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FES RN S OMMITNT ZRRBED—DDHHEE LT, HBIROHRICO>VWTHRFETZ C &ic L
oo EHIT, HERSHO & EIRRICIETIC K AR DRBEZWIC OV TORERIISERE, < vBIconT
D BIDIC, HEOBRMBELIKE L DOBGR, BRUNolBRIITHBOEEE I >NTORN b
hETITE T iz L,

COXIIEENDIHDIC, EFHESRLERBREREENDZ o< v i RNT, 1964FKH» S
MERERAEITIS - TE A, TTIRIMEEZB LI, CORBRMITEROUBRMIChI > THEDTE
TH5H, VEETOHREPIREELLTED T EHBT Ll

2. HEihb L CRBSGE

2-1. = ER H#

i & EBEMEEIATRT, FEREWEE FEBR 1,026 ICH/NE.

KR AEEEKER 15.3°C, £PHMKE 1,350 mm, BETHODEOHIBRICET 55,
R ORBRMIIEFE AEREO=FEH ORI 12km I T 5, BKER 250m T, Wb
W BRI ICH D, FHAL S25°E, MR 20~22°¢ (L LEKYE RO hiE~#TH L EIBiC g
T, &7y PEKEHFIICHE L. CORBRMOFEMBRREDT A< YKRTH 788, RiEH S
WETLLEZORREBARTH -1 EEZOND,

2-2. X B F &

CORBHIBHELK 2ELED I/ ne Y ALK TH 7o TNOHD 7 v <73 1963 FFICHEERE

196848 A 5 A3ZH
(1) HEXEEATILEFAER « BASE
(2) BIFESUEEMELEBIRE
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A4 5 Ay BHETHEE S0 1-1 BARE L bOT, BREER 3,000 /ha T - 70

1964 £ 12 AFIAIC2 70y, 470y FORBBEREL, HEEK (Fry P ABXUA) &
UEBEX (Foy P BEXUB) &Lk, )

FERRIZ 3 FERERE L CIT S, SEEVTNEREMER 1S (N 15%, P:Os 8%, KiO 8%, A
R £1AH7bh 1002 0, 70— OFALICES 5cm IKHRICITIE - 7oo HERERRIIMERER 124
al, B2BRUEIFERI 0B THTH -7

BERTND Z4E 1 ABRTE -,

2-3. Al 7E

BREBOHERN 4 RICRLUALRTEHE LU 20%OBERRIC, WEBIURTER (B 5cm)

DOREZETIL -0 RBRPMPICAEULTNY, ZoMOFHARRZ T~ TRE» GBS Ui,
2-4. LTHB SUHEODHTHE
DA HERTNTE2HOLERETH - o

3. + i

3-1. BPH, TEE, WEREL S UCHEE

TEOBMHRERRILUARERIEC 5B TH - 1o

TERIT Ba-Er B4 GEMRBEHIMNL EZMTOHME) KB LT,

TEOWEHRBRIROLBD TH -1,

-Prof. 1 Ba-Er ®+i& (Fmvy7 1)

L :1lcm,

F :2~3cm,

A—(M) :2~3cm, 7.5YR4/3*%, loose granular structure, /NERES, L x5, 8, CL, %3 C
3:5%%, By L OBERH,

B;:20cm, 7.5YR5/6~5/4, massive, /NERE, B~E, #, CL, {#%%, B, & DERW,

B;:20cm, 7.5YR5/6, massive, /]« thgRgrh, #k~B%, 1, CL, B%th, B & DERW,
Bs:25cm+, 7.5YR5/8, massive, /) . haed, &, 8, CL, B%4,

Prof. 2 Ba-Er B+l (Fov 7 2)

L:+~1lcm,

F :1~2cm,

A~(M) : 1~2cm, 10YR5/2, loose granular structure, /Numth, L x5, &, CL, BRI 3
5%, By LOBAY,

B;: 14cm, 10YR4/4, massive, /NEREh, &, #, CL, 8%%, B, & DERYH,

By :27cm, 10YR5/6, massive, /NERD, 8%, 1, CL, %, By & OERH,

Bg:20cm+, 10YR5/8, massive, hAr/), #k~B, #, CL, BZRA,

HFRAER 2 ¥ LPBRICESHREB S, Z0M7 7 eSOV 28, cvh+, vaz, xU%,

* BERBHOKESINERR SHEALZIR (1960) 270,
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YeYe VR, 3F7, A XVTEQBABR OGN, BEHEIOBEERERE LT,

DL BRERELSHELPELIIC, CORBMOLEIZ A BORKESEL, BHEICZ LI
BOLEENZ XS, Tk, hEBFOBEFABRERICESAHF LTV S, ¥ XBETHRMORRNIT
HMEBTHEVALETHS S, MEDHS, O, BROOHFUCLIch D &, 3 ¥ FHOE SBHIMICH
g5,

3-2. ML ICLMOIBSaHEE

KDL OB L UL BEOBLREAMERE 1 ~3XBIVOE LRICRT EBD TH -7,

HWEOSBARVTHOEELICBL, WETH - 7o AKBRILEL, ARERCBNTHLD L
DEEEBREL, BRELEOHTRED TG

ThSOEAR, MHEOHERIVTNERRAT, WbYw3 “DFVEOLE” THET LERLTY
foo L3> T, COMMEOTBOHEFZHMERRRTH oWV LD,

TEOMFEHREEIZ OV TRRDLBY TH - To MMTEERLICHET S L, Prof. 1 i3 Prof. 2 X
D HEHMY Ca AERIDLBO B ote LHLESS, 2BRNCHEEKERNINS Bl Cak X U
Mg %%, 0.2N HCl T PiOs HE BB EN v ~v—& I B BUT Tl—Ich -t snL

;50cnmﬁbtOJN}mnmng@ﬁ$M&<mﬁwﬁfmm@otoit,ﬁﬁ(@%ﬁﬁ%

BEL, C—NERIPLDENEERLIS
PIEO#HA»LRT, MEEOMENEERVINS BIFERIVOLED -, T, HARICHT 285

1 =+ i
Table 1. Texture of soil
WEES | @ o B Sand ® B | W x|+
No.. Horizon | ¥l w b W s Silt Clay Texture
) Coarse sand| Fine sand Total

A—M 33 21 54 27 19 CL

1 B; 34 21 55 24 21 CL

B, 38 21 59 24 17 CL

Bg 34 19 53 23 24 CL

A—M 32 22 54 29 17 CL

2 B, 32 19 51 28 21 CL

B, 28 16 44 32 24 CL

Bs 30 17 47 30 23 CL

2R LEOBRREOHFNHE

Table 2. Physical properties of soil in natural condition

S [ BKEE Water | , BREKE B /IVE MO e o
: SHE LR E BIKE |5/ NEMoisture con-

%E Rt Depth perc(‘éﬁt,;"{r’l)mte Volu- | Porosity (%) | Water holdineier * g tg:x(;(’oeife;gggh
e TR AT i Rt LG K it R R
. ! . i e Coarsel i) 'Volu- (Wei Volu- |Wei
(cm) |5min.|15min. rage pore | pore me| ght me| ght

muml

~B| 1~ 5 23 22 23| 106 22 27 49 42 44 7 22 24
1 By [25~29] 22 21 22| 112 19 29 48 45 46 3 24 25
B [45~49| 10 10 10| 116 20 28 48 45 44 3 28 27

" ~By| 1~ 29| 27| 28| 92| 16| 40| 56| 32| 38| =24 16| 19
2 B, [20~24 32 29 31| 106| 21 33 54 45 46 26| 26
By [46~40| 19 19 19| 93| 24| 34| 58| 56 63 34| 39

N O

T
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IR L BOMFHHEE

Table 3. Chemical properties of soil

Wi 2 [ B # ¥ 0. 2NHCITA| P.OsK | =
F. 3 B Depth Exchangeable| Soluble IR BE pH
Prof. | ; frcfxm C N |C/N |(me./100g)| (ppm) 208 |Exch.
* {Horizon surface Hon'slacidity
No. (cm) % % Ca0 | MgO | P,0; ’ K,0 coefficl:‘i):ni Y, H0 | KCI
A—M 1~ 3 4,60, 0.19] 24.4 3.20 0.79 17 133 920 4.6 5.10f 3.95
1 B, 5~15 2.56] 0.08 32.0] 1.32 0.44 4 100 630 7.0 5.05 4.10
B, 25~35 0.64] 0.02 32.0 0.85 0.30] trace 111 340 5.6 5.25 4.10
Bs 45~55 0.34/ 0.02 17.0 0.28 0.29 trace 56 600 8.3/ 5.00 3.80
A—M 1~ 2 4,18 0.15| 27.9] 1.63 0.77 14 109 810 6.9 4.95 3.75
2 B: 4~14 1.83] 0.08 22.9] 0.45 0,32 3 68| 610 8.1 5.00] 3.95
B; 18~28 1.17 0.07[ 16.7] 0.34 0.12 1 90 490 7.4/ 5.00[ 4.05
Bs 45~55 0.62 0.04[ 15.5/ 0.18 0. 14 2, 101 880 7.8/ 4.95 4.00

, DRISOE T, N, P0; CaO—& < ic
kS - o POs—BDMRINE &8, K& TEEBES
FETOTREVSEFEINI,

4. HERBIUEE

4-1. /AT VORRICH XIFTHE
NHE
4-1-1. R B B 8
FZREHRICB T 27 o=y ORES X
URILERE, BLUEEERO#EELY

(S : Fine soil, G : Gravel, R : Root,
Wmax : Water holding capacity,

Wt : Moisture content of fresh soil, EERRERE4BLIUSE, BIXUE?2
Amin : Air minimum) B

B1H B0 HRREDESEYILE ICRTEBODTH 70

Fig. 1 Physical properties of soil 4-1-2. s u=vicHd s HIESE

in natural condition

CORBHICE T B 7 n=Y DEBEX

OREREDDTRET, 5ELOTHHEIL 101 BLY 113cm KBS o, SHIC, RERMEE
BOBMERRRBEL LTI DOTRI > LBETERL TR &id, AROBMICH LTHROWRES L
EZEZTVBEENVZ LD,

7w vied T ZHESREHEEL OB & HICED SN, BRIEH* OE TR, WEEIMER
BXDQERREDOHBERIMBKE o 7c08, 82~ 3FERIMBERESERREE LR - 7,
BERICHE Y 3 % 3 pEMOLRER (F4) REERKICA S & #RERET 84cm(168%%),
BEERET 26mm (144%*) OMAZRL, 5ELOFH/MEIL 188 & &k ¢ 193cm, FEHBRTERER
56 mm B X 59mm iZE LTz,

WEETOZ =Y BLUT A=Y HBKICTT 3 EERRS L UREEFNEOERARIET 5 &,
RO LS HADED b,

THbhb, ARABERNE LT, 70y BXUTH~ vk s 2B, =¥, v/ 3%-4&

* ighiesk (REE, WER/EELEX, %)
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BUR BEFORH S IR TER
Table 4. Annual height and basal diameter

MO A 19644128 19654E10H 19664210 § 19674108
7oy b Nos. of stand Dec., 1964 QOct., 1965 Oct., 1966 QOct., 1967
ot | X B | W e (@ g BTOE g g BIEE g g RIEE g g HTEE
Damaged | Measured| Heigh diameter Heigh diameter| Height diameter]| Height diameter
A 1 132 58 13 86 23 130 40 188 56
26~86 | 7~18 [51~131| 12~31 |85~195| 19~58 [116~262 33~76
B 15 122 58 14 81 _ 20 98 26 113 37
34~106| 9~20 |44~132| 13~31 |59~160| 14~44 |69~194| 24~63
A 16 127 56 14 86 25 135 42 193 37
22~87 | 8~23 |37~144| 11~43 [66~200| 16~70 [101~276| 31~85
B/ 12 140 55 13 76 17 90 23 101 26
31~106| 8~20 [41~159| 10~28 [48~181| 11~39 [54~196| 12~46
13 57 14 86 24 133 41 191 58
Average gfaffgt‘[{‘,z)ed plots | 100y | (100) | (109) | (126) | (121) | (164) | 79y | (18D
[ S-S 2 =]
a1s 57 14 79 19 94 25 107 32
Average E’é unfertilized plots 100y | (100) | (100) | 100) | (100) | (100) | (100) | (100)

f%#% Remarks
# & : Height----.-cm, #BICE#R : Basal diameter-:----mm
Zay FABIU A HEREX : Plot A and A’----+ Fertilized plots.
Zay b BEXU B - EHEIEX : Plot B and B’------ Unfertilized plots.
7y 2RO BB (HREX,/EEEX, %) :

Figures in parentheses are fertilizer efficiency index (Fertilized/Unfertilized, %),

$5%k HEOHMELIUVBITERRE
Table 5. Annual height and basal diameter growth

1B 2 FOE s & g | 5 FMaE

N . Total growth
7 vy b First year 2nd year 3rd year during & years

- |BITEZE = |BITEZR = [HRITER = |BRTEZ
Plot ﬁ e lﬁ _Basal % ei lﬁl Basal ?} i ]'ft" Basal ﬁe’ }ﬁ] Basal
g1 ldiameter 8N |diameter €1t |giameter 1808 lgiameter
A 28 10 44 17 58 16 130 43
12~53 3~18 19~79 4~28 31~94 6~26 | 82~197 | 22~61
B 23 6 17 6 15 11 55 23
4~53 1~14 4~-50 1~16 4~46 4~22 20~134 9~43
A’ 30 11 49 17 58 17 137 45
11~58 2~21 21~78 4~29 30~100 6~36 68~198 | 22~72
B 21 4 14 6 11 3 46 13
4~53 1~14 4~32 1~17 3~40 1~15 18~111 3~35
B E X ¥H
Average of 29 11 47 17 58 17 134 44
fertékzei /g)lots (132) (220) (313) (283) (446) (243) (268) (244)
B X g
Average of 22 5 15 6 13 7 50 18

unfet&t}%lizgsl) plots (100) (100) (100) (100) (100) (100) (100) (100)

i
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'Annual height growth Annual basal diamet=r growth

3rd year
"
60| AA .

e o - T R
AN AL >

Fertilizer efficiency index

[0, [ Bl rRREX - Fertilized plot
[ sweE--—----- Unfertilized plot

Fertilizer efficiency index

2R 7 v <Y DOKRE
Fig. 2 Growth of P. Thunbergii

CAF—DBERITHNRZ L, PBOVHEZDDEBbNI, VWEITIREEINBEREI, RBFE (B
OEH, &, WREK, LHBERES) BEThThRILEH, BROXHiT, BEhdobhicdwEEL
SNBPEEZRNT, B ORISR I NS HEK 2 ~ 4 FEFEICOVWT, FEEC L OMEREREER
ﬁ?é&,%%m&&&eﬁb%nﬂmﬂﬁ;U%%Bﬁﬂ%%%bé%ﬁ&%it%%%ﬁI%KELA
TN FID~HO~INLBEOEDEEEE) H3in s ) DPUTIE LT e, JERIIEE DS 150~200 IC3E L TU 3 Fij0636)4058)
BEDLHTORTDH - o

INSDT A=Y BIUZ a=y OBERRHLO UREFIIR, SEHHNOBAEKKT: (Baks kB H
18, Zft, KRLBICCHSOFHBICET 2BANBEL, BIFUREEZPEHFLS 5 Bo i L
Bo(d) BHBEFICEDNTITBHONIBEBELDTOUED 1o LichiaT, T o ORBHE L UHEE
WORBERERICED 2, THhY RO L7 oy ORELERRERBRIDLVE, 1o 2R ZIC, 1
B2 &85 RROEHTBDOEREVSETI, 20 OEMIEHRMBEDONTORBATOLTHRE
KEERDEVZ LS,

COXIWHRE, 709V BIUOTH=ViIcHT 2BMINESIEROE TS, REOHEIBOKL
WHIETH, bBEOMOEEEHRBBICIH~ND L, 2RHCHPIEDBENCEERTIDEVZI LS,

7a<wYBIUT I VICHT 3 BHBENRRICONT, —HOEZDO Iy HORBELERS
DBFNIHIT, EEROBROEE (LWF), MAHORR, HWEMLBOREEEEHRL TS, L
PLEHKS, LBROEFIPICRIRREDT 4= Y PlaHICTET 2HERRDEITN T E0, ThoDs
AT, ERHIRBSATHRIC T 2HERBRERETARZRL TN &, LT USBRBERE
EABIOXSEDbN B,

Fi, DEHITRSD - b, TBEGBRIFTEREEXICKT 2 < Y HOBMERESE HD TRIFIE
Ad, BHREBEAEFDSNTVREN, CORRBTFEY, EXRDBLGFREWNT < Y EHICONTHE
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FLIXSKK, THTYBLBOBMRBICH LTHRAHETH2LEELONEC LD, TH=ViCH
TEEHBEBHCENC EOEREZ LTV ADOTREVPEEREDNS, 7 ooV o0TRTARE
Binm, 7h<y L3RRAROREEET 50 TRINILEEINS,

TH=YBLUZ o<y ihitkickd 3 BOBEHEICOWT, #RI3~55F, EESMII3IFL
LT3, 20, —IiciE 8 ~9FiIChic > TIBHERD TV HRAEFAD S H 208, LBROEAL LI
2 ~ 4 AEDDIITIN L 4 ~ 5 VIR DIBARL L,

EOBLVEESORT AT YIOVT, PEEREERELVEEREOFBESIERBAEL, &
BRERHT ZEBREREEPLHODNEC EERLIC LI, T, HIESITHER®, BHAWS
o=V IEHd AR RARICHIEOBE, S OONEC LEEHB LTV S, SEOEELD/ a2 YD
BAORABOEAZRLTW ., ZhoDAER, THATYRE~BER,IT, & UTHIEEER L
BRI &L > TRHEREETEY, BE~KKHITESOEHREERRREZTR > CEZ, % BLUH
EOBEARCDVTHSC Lichs, 2oL BHENFERZBR LTV DEEbNS, &, 787
VETh=Y LRAKOUHEERETALDTHAI EHEEEINS,

L EOHRI IHELRBLILIICT SN, 4BRDOBROFEL XVZ0OHE, BHOBRENS, 4
BORMNICHLBINEROSBOMERSCBINTOEY, BEITOERBIEMEROETREDYD
THRIREBDEVZ LI, 1, BERICET 37 o<y ORER, —RcHERKGORRILCOH
FHELTE, BIFE DEATE LA BVWE S KBNS,

PlEORRE, o0& BRSO LEXEBTHIICEY 27 o~y 0@ LT, BRI
PIROHABIVREBS LEELADDHEENZL LD,

4-2. EHWICE 3002 OREDET

4-2-1. SIEOBRSBE

CORBHD I v <Y OLRERPICE T 2TEHD 1 FEOHEOERSBE (EMTORR) 1, #
6 RITRTEBDTH 70
4-2-2. RAUHEEHETBFE7 0y ORELHEORIEE L OBR

CORBRMERE LIcYl, £ 0y PR o=y ORBEREIKIELED OBESR SN,
FEEHRE Ty PNTRIZEA—EEZONIDT, §70y bTER I v YOREORBE L4
ZORBESBEEB IUEBESUENED XS BHEEREE T 2P IC DV TR ERS 1,

HEAMIRENME (1964 4F7K) 1T, &7 0y POThFEREICEVEE 60cm 2RECLT, #E
60cm PlEB LT 59cm PITFD 22D 5 v—FICRAG LT, ThENHELTRIM U THT TR - 1,
RERMREERE (19644F) OMEBREIEBLUESATETH - b8, LFORIZHEFELALE
HIBLT, KFORTLLZOTORHOBILETORR %, TOEOMEREELRN L, £/ 1y b
BOThBEEOENO IS V—FREVIS VT~ E L, HEREERLIZDKRE» > EHHEES
hiz,

&7ay bCECEINV— T OHEOESMBELET 5L, ROX S ERHENE SN,
HEDONBLIVKEERI 7ov271(Fey b ABLUB) TREEOED S Vv—7OHMBED -
feds, 7uws2(Fay b A BIUB) TREGOEAZR LI, PEERET Dy rOFhb
BOBENIv—7TOEBEL, CaBIU Mg BERMEDEN I/ V—TOHBEOEBENE, 1. L

1
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HeR HEODBESBEBIUCES I
Table 6. Nutrient concentrations and their ratios of needles
M7 0% : (Per cent on dry basis)

7°§k;’t b C N P K Ca | Mg | C/N | N/P | N/K |N/Ca| K/P [Ca/Mg
1964 £ 12 H : Dec., 1964
A <2 54,3 1.32 0.061 0.69] 0.31] 0.089 41.1| 21.6 1.9 4.8 11.2 3.5
b 53.4 1.29] 0.058 0.67] 0.33] 0.091 41.4] 22.2 1.9 3.9 11.6 3.6
B <2 54,2 1.50 0.064 0.71] 0.33 0.090 36.1 23.4 2.1| 4.5 11.1f 3.7
b 53.2| 1.47] 0.060| 0.70 0.33 0.086| 36.2] 24.5 2.1 4.5 11.7] 3.8
A <2 52,7 1.35 0.062 0.70] 0.32 0.084 39.0] 21.8 1.8 4.2| 11.8 3.8
b 53.5 1.38] 0.057| 0.71] 0.34 0.086 38.8] 24.2 1.9 4.1 12.5 4.0
B <2 53.5 1.45| 0.058 0.68] 0.33 0.090 36.9 25.0f 2.1 4.4 1.7/ 3.7
b 53,4 1.48 0.057] 0.700 0.33 0.092] 37.4 26.0 2.1 4.5 12.3 3.6
1965 4£ 10 § : Oct., 1965
A 53.2] 1.05| 0.073 0.86| 0.30| 0.092 50.7| 14.4 1.2 3.5 11.8 3.3
B 52,5 1.26] 0.048 0.78] 0.32] 0.10| 41.7| 26.3 1.6 3.9 16.3 3.2
A/ 51.9] 0.94] 0.077] o0.85 0.34 0.091 55.2 12.2 1.1 2.5/ 11.0] 4.2
B’ 52.7| 1.16| 0.051 0.75| 0.30 0.10| 45.4] 22.7] 1.5 3.9 14.7] 3.0
1966 4£ 10 A : Oct., 1967
A —] R —_ — — —_ —_ J— — — —
B 52.3| 0.900 0.050 o0.71] 0.29| 0.089 8.1 18.0 1.3 3.1 14.2 3.3
A’ 51.6] 0.88] 0.079] o0.76| 0.33 0.10| 8.6/ 11.1] 1.2 2.7 9.6 3.3
B’ 52.3| 1.04/ 0.052 0.71] 0.30] 0.10| 50.3 20.0f 1.5/ 3.5 13.7] 3.0
1967 4£ 10 f : Oct., 1967
A 54,3 1.11] 0.079] o0.81] o0.18] 0.085 48.9 14.1| 1.4 6.2 10.3 2.1
B 53.20 1.09] 0.046 0.66| 0.22] 0.092 48.8] 23.7| 1.7] 5.0 14.3 2.4
A’ 53,8/ 0.91| 0.073 0.83] 0.23 0.093 59.1 12.5 1.1] 4.0 11.4 2.5
B’ 54,00 0.88] 0.044] 0.65 0.22] 0.092 61.4] 20.0 1.4 4.0 14.8 2.4
1964 BB T T v POTNSRE 60cm Bl ka)E XU 59cm BIFOICKS L T 28] L

feo BT N— T OREDOFEBMBRERRD LB TH - o

A—a 30cm, A—b 20cm, B—a 33cm, B—b 2lcm

A’—a 3lcm, A’—b 18cm, B’—a 30cm, B’—b 18cm

Remarks : In 1964, the stands in each plot were grouped into two, one was over 60cm in

height(a) and another was below 59cm in height(b). Their average height growth was
as follows :

A—a 30cm, A—b 20cm, B—a 33cm, B—b 2lcm

A’—a 3lcm, A’—b 18cm, B’—a 30cm, B’'—b 18cm

HLEMBE, WFNOBRFEBELREU 0y FROEI/V—THO LBOER & LD THTHT, ELH
KREBRA—BELRBLUTEL2PARVEBEIRTENb -, 35, SRVBRELSFARKICET 0
v POV — I, EIKAD & S EHEREZRONED - T,

£7oy PEMELICHETSE, $EO NRBERSOREGHBEZRLTORY, ZOMOEREIE
ERPBOEYMUEERLTO R, LALESS, ¢ N BEOHEZIZOFEDE 0y b OME
B & OMICEEER R SN -7,

DIEORERR, HBEAHSE UBEICRHEOLEBESEEICRSN RADOEBREIZIZEIF—T, K
BEEREEEMBRLNBVCEZRTHDOENZI L), COXIBHEIC, HrORROREEOHE
2, B2 BEEROBEEDORFICL - TEEINIBDEEZLBNS,
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7% BsBEEicBI AT HwY (19FLE) $HEOHK
Table 7. Nutrient concentrations and their ratios of Pinus densiflora
(19-year-old) needles on Bs soil (dry brown forest soil)

H(efr%’t c | | p | K | ca| Mg |cN|NP|NK|NCa|KP [CaMg

2.45
ot | se7l Lo 0.1l 070 032 0.080 520 9.9 L6 3.4 64 40
_ LSS 574 11| o.11] 0.77 o0.32 o.082 s1.9 10.1 1.4 3.5 7.9 3.9
e ) ) X ) ) i ) ) ) ) ) )

f##% Remark: $&IZEZI1BDITEHEBR LT,

The sampling period was the beginning of November.

CORICEELT, EFESBIUNILSY, DHKEBEELEKRBEN® Bs BAHIcKT 5 19840
THZYRICONTITE - 7o, ESTORERERE TRICR LIz, COBABSELRAMKIC, BERROR
RIST =T ERRIZT V=T IR LT, ThENEMTETIL - 1o, HEOERSBERH I v—
TEICEEACHEBRONE P 5T, COXI KRS, FRORMEIFBTIEDLEVAL D,

4-2-3. HEOBHBERBIITHIEOES

HIRRBREBREOBRICOVTE, F2HEE (19664) O7 0 v b A ORKHT, FHOLDICHTT
X3P o DT, MEEKDOVTRTSERBETED T LB FTh LY,

BEFCLICHER S ERERORBESBEAHLICKRT 2L, VThoBad, HERZEEER
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A Study on Fertilization of Young Pinus Thunbergii Forest in
Ubagahara National Forest in Hiroshima Prefecture (Studies on

Forest Fertilization in Kansai Area Part 3)

Hiroshi Kawapa and Tadashi Kinucasa

(Résumé)

1. Introduction

The woodland in the district along Seto Inland Sea coast is comprised of bare hills and poorly
growing Pinus densiflora forest naturally regenerated. In recent years, P. densiflora or P.
Thunbergii seedlings were often planted on felled areas of pine forests. Their superior growth
would be unexpecfable as the growth of former forest was very poor.

The authors arranged to carry out a fertilizer trial upon young pine forests with the object
of increasing their growth and to conduct an examination of annual changes of nutrient
concentrations and their ratios of needles in the same way as in the previous parts of these
studies®’46) to get the basic information on the nutrient physiology of pines.

This paper deals with an intermediate result covering three years after the fertilizer trials

on a young P. Thunbergii forest.
2. Test forest and method

2-1. Test forest

The test forest was a 2-year-old P. Thunbergii forest (planted in the spring, 1963) in
Ubagahara National Forest in Hiroshima Prefecture.

It locates on a short mountain slope from its middle to near the top.

Its site conditions were as follows :

Height above sea level-:---- 250 m, Direction------ S25°E, Inclination------ 20~22°, Parent material
of soil--+--- Granite, Annual average temperature:----- 15.3°C, Annual precipitation:----- 1,350 mm.

Four plots, A, B, A’ and B’, in two blocks, were settled on a 2-year-old P. Thunbergii
forest in the beginning of December, 1964.

2-2. Fertilization

Plot A and A’ were fertilized and Plot B and B’ unfertilized. At the beginning of this
trial, 100g of mixed fertilizer (N---15%, P3Os---8%, K30---8%) per one stand was given. The
same amount of fertilizer was given additionally in late October, 1965 and 1966, the successive

years.
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2-3. Analytical method
The analytical methods of the soil and needles were all the same as those described in

Part 1 and 2 of these studies#5’46),
3. ‘Seil

Two profiles were examined in this test forest. Profile 1 represented the Block 1 (Plot A
and B) and Prof. 2 the Block 2 (Plot A’ and B’). Their textures, physical and chemical
properties were shown in Table 1~3 and Fig. 1.

The types of soil of both profiles was Ba-Er soil (the intermediate type between dry brown
forest soil and eroded soil). The development of their A horizons was very poor and their
thickness was only 2~3cm. Their textures were clayey. Their physical properties were
inferior as evidenced by their little water percolation rates, large volume weights and poor
porosities. On the chemical properties, their low humus cotent, high C-N ratios, low exchange-
able Ca and Mg contents and 0.2 N HCI soluble P,O5 contents of A horizons were not favourable

for the growth of stands.
4. The growth of P. Thunbergii and the fertilizer efficiencies

The growing processes of stands during the three years after initial fertilization were
shown in Table 4 and 5, and Fig. 2.

The growth of stands in unfertilized plots was very poor. Their average height at the
5-year-old stage reached only 101 and 113cm. These results were presupposed before the
beginning of this trial by comparative field observations on the growth of neighbouring pine
forests. The increments of height and basal diameter of stands of fertilized plots as compared
with those of unfertilized plots during the three years after initial fertilization were distinguished.
The average height at the 5-year-old stage reached 188 and 193cm. During the three years
after initial fertilization, the growth increments of fertilized plots reached 84cm (168%) in
height and 26 mm (144%) in basal diameter as compared with those of unfertilized plots.

The fertilizer efficiencies were satisfactory to the authors. The growth of stands in
fertilized plots during the three years was nearly all the same as, or more than the most
excellent growth level of young pines in this district. However, it was not Superior compar-
atively to the growth level of young pines on good soil conditions in normal woodlands.

Summaries of previous results of fertilizer trials upon young pine forests in this country,
have made reference in a few reports to the very poor or nearly ineffective fertilizer efficiencies
on young pine forests. Even in the cases in which fertilizer efficiencies were recognized to
some extent, they were less in comparison with those on other main conifers, C. japonica, C.
obtusa and L. leptolepis in most cases.

One of the authors*’ and others pointed out that the sensitivity of the growth of A
densiflora seedling to the nutrient level of soil was lower as compared with the other main
conifers. It was supposed that its aged stands would be nearly all the same, too. The above-
mentioned low fertilizer efficiency of young pine forests would be explained by their nutri-

tional character.
5. The nutrient concentrations, their ratios of needles and changes by fertilization

The annual nutrient concentrations and their ratios of needles of the uppermost shoots of
stands were shown in Table 6.
The authors made the following investigation at the beginning of this trial in December,

~
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1964 to examine the relationship between the growth of stand and the nutrient concentrations
of needles. The stands in each plot were divided into two groups, one in which their height
was more than 60cm, near the average height of each plot, and another in which their height
was less than 59cm. Their needles were picked up and analysed separately. The annual
height growth of the former group was more excellent as compared with the latter group.
The differences of nutrient concentrations of needles between both groups in each plot were
very slight ; in fact they may be regarded approximately all the same. Furthermore, no clear
differences were observed on the nutrient ratios between both groups in each plot. These
facts showed that the nutrient condition of forest stands on the same soil conditions were
nearly all the same and they had no clear correlation to their growth. In these cases, the
differences of growth among the stands would be induced by factors other than the nutritional
conditions — probably their own internal factors.

After the fertilizer trials were begun, the following results were obtained. Unfortunately,
the needles of Plot A in the second year (1966) were lost accidentally before analysis, causing
the authors inconveniences in discussing the results of that year. The P and K—especially P—
concentrations of fertilized plots increased remarkably in comparison with those of the unfer-
tilized plots in the years examined. The N concentrations of needles of fertilized plots were
lower as compared with the unfertilized plots in the first and second years (1965 and 1966).
But they showed no clear differences in the third year (1967). The Ca and Mg concentrations
of needles showed no clear correlation to the fertilization in all years examined. v

The decreases of N concentration of needles attending the fertilization in the first and
second years would be induced by the so-called dilution effect. The dilution effect attending
the fertilization was observed on the N concentration by one of the authorst® on the young
Larix leptolepis forest and by Tsutsumi® on the young P. densiflora forest. But it was not
observed on other nutrient elements.

The nutrient concentration increments of leaves of forest stands attending the fertilization
were pointed out by many authors. The previous results of research on these problems in our
country and countries abroad reported similar results as had been described in Part 2 in these
studies?’. The increments of P and K concentrations of needles by fertilization in this test

forest agreed well with the previous results.

The increments of nutrient (N, P and K) concentrations of leaves of forest stands by
fertilization usually attended their growth increments. Comparing the nutrient concentrations
of leaves of stands on certain forests (unfertilized) in which their growth was widely different,
it increased in proportion to the growth increments of stands in most cases. The incorrect
opinion that the nutrient concentrations of leaves of stands, i. e. their nutrient conditions shown
by them, related directly to their growth was apt to be accepted from these results. Howeyer,
the authors were of the opinion on these problems that the nutrient concentrations of needles
related directly (primary relation) to the nutrient levels of forest soil and, accordingly, they
related indirectly (secondary relation) to the growth of stands. The authors expressed the
same opinion in Part 2 of these studies?®’ to explain the fact that the nutrient concentrations
of needles of stands were not in proportion to their growth -3 compared with their annual

changes on the same young forests.

The above-mentioned facts that the nutrient conceirations of needles were nearly all the

same in both groups on the same plots in which growth was clearly different, in Dec., 1964,
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would be easily explainable by the opinion given above.

Furthermore, our previous unpublished data on the nutrient concentrations of needles of
19-year-old P. densiflora forest on Bs soil showed a similar tendency and supported the said
opinion, too. As shown in Table 7, the nutrient concentrations and their ratios of both groups,
the excellent growth group and the inferior growth group, were nearly all the same.

Comparing these relations with the forests in which the soil conditions and growth of
stands were remarkably different, the differences of nutrient levels of soil induced the differences
of nutrient concentrations of leaves of stands and, at the same time, they would be one of the
most effective factors influencing the growth of stands in most cases. Consequently it would
be naturally applicable that the growth of forest stands was in proportion to their nutrient
conditions.

The aforesaid increments of P and K concentrations of needles atteﬁding the fertilization
in this test forest would be induced by the increments of P and K levels of soil.

On the nutrient ratios of leaves of stands, the authors expressed the opinion in Part 2 of
these studies!® that they related directly (primary relation) to the ratios of nutrient levels of
soil and, accordingly, they related indirectly (secondary relation) to the growth of stands.

On the annual nutrient ratios of this test forest, the decreses of N/P, N/K and K/P —
especially N/P—ratios in the fertilized plots were distinguished in comparison with those of
unfertilized plots. However, the N/Ca and Ca/Mg ratios showed no clear relation with fertiliza-
tion. These facts suggest that the ratios of P and K —especially P—levels of soil to N level
were low, and those of P level to K level were somewhat low. The P and K levels of soil

would be increased by fertilization.
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