent of Plot C)

FEL, ZOEPLIAE, AVF, Vr Ve VYR, 3FITHEOEERRI TV, CRIZEE1~3
cm T, aVLOBEKEEEL, 7a7YEICLBOEEHSOERIENRE - T,

AyBOWGYEIZ CXEMNE S, ABIUA KIZN3 1~3.44% BBIUB KidH2 1Mk
L, BEick 27 0y OREEOHAICE SRS EEROMAEZIM LTI ENLE

Ay BOBBABERIROEBOTH -Tco FROGBEERVTNOELRIFHELK (CR) L0&ED
ST, NBXU Ca BEDOHET/NE D 572,

HIRRIZoWTE, A’ KO P, Ca 31U Mg BERMOR &HZ &F L EODIER L TORM
COFRIZH O DI LG 572 72, ABKXUA'XKON, PEIXUKEERBBIUB KX

B oto, COAE, BEBIUB KEZEEHES4ELBBLIIGBERNOT, REORRSBEIC
RETHEORENEHLD TEHMICRERLNIEILE280THAD EELNE* LkL, CaBLU
Mg EEIC DWW TIE—EDMHEIMIB A LN - 72,

# Plot @® Ao JED ha %7:DOKBRNEE, ABIVA K, BEBLUPB K, CROIICHDER
LT, 2oMiEEE LT ERDE Plot @ Ay BOEMEOHEELXELTNEENZ LD,

Ay BORBRSEHERIL, SBOVEREICEREDS GO BN ERRICBIR S ictk, —BIIRHE
MICEE SN 208, BDITERIEDO LERMGEKE UTHRICBILINLLOTH 5. ZN50MYE
RO EFSE, WEICEERSBEL SN H, —HREERKCL-T, I5I—RAWMICE BT - TR
TLED, H50EEMCE 2BRSTHONLDICEDOOBIEIH 2L LTH, BREK EEEBREXD
Ay BORBAEREORER, PELERICHETSLDLEALTCENTELD . CNSOHITRD
EBDTHA

¥ ThTY (HA) o84, 2FLEEORBRSBERE~ GEER oFHmUBEHRRLALNWY, 7o<
VDN TDZ DX A RERNIIRND, 7 o=y ORBATENEER T~y LERAKRTES D LTS
Bo LiziioC, ERBIMEBLINTO S IEO R BSBER FIZTHROEBEIALNIENTH A ) LHEEI NS,

b

7 a2y OFEEIZSFETH 2,

B
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A BXU A XTI, Nk 205kg (56%*%) B L0 237kg (64%), P id 18.1kg (22%) I L1r383.3
kg (22%), Kt 51.9kg (33%) BXU 63.3kg (28%), BBEIU B XTI, NI 9%kg (48%) &
KU 97kg (49%), Pl 9.1kg (21%) BLU 12.2kg (11%), Kl 27.2kg (33%) L0 20.2kg

(19%) TH -1z

PLEDKIBINENICHRT 2 B2 5N 5 Ay BORESOHBOMEER,
IR SN JEIERRr £ D D EEZ o 205, AR B 5
#, Fb 5, N 40~60%, PiOs 10~20%, KO 40~70% Ll~5E, KO BE0H8, N 3550 POs
B DENEIEE 135 KeO DMK A SHIKICE - TASIC RIS T L LKk 5 8

DTH 9. Lirl, TILODH ML BT DB I IE D N SO Sl LS5
CEERRTHDENAI D,

TR/ B R O B A5 55 0> Wl

c:—

ERIT K

DD ETIE, BRI ST 2R disk T 230 B

ZMBE LT SB0N, INATET 2540 IENEES 0L 5 RE  OMEANEIN TV, &
5T, L 3 EROANICE ST - TREDTEGE L, EARIC SN T 28385 O B E b1

CENIh A O IHC & 718D BB DOERIL E S BRE I AN
ThHbHo LIzds- T, FiBROFIFEIZ RIS T 2 O AR 3 & O a1
PR E LTI Aic & Ewicin,

RO &, AROEBRMTREINICE - T Ay HOBIKHEED S, < Dl
ELEEURETKCE Y 5 PwD g M-Ik 2 2 F Yl mIEE:
Joo TDXDITMEE, T OMRERMDFEKED DI TN O L oo - & T8

FlioBa L&zt o, S

F OISR
RIS & e CHRT ARERTH -
IS Ba BB L, &

OKA3ERED, BHEZEOMEICL -TE 3N EDTHA

Table 7. 1 H @ b % 1y ¥ H

Chemical properties of soils
(#4141 On dry basis)

Sa | Exch.  fOE%) | @ i
Lo A A C N CEC [—/——— . Rate of g IE pH
4 C/IN CaO MgO saturation | Exch.
Plot Horizon — ‘ acidity ———————
(%) (%) (m. e.f/100g) Ca0  MgO @ (Yv j (H0) | (KCD
N A 5.06 0. 25 20,2 22,3 0. 69 0,11 1 3.1 0.5 19.0 4. 40 3. 60
. ;
B: 2.57 0.12 21,4 15.5 Q.25 0. 04 1.6 0.3 18.8 4,45 3.75
B A 4.89 | 0,20 24,5 19.6 0.6l 0,072 3.1 0.4 19.6 | 4.50 3. 50
Bi 2,44 0,11 22,2 14,1 0.19 0. 021 1.3 0.1 16.4 4,65 3. 80
I A 5.62 0.25 22.5 21,9 3 0.81 26 3.7 1.2 19.5 4,55 3. 50
B: 2.73 0.14 19.5 16.1 0.24  0.016 1.5 0.1 20.5 4. 60 3.75
B/ A 4,89 0. 21 23.3 17,6 0.54 1 0.091 3.1 0.5 17,5 4.55 3. 50
Bi1 2,16 0.099 21.8 11.8 17 0lé 1.4 0.1 6.3 4,60 3.70
|
c A 477 0,161 2908 19.4 0,43 | 0,073 2.2 0.4] 20,0 4.60 3.65
| i
B | 2,22 0.090 24.7 13.2 \ 0. 42 0. 0291 3.2 0.2 19.3 4,65 3.70
‘ |

) N v AIREBEILES BEOSFHCNT 5%
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6-2 $5 B L ®

% Plot @ 1O L BOHHTHERIE Table 7 IR EBDTH S

% Plot O HBEOWIEEIL OV TIE, WIFNREUTCR SN A-M) BORABOIGRE 114
BOABOHEETEDIBOBLLTO, ABIREZ1~6cm T, HER LAKICERTEIRZ P
RIG—TH-1zo BFFUIL Plot © A BRIFERIDBOLZELTOREVL Biz, ZuEy)
H2&, ABXU A KIZ 10YR3/2 % BELMEL, B, B BLU CX0% < 0% 10YR3/3 %
BLTWDIC b &, 2PMBEE 2L T EVA S, ORI UTICB~% % Plot ©® A gD
carbon EEOHELZRELTWVEENZI LD, ZDMOIEERTS $5151%, & Plot Mk XURER &L
NTELIHYD XD BRSNS 5T,

FEOMFEEICONTIE, A B0 CEER A, A>B, B, CXolHic, NEERZ A, A'>B, B
SCROEIFELERL, FEROBIEEES A BOMEBEEZRR LTV EVZ S, T/, CNHIEN
R L EBOIICEA L TR, VIR 20U ETEbn THEM»r-%. CEC, &l Ca kiU Mg
B, FETIE, BHEERE, pH o, BEXEEBEEX (CX) oictdkFLVHEERZRONG
Potehl, B Ca BXU Mg BER, BEEOS, -7 A BIU A KT Plot KT %
DOBRBASNIITBEIS I -7,

NSO 1 EROLEOEMELFRERY L5 &, FROBERICE Y 3, C, N EEL KLU C/N
HWOEMREROEECL 250V LD, T, FEL (ABE) b2 @M Ca bk Mg &
EroRd, pH OET, BERMBRECHEAL RSN, ChOoREEEXSEBOERNERL TS0

THIMHIC BT B ERROBEGFOE(IC L - TH O ENL D EEZIZRETHL D,

MR RO MERICE KB TEBC OV TOAE TORREIHY THULOTER R ST, £
DHOMES DT, &Ik C/N /S0 EEBRTE, HlicsdinsEELO ON Lok
TR—ENEHED LD TRNEEDN S, pH 8L BREEEORE b XU BHEICO>NTE,
K, BET? 20 EEEZERBOON TS, EELEINOSOAIDNT, HEEGOEES LR
ZRICANEE LTS, HHUCERSEHENBED SO, H20RMEDCS D, WEDHM LR
FlOWELRBICHEARR SOV TH T ICBEEIAD LERHA D

7. TEREEOZEL

CORBHICH Y 3 FBIALL, TEHD 5P 1LEEOMICRO X5 BELHR SN,

RERICH Y 5 TR, IO (OR LIe X5 104 Plot LI RLb = v 4 BHRICIE R E L,

ZORMPTIEREOYLE, eYAF, VIS, XVE, Yeve VR, 277, 4 XRVSREDEE
W ORAAMEARREA 55 LT,

BEMHOMEIEET 72 A BLU A KRTR, #B4~5EEHND 0 v LRED LY, FERICRE
BHCR RSN SR - e AR FBELDE ST - T Tzo 7 0wy OREICE b75 5 5 DHEORKIC

*1) LA EE LA - BMOKERINGER ; B 970) Itk -7,
*2)  BIEY TREREEEOEER 2.5 (580 NKCIARIC L 2 HHEE AN, £%0 DRBRTIRAEOFRR T
7%1‘71\{»@(&1‘! HEHE NKC#HE L D —RiCE IS E o 2,
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NT BUBFFEKE I VAREEAEHELOT LI LTORICEES, AR FE5FEEIHER L.
ZDE D LRDIEAE JCEABORHAL HYEETH - 2o

FETAHERPS WIELZBEB L BBXU B KTR, a3V A0OBEOMHEE XX+ ORAENBILEH
W, A BT A KDW 5~ 64EEEHULIRBICEIT L2255 5025

RO C XTI o v XA OEEREZ DD LT a8 @bk, BELU B Kk~ s &8
B, AAFLELLRE LT, B BEIUB KXDFELEL -/,

8 » bhH b Kk

T OHEREr FINARICE T 2 7 0=y kO FBIERER O BIE SRS 4~ 11 FEEE D 8 4E I D#5 A
2EPEHREE LTEDEEDLEDTH D,
C ORI TAEETUYOBINAESET Licb s LTRWD 22, 8 84ERELIERIIH Lo
b JICH| & v MEANGRER A L T
COMDI u=Y ORERBEET7, 9BIC I FERCBY 2ENINICES 7 0wy ORERE &1
M4 L O R & OBEE A R L TH 0,

AR RICBHEARZ B L, M EROEABFERAIEL, R Ao BOBSBUFEZNE L,
IR & DBHREY & THEEBIC, FEAERS ORORIC S 2 WIICRH, #32m UToRSERICD»
TELOEEERE LI & o

BIEERCHEOREEETY, FEUTEFRCRBTHEOREA R T L& L b, RERD
REAE DEEAIC DT A R~ T U o,

TRAR D IZM 12D C OB OHRFEHICZ KD T 0 e 20 U E M E O BHEMITLD 5
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CHEHT o
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Fertilization on Young Pinus Thunbergii Forest in Ubagahara
National Forest (The secondary progress report)

(Studies on Forest Fertilization in Kansai Area (Part 6))
Tadashi Kivveasa® and Hiroshi Kawapa®

Summary

1. Introduction

This paper deals with the progress on the fertilization on young Pinus Thunbergii forest
in Ubagahara National Forest during the successive eight years, since Nov. 1967 to Dec. 1975.
The results obtained during the three years after the first fertilizer trial were previously de-
scribed in Part 3.

The growing process of stands in every plot during the 4th~7th years was like that de-
scribed in Part 3. In the authors’ opinion, they attained their first objective that the increase
of growth of stands on the very poor land by fertilization at the end of the 7th year.

They changed the design of fertilization at that time, and the test was succeeded with
the following new objectives : The soil was poor in available phosphorus and the nutrient dia-
gnosis by leaf analysis stated that the stands seemed to be rather insufficient in phosphorus
as described in Part 3. The annual height growth of stands in the fertilized plots during the
seven years that reached only 75cm in max. was a rather unsatisfactory level as a general
growth level of young P. Thunbergii stand. Though it was nothing but an assumption at that
time, the insufficient growth of stands could be attributed to the above-mentioned rather in-
sufficient phosphorus supply. Furthermore, the information on fertilization effect on the poorly
growing 10-year-old pines as those in the unfertilized plots was requested from the practical

point of view.
2. Fertilization

The date of fertilization and the amounts of fertilizer were expressed in Table 1.

Plot A and A’ were successively fertilized and Plot B and B’ were fertilized since the end

Received June 30, 1978
(1) Kansai Branch Station
(2) Soil Division
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of the 7th year. The fertilizer given to Plot A’ and B’ since that time was an especially

phosphorus and potassium rich one for the broad-leaved tree and soil improving tree.
3. The growth of P. Thunbergii stand and fertilizer efficiencies

The growing process of the stands were expressed in Table 2 and 3, and Fig. 1 and 2.

3-1. The growing process during the 4th~~7th years

The growth of stands in unfertilized plots was very poor. Their height at the 7th year
(9-year-old) reached only 205cm and 175 cm. The height and D. B. H. (diameter at breast
height) of the stands in fertilized plots were remarkably increased, and they reached 440 cm
and 61 mm, and 430 cm and 61 mm at the end of the 7th year, respectively.

The extraordinary high fertilizer efficiencies (fertilized/unfertilized, per cent) were satis-
tactory to the authors. However, the annual height growth in the fertilized plots during 7
years since the first fertilizer trial that was only 75c¢m in max. was not so excellent as the
general growth level of young P. Thunbergii stands.

3-2. The growing process during the 8th~11th years

The growth of stands in Plot B and B’ was remarkably increased by fertilization and
reached the same level as that of Plot A and A’. However, the fertilization affected the height
growth since the second year after fertilization.

No clear difference of growth between Plot A and A’ and Plot B and B, respectively, was
observed. The fact that the growth of stands was not affected by the heavy application of
phosphorus and potassium was against the authors’ expection. It would be attributable to the
favorable turn of the nutritional condition of stands in every plot as described hereunder (4).
The increase of growth in Plot B and B’ stated that the remarkably favorable effect was given

by the apposite fertilization regardless of the advance of age of stands.

4. 'The nutrient concentrations and their ratios of needles

The nutrient concentrations and their ratios of needles of the uppermost shoot of stands
were stated in Table 4.

4-1. The result at the 7th year

The increase of nutrient concentrations except Ca in the fertilized plots comparing with
those in the unfertilized plots was clearly recognized. Among them the increase of P con-
centrations was very distinguished.

Comparing the result at the 7th year with that during the Ist~3rd year described in
Part 3, the following facts were recognized : The increase of P, K and Mg concentrations,
especially that of P concentrations, was easily apparant but no clear difference was observed
on N and Ca concentration in the fertilized plots. But the only increase of P concentration
was recognized in the unfertilized plots.

The authors gave attention to the increase of P concentration and the decrease of N/P
ratio at the 7th year in every plot. Furthermore, the nutrient composition of needles in Plot
B and B’ was similar to that of Plot C, unfertilized plot at the 1lth year, as described here-
under (4-2). Those facts suggested that the advance of age should bring a change on the
nutrient physiological property of young P. Thunbergii stands.

In the authors’ opinion, the inefficiency of heavy application of phosphorus on the growth

of stands as already stated seemed to be attributable to the above-mentioned nutrient phy-
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siological change, i.e. the increase of their P absorption, though its details remained as a
problem awaiting solution.

4-2, The results at the 9th and 11th year

The nutrient composition of needles of the unfertilized stands around the test plots at the
11th year was expressed as Plot C.

The nutrient compositions of Plot A and A’, successively fertilized, expressed no certain
change except the gradual increase of P concentration and decrease of K/P ratio in the fol-
lowing order as 7th—>9th—11th year, Those of Plot B and B/, fertilized since the end of the
7th year, recorded the increase of P and K concentrations and the decrease of N/P and N/K
ratios in the same order as Plot A and A’. The nutrient compositions of Plot B and B’ were
alike in those of Plot A and A’ except a little lower N and Mg concentrations. The nutrient
concentrations except N and Ca concentrations of Plot C, unfertilized, were remarkably lower
than those of the fertilized plots.

The fact that the fertilization induced the remarkable increase of P, K and Mg concen-
trations but no clear change of N and Ca concentrations and that those tendencies were similar
to those during the 1st~3rd year were worthy of note.

Comparing the nutrient compositions of Plot A and A’, and B and B’ in the 9th and 11th
year, respectively, the effect of heavy application of phosphorus and potassium was not re-

cognized.

5. The dry matter weight, nutrient concentration and
amount of nutrient of the top of stand

The average stand of every plot was felled and the dry matter weight and untrient con-
centration of its needle, branch and stem were determined at the end of the 11th year. The
amounts of nutrient of stand in every plot were calculated.

The results were expressed in Table 5. The growing process of the average trees by
stem analysis were expressed in Fig. 3 and 4.

The growing process of the average tree in Plot C during lst~7th year was somewhat
more superior than that in Plot B and B/, unfertilized plots at that time, and consequently
the amounts of nutrient in Plot C seemed to be somewhat overestimated as an example of
unfertilized plot.

The authors cited those data as a reference material on the nutrient mass of forest. In
the authors’ opinion, the absorption rate of every fertilized nutrient was not estimatable by
the difference between the nutrient amounts in fertilized and unfertilized plots, supplement-
ing with the presumed amounts of nutrient of root. The advanced crown closure in Plot A
and A’ remarkably decreased their undergrowth. On the other hand, Koshida (Glichenia
linearis) densely and gregariously covered the ground and shrubs were also abundant in Plot
C. The state of undergrowth in Plot B and B’ was rather more alike that of Plot C than
the intermediate state between Plot A and A’, and C.

Considering the competition for the available nutrients between dominant trees and under-
growth, the addition of nutrient mass of undergrowth to that of dominant tree in every plot
was indispensable for the real estimation of absorption rates of nutrients in the given fer-
tilizer., However, the authors gave up the estimation of nutrient mass of undergrowth be-

cause of the noticeable uneveness of their growth and distribution in Plot B, B/ and C.
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6. The change of soil condition by fertilization

The A, layer and mineral horizon of every plot were examined at the end of the 11th
year to make clear the effect of fertilization.

6-1. Ao layer

The dry matter weight and concentrations and amounts of nutrients in A, layer of every
plot were stated in Table 6.

The increase of dry matter weight in the following order as Plot C<B and B’ < A and
A’ reflected the increase of litter fall according to the advance of growth by fertilization.

The fertilization induced the increase of P, K and Mg concentrations but had no clear
effect on N and Ca concentrations. The P, Ca and Mg concentrations of Plot A’ were ex-
traordinarily higher than those of other fertilized plots. The increased N, P and K concen-~
trations of Plot A and A’ in comparison with those of Plot B and B’ would be induced by
the short lapse of time after the first fertilization of the latter plots.

The amounts of every nutrient of A, layer decreased in the following order as Plot A
and A’ > B and B’ > C. Those results were induced by the differences of frequency of fer-
tilization and total amounts of given fertilizer, and consequently those of growth among the
plots.

On the assumption that the differences of amount of nutrient in A, layer of fertilized and
unfertilized plots were from the given fertilizer, though a part of nutrients in A, was leached
out or absorbed by vegetation in the advance of its decomposition, they were as follows : In
Plot A and A’ N was 205kg (56%*) and 237kg (64%), P was 181kg (22%) and 33.3kg (22%)
and K was 51.9kg (33%) and 63.3kg (28%). In Plot B and B’ N was 96kg (48%) and 97kg
(49%), P was 91kg (21%) and 122kg (11%) and K was 27.2kg (33%) and 29.2kg (19%).
On the presumed rates of absorbed nutrient in fertilizer by vegetation, the percentages of N
and P were close to the availability of N and P of fertilizer by field crops, i.e. 40~60% and
10~20%, respectively, but that of K, i. e. 40~70%, was low.

The authors cited those amounts and rates as a reference material on the absorption and
circulation of nutrients from fertilizer in the forest ecosystem.

6-2. Mineral horizon

The chemical properties of mineral horizons of every plot were expressed in Table 7.

The mycelial layer in A-M horizon at the beginning of the test remarkably declined and
the surface horizon of every plot turned to A horizon. No other distinguished change of the
morphological feature was observed.

Comparing the chemical properties of A horizon of every plot, the following changes were
recognized : C concentration decreased in the following order as Plot A and A’ > B, B’ and C
and N concentration as Plot A and A’ > Band B’ > C. C/N ratio increased in the same order
as N concentration but they remained in the high level, more than 20. There was no remar-
kable difference between the fertilized and unfertilized plots on CEC, exchangeable Ca and
Mg concentrations and their rates of saturation, exchangeable acidity and pH wvalue.

Comparing those values with those at the beginning of the test, the following facts were
observed : A little increase of C and N concentrations and slight decrease of C/N ratio were

#* Figures in parentheses are the percentages of total amount of nutrient in the given fertilizer.
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observed in the fertilized plots but no clear change in unfertilized plots. The decrease of
exchangeable Ca and Mg concentrations and pH value and the increase of exchangeable acidi-

ty were distinguished in fertilized and unfertilized plots.
7. The transition of vegetation

The transition of vegetation during the 11 years were as follows : Koshida (Gleichenia
linearis, one of the spp. of fern) was very abundant and gregariously covered the ground and
some tree spp., popularly occurred on the arid type of soil, were abundant in the shrub layer
of every plot at the beginning of the test. The state of undergrowth in Plot C, unfertilized
plot, was very close to the initial stage at the 11th year. The decline of Koshida and the
occurrence of Susuki (Miscanthus sinensis) gradually proceeded and the transition of vegeta-
tion was conspicuous at the 5th~6th year in Plot A and A’. The advance of the crown closure
according to that of growth of stands gradually declined the undergrowth since then. It was
very rare at the 11th year in Plot A and A’. The stage of undergrowth in Plot B and B’ at
the 11th year closely resembled that of Plot A and A’ at the 5th~6th year.



