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KCHLTH L OFELZTFLT TV L IIBbhb, BHEF FYAHSICE T 5 EH Hi Eaki
REBETHIHEELRE LR > T35, BEER, L, TotvAnWAiE?DbOT5LRFIsBLET
559,

ERIAREHHEERYRE, BEFR FY VLRI 2ERERE T T D0 RBO—RELT, »7
< VSR OTIEEBRICTET L, BEMBBAR 3 PELZBALLICTERVSY, 4 ETORBIUT
WD X ST AL x KIMASED LN, # 7Y OERICH L THEBEOHLIVRESLAESR
TEVEED. TABREE > BRDICE, KESEORBE R LR BV, FELEORN
FESOBTIRE LoD, SROBBRE LUCABIZREZECSIEOPND L LRIK DT, EEDHEY
L7ciE®ktk 3 A EMOBRITOWT, PHMLE D ELDERTLES LTI,

FRHIRERERIC IV T, BESHADRBICE DL S REEEBXETPEMALICTHI L, 48
DOHIBEDONE L ER I D70DIcd, WHEENOHFFRV LA EEIXr570dbDERE LTS, &
bOTEELEDNS, BISEHE TR, EFSMCL5EDLV LEBORXREDBBICET 5HE» LI
LiZfiisbh T 595, HKRIZOWTRIOHFHOMRRITZ LR VLBV X STEbhb,.

HEIORRICERV T, RRFCESTICLS 5 7 <Y ORBRORFT LR O ThbE THET
%,

oI HE#sLURBRAE

I—1. } B
fofE--- BRI RPEEM RN, TEERETERERX 205 B, EEREXKTCEVT, HEOBMESR
FY MBS D - & H13F LVWHERIC BT 5 BB IhE T %,

(1) MEXHLEARER « WASFBLEFRZR - B¥HL
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Hoffge - BRERHUT I DB PHYE BT fiE T 5 b 7 2 RARER ORI (1958F4R) 12, 1LY
%EJ:%B#‘B‘F%UN)‘*CE%’ RICIBIOMD 2 KDL F2FHE L, TR FNMIER & X CEMHER &
Lic, SHIT, &30 PRI LT E D05 RBEROMEIC X > °C, MEER (RE~HBRD &M
TH# RBE~TH) CKAL, A5 4TE» b2 Ui, 470 » b OEHIZE 0.07ha Th 5,

SERHITIERL, 320~1, 370m, HRS60°E, ELHY 30° ThD,

Z DHIROFHE, FMKER 3,500mm, EFHXIRY 7°CTh 5D,

I—2. RBEF &

19604 4 BAICH =Y 1 —1 8% 2 x 2m (2,5004,/ha) OEEICME Lz, IO ER L
2% (5—5—3) ZEARIEDIVI2EE L, REDOPE 15cm OMJE Eic, FEE 10cm Tl & [k
12 L7,

m % H F &

LB X CHEOSHIEO E D FER AV,
K HERRAE R, 555 X 01554 0EKERilE LD,
Coovene B LIHERD, N KjyeLpancit, SiOgeee::: TR, AlOg-ee Aluminon i€ X 5% teai:, FeaOq

O NagO---- ik & fv iz,

Eifibt CaO % X T° MgO 13 N-KCl #HKiIc>WTER L,

77 =Y OHEOFHAEL, WIFNb10A TACLHERDEEECHE L TEROSELRKL T
Pt Lic, $13ED Si0; %I < £EWEMT, 3% HySO,—HNO;—HCIO, TR KILgZh 2
Bafiltolz,

I\ =

w1 +£ # o b % MW
Table 1. Chemical properties and

o . (73 & .
lﬁﬁgi_"‘ & LA Depth from| Carbon | Nitrogen| C-—=N Exchangeable
Profile Layer, surface % %| ratio CaO MgO
No. Horizon (cm) (m.e./100g) | (m.e.[100g)
1 . H . 3~13 41.8 1.86 22.4 21.8 3.85
Upper part Aq 18~22 6.00| 0.35 17.1 1.78 0.48
of
mountain B: 25~40 - 4. 45 0. 27 16.4 0. 65 0.20
slope B, 45~55 2.62 0.16 16. 3 0.24 0. 06
2 H  |. 2~10 40.9 . 1.89 21.6 10.9 5.17
Lower part
of B; 12~20 7.55 |  0.46 | 16. 4 0.17 0.17
mountain
slope B, 25~30 4.91 0.32 15.3 0.12 0.03
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V—1. 8 LCHEE

HboLFI VTR LA EREELBM L L, MELET Pweo-o BHE (BER FY A LEER, &
), BEtLTHY, SETHIE Pwo-n B EE GHRMER PV LEEE, A8, @fT~RRLTd
%,

V—2. BrERE

£ LROKEREIOED L5 TH 5,

Prof. 1 (Rl £, Pweo-nBi+8)

L, F +~2cm, /%, 44 (F) D&k,

H 10~15cm, F§%f, greasy,

A, +~1cm, B, -+, crumb structure, J5fE~massive, £, &, AEAL, %%, A
& DERH,

Ay 2~7cm, JKHBE (BBE), i+, massive, B~%, iZ, AEEAL, BF%E, B LOERE,

B: 30cm, # Vv o (EEME), Et, massive, T 55K, {8, KB, BFRD, B LOBR
18, ‘

By 10cm+, A4 vy of, #E+, massive, T 2558, I8, K%, BRI,

Prof. 2 ($IE T, Pway-m B+iE)

L, F +~1lcm, /%, ¥4 () Ok,

H 8~10cm, IF%#E, greasy,

A 1~2cm, £, ¥+, crumb structure, ¥, #, &, AELL, BFH, BRZARCZ
B TRV, By & OB,

B 10~12cm, KERERE (FHEE), HEt, massive, -2, %, AL, R%D, Bak OBIF I,

By 25~30cm, KEBEMEE, massive, TCEBE, i, FEAL, BREN,

V—3. EtENER

 H & & K
water percolation rates of soil.
(On dry basis)

0.2 N HCI soluble pH Ex‘;}l‘ﬁ:ge' & 7K ¥ Water percolation rate
P,0; K30 acidity Depth from (cc/min)

(ppm) | (ppm) (H:0) (YD surface 5 min 15min Average

220 340 4.05 7.8 — — — —

7 120 3.95 45.5 18~22 58 53 56

5 110 4.30 59.1 25~29 27 23 © 25

trace 120 4.50 24.5 — — — —

180 310 3.90 21.2 — — - -

6 130 4. 40 26.9 12~16 32 30 31

4 110 4,50 11. 6 24~28 ‘1 1 -1




— 146 — HERBRBMARE 1625

FEOB(LEMWEEIIE LI RICRT LBV TH S, .

AFEICTHhLEET, BENTRBRELLERZHRL, BAEOIRNC LA IESFEINDE L
w, B¥HMERIRE VR XS,

AHRAOHBII T dEBEEZE L TRk d bbb, Bl CaO X0 Mg0 §HENS SV
— L EPEERICH TS Ca0 4FE— L E SN,

SETER TR ARRCEEREEZEL, C/N RIFETH -k, CRIUNEFEIIDKEL, &
iz, E#ik CaO XU MgO &FE DA o7z, 0.2N HCL 7 K0 35 XU PiOs S HEITOV
T3, §ETOLBEEOHFKRLED 2 b OEFEBOBIBEB DL WOTHSLMEIL T LV, W

2R # Z <

Table 2. Growth
" % | @ - fEEAE | HEER | HEsK
A
Nos. of Nos. of Nos. of Apr., 1960 Oct.,
Topography | Treatment stand stand stand 2 ®B B | FHkERE
planted diel'?.d and measured | Total height Annual
A jured C growth
7 11
® W% e : '
MNE - - 108 20 88 29~66 1~21
B® | Unfertilized (100) (100)
Upper part
of mountain | Jf e 27‘}562 3?851
slope Fertilized 1z % 7 (98) 73)
43 11
#® f e
NE T 3 124 18 106 34~62 1~27
H Unfertilized (100) (100)
Lower part
of mountain | Ji e e 3 *
Pertilised 120 36 84 34~6 456
slope ertilize (105) (273)
# B B it Appendix : The growth of larchs planted on the ruins of
46 14
/OB
S E o 41 13 28 30~65 4~35
HP | Unfertilized (98) Q127)
Upper part
of mountain | Jf e 31:1557 -103347
slope Fertilized 30 1 19 (98) (291)
45 14
&£ e
T i 2 s N I P
Al Unfertilized (105) 127)
Lower part
of mountain | Jf e = =
Fectilized 2 5 15 33~60 10~54
slope ertilize (98) (309)

E: O D PMIkEER, FUILEME OB I 2 EMIEK GEEFREX) i

Remark : The parenthesized figures are the growth indexes,

on the mountain slope,

They were shown
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BEIVWTNOHBTRARSTOEERIIKRE»-7128%, SELRTIX KO F &I, T P0Os
EHEREREDbD T L WERbhS, ) i
V 7157 YolBstUNCHL BT RIEORE

V—1. #5<°VOEER

ZORBITIE, EHIPABRBEFET HLUIC, TTEHFEED LS 2B TnbhTwiedic,
FEEMHICER SNy S Y RERORBRS> LRI L, BF L U THECRS L THRS Z it L,

7z, RBUBPCECRRORER, THD OEOTRTA, BECXZEMLK LOMOFERAFR

4 D

& &
of larch.
Height (cm) E &%
: : (cm)
1960 Oct., 1961 Oct., 1962 3 PEHDOLBEER | Diameter
s B @ | GRREE |2 B @ | ZHKEE | & B @& | Total growth for | at 10cm
Total Annual Total Annual Total 3 years after height
height growth height growth height plantation Oct., 1962
58 10 68 18 86 39 1.7
35~77 1~61 41~117 1~91 48~180 7~129 0.9~3.2
(100) (100) (100) (100) (100) (100) (100)
76 79 155 64 219 173 3.7
45~104 40~112 91~202 21~95 150~297 102~253 2.4~5.2
(131) (790) (228) (356) (254) (443) (218)
54 15 69 34 103 60 1.9
37~179 1~63 39~120 1~85 45~177 10~153 0.8~3.1
(100) (100) (100) (100) (100) (100) (100)
75 75 150 67 217 172 3.5
41~115 36~106 107~211 30~100 137~287 98~245 2.1~4.5
(139) (500) €iY)) Q97) 18) ‘(286) (184)
burning for the preparation of soil. ‘

60 64 124 79 203 157 3.6
45~82 21~101 75~175 52~102 153~231 111~236 2.6~5.2
(103) (640) (182) (439) (236) (403) (212)
78 90 168 83 251 205 4.5
54~98 51~124 129~222 31~109 174~314 127~261 3.4~6.0
(134) (900) (247) 461) (291) (525) (264)
59 62 121 73 194 149 2.9
43~78 26~107 80~185 37~108 150~271 97~226 2.3~3.7
(109) (413) (175) (215) (188) (248). (153)
76 83 159 92 251 209 4,2
48~96 36~107 89~203 64~105 180~300 142~258 2.5~5.3
(141) (553) (230) (271) (244) (348) (221)

percentage TR L7z,
as percentage on the growth of the unfertilized plot of the same locality
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150 |-

Height (cm

S
S

50

ITT111

A B C D N

Remarks.
A : Unfertilized plot on the upper part of the

A’:

B
B/
C
CI
D
Dl

mountain slope.

Ruins of burning for preparation of soil

in A.

: Fertilized plot on the upper part of the
mountain slope.

: Ruins of burning for preparation of soil
in B.

: Unfertilized plot on the lower part of the
mountain slope.

: Ruins of burning for preparation of soil
in C.

: Fertilized plot on the lower part of the
mountain slope.

: Ruins of burning for preparation of soil
in D.

FIR #7~YORE
Fig. 1 Growth of larch.

<, BIFERSIETERL TN,

c@;bmmmwm%ﬁﬁaévoﬁ%m%%b;5m&mu1vh:&u,wwiéaﬁﬂﬁﬁmﬁ
Rprb3®|ITBhiz, $7bb, FEEVTRLEER CIEROHHIEIRAT, £ 4~6cm iGE
LT, EMERKTRE/NT, EX1~3cm T E¥hdok, MRCHEEDHIERDIES b
CHLLRATHot, SHI, PHEES XU 2EEOI0A TAOHERICIY, MK CraMm L
BLOTFHRIWTNDIEEL T, BIEE TRV TFhORSEEFEEZEL, D & 5 LIBES D
Bz, LALEAS, §3EEKICRBERRBEN 2DV iiedr, WTIhOKEERZRLhEED

27

WEABRBNERE

#1625

FTRTAZE»SRI L7z,

B 3 HEMORERAIFE 2RR X
UHEIRTRTEEDTHS,

V—2. #5TVYOBRICHXIET

MRENRE

EHEIEX D 7= v DRENE, FE TE
TEIATE LI N5 &, YRR
Bonish -7, B24E, $IFEED
JEic, FEZESRT LS > TEHIRIFE
toTwic, LHLEDH, ZOEKICE
FAEEED N <Y DEEE, WThd
RETHolce MIERKKETFEHITFT<YD
BE, #EELINEERSICHNET
Hixvwihd RIFT, W Plot ORICIXRA
D x SBRMESRONL D -7,

MR ERERICE NS &, FIEED
LVWHUB LWEKEEDHEKREZTRL, 35
EfoL LEREEZ LN TR CHIE T
LI B &, AIE LTI 4415 HE
TERTIX2.9f5IEL, 3 »EEBEOLHERE
T, FREN 2.5 X0 2. 1EL
7o EHIT, 3PERORFEEDLNL
N2.2fK XL 8fEITEL,

DX 5 EHEORRE, MEEETIE
METHLIVDIEIDTWHLESLWVENVR
X5, ¥, FENCRS L, LRREE
L OEES (EERRER,/RIEEX
RER, %) V%, HE2HEEN L - LbKRE

V—3. #77VNRERICHIETHEENZ Lo AORE
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FREEMRC TS 7 7 <Y ORER, ERVWTRAEIERES DL Wbt +4HE L v v
P, DEDQXSHBARDODHHEBRLNILDT, SHOBEL LTRELTEERW,

EHEXKTH T 2F RO » 7 =Y ORI, RO FERIFHCEL L, NEERSICT
HiX W T I EEORERDOE R DA r o 7ch’, F2EEUMROELERERIZ T A b KIBRKETR
L, F2HEIMEERTIZ6.415, THTRLIMGEL, S5, F3EEDLNLTNL4ER LT
2.2f5E L, 3PEMOLERRERERIN LN A0ERIC2.5EITEL, 3»EROLBEIIL
AN 2.4 X0 L OFRIC, F/, RIREERILh AN 2. 15X L5 fRTE L7,

:@;5&%&ﬁwm@£§%7®mﬁiu,WU&%o##ﬁ%mmbmmawmﬁmuﬁ;w&#
oTeh, EbDTRIFEVZI XS,

HIERICR VT, FRCFEEBLTIIREROEASHAY x SICBDLNL, LiLAND, K
K BT 2FREREPFHD 7 7 < v ORRBDOEAMNRIL, EEEKDOFEILEFADL & Tldlkdh o7,

THIL, FERCIIREEDOHEAY, MELBMOMBIERIUSNL, WTFNIEELIE - TIEKEAL T
Wiz EEH Sh,

FEECRT 5108 THOFHEROBETIE, FEEIHLO» 7~ v OEHOHE, HIEK CaE
ERBIOCTHRIIWTh ARSI 4~6cmiGEL, JEFCELEEESRONE D o728, EEEKT
BUVIFhd &S 3 ~4.5cmiGEL, FEFERPHLEL D IRKRTH -7, Eio, FIEESIOE 2 £,
MK OME LS XTIV TR B HEER & MR, 108 TAOHEERICREEZE L TWih o
o TOX S ILEFRHEIIC ST 5 HNBEOMRIL, FREWHILO» 5 <Y OBBBRIFLZ & 2 RT
hDEVWZR KD,

V—4. £ B

IhH ORBFR R, MIELKCK TS » 7=y ORESEDD TRERADIC, LRI 308
EHRWHL LD LA REWEERRL, FAL s BHIESHESED ORI, L LEans, BIERKCEsT5
h 7= Y DRER, BN ORFRLEFCET S 5 5 < Y IR O - RE Tt R5 &, £
CRFLERE LIV X S CBbh 3, .

ZOZ L, BEFR FYARETEH 7~ YPBMKOREI T EDDTRATH B, MRtk -
TVHLS L EEE AR LD S LOTRMEATTDOL VX XS, BEK FY ALK T <Y
DERCOVTIE, Z OREBRITHERS X OMREDT I3 PERBB LT ERVDOT, 4408
RELRINERFBREZ T T LRTELVD, SETORERIHIEERIVRALELETRTSHDL
Wz ko,

Bk 8 EHEDH 7 ~ YK HT B IOV T, EERBLIVOEAAD 13, N+ P+KRK I UN+
PROMEZD DS - L dAEL, N+KRBIUCP+KRDEEINE VT & 2SI Uiz, BEBLO
FHD D P05 OREILEDEMCE b7 >T, 57~ Y PRHKORENEAT S 2 L 2BDT 5,

ZORBILDO LI, FHRO X S ICHE BT H T 5 AR POs SHEBIIZ b THRVA, ke
KO B L QA& i3E x i,

ZORBRTIEAIEEE A iciodic, I3 EROWTRAERD - 2% 5 2 Uik, +
O P05 YHEBOTESH 7 <Y DREIHL Th - L IFERFORF 2R L TV, HECX 5
P05 DYHEPREREDVWHUSD LWEAEDILTOIE o EDREN D> O TRV LIEE S
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e

ZDX SR, BROXSTHIERE s TH <Y OHEROPEFEN LU B LAALLL
L, BIUHEO XS5, FRENILOXOPEICL T, # 7 YORREPITADL R ITHRL T
ZEPLLEDTILNETHS S,

Bt 2700 o AT, RO POs PEMEINS Z 213, TTRBEEHRE LTRSS Ty
525, FROFTEHHOH S =Y DVHU S LWRKEEDHAR, BEPRICX > CHHASH I S,

VI SRS LU INICH LB THES L ULBEFORE

VI—1. $EOHER

7T <y OHEOHIL, H2EEOTHERY (19614£108) NEE OB TIGHEELREEFRCL
Tk, +HRREMEL s o, Lo T, WIEERXUE SEEOHBIT OV TORERTR
FizE EDIv,

SHERIEIRICRT LBV THS,

VI—2. $HEOCERICH JIFTHE, ks SCLRREOHE

Vi—2—1. N, P, K&H &

EMERIBT5» T < VHERO NS ORSE, MEEHETHRTREREDX S LERER L.
NEHEREEEVTNIMEERTITHL I DHED x SCRALETRLTH, SHTERWTH
LEIEFEIMEEL VA x SKELETL T,

PEARBREAFEE TR ARCAE LR TR THE VRS ERL TS, KEHRIAEERLT
HWiThR5 &, PEBEIRE» o705, BIFEINEL, —BEDHAERE R -7

EEO XX H TV HRBROPEE L EEC OWT, LEMTE TR CILEME L v LE LR

3L H F < v &

Table 3. Compositions of

i ¥ . # | Carbon Nitrogen C—N Ash Si
 Topography Treatment % % ratio % %
Ist
Upper part of | Unfertilized 50.9 2.30 22.1 3.61 0.51
mountain
slope Fertilized 51.2 2,26 22.6 4.09 0. 48
Lower part of | Unfertilized 51.1 2.32 22.0 3.84 0.71
mountain
slope Fertilized 50.0 2.20 22.7 3.93 0.50
3rd
Upper part of | Unfertilized 51.4 1.99 25.8 3.94 l 0. 42
mountain _ -
slope Fertilized 52.5 1.85 28.3 4.53 0. 42
Lower part of | Unfertilized 52.2 2,13 24,5 4,14 0.46
mountain
slope Fertilized 52.2 195 26.7 aw] 0.44
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Richk~5 e, N, PRICKEFEMNERTHZ L, ¥k, NEFRREELOC—NZiL, P&H
B HRAP OTMEE P2Os level i Bt 2R T2, KO S7F BIIHEHOWHRIE K0 47 Ric b
ZRET, TLAMENTRFOEENKREWC L2ER L. SEOFERIL, NBIUPEHE L
R T L OBRE, FROBEEOLUNOKE LRROEMERL TV WA XS, LhrLasRS, #IE
EWMETHTHELEDOC—NEE XOWHEE PO EHEEMAY x SBEEEZTL TV, 20T, T
NODOET OV TIAS rREBEL N o,

WRRICET 27 7 <Y HERDINSDOES %, ThZREINCERIEK EE~5L, 2¥DX5
HESR SN, HIEOEESED bhi,

MIEKI R 5 H 7 < Y EPONSF R, FFEVTRIEELCK X AL, Wtk > Tz
o> THAZTR LI L2 R Shi,

ZRIENLT, PHIVCKERRERVW TR LMEKZEBIER X VD » SiciikzmRL, Bk »
TINSDRSPEKRT B 2 EBRED L,

WARITIEE 3 BHEA VW L Zh b OS2 BT L7 A, BhorhPhoRseF By E T
BT LW, KOS CHRICE » TBDSON TS, Lurz 3100 Coanoer® —fic N ORI X »
CHERONSH B AT 52 L 215U, Mircreir X 08 Finnt® 13 P OFGIRIC X - T northern red
oak X red maple DEHRDOPEHFRIT 2fECHBALI-EVS, Wm\.xsnz") IR br—T<vBKD
WC X » THEPOKSHEMNMA LI L 25D T 5, Gessee HX0 Warker® 13 Douglas fir
OEHONAERLANOWIC X 5 THA LA LEHSMC L, S5, EARBICHED 3v/
FOWT, FNIT H = VI 2T, BRI 3EROIEICX - C, HhOKRGEAENSERLIZ &
ZIEHLTVWS, Levron® 3 AA» <Y 2OWT, NEXUCKOMIRIK X - T, #EHOZhSOR
TR EHRNENEIRA LI L RHED TV B,

EON )3
larch needles.
Al Fe P Ca Mg Mn K Na
% % % % % % % %
year
0. 042 0. 029 0.082 0. 34 0.17 l 0.10 0.61 0. 0052
0. 032 0. 006 0.18 l 0. 40 ‘ 0.22 » l 0.095 |- 0.81 0. 0066
0.034 0.016 | 0.11 l 0.35 | 0.23 l 0.089 0.55 0. 0040
0. 028 0. 005 ‘ 0.18 0. 45 | 0.18 0.071 0.71 0. 0062
year
0. 048 0.019 0.13 | 0. 42 0. 14 0.14 0. 49 0. 0066
0.035 0.014 0.18 0. 61 0.23 0.13 0.79 |° 0.0069
0.037 0.015 0. 14 0. 48 0.17 0.11 - 0.59 0. 0050
0.032 0.013 | 0. 20 0. 67 ‘ 0. 22 0. 089 0. 7é 0 0055
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CIRICHLT, MTHIOEDRSERLEIE LY =YooV T, EhoNE X OPE&HEIZEH
Ak L AT RS b, KEFEVHENRD bhkr okl v, iz, ML > THADL
rREERDEA LSS, VWb 5HREE (Verdiinnungseffekt) i2 X -'C, »x o TEHNOES
SEEMRAOTEHEE DD DL %, Livion® FAKN 7 <Y RONT, D [IR POV TRDTY
%, ‘ .

ASRIORBKT, HIKDH 7 <V HEROPEICKEHERSEARR LA 213, MRMIEOREC
k5L D LHEALNEY, FBOBKOMKRE LAKOBENEZRL TV EVE LS, ¥, NAHENK
LEFLIEZERFRMRICEL DL Bbh 5,

- VI—2—2. Ca, Mg, Mn, Fe X0 Al 55 & »

AEOHERTIE, #7<YHERDINLOHBSOEFHRI, & LTHEBIC D &5 IEEMN
OFEZIAY » STHEBL TS X 5 iTibhi,

FEEVTRD, INEAE ERTRTRCHES L, SEER TR Ca 35X Mg B EBRFA ET
L, Mn, Fe 5X0° Al @ BRERER LTV, MEKICEWTS, Mg &H R\ HEEIHIZTH
KA D LHRERL Tich?, X OfOHRS 337 b EHEAEK & FERO MR 2R L T/,

EEO XX H F Y HEBMKOFEELEEICOWT, Ca EFREIZLEH 0.2 NHCI 7% Ca0 4
FRIVD, WENWEFOREOHBRE L, INEME TH T LT ~<5 LY x 5 CHEAERT,
Mg, Mn, Fe 5X U Al EFERSLOFANDRD SN, Ca &FE LIIFOHCHE T TI3E
BTRTC L EEL T LI,

IEME ORI OV T, FEEOREI X - T, MELE»D OEROMRT S LR FHich
FAEMPTbNS LB X BNEY, ZORBIICHE VTS, AHE LTI T3 &0 pod-

zol {LDHEATL Cufe 8 &%, HRLMEAD AlOs, FesOs 35 X U8 MnO FO W FPk AL L DTS
borEILNG,

SRIORBHER TR, $EHD Mg GFEF—EOMMERIR 702 813, RESHEOBIICH
RFNEERL VA, ZOMOERS OEHEOIEL, MHELEE I CThiTE %S LEEGOR
BERBLTVHEVEE S, | .

5K, ThDORSEREOEILLEIEOREREADLPICT 50, ThEhFE—ERE I e
KL EMEE DK 2T o e FEEOMNE FHO Mg &R BN, £EBE VT HIEREISER
fERICHE~3 &, Ca kX " Mg &FEM%<, Mn, Fe 53X Al 8HBRDAD o7,

FHED 47~ Y 1—1HEoWT, NERFPOREL T BRETP E i NEMIE LT RER
ALV, NEXRPYRDLBEFETHHEI, PERRNEZEILT 5L, - REEZVWHELUBLL
PAELDD LA, N, PUSAOKE XK Ca ORILDIEREL DD Z L EIEHL TS, HFW
EH7=v1—0WicoWT, POGAEZEMT 5 LHETONSHERIHMAT 52, PAr—FiREL
LT HEREAORDICPX o T N ERRBBS2RT L, ¥, PEIV Ca FHRIBMRERT
2%, KEERERAOL, Mg @B BIFLEASERRESONA VT E 2L 2T L,

ZDX 31T, NERZP ORI, ORI OBINCD BB % B XET 2 LA RITOVTHS I
ERTVES, FHOHRS EROL 51, N, PiXOKOMEI SHEMOBOERS &H DL L
BB LT At 20X S KL oM OREC X 5% &, RERROHER
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THMY & D CEHEVA—RRLTCWRZ L, TISEETRELATHS I,

VI—2—3. SiHXo Na K& ‘

SlEER DL S EHRITD - LB REL, NaGHRITL - L &/ E ol MK E KO
K ZEDFRMBIIC NS &, FEBVTRLD, SETHECEERICE<5E, S| &FRIMAE
AL, NafdH R DER LI,

Fie, FUHBIOWT, ThLQslic g5 &, MIRK Cra MR b~ T Si §H B
MEFL, Na GHBIZBEAERLI,

BEHD OLTOH T~ VIR OFIER S EZE OV TOSHFER T, Si kXU Na &§F &3 Em
K7L OB R ST, ARloffR e —S LB EZR L TWE, JILbL ORIV TR SHK
DRFfCH bV ERS,

VI—3. #3%VORELHEDOER L OREFE

SEDRTIE, » 7=y OHEOHEKSH P, K, Ca GHBRELHY & SwBdEELRL, IR
RORFIFECI NS OHBFOEREIIAE > T. Mg &F B I HEEOHICK O TH %
i, FRORERL, LidoT, SHBEEITRRERLBE®EZRTEVELIS, L LR
b, Dk 5, FRICKLTNEHEXREREOEMCE L > THAERLIZLRENTH -
B, CORBFRROBECLEIOTHSS LEbNh 5D,

%ZOffs, Mn, Fe XU Al #F&IZ, A0 X5, FUMELZERS LEEDRBMHILKDEZ
SPERIEK X DA, Eh, SEEKTRMETHROE I B0EL, REEHIBREOHBE®LRT
EVRES, LALAaHL, & Plot @owT#ET 5L, WihdHE EHOMIEXIE T EHOMMIEX
E0%<, LTLIRRER LEEEEZTREIN o7, SREIORHERIT, HIEE VI HREEHTORKTD
58, INLORSDERREIBIROLE —IIRC X REEOHEA—I D, MEMEOEELS
LI BT H L LERTODEVRE S,
 h 7=y OEOHMAK L R E OERICOVT, A 13 10~50 £EDKARTIE, NSXUKEFE
DIRE L BEREEEE TR TS, PRIV Ca 4 RI—EOHGESRDLNAVIE, b, HAT
PESIERDOP B LU Ca &HENRE L HEREFSRDON, N XU K SFREIBEEESRDON
F, BAREMARTIERIEY x SHHESRONEZ E2EHL TS, Leyron D0 3hgbd AA» 5 =
YIZ2WT, NEXUCKOMBRZENEh#ES XOHERO NS ORFEFREZMREL D 5 L &
(KiENIR5 2 kE%), FICALKICREORE S AN T <Y OHEOFITER» S, $13E
ONBXOKEHBIIRE L EECEEELET 5, Priash SHER KEER LB a2 HT
I B S & B 2R £\ 5, T H L OHD IOV L5 Lu 108£D ) 7~
TOWVTHEPON K LU PEH RIIRE B2 H 455, K, Ca 3X0' Mg &4 B3 2 3
BIRVEVS, FEED IH T < Y HRKORESEECOWT, N, P, KX Ca 5HBIH HHE
ETHT Y ORELBBEE T, 77 <y ORERESBIRISNC, TEOBEMHEDLE b
QBB LA, |

BEDE ST, #7~<YOEELHECHKICOVTOSETOWRRTLT L —H LABHmMERLT
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VI—4. h5TVHEFOENIL

POARDRBIF AT R TS 7o0iid, AESOWKRELE L LI, TOMILD-IF v ADEREC S
BT EDBLBETHE S,

LBl O YA T, RO KIS ORILO BIWILBERY, # 7 <Y Opfie E0 X 5 Btk e
FE0EWHSPICT BR0IC, FREOXSITH 7=y OINELBELMEEREERL, 22, BHELTLYE
KEOAEWEEZDBILAHN, P, KX Ca i oW THE LickiR a4 KiTR L,

pAVEEE IR XCE TR
Table 4. Nutrient ratios of larch needles.
i |4 4] i1 N N N K
Topography Treatment P K Ca P
Ist year
Upper part of | Unfertilized 28.0 3.8 6.8 7.4
mountain
slope Fertilized 12.6 2.8 5.7 4.5
Lower part of Unfertilized 21.1 4.2 6.6 5.0
mountain
slope Fertilized 12.2 3.1 4.9 3.9
3rd year
Upper part of Unfertilized 15.3 4.1 4.7 3.8
mountain
slope Fertilized 10.3 2.3 3.0 4.4
Lower part of Unfertilized 15.2 3.6 4.4 4,2
mountain -
slope Fertilized 9.8 2.5 2.9 3.9

[ CHEOMIRK & EGIEK 2 h Thitii 5 &, FEEWThLIMEREE L% LN/P, NK
FEON/Ca L, %7z, FE3EEOME LIMERGE K/P dRROMHmEZR LI, LT
7 7=V OREORFESEECRIALOERBIEZRTEVZES,

INOORRIZOVT, HR® 3h 7 <Y OEARERARTIIESOERESER Y, HATIE N/P,
N/Ca £ X K/P BRERRIFR CTRERARRITHNS L/ XVl RT8, N/KiZ—EORHSR SNk
WwZ ik, Zhiz LT, MATIE N/K RBERAIFREKRCHSS L/SWHERT, N/P, N/Ca %
XU K/P BERAREARAL OMIICHHD & 5 LHERR LW Z & 2181 LT3, LevronDpx [
Ah T =Y DEED Zhh b OO oWV, N/P1312.6, NJKi22.4, K/Pi15.4 TH5HEV5,
£, BHRERARD N/Ki32.2~5.5THDH 5, EHOFRIL, HED LITHEENR SR S5,
D BAF R IX G N/P 12 9.8~12.6, N/K % 2.3~3.1, N/Ca|32.9~5.7, K/P33.9~4.5 %
w7

g & &

L ZoWs, AESOEREHKROIL—ICK A 2R P/ A2k 7 7= v iih
T T DRI 3 -4t OREEZ, hIMBEEL LTLVELDRLDTH S,
2. WL, REREFUERERA EREREEN O YARICBE LI, LT Pwor-1 SR
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Pwo-m BEHCEL, VIR EEEERTRRT, Btk Ca 3X 0 Mg &1 LV IafkE T
bHbo Eio, THEE KO SHRIIPL, THE POs HERIEbDThLd o7,

8. hIev 1—1HERWT, AR GRBIEE 2 52 12EF ML L, k-5 s
LLAKREDP 27

4. JERRME 8 MMERIOMTIRE R, MK SEMIERICIERT2.9 5 X094, 445, REERIIL8
IO2. 2T LI, ,

5. % LCHELAFRIINO S 7 <Y OIREE, JFFEHLCIEST, 30 FROKRI, #5
R VIBIEE 2.5 35 X 004, 0 5, IRISEMRIZ L5 PR 2.1 fHIEL, wwtftéakﬁﬁgwﬁk#
Bohi,

6. 1EAHIV3HEADIOA FAREKOHEDHMREFT, MNEMFS XOHIEORE, R
DOFFREFIC OV TR LICFR, 2&0 X 5 RHEAIRBD LI,

D SRR T, MR TRCENB L, #Edho N, P, Ca, Mg, SiGHRRBARRL
Mn, Fe, Al 1 X0 Na HHBREARTRLES, KEFREI—EOEABRSNIRD o7,

i) FUNEORIER 2 BHER L5 &, $EPONEFRIRMIERLID, ZORESEL L
DB L DD EPNS, ¥, $#PDO P, K, Ca X0 Na £HEIZMKZRL, Mn, Fe,
Al 530St AHREROETL, Mg 8HRIES < OBAMART LA, 0L 5 kbt Oy
7 =Y Ok L ORI FED B, .

7. H 7Y HEROEFILIT OV, HEKREBER T, N/P, N/K, N/Ca/h&<,
R & EEEN RS SR, K/IP ZFAEFEC L > TR Y, —EORGRERDHE) -7,

BMakboidi, KIETROECIRELBb - BRI B ABFEK ML, SkOTRER 77
WEETARESHR (RNEXSRE) EOFEE, KES5EER BE, HEXSRERAFERE
RESEORE S XORERBEC SN2 I 1ok B S HRRIEE AR AP, WARSHE
BEMREREEIEE 5 X CEHEFKEORRICLY L DR #T 5,
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A Fertilizer Treatment on Young Larch Forest on Wet Podzolised Soils,
On effects of fertilizer on growth of larch and composition of needles,

Hiroshi Kawapa

(Résumé)

Otaki National Forest in Nagano Prefecture is famous for the timber production of old
naturally grown Hinoki (Chamaecyparis obtusa). The main part of this forest is occupied
by the wet podzolised soils originated from quartz porphyry. The foresters for a long
time past had been perplexed with the very poor growth of Hinoki seedlings planted in
this region. In recent times, the plantation of larch (Larix Kaempferi) has increased from
year to year. In a recent paper 7, the author pointed out the widespread outbreaks of the
needle cast disease of larch in the podzolised soils of this region, and the decrease of the
growth of larch in relation to the increments of the extent of the damage by this disease,
all of which would cast a gloom on prospects for the successive larch plantation in this
lregion.

The establishment of the regenerating method in the wet podzolised soil region under
the cold and humid climatic conditions was one of the most urgent silvicultural problems
in this region. Investigation into fertilizer treatments, the regeneration of conifers (fir and
spruce) and hardwoods (birch) and many other methods would be necessary for attaining ‘
this object, and fertilizer treatment on the young larch forest was started in Apr., 1960,
* by the author as a part of the studies for this object.

The remarkable increments of larch growth following fertilizer treatment were reco-
gnized for 3 years, These results seemed to permit a hopeful forecast in some measure
for the afforestation of larch in this region. However, successive investigations and
possibly additional fertilizer treatments etc. would be required before coming to a definite
conclusion on the practical larch afforestation with the fertilizer treatment.

In this study, the foliage analyses were done for clarifying the effects of the fertilizer
treatment on the mineral nutrient conditions of the young larchs, In the author’s opinion,
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this information would be essential for the development of the fertilizer practice, the
maintenance and improvement of the forest soil productivity.

The unexpected transferance of the author from Kiso Sub-Branch to Kansai Branch in
October, 1961, caused a discontinuance of this study. Consequently, the author was obliged
to leave the future investigations to his successor, but before separating he summarized in
this paper the results of operations in his charge during 3 years as an intermediate report.

1. Tested forest and method.

The: site conditions of the tested forest were as follows:

Height above sea level --+----- 1320~1370m, Direction «-:+-+-:- S60° E, Inclination::--.«--- 30°,
Parent material----:---- Quartz porphyry,

This tested forest was under cold and humid climatic conditions. Its annual precipita-
tions were about 3500mm, and its annual average temperature was below 7°C.

The experimental plots were settled on the long mountain slope. Two belts both 10 m
in width, were established from the upper part of the mountain slope to the lower one.
The one was fertilized and the other was the control. Each was divided into 2 plots
according to the differences of the position on the mountain slope and the type of soil.
The one was the upper part of the mountain slope (upper part—middle of the mountain
slope) and belonged to the wet podzolic soil (iron type), Pweyn —soil, and the other was
the lower part of the mountain slope (middle—lower part of the mountain slope) and
belonged to the wet slightly podzolised soil (iron type), Pwem —soil. The area of each
plot was about 0.07 ha.

In the middle of April, 1960, 2-year-old larch seedlings were planted, and 12 particles
of Maruyama solid fertilizer No.2 (each particle is 15 g, N------.-- 5%, PgQg-eereees 5%, KO-+

------ 3%) were given per one seedling,
2. Method of analysis.

The analytical methods of soil and needle were as follows:

Carbon was determined by the chromic acid titration method # and nitrogen by KieLpant’s
method. Exchangeable Ca0O and MgO were extracted by 2.5 parts of KCI solution shaken
for one hour, Available P305 and K30 were extracted by 0.2 N HCL The mineral
elements in the needle except Si were determined after wet ashing by HC10,—H;SO;—HNOs;.
Si was determined by the ordinary gravimetric method after dry ashing, Py0; in the
soil was determined by the vanadomolybden yellow method and P in the needle by molybden
blue method. Fe was determined by tiron, Al by aluminon, and Mn by the oxidation
with NH,—persulfate, colorimetrically. Ca and Mg were determined by the versinate
method, and K and Na by flame photometer.

The needles analysed were picked from the uppermost shoots in late October, 1960 and
'62.

3. Seail.

The well developed greasy H layers and the orange colored ferrugineus deposits in B
horizons characterized the soils of the experimental plots belonging to the wet podzolic
soil group.

Their chemical and physical properties were shown in Table 1.

They were clayey. The horizons below B were remarkably compact and their physical
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properties were inferior as shown by their very little water percolation rates. The fact
that the H layers of both profiles were very acidic and were abundant in exch. CaO and
MgO was very interesting. The mineral horizons were acidic and very poor in exchange-
able bases. Their available KyO contents were poor, and available P;O; contents were
still poorer.

4. The growth of larch and the effects of fertilizer upon it.

4—1. The growth of larch,

In this experimental plot, the preparation of soil for afforestation by burning had been
done before the author’s establishment. The collected branches of the felled stands, the
remains of shrubs and ground vegetation were piled up and burned off, The ash and
burned remains of these piles were roughly dispersed in the experimental plots, Consequently,
the larchs planted on these ruins were excepted from the normal examination. They were
summarized separately for reference purposes in the future.

The growing processes of larchs during the 3 years were shown in Table 2 and Fig. 1.

4—2. The effects of fertilizer on the growth of larch.

In unfertilized plots, the differences of the growth of larch between the upper part of
the mountain slope and the lower part of it were not seen in the first year, but the growth
of the latter was more superior to some extent than that of the former in the second and
third years.

In fertilized plots, the growth of larch was superior both on the upper and lower parts
of the mountain slope, no clear difference being apparent between them.

The distinguished fertilizer effects upon the growth of larch were clearly shown by the
following growth indexes (growth of fertilized plot/one of unfertilized plot, shown in per
cent). The total height growth indexes were 443 in the upper part of the mountain slope
and 286 in the lower part of it, Furthermore, the diameter growth -indexes were 218 in
the former and 184 in the latter. The height growth index in every plot reached a climax
in the second year and it decreased somewhat in the third year.

The reflection of these fertilizer effects to the vigour of the larch stands was clearly
recognized in the following field observations, The needles of the uppermost shoots of
the fertilized plots in both parts of the mountain slope were long and large and reached
4-6 cm in length, but those of the unfertilized plots were short and small and reached
only 1-3 cm in length, ASimilar tendencies were observed on the needles of their aged
branches. In late October of 1960 and ’61, the needles of larchs of unfertilized plots turned
yellow, but those of the fertilized plots did not put on the autumn tint. In the same
season of ’62, the climatic condition in the autumn was warmer than usual, and the needles
of larch in all plots did not turn yellow.

4—3. The effects of the preparation of soil by burning on the growth of larch.

The author was very interested in the growth of larch planted on the pre-burned area,
but as the number of larchs was so few in every plot, they provided insufficient data for
discussing thése effects; nevertheless, the author summarized them to serve as a reference
in future studies,

In unfertilized plots, the increments of the height growth in comparison with those on
the normal stands were little in the first year, but they were very significant in the
second and third years, The total height growth indexes during the three years were 403
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in the uppef part of thé mountain slope and 248 in the lower part of it.. The diameter
growth indexes wefe 212 and 153, respectively.

In fertilized plots, the increments of the height and diameter growth were clearly

observed, but they were not so distinguished as those of the unfertilized plots.

It was wbrthy of our notice that the preparation of soil by burning was very effective
on the growth of larch seedlings. Field observations in late October in every year yielded
the following facts : In the.unfertilized plots, the needles of the uppermost shoots were
3-4.5cm in length, and, furthermore, the yellow tinged needles were not observed. In the
fertilized plots, no clear differences were observed between them and the one of the normal
stands.

4—4. Discussions,

Summarizing the above results, the author obtained the following opinions,

The growth of larch seedlings on the wet podzolised soils was remarkably poor, but it
would be possible to raise the standard to the level of the one planted on the superior site
conditions in Shinshu area by fertilizer treatment, However, successive investigations
would be necessary for coming to definite conclusions on the larch afforestation with
fertilizer treatment on wet podzolised soils in this region.

On the effects of N, P3O and K30 on the growth of young larchs, the author and Sasaxi®
pointed out that the effects of N+P3;05+K30 and N+P;0; were excellent, but the effects
of N+K30 and P3;0;+K20 were not particularly significant. Other Japanese authors? con-
firmed the increments of growth of young larchs according to the increments of the P30y
fertilizer. As stated above, the mineral soils of these experimental plots were very poor
in available P,O5 but their available K;O contents were not so poor. Therefore, the ava-
ilable PyO; supply of the soil to the young larchs would be the most effective limiting factor
for their growth in these experimental plots. The increments of the P,O5; supply by fer-
tilizer treatment would induce remarkable increments of the growth. i

Furthermore, the fact that the availability of P;O;s in the soil increased by the burning
is common knowledge, and phrased as the “burning effect of the soil”, The remarkable
iqc_ggments of the growth of larchs planted in the burned ruins as above mentioned would
bg explained by the burning effect of the soil. And as mentioned below, that the P con-
téhgs of the needles were increased by fertilizer treatment would support these opinions.

5. The compositions of needles and the effects of fertilizer and soil conditions

upon them.

5—1. The compositions of needles.

The sampling period of the second year (late Oct., ’61) fell at the same time as the
author’s transfer to Kansai Branch, and samples needed for adequate investigation could
not be obtained. = Therefore, the author was obliged to analyse only the samples in first
and third years.

The results were shown in Table 3.

5—2. The effects of fertilizer, topography and soil conditions upon the compositions
of needles.

5—2—1. N, P and K.

"In unfertilized plots, the differences of the N, P and K contents between the upper

and lower parts of the mountain slope were as follows:
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The N content of the lower part was more abundant than that in the upper part in
every year, and the N content in the third year of the two parts decreased clearly in
comparison with that in the first year. ’

The P content of the lower part of the mountain slope was more abundant than the
content in the upper part of it in every year, but the K content of the former was less
than that of the latter in the first year and vice versa in the third year.

In fertilized plots, when comparing them with the unfertilized ones of the same
topography, the following facts were observed. The N contents were decreased in every
year, whereas P and K contents Were clearly increased in every year. It was very
interesting that the changes of the contents of these elements by fertilizer treatment were
dissimilar.

The increments of the contents of these elements in the foliage of the forest stands
following fertilizer treatment were observed by many authors®OmiN,  But in some
particular cases, some authors observed the diminution effect of the nutlient elements,
causing the contents of the element to decrease by the fertilizer treatment on account of
the notable increments of the vegetative material producting rate being more than that of
these elements’ absorbing rate 919,

In this study, the increments of P and K contents in the needles by the fertilizer
treatment were the same the above-mentioned many authors’ results, and the decreases of
N content would be explained by the diminution effect.

5—2—2. The Ca, Mg, Mn, Fe and Al contents of the needles.

The contents of these eléements in the neeles would reflect clearly the effects of the
soil conditions induced by the topographical factors.

The decrease of the Ca and Mg contents and the the increment of the Mn, Fe and Al
contents of the upper parts of the mountain slope as compared with the one of the lower
part of it except the Mg contents of the fertilized plots were clearly recognized on the
fertilized and unfertilized plots.

Previously, the author® pointed out the following facts on the freshly fallen needles
of the mature larch forests. The topographical factors were more effective than the 0.2
N HCI1 soluble CaO contents of the soil upon the Ca contents of the needles. They increased
more in the lower part of the mountain slope than in the upper part of it. = But the Mg,
Mn, Fe and Al contents of the needles decreased more in the former than in the latter,
with some exceptions, ’ ’

On the soils of the mountain slope, the author suggested the eluviation of bases from
the upper part and the illuviation of them in the lower part®, In these experimental
plots, the more ‘advanced proceeding of the podzolising process of the soil in the upper
part of the mouritain slope than in the lower part of it suggested the increments of the
mobility of AlyO;, FegOg and MnO in the soil.

In this study, certain tendencies were not observed on the Mg contents of the needles
and were left for future study.

To make clear the effects of the fertilizer on the contents of these elements in the
needles, the fertilized and unfertilized plots on the same topography was compared. The
increments of the Ca and Mg contents except the Mg contents of the lower part of the
mountain slope in the first year and the decreases of the Mn; Al and Fe contents in the

former as compared with that of the latter were clearly observed in every year.
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.Some Japanese authors 1% pointed out that the N and P fertilizer treatments on the
larch seedlings induced the increments of the uptakes of other elements. In this study,
the N, P and K fertilizer treatments induced similar effects on the compositions of the
needles except Mg as in the case of the topographical factors as mentioned above. This
was a very interesting feature.

5—2—3. Si and Na contents of the needles.

Among the contents of the elements, Si was most abundant and Na was least. The
Si contents inc;‘eased more in the lower part of the mountain slope than in the upper part
of it in both fertilized and unfertilized plots, and they decreased more in the fertilized
plots than in the unfertilized one on the same topography. The very contrary was observed
on the changes of the Na contents by the topographical factors and the fertilizer treatments.

5—3. The interrelation between the growth of larch and the composition of the
needles.

Among the components of the larch needles, the P, K, Ca and Mg contents clearly
correlated with the growth of larch with the only a exception of the Mg content of the
fertilized plot in the lower part of the mountain slope in the first year. The contents of
these elements increased according to the increments of the growth. The fact that the N
contents of the needles did not correlate with the growth of larch was an unexpected
result. It would be caused by the diminution effect.

The decreases of Mn, Al and Fe contents being more in the fertilized plots than in the
unfertilized one on the same topography and in the lower part of the mountain slope than
in the upper one of the unfertilized plots seemed to show theirs correlation with the growth
of larch at the first glance. But summarizing all the data, we find the contents of these
elements were more abundant in the fertilized plot on the upper part of the mountain slope
than on the one of the unfertilized plot in the lower part of it. Nevertheless, the growth
of the former was more excellent than that of the latter. Consequently, the effects of the
topographical factor would be more effective than the fertilizer treatment factor on the
contents of these elements.

Nakamural® pointed out that the N and K contents of the larch needles correlated with
the growth of 10 to 50-year-old larchs, but the P and Ca contents did not correlate with
their growth. He confirmed the opposite interrelations on the larch seedlings in the
nursery. LevTon®101D observed the increment of these elements in the needles according to
that of the height growth on young Japanese larchs growing under different site condi-
tions. However, he confirmed the close positive relation between the N and K contents and
the height growth, but an indirect relation between the P and ash contents, and the latter
because of their relationship with the K contents.  Furthermore, he found increments of
the N and K contents in the needles and the height growth by the N and K fertilizer
applications. The other Japanese author® observed the correlation between the N and P
contents and the growth of larch, but no relationship on K, Ca and Mg contents. The
author® pointed out that the N, P, K and Ca contents of the freshly fallen needles in
mature larch forests correlated with their growth to some extent. However, he confirmed
that the growth of larch was affected by the physical properties of soil in addition to the
chemical one.

As mentioned above, the previous authors’ results on these relations showed no certain
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tendency. However, the result from this study was similar to the one of the author®,

5—4. The nutrient ratios of the larch needles.

The nutrient ratios of the larch needles were shown in Table 4.

The ratios of N/P, N/K and N/Ca of the fertilized plots were less than those of the
unfertilized one in every year. - Therefore, the decreases of these ratios would correlate
with the increments of the growth of larch. The ratios of K/P was less in the fertilized
plots than in the unfertilized one in the first year, but they showed no certain tendency
in the third year.

On these ratios, Naxamural® pointed out that the ratios of N/K were decreased in the
superior stands in comparison with the inferior ones, but the other ratios, N/P, N/Ca and
K/P, did not correlate with their growth. But he observed the ratios of N/P, N/Ca and
K/P of the superior larch seedlings to be less than in the inferior seedlings,and no certain
relation in the ratio of N/K.

The results in this study did not agree with his results; therefore, these problems

must be taken up in a future study.
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