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Table 1. Site conditions of sampling forests.

» . .
WMEES |+ ®mW |8 M| o | BB o g | ERER
Height Mode of
Prof. | Type of | Parent Topography ggr?ev el Direc- Inclina- | forma-
No. soil material (m) tion | tion tion
=ARUIEAM (Miki-yama National Forest)
EEATE L5 (Upper Residual
1 Ba part of hill slope) 100 N 28° | soil
IR | REME TH (Lower Collu-
2 Bo part of hill slope) 90 S60°W 10° vial
Tertiary . soil
EREE& (Hill top Residual
3 Br plateau) 110 — 5° | soil
K& 1% L O%EAEILEAM (Otani-yama and Hakoda-yama National Forest)
ISR E E# (Upper Residual
4 Bo(d) : pa;t of mountain slo- 440 S20°W 20° | soil
pe
,]E’I-“i @U.lﬂﬁt-ﬁilf@ﬁ_l“gﬁ Collu-
1w 1 , ower part of same o o .
5 Bo mountain slope as 400 S20°W 20 soil vial
Prof. 4)
HIEAE E#8 (Upper Residual
6 Ba b I pa;‘t of mountain slo- 440 S40°W 20° | soil
pe
]E)Lé D 1l H%?‘}F‘—Fgﬁ Collu-
Granit ower part of same o o s
7 Bo ranite mountain slope as 400 S30°W 20 1 vial
Prof. 6) sot
LLfE&E E%8 (Upper Residual
8 Bo(d) pagt of mountain slo- 500 S40°W 25° | soil
pe
E’I-‘8 D 1l ﬂ%ﬂfﬁ—l‘_%ﬁ Collu-
ower part of same o o .
i Bo mountain slope as 440 S20°E 25 soil vial
Prof. 8) o1

Remarks: Type of soil. (4#E#I)
Ba ---Dry brown forest soil (Steep slope type). EHBEHEKE (ALHAD)

Bo(d)---Sub-type of Bp-soil that has well developed granular or nutty structures in

A or A, horizons., (¥ Bo #l43%)
Bp ---Moderately moist brown forest. (EiM:BEZTRKT)

Br ---Wetted brown forest soil. ({@#:18 Mk +)
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Example RERRLKKK NS |

4. =+ % ‘
S : Fine soil (#fi4+), G : Gravel (), R :Root (&)
Wt : Moisture content of fresh soil. ((RERIEE/KE)
4+—1. # £ XVmax. : Water holding (capacityﬁ. i(;%j(ﬁﬂ(i)

) . min. : Air minimum. (G/NA

S A D £ DF ] 7":’@‘: oy Y
ERERS O LROME RIS BIR BAREOBENEE
FoR, HAEIFEIER, HRIKE Fig. 1 Physical properties of soil in natural condition.
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Table 2. Description of profile.
W EREE A i © E = BRI 5 e R R AL A& | 8k
Sl P e S L L S S ot [
ype ini- ick- m- ctotro- |gin-
Layer \ion  of . Stone phic ous
Prof.| of Hori- |boun~ |1€ss Color Structure | pact: (Size Root mycor- |depo-
No. | soil zon dary} (cm) ness | quantity) rhiza |sit
=AKILUEEW (Miki-yama National Forest)
A, L:+, F:2cm )
small, me- _
. B An c 4 | 10YR6/4 |loose gr 3 dium, 3 4 +
A medium,
B 18 |7.5YRé/8 |N, Gr e 3 3 + -
Bs | © | 33+|7.5YRs/8 M ibid. 2| - | -
Ay L:+, F:2cm g
small, medi- _ _
2 | Bo| A . 20 [7.5YR4/3 Cr Lo larged 3
small, medi- _ -
B 30 |7.5YR6/6 M 2 um, large 2 2~1
A, L:+4+, F:2cm
medium, _ _
s | B | A c | 2~3 | 10YR4/2 M large 1 4
B, 32~33| 10YR6/4 M ibid. 2 — +
B, G 20+ | 10YR6/6 M 4 ibid. x| — +
KA1k X 0EILER# (Otani-yama and Hakoda-yama National Forest)
A, L:2cm, F:2cm
4 [Bo(d) A C 12 [7.5YR5/4 |(loose gr), Gr| 2 small 3 3 + —
B, 12 [7.5YR5/6 |(Gr) st-less 3 ibid. 2 — -
By | G | 35+| 5YRS/6 [M~st-less ibid. 2 | - | -
A, L:lcm, F:4cm
A, 7 10YR4/3 Cr 1 small 4 4 - -
5 | Bo | A, | C | 23 ibid. M 3 ibid. 3| - | -
B: G 23 | 10YR4/4 M 3 | medium 3| 2 — —
B | © | 20+| 10YR5/4 M 3 ibid. 1 - -
A, L:lecm, F:2cm, H:1lcm, 7.5YR2/3, powdery
6 Ba An c 2~3 | 10YR5/4 loose gr 1 - 3 -+ —
B; 17~18| 10YR5/8 | (M) ~st-less 3 — 3 — -
B, G 30+| 10YRS/6 ibid, 4 — 1 — -
A, L:2cm, F:2cm
Ay 10 10YR3/3 Cr 1 small 1 3 — —
7 | Bo| A | G | 12 |7.5YRa/4 M 2 ibid. 3| — | —
B, G 18 |7.5YR5/6 M 3 ibid. 2 - -
B, G 10+ |7.5YR5/6 M 3 | large 2 1 - —
A, L:2cm, F:3cm
A 6 |7.5YR4/4 |(loose gr), Gr| 2~3 — 3 + -
8 [Bod)|A—B| © | 18 | 10YR4/6 |(Gr)~M 3 - 3| — | -
B, | © 12 |7.5YRs/6 M 3 - 2| = | -
B, | © 15+ |7.5YR5/8 M - 2 | - -
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Wy | R EE#@ %E ] REE A 2 Tﬂ.iﬁf &
® = * R . & =3 & c Bk E R Ferru-
Type Defini- |Thick- om- Ectotro- (gin-
Prof f Laver tion of ness Color Structure act- Stone Root phic Qus
-1 °' |Hori- |boun- p (Size, mycor- |depo-
No. | soil zon dary| (cm) ness | quantity) rhiza |sit
A, L:l~2cm, F:2cm
9 Bo A G 15 |7.5YR4/4 Cr 2 | — 3 — —_
A—B 15 |7.5YR4/6 M 3 — 2 — —
B G 20 [7.5YRS/8 M 3 | large 1 ! - —

Remarks ({%):
Definition of boundary (HF&IKEE)----- C (#)): Clearly defined, G (j#}): Gradually merging.
Compactness (BRERE)-----+ 1 : Soil aggregates bound loosely (L x ), 2: Soil aggregates
bound densely and firmly (&%), 3 : Soil aggregates bound compactly (&), 4 : Soil
aggregates bound very compactly (32 55 %).
Stone, Root------ 4 : Abundant (%), 3:Frequent (#), 2 :Occasional (4*), 1:Rare (5%)
*) Roots are rotted.

H3IK IH &
Table 3. Vegetation
W |4 3%
55 Typeh & et
PI\rIg'f. sggl Vegetation
=AKILUEHEW (Miki-yama National Forest)
. Ba (Ds)7H=vs, (ShxFvvT2 vaz2 FyLvyvI2 +Fv-o¥2, (G)*

FH3, F T3

2 Bo | Ds)7n~=wS5, (Sh)yEFvv I3, FoLxywy v I8, va=2 7Y2, 7HAHYTI]

(Sh)7H=v5, FXI Y4, 2¥H¥4, vadal Fvxyyvd3 e¥h+3 a4
52, +v¥2 (G)~F=H3

3 Br

K&1U% X OfsEILEA#(Otani-yama and Hakoda-yama National Forest)

(Ds)7#H=w5 (Sh)Y =272, 7&E2 vax2 Iv.ivyvI2 +v . ¥2, =2

4 [Bo(d) _ . s . .
F351, ZUL, wAdl, AxYFl, (G)Y A7 F¥H2, zvv¥EyFl

s Bo (Ds)7#H# =5, (Sh)YTR7F#45 7TxE2 z2+351, 77U, 4 xv5l, £Fv
v I, (G)792, A bUq4.351

s | B (Ds)7 1 =5 (Sh)Y =% 72, 1v.599Y2 T2 vaZ2 Fv¥2

YEYYYIL, 2TF], bFhF], (G)VERTEFHFYS

7 Bo | (D)7 #=v5, (Sh)=n.3-F2, vU.ir==23l, (G)VYH7F¥H¥5 RRAF+

(Ds)7H=v5, (Sh)Iv.vyvo2, Y2972 7TkE2 vaz2 e¥+isFl, +

8 |Bo(d
POl o lkl, 251, (G)rET F P

(Ds)7#=v5, (Sh)4 2vH 2, YY.iF==32, 7Y, ATl <3 F¥2,
YTRT7 FH 45
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Table 4. Physical properties of soil in natural condition.

o M 2N M E

s,

W | IR %3 =S 7K . g 9 BABIKE % | BB RISk E
Fi= I #: | Depth (Water percolation rate) HME i i ' % Water holding Moisture content
Prof Type | '® fr o?'n (cc/43) (cc/min.) Volume Porosity capacity % B % | of fresh soil
Tl of |Horizon |surface | 5 &% | 1554 | ¥ 4| .o MIFLE|HABR | B | A M| E R || B R|E OB
No. soil (cm) After After g Fine Coarse
. 5 min. | 15 min. |Average porosity | porosity | Total | Volume | Weight | nimum | Volume | Weight
= XK 0 B # # (Miki-yama National Forest)
1 Ba An 2~6 29 33 31 80 20 33 53 26 42 27 14 23
B,(lower)| 20~24 29 29 29 122 27 19 46 39 38 7 28 27
A 3~7 130 146 138 60 13 28 41 26 82 15 16 50
2 | Bo |B(upper)| 24~28 60 50 55 94 19 24 43 36 57 7 23 37
B(lower) | 38~42 112 113 113 93 17 27 44 33 52 10 20 32
3 Br B;(upper)| 6~10 3 3 3 145 28 13 41 44 34 -3 36 28
B;(lower)| 32~36 2 2 2 151 26 13 39 39 29 0 33 24
KA X O ILEAW  (Otani-yama and Hakoda-yama National Forest)
A 7~11 56 55 56 71 20 32 52 32 60 20 13 25
4 | Bo(d) B: 18~22 54 50 52 89 15 31 46 35 54 11 17 26
Bs 30~34 30 27 29 94 17 35 52 44 56 8 23 29
Ay 6~10 134 127 131 67 22 36 58 32 61 26 23 43
S Bo A, 17~21 58 57 58 93 25 27 52 45 59 7 26 35
B: 36~40 58 56 57 96 22 32 54 46 57 8 25 31
6 B B: 7~11 64 62 63 99 18 38 56 38 42 18 24 26
A B, 30~34 24 22 23 106 20 32 52 44 46 8 27 28
Ay 6~10 283 265 274 74 28 31 59 47 71 12 28 43
7 Bo A, 16~20 53 55 54 94 31 22 53 49 55 4 35 39
B 28~32 41 38 40 109 30 21 51 47 47 4 36 35
A 6~10 38 34 36 94 22 35 57 42 49 15 27 31
8 | Bo(d)| A—B 13~17 45 44 45 98 29 27 56 49 53 7 31 34
B 32~36 19 18 19 101 25 31 56 52 53 4 33 34
A 6~10 68 66 67 98 30 19 49 47 56 2 32 38
9 Bo A—B 20~24 105 94 100 107 26 19 45 44 51 1 31 36
B 36~40 46 42 44 109 23 26 49 43 45 6 30 31

I
I
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Table 5. Chemical properties of soil. (&M Y720 : On dry basis)
q e v =
WOE | L ® = BORE R e g Mg fam PaOB i
HF = " B 0.2 N HCI R
1= £z | Depth c N Exch. & Rate|E Rate P.0s pH
Prof. | Type of from C/N EXCh.‘t 100 of exch.jof lv?xch. soluble(ppm) absorp- Exch.
. . % % capacity| (m.e./100g) g tion’s acidity
soil Horizon | surface Ca satu-jsatu- L (H;0)
No. (m.e./ ti t P.O. K.O coeffici- (YD)
(cm) 100g)| CaO MgO |[fation | ration Y5 2~ lent 1
= K 1 A # (Miki-yama National Forest)
Am 2~5 3.16 0.11 28.7 14.3 0. 30 0.09 2.1 0.6 4.6 160 750 32.8 4.35
1 Ba B 7~17 1.11 0.06 18.5 12. 4 0.23 0.02 1.9 0.2 1.1 61 710 44,0 4.50
B; 25~35 0.98 0. 04 24,5 9.22 0.22 0.01 2.4 0.1 0.2 64 550 39.8 4.50
A 3~13 5.31 0.17 31.2 17.7 0.73 0.23 4,1 1.3 3.7 119 680 26.3 4.25
2 Bo B(upper) | 23~33 1.38 0.06 23.0 9.71 0.46 0.13 4.7 1.3 0.2 93 580 25.6 4.55
B(lower) | 36~46 0.78 0. 04 19.5 12,6 0. 46 0.11 3.7 0.9 tr. 102 540 25.8 4.70
A 2~5 4,73 0.16 29.5 11.9 0.56 0.39 4.7 3.3 2.0 90 450 14.8 4.25
3 Br B; 7~17 0.98 0. 04 24.5 8. 44 0. 43 0.10 5.1 1.2 0.8 33 370 12. 4 4,45
B, 40~50 0.23 0.01 23.0 10. 0.39 1.04 3.6 9.5 0.6 27 560 25.8 5.05
K313 X O AL E A # (Otani-yama and Hakoda-yama National Forest)
A 5~13 4.76 0.15 31.7 18.0 1.85 0.27 10.3 1.5 6.0 108 620 13.0 4.70
4 Bo(d) B 18~26 2.15 0.09 23.9 10.8 0. 87 0.07 8.1 0.6 2.1 43 500 11.3 4.80
B, 30~40 1.09 0.05 21.8 6.84 | 0.53 0.05 7.7 0.7 1.0 42 560 9.1 4.90
Ay 6~10 3.53 0.14 25.2 14.2 3.14 1.29 22.1 9.1 5.7 192 510 5.7 5.15
5 Bo Ag 13~23 2.04 0.09 22.6 11.3 1.66 0. 60 14.7 5.3 1.3 74 650 14,3 5.05
B; 35~45 0.87 0. 05 17. 4 9. 49 1.12 0. 56 11.8 5.9 1.4 43 510 11.6 4.95
B, 60~70 0. 68 0. 04 17.0 9.42 1.20 0.31 12.7 3.3 1.0 57 290 10.9 5.25
Am 4~6 2. 41 0. 07 34.4 8.59 0.78 0.10 9.1 1.2 5.4 161 350 11.3 4.50
6 Ba B; 8~18 1.14 0.04 28.5 7.59 0.30 0.03 4.0 0.3 3.1 107 350 9.6 4. 40
B, 26~36 0.38 0.02 19.0 7.44 0. 49 0.02 6.6 0.2 1.7 70 400 14,6 4,70
A, 5~13 3.57 0. 20 17.9 12,2 1.18 0. 42 9.7 3.4 6.8 169 540 9.6 4.80
7 Bo A, 15~25 2.79 0.12 23.3 10.2 0.81 0. 28 7.9 2.7 3.8 104 580 9.4 4,60
B; 28~38 0.73 0.03 24.3 5. 69 0.71 0.45 12.5 7.9 0.8 71 340 7.7 4.90
By 45~~55 0. 49 0.02 24.5 6.10 0. 87 0. 60 14.3 9.8 0.9 112 170 5.2 5. 10
A © 6~10 4. 87 0.16 30. 4 14.5 1.35 0. 26 9.3 1.8 7.2 180 710 12.8 4. 60
8 Bo(d) A—B 13~23 1.98 0.09 22.0 11.8 0.93 0. 06 6.2 0.5 2.7 114 680 12.7 4.80
) B; 31~40 1.42 0. 06 23.7 11.6 0.74 0.06 6.4 0.5 0.7 77 720 10.7 4,80
B, 43~53 0. 67 0. 04 16.8 13. 4 0. 55 tr. 4.1 — 0.8 100 710 11.7 4.90
A 5~15 2.50 0.13 19.2 14.9 3. 66 1.03 24.6 6.9 7.6 209 410 1.6 4.95
9 Bo A—B 20~30 1. 50 0.07 21.4 8.94 | 2.25 0.57 25.2 6.4 2.7 131 410 6.2 4.80
B 36~46 0. 64 0.04 16.0 8.17 1.43 0. 62 17.5 7.6 2.6 134 320 10.7 5. 40

L LEENBT W<~ & L QLN

(FX - ML - H) WTEH
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Table 6. Texture of soil. (%72 b : On dry basis)
= s 1j ) 2 P 2
WEES | L RE| g W Sand % w8 %+ #
Prof. | Type of Ho Om| s ® st
N i Horizon Coarse Silt Clay Texture
0. So1 sand Finesand| Total . .
=XRILUEHH (Miki-yama National Forest)
An 31 21 52 21 27 1C
1 Ba B, 13 19 32 22 46 hC
B, 22 19 41 19 39 1C
A 34 20 54 23 23 CL
2 Bo B(upper) 38 15 53 19 28 1C
B(lower) 32 18 50 19 31 1C
A 17 26 43 41 16 CL
3 Br B: 15 20 35 20 45 hC~I1C
B, 10 16 26 36 38 IC

K&k X O%EEILESMH (Otani-yama and Hakoda-yama National Forest)

A 54 19 73 16 11 SL
4 Bo(d) B; 47 21 68 18 14 SL
B, 44 22 66 21 13 SL

A, 50 22 72 13 15 SCL~SL
s Bo A, 50 21 71 15 14 SL
B: 47 23 70 14 16 SCL

B, 50 21 71 14 15 SCL~SL
An 57 24 81 13 6 SL
6 Ba By 53 23 76 14 10 SL
B, 54 15 69 17 14 SL
A 42 21 63 21 16 SCL
, Bo A, 37 23 60 24 16 SCL
B: 46 21 67 20 13 SL
B, 45 24 69 21 10 SL
A 41 23 64 18 18 SCL
A—B 37 23 60 17 23 SCL
8 Bo(d) B 33 25 58 22 20 SCL
B, 31 25 56 24 20 SCL

A 36 29 65 20 15 SCL~SL

9 Bo A—B 37 27 64 21 15 SCL~SL
B 40 27 67 19 14 SL

OEFPIEEIIFE LIRS ICE IR, LEOMEIES R THRIE6RCRTERITH S,

4—. # g

4—2—1. =ARILERH*

COMBOIIRIE ILBERM L LTV 5, RETHENEEZEL L, BIRERSICREHTE L
BU 5. BATILMOE BB ETEL, & LTRREDT H<YKILL > THEDLNTNS
By, THARYDBEFEEEDLDTRRT, WhPHrEIEML W LESEBTMEERL TV 5,

WERRS FE~ER B2 A L, Br BlHEsHET 25808 R5N0 555, BIE~ILEAEICIE Ba
BEBRL 5L, IWEME FERITZ Bo v L Bo(d) BHERIET 525, SHIXA R0,

EHERVThAEE (hC~I0) T, BHEOAFERIILAL, FHREOAZVWARALETH S,

HIREAHE FERICALE S5 Bo B4R (Prof. 2) (HifL) 108k AS <, RIFREPIMELTRL
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7ess, ILIAYE EMICRIBT 5 Ba B (Prof. 1) (ML) XEAEOREIC X » TEK ¥ 1X A &

, BEMWHEWERRRTH -/, WWEHOAH LITAE TS Br B (Prof. 3) (B#t) XABRS
F<, BEUTRARENLEDDTAEL, TIEPBELLEZERL, EkEIEbDTIEL, B
LHMEITT I S BRRTH -7,

LR R, 2R EBE VTN D ARBO C—NRIIH, k) k& <, pH KL, »ik ) ihfkiks
2L, BMBEIAE ok, Tk, BRFE, B CasiU Mg SRS ICAAMEIRVHLSL
/NEL, "HsRE (N/5 HCL 718) KO &8RRI, D AEVEETR LAY, [ POs GHBIXNEH
>72e

Dbk X dic, ERUEFHOELRBEO(LENMEIIERNCTR TH - 7228, ELRBMICWHT
SLVIEERROh P o Rk LINERRMEL X 5, Ba BEIRTIE, BEHOKFREODICC—NRE
BREL, WERHECE > TRET 5 KOEEC X » THEAOEENBR ST W CAIE T3 72
DI, BEREEEOSHEMEL, PRVBHBEEZELTVWAIERYREVZ IS, LrLkys, ¥
HEOKFRERC RS> TV 5 Bo B4R, 3IOCBEOKSRECSPN TS Br AR EWT,
ABDC—NEH Ba B+ H% LESHELTRLALT LT, »RIBFICBTHERALTI Lo xing
55, b, FHLARMW ECAET S Br B Cll, NEMEOBELIIRLY, HIEROKDEE)
BHERC - T, BKNRERE SIS LA, S, FBREE & RicXh, LEME THofEIC
B THRBT5KCX b HIEROEEOEROITbNS By BHIRIGEIVWEREZE T 5 b 0ivk Xk
50 Br 5 XU Bo BIIROBMMEEOETER X CMES, SERBECHELTRL, Ba BtHe L
Hofcz &id, TS BHENRTOREBCLSE30THS 5. LrLiksb, Zoigo Br I T
Br BtRC kI 2EEOBMER, ChooBROSETO—REAPPICHE~SD L, WHLSLEY
ERTELOPpXBVESILBbhE, COSRMERECZ LVWEELZ S RRMRET 2 b, i
13, hDERRIC X % b OrSEoRFIcEbizv,. £ofth, Prof. 3 @ Br B tiE0EHME Mg 4F%
I OMESETCEWEE R L, ZOREIES» TR, 7.

fZV: Ba RT3V as, FvEvyvy, +Yy ¥E0EURoEERE{Rbh, Bo #+E
CEWTHINSOEMADEER»R Y S HBE L, Br BEETIE EROEMROEAEDIEH,IIT,
FRIVY, ¥ rk, ~F I EORKROEARS K RSNz, Br BT, SHbK L LEO
EbDTRELBKEOLDIT, FHNCEHKNEERZSDERLREBC >0, BF, HEFEFTX
D5 VERORBIC SN, BIBLERO VELSTADNS L EAHERESNBS, O 5 KIg
Hentk LCRMEOMER X - TEDORTWEREREEEL b5,

4—2—2. KRBk X CFERILERHK

BiE L CRET 2 ZomEREKE, B2 5528 E L, HBWILMoEVILEMEAEKRT 5, 20
HIRIIELE LTRREDT = YR X o THDLNTWE S, 7H <Y ORERLFICHBEHRIFTD
%, ‘

IR THR~RIB VI Bo #418 (FifRL) MiRe £ a/mL, dlE~UEMELERC»rFTcELL
T Bo(d) AL (Ff7d), BIRix BaBl£i (BKL) v L Bo(d) #3E (BRL) o467 5.

IV AIBWE (SL~SCL) ¢, MHEOSFARII/NEL, FREOASVWARBALIEEZFREL TV
7o
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FUCILEAE S &t 5 &, RIE TECAE TS Bo BHIRIEAE EHCAE TS Bo (d) mwL
BaBltHiEIc =5 &, BAMERIAEL, EBLOC—NRI/HXL, Prof. 4 I U'5 OILERTEZR
<&, WHEEPOs 5L VKO SHRIIAE L, Bt Ca kIO Mg 2FEL X CafIEIxAE <, pH
LT, ILFREEERIFCH o 7o L LA S, SAFANICIE Prof. 5 X UV7 @ Bo &R
VBT D NE &, EEEEIZE QIRBFE RV o 7. E, Bo BLIRIXWTILL b
EOHZMTIEOLS ETORERIE~%E, pH B2k &<, C—NEIrLIREVLEVZI L5, &L
BOEBT O POs 2HEIL, MROSRUEFTROBHE L RIRITD R o7chs, £LRMOMEE
BhFrThote, Fic, T KO SHRIEHR-THLR ) ECEET L,

ZDiFH, Prof. 7Bo BMHIRDOABOEHE Ca X U Mg 8FRE X CHFIE., hoRKOLME
HiTkir 5 Bo BHIRICIERBE VH U B L &L, RUILENE LD Ba ML L KEDIRWEZR
LicZ e B Shvichs, T OREZBAS TR,

A VXILEANE L% Bo(d) 3 X O BaBARTIIY =¥ 7, T, vax, 1YY, Sy
¥, bVh FEOEEROMEAENS S Roh, SETHO Bo BLETRY X7 ¥y (FER 2%
X, FOEMPA XYY, =L AnF, V). rva IFOHEEOMERR LN,
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Fig. 2 "Growth of Pinus densiflora.

Remarks : Figures show the profile
No. (J# I EESETT)
P---Planted. (%)
N---Naturally regenerated.
(RBEHD)
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Table 7. Growth of Pinus densiflora.

WS LA | # i i) = o= e AK | B & K
Age Height Diameter at Nos. of Nos. of
Prof. |[Type of breast total tree healthy tree
No. |soil (4f, year) (m) (cm) (per ha) (per ha)

=ARILUEHH (Miki-yama National Forest)

1 Ba 14 2.85 2.6

20, 400 9, 200
12~15 1.80~4. 10 1.1~5.2
15 6.90 7.0 '
2 B . 7,900 3,900
? 14~17 5.10~8.50 3.8<12.3 ' '
16 1.15 3.2 *

3 . 16,8

Br 1417 0.80~1.50 ( 1.8~5.4 ) 80 6,800

K&k X ogEMEILER#W (Otani-yama and Hakoda-yama National Forest)

18 6.50 7.8
4 B 6, 400 800
o(d) 16~19 4.60~7.80 4.212.0 ; 4,
5.95 6.9
Sk . .
13 4.95~6.90 6.0~7.8 3,500 700
S Bo
15 8.05 10.7
3~16 6.20~9.35 6.513.7 2,100 1,700
15 3.10 2.9
© Ba 14~16 2.55~3.75 2.0~4.5 20,400 6,800
15 4.90 5.0
! Bo 13~16 4.10~6.65 3.6~7.5 11,200 6,000
14 4.30 4.0
6
8 Bo(@) 13~15 3.20~5.75 2.5~6.5 » 000 6,000
15 6.35 6.9
° Bo 14~16 5. 40~8. 55 2.2~10.3 3, 600 4,800

Remarks (fi§i#):
LT Basal diameter ((RTER)
Fheoeeon Planted( AT #k) Its age was added by 1 year that had been in nursery bed. (i
XEMO 1EEZIE)

5—2. THYYOBERE L TEREOBIFE

7 h < OBEEE L HREHEOBGEE KD b7onic, BEMISEOREY 2 XML T, FEX50cm
TOBEKEH2®, FEETOREL - L bBEML TV B LEXONhBEELD, Lo {b¥m
HHEH E OB A RO RIE 3RICTRTE BV TH D,

5—2—1. = RINEHWH

7 7= OB R Bo MK TIIRIFTH - 75 Ba BERTIEVLUS LWETERL, Br &
FIETIEHLDTARRT Ba B+ &E I 512 TR 72,

*1 Prof. 1, Prof. 5 & ATHE%AF X O Prof. 8 |3k Eabfeic X 5H#E(H,
*2 ZRALOFEKE (cc/f) WEE (cm) &2 1F7AFHE,

—EROWITE TIXIEE 50cm ¥ TOEBMOMEKBORRIIFH TS »7c. TOBFEITE, BHEANC
INENORMO LB EIETRLFAMUEKEE H L LTEE LK,
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Fig. 3 Relation among the growth of Pinus densiflora, the water percolation

index of soil and the chemical properties of its surface horizon.
Remarks : Figures show the profile No. (JFR¥MEEZEZELRT)

ALEHH)

-Otani-yama and Hakoda-yama National Forest.

-Miki~-yama National Forest. (
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ORBEELT, 7~ Y1—0&% 1X1X0.3m OfEX (FHEK) &, ERZYSTCERSN. £F
5OTEYBITIE, ANTHRAZ LD OBRBHERLL TWichs, RAFEFARI D 235 70D ITHIE
AEB-TVBIDONREL o/e L LMD, BEARE2RICTT X 5K, RREHFAL ERRD
BEREEZR L. 7H< Y ALKOREII R RBREKRL DL D Ih TSR, Prof. 5 X5
2, HEEFHBRCE > TRRAERCFELLVEREEZRL TV LIIEHRTEL X 5.

Prof. 4~9% FhZhREICILEMES Lick~<5s, Wihd ILENE THo Bo #£30T, MEER
@ Bo(d) 7 U BallHR X 0+ ChAKBREEZRL 0N, T OMRIRHRE (4—2—2) OFEKERE LT
KR+ OBILFMHEOMRZ ML TV 3L X S,

Z DHUR AR DWW THAT 5 &, Bo>Bo(d)>Ba BHROIBICHEREIME T &R 7208, Bo B+
RICRT BISELEDORITEILS. 1~4.8mIT BT, 78 b OFREMPBD iz, LROFEEL 7 7 < v O
BREORGRIL, ®INCRT L KRB Lo pH, BHiitCak XU Mg §FEE L CREFEL 2D
FEREERASTED Sk s, TR POs 5 XU KO &H R & OBIEHIIIIS H TR 2 o 7. BEIKIE
$ds X LB+ 0 C—NRITHBMERFIC X » THRE F#s X OCRELRO 2 20 /v — FicKflEh,
BIIN—THIRE LBEREE X E, KB EZRLCICBE o1,

5—2—3. & =3

LFAERSFCOVWTHRET S L, 7~ Y OBBREIELARANCE Bo>Bo(d)>Ba>Br MIKOIE
KETERL, ERUTEIEEL L THIBCD L3 LROKSTHROME, Thbb, HIERTCI-TH
>EBED xSRHFEShBEVE LS,

Br #4148 (Prof. 3) X FHABHICAEL, RELFEKER X CHEHECLON S B> HHES
N3 X5, EHNTFEHKNRERZETBELRECS PN DITREBLEEL, ThakikziE
ET5b-LbRERFEREZLLTVWEIDEEZLN D,

Z O LR BB 5 £ T, RSBEESEHICHEHIZE T » <Y OBBREIIETE2RL
Feo —RRCZ DX 5 IKSBROMEL, HHEERXOMEL, Thicdh &5 < LEOMmENE (GBKHE)
OEE & DRV, ST HRMAEMIC X SERNOLREBOMHE, FE LR 5 OBEEOEN & HE
TEHICRFBECD L O LIROILEMMEOMERZ L 35 DDEEX LS, LSS, =K
INEA#HD Ba s X R Bo BH|AE <5 L, fd U—2—1) Ok 5, EENEEOMERIIND » 5ic
AdLNIcHS, Bo MAROLEWMEIITRET, Ba BHEE & T 2 5 BHERETRI Aol
ZORDIT, 7H<Y OBBEREEZXER T 2R EEFRUROBEWHECH S LVvhI D22,
e, RELR X CHBILERROB AT, 2EHRE&T5LE, ERDX S KHEO{LEMEEO—,
Thbb, KELo pH, B#it Ca kXU Mg &HX, X UCRBMESEELBEER LT TICTET,
FCIEME S & TR LA RT, 7=y OfERE CBEEt2H T 5 HERFi3H 7 v IR
EhichD Ll o7c,

DEDX S5, SEORAERERTIE, 7r<y OBBERECEEEL AT 5 HRERFI, g, &84,
HEOHED &L ) I OMBEIT X » T h OMERTRT Z LBRTFRIN,

6. THTIYHEOCENEN LEERED & ULBRGORME

6—1. ¥ £
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B8R & E o Ml K
Table 8. Composition of needle.
(¥#¥7- 0 : On dry basis)

B Rk (e =
Type (cm)| C N P K Ca | Mg | C/N | N/P | N/K | K/P [N/

Prof. pr" Height |Len- Ca
No. | soil |growth |gth of % % % % % %
. index [needle]

=ALEHFMH (Miki-yama National Forest)

3.3 |7~9.5/ 56.6 | 1.45 | 0.13 | 0.66 | 0.26 | 0.093 39.0 | 11.2 | 2.2 | 5.1]5.6

7.5~
11

1.1 | 3~6 | 56.4 | 1.03 | 0.084[ 0.54 | 0.36 | 0.13 | 54.7 | 12.3 1.9 6.4 (29

57.8 | 1.74 1 0.14 | 0.69 | 0.35 | 0.084| 33.2 | 12.4| 2.5 | 4.9|5.0

K& 13 X O%EHEILESEM (Otani-yama and Hakoda-yama National Forest)

4 |Bo(@)| 4.8|7~1057.2 | 1.25 ’o.10| 0.70 o.z9| 0.11 |45.6 ’12.5 | 8| 70|43

7.4% 9~12 55.7 | 1.68 0.1510.88 o.4olo.14|33.2’11.2| 19| 5.9 42
5 Bo

8.1 ] 9~13 58.11.70 o.15|o.9o 0.3¢ [ 0.13 | 34.1 11.3‘ 1.o| 6.0]5.0

6 Ba 3.1 7~9 | 56.7 0.99’0.069 0.69 [ 0.26 0.083‘ 52.3 | 14.3 1.4 10.0 | 3.8

7 Bo 4.9 | 7~10| 55.7 1.15’0.087 0.88 | 0.38 0.12|48.4 13.2 ] L.3]10.1[3.0

8 |Bo(d) 4.8 | 7~10] 56.3 1.19’0.086 0.59 | 0.29 0.099: 47.3 1 13.8| 2.0| 6.9 | 4.1

9 Bp 6.4 | 8~11| 56.8 1.37|O.11 1.06 | 0.37 0.10\41.5 12.5 1.3 | 9.63.7

Remarks ({§#):
Height growth index was shown by the height (m) at 15-year-old. The one of Prof. 1,5

(planted) and 8 was the conjectured value. ({5 K EIEEkVX154E 4 O#E (m), Prof. 1,5(f8

$), 8 VM)
*......Planted (HE#k)

B LERDOT =Y OSEDHBKIIF S RICTTLEVTH %,
TH=YHEDOCEFRIIVTHORGITE W TH56~58%%RL, FLALMERRLILE » » &2
25, ZTOMDOFERFIDILDIAD & 5TIEEEZ R LT,

EMBDOT H <Y HEOCEESORAR L BERES L OCLROLFIFEEE & ORI, F4~6R
CRTEEDTH S,

zhoBfREkDd 2B, 7k (5—2) oBBERRE LEEEOBELRRIT, 1EEOHE
ML L, KELDOC—NE, THEPOs LU0 K0 8%, Bk Ca kX" Mg §F%, [faf
ELeEON, P, K, Ca X" Mg iRE L 0BREHRET L,

6—2. =ARLEFH

7H=v§tEDO N, P, K REIIVWIh 3 Bo>Ba>Br REROMCE 2R L, #iEkE L BiEks
R U7, Ca jEBEI: Br>Bo>Ba #4138, Mg kit Br>Ba>Bo WA OIAICE %5 L, Ca iREX
BERE & OBEMIIEAS 2Tl - 7228, Mg RERKREOHEAICE ko TRAER LA,
SHEOIS I L BERE  OBIRIC OV I 6 IR LA X 5 1c, HREBOMAILE b7 >TC—N
?}@?}ﬁ/}\iﬂs;(ﬁ N/K teptikasg@o bhicss, N/P, K/P k& ' N/Ca iz fi&k & BB S 2T
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Fig. 4 Relation between the height growth of P. densiflora and the nutrient
content of its needle.
Remarks: Figures shows the profile No. (BtEIIMEHES*RT)
N--eeee Naturally regenerated stand. (RKAELHFA)
P---eee Planted stand. (A THEFRA)

[ERAG NS

HEEDT SR & BIRO(LFIFHIEE & OB I oW T, CaiRENRE L OERM Ca &HES X
CREMEL b & L AR FICBE L, £HE S X OCIREHRENF O Bo X O Br B4,
BT D Ba B X D K& 5 o 2 LANE, WTHOGE DEEEIZERD e h - T2,

6—3. K&LH L UHEEILERHK

ThH=YHEOKELSRER, AULEMNEZ LK T 5% &, WTFhoB&dME TRICKET S
Bo ML3EX, AEEHICAE TS Bo(d) el Ba BRI DAY x SKHRETRL, BEREOHEX
e b o THEEFUIRE ORI IED S,

Lo Liss, ZoHBSEREOWTHRAETSE, FARKTFT I OCrR ) B - EimzR L7,
Fisbb, THXVHEONSICPRERI,RVED » 5THBERRICHHIL THERL, BELMEE
ZR L7 KX Ut Ca JREENE Bo 43K & Bo(d) i L Ba BAIRD 2 20 /L — TR FiT X
S TAREN, KREIIISA—~THICRES LHEREOAEVHIZFIIBREL VEVRERT LT ER
B otze Mg IREIETERER W LR T & OBEER W TR0 LN o 7,

SIEDES I L MR L BRI OV TIL, BERROHEAKE /o TC—NEFLT N/P ik
BARRL, BELBEESRD O, L Lkss, N/K, K/P kX N/Ca HizoWwTiE, #H
R E OBEMIIERD St d - T,
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Relation between the nutrient content of P. denmsiflora needle and the chemical property of the surface soil horizon.

#5K

D
=
i

(8TFED
(813
(8t

C : K content of the needle and 0.2N HCI soluble K;O content. ($fi
D : Ca content of the needle and exch. CaO content. (gt#E®D Ca &4F
E : Mg content of the needle and exch. MgO content. (8D Mg &

GIEDNEFE L C—NI)
F : Ca content of the needle and the rate of exch. CaO saturation.

4. (ZOMXEARERL)

B : P content of the needle and 0.2N HCI soluble P3O5 content.
content of the needle and the rate of exch. Mg saturation.

A : N content of the needle and C—N ratio.
G: Mg
Other remarks are same as Fig.

Fig. 5
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Fig. 6 Relation between the nutrient ratio of P. densiflora
needle and its height growth.
Remarks are same as Fig. 4. (3L 4XEFL)

SHEDESIME & TIROILFATERE & OBIRIC OV TIE, Kk X U Ca iRERERE T OHATE K0 &
FE, Btk Ca eFERIOFBEMEL » MR T BEEEEZ R L, £RLBCET S Bo 2t
BBREHHE D Do(d) 72 L Ba BHIR X DK E p o 2 SNIWTH b BIEEIEEE S Hhigd - 7.

6—4. E b=

6—4—1. MHADORELHEDOESIRE L OBIR

WARDREER &L EORSIRE & OBRIC OV T BRI CHED 13, 50F4£0L 7 FORRIX Ba<Bs

<Bp BARDIFICHAL, $HEONFSIOPRED /- Lo AL T, KE&BEEELR T,
KIREEGBEMZ R 2 &7 <, Ca iRBERMC ERROMEICHIET 5 £\ 5. R 1310~50F£0 % 7
TYIOWVT, HEONKICKIRERRR & HELBEEYT T2, PRI Ca IRER—EOBKRR
EDLNIENWZ ERIEHL TV 5, Leyton® D10 3D EA Y 7 < Y ILOWT, $HEDONKIOKiE
ERRE L EECEEELET 52, Pli(t Ash BEKIRE L BEELHE T 50T, METRK
REBEMEZRTCTERVWILZHALPIR LTS, EELOV & YAEY IHEHR P LItk T 5
7 =Y OHEBREERBROEHIEK T I T, BEEROKREWILEMNE THTIE, REOKLZMEL
BMictkk~2 L, EEEVThIHEDO N, P, Ca 310 Mg iRERE <, BEREL OBEESEDLN
5% KRBERFECL > TRRY, —EOEMERI L -7 LERE L,

DEDX ST, 4ETORNAEOMRIT, SHEONIRE L RE L OBEMIIVThOBELRD T

555, DD DV TIE—FEDHEAMARD LR TV,



— 84 — HERBBIRHRE F£199 5

SEOEHE L ORERTIE, ABILE X CHBILERKOB AR, ThehFECILEMES & ictid s
&,%Efﬁ@BM&ﬂﬁﬁuﬁﬁiﬁoBWD&wLBA@iﬁlbﬁ%&&%l@ﬁﬁwéﬁ%ﬁg
EAEL, D x5 hBhEESERD SN, DA EROFAEOBMEEAR FY LTk 3 H 7~ Sk
DHED &, KIRERRFXEERROBEREZRL Tz Wi LS.

7, BEOHBIINAKDOLMOEMRESTHZ L2, BEHOBHLLE DcdIT, KAOFERELD
> EDRRMT2EMOHELUR LB E LRSI FEPRERED, EESQVEHTEAY Oy F<
HEOFE B EO R, FUILEAES LichBT 5L, $H8E0 Mg BB LA L5
HFEE D EARRLALSNE, N, P, K 310 Ca iR Fhb REOE X 2AE FHOHHH Y
SEHERETRL, JEFRBROEHmIRD bz, -

51T, SEOKREMIBMCHEETSE, =AW, AU XOHEELETRORHIE T, 7h~
YHEONES LU PRERMERREOHMAILE /- THKREZRL, BELEEHZRLL, K, Ca X
O Mg IREWEEARUEFRICE VT, Mg RESBEREORAICE b7 TRAZFR LML, Wi
NHBLEMIIS Tl o 7ze L LD, ABIUS X CHBAILEFTHTIEEOKI LT Ca i
BERS, i, ZARLEBEMTIIEED Ca ks, EHIUE LV LIFARNLE O Bo v UBr A543,
BB D Bo(d) 7sv L Ba B LR X KR EZRL, HBNRFORE R M ZFHL L 2R/ L, 2O
ARMENE TS CRICILENE S L e+ 5 L, 20X 5 R FixFEHC £R Ok S B,
RN E D705 HROBEMMREOMECIBEEZE L, BEIKAOMBERRICKEREELR X
ET 7201, $HEOKI X Ca IREITIRIICHERE & BEEEZRTEVWE X S,
LROERSBHIE, 7T~y OHFEDONE X O PIREISERE & BB 2 R T 25 K&XU
Ca REWRX (ZLOHNPRDLND) MR TFIT L » TV EEEZZY, IRINCEE & OB
EETDLRETRETHS 5. Mg RETZLARMICHERES X CHIBNE T L OBEERIEHE0HY £ 5
THEAD - Fce —RRIC Mg OHIEPITIT D3EEHE L Ca LHLL TV 5 AN S5, $HEED Mg iREEH
Ca LRIL-7cHEBEETHZ L1, WADREELN LAOSZMBEL VWL X 5,

HEOES IOV T, MRl X 5 KEALEAWHTIE N/K I, K&1LE X OCREILER # TR
N/P Bt hThiEgE L BEEEZRT T Ehrof. Lo LSS, 2FAERFTTOVWTHET
%5 &, N/PHIE11.2~14.3%7R L, N/K ttD1.3~2.5, K/P [tD4.9~10.1, N/Ca ttD2.9~5. 612t~
5L, o lbEILDIEDNIWZ LRSS pabhd,. 7H<Y OBERRIIINED X S KHEDONI X
UPIRECEEL, BEREOMHEICE DR - T, ThLORSOHEHRDRELIR ) OMELRTIT
bbb T, ZOMEDORNLLEIEVESHAHENTIZE-SOHEER>T L, TR
WHIEETHDLLDIL, 5HBOT I~y ORBEME BPT 5 2DOENLFBP Y ITED DT
vt Bbhs,

6—4—2. SIEDELUE L LIS L OB

HAOEDESBE L HREGOBRICOWT, OvineroN® I EZHDS, KEROED PIREIHIRD
Btk POy S HICHHIL, Ca BV Calcareous soil Tix Acid soil X k& <, B
Boh3z L #BH5 2t Uic, Baro® 30D PyOs 35X 0V K0 IRV pH OET I E 7R » THMT S
LEDREBOH, REMOEDOP S XIUKBECHHHIL, D Ca BEIHROBMEIH LD LS
SHBA U, E7eEMONOy—Nis X O'NHy—NIEEXED NJRE & BEE 2 RS R0 2 v 5, Warker?®
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REEDOH, LEBOEOKIRER, KELOBERM KO FRILFATHZLEZHELL LTV 5,
%72, Mac Harcue ¥ X OF Roy™® 3 Acid soil iz% < RSN 5 i@ A3 Calcareous soil iw4E T 5841
13, o Ca RESEATSEE V9, LipLAss, Lutz 35X O° Cuanorer® (3% M & LT,
FHEDO N, P, K level {x Ca 35k 0" Mg level X W ED I NLDRECASIEEESLBSIIFL, 7, &
ROEONRERLIROTHENESHRICEE®EHE T 555, EOPREIRKL > LEFTEE TS
BRATLDEVREL VX S Bbh, ¥/, HAROED Ca kv Calcareous soil TiE—figic Acid
soil L HKREVD, FBOLIETIX Ca level OIERIED Ca BEICVWHU D LVWHEE SIIESR
WEDRMBERL TV,

PDEDX S, #NECKFBHROEE, ThLhdfE LABEIRL 55, o P, K, Cajg
EBECOVWTEEEH L OBERERD TV B HERS V.,

b ORI, ks X R DR - 72 Calcareous soil & Acid soil SIRED T ) Bt o
REBCAFTTHRKRZ HBEONRE LTV EBEBSE ., Fo, Acid soil @7 h ik Calcareous soil
I~ acidic A2 FEWRL, ToORiiZpH6 0§T#EZTRL, brEORKIIEO—KFl L& &
5&, bokbAAEHITEVIREEDO KA Acid soill iIL&EN TV 5 HEBRLNG, 20X 5 iKFAEDH
FLTEMMDOLIREMT, bPEOFKIREOBEGL IR IRLSZ LS EbhE, bREIKTS
FEFNILITFICB N5 X 5, EEWRIcEWT, £& L THIEMNRTOZE T b & 5 {LiEEHOM
CE, Thbb, FHENEOMEENREL TV 5B, SETORNOENEEOFBREHBEL T,
F—IhiclmEz B3 s i3rh vy oREZ L850 E VL5,

LREOFKRTIE, EBOFERKICHE YO / FHOBPEIIL, LEO4L N,N/5 HCL 7iF POy,
KO 35 08Ca0 §FRE$EDO N, P, K 3510 Ca BE L BEEEARONLWEW S,

Fiz, BECOWUE, EROFREY 0 7 < v ko FELBEOR AT, £FERSITOWT
R EHEONREIIRELOC—NEZ, PREIES 50cm ¥ToLREOFKE PO &7 &I FE
HERRL 28, KR XU Ca BEILIEX50cm £ TOLBOWHMIEKOR L Ca0 &HRL VD, LA
PEHE BN S X CERBME —ORE L% < ZT 505, Mg REIES 50cm £ TOWHARE MgO
SRROERICE DR > THITH L LEHLDIC L. £DIFh, HED CaRE o Ca /%
LEEMAEH TS5 &1%, CuanoLer®, Cor®, Aiway BV T X o THHLMICINT W5,

SEIOFERTHE, FRdDX 51T, KAk L CHEBILERHKORE U ILEME S & B L 561,
HEDOEFTSUEITILERTE THRO Bo AR O Bo(d) el Ba BER X vwFhofea
BHARRLTce &0 X 5 KEHEORSIRE L AT & OBIEHEL, EROWE® 05 7 < v Shilbkko
BETCOPHEEDKIREZRT, £/, ME® 0 5~ Y HhKOHELEEORSCIRUFET L
TH~BE Mg IREZBRVT, WD 2 5 Robh5s. 20X 5L ofNIRD 5N S5,
INBOFMNERL THEHEONE LI E THOHEDREDEITIE LD TESTH DT, LI
HEOESRECS IIETAENEOEE R, »RIVOEE®REETHLRARLTELO22-2BVES
Bbhs,

- HROIEIMEE & SEORFIREOBEMIC D W T, SEOKRTIE Prof. 4 X075 OWIRER
P05 BHHLRNE, WIh b ILENE THEIATE L L » RE O C—NEORD, WHE POs k&
U KO &%, Bt Ca kX" Mg £F%, FfafMEIER2RL, $HEOEHRE L OREMESR
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HbNi, EBDOH T =Y SEKOEETIE, BEAR FY L ODTHROLEWEEIIRR T, MNEO
LERE TFERCIRID & 5 KBRS DI b o R ibIC, SHEDISIRE & OBLEMIZIIS T
oice EBI, H TV HMKOFHELBECBECRIFAUMEI ik s, —HoOBNERFIEE
BT ER LT oV Th, METHIZEERL 0 C—NROEL, THAE PO, K0, CaO Ut Mg0
SHBIIRE o7,

;olﬁm,Wumﬁﬂﬁiaﬁk&ék,%&OWﬂﬁﬁéﬁ,éﬁ%muiﬁ®m$%ﬁgtﬁﬁ
OESFIRE L OBLEME, 2 OEBEEEZFETHERAL TELo2rxRv X5 iKEbh s,

UL Lass, IEERC VLW THET 5L, RO X 5 KABILE XCHBILEEKOBED, =K
IWEEKOBED, KELOILEOEE & SEORSRE L OBEMRIIAS 1 Tllid -7, £/, Hid
DB 7 <Y HBROFERFECOWT, FUABRT L HELSEDS, »ik o ofiitsEo i,

EHi, ERUEFEHKRD Bo k0 Br BHRORE+OER M Ca 3 X0 Mg 78X, REME,
KA UF X CFEBLERKRD Bo ARzt <5 L &b TRWHEZRLACR b2 bbT, $#iED Ca
KX Mg REFMTERBECEEZRLAZ LIMEREL L5,

LOXHBREFEE, MBOXSKARBUSXCHERILEEHCKIZ 7 1~y OREL HIBEOERE &
OREMESS, 7 CILEMTE Z & B L 22358t <T, Sfic ov TRE L EEIIL, b %<
OEMECEEESRD ORI o2 2 LD, SHCEIRED SN,

IhoDHREBRDT # <=y QR & LIRONLFEWEE OBIROSG & & ki, HEOTWHIERES OB
EHHEC SRR OMBEESBEINTVSE LTS, EMTICE - TRENBHAOKEREL, +
WP CHFT L REROES BT T3, WEMECHA > TRBIT 3 Kc&Eh Tw 5B S0
T HHHD DO THRITT 52 LOLEHRERL Tw5 XS icBbh s,

7. kB b H I

1. ZoHxl, EERMFERBENZARLUERMD Ba, Bo X0 Br #LIE, KERELEKE
FERAS S X ORBILER KO Bo #4318 3 225, Bo(d) IR 2 5 Fik LU Ba BEHEOER 9 2 FF
DIS~ISEFELED T H< Y HEMFEL T, ESHORME KRS XL CLEEHOBRI oW THRITZINX
IR ERELADDOTH S,

2. ZRLEERICTNIE=MBE2RM ETHRARLET, »ROBERELZEL, EHRMEEE
SEERBIURABMEIIVLU S L &L, (EEMERRR Ch o7, T, ELRFMOILEIMER
WEBED x SRR ERE Lo kedd, BEAKIEBICR I S HIROBENIEE T Bo>Ba>Br B LROIE
R TRRL I,

5. REAKDOT »~ v ORIERER Bo>Ba>Br MAKOMRCHT ) ORREFRLAS, (L2
B L BESERILNT, BAERIORINS HIEOHEMEE LA D x 5 BRSO i,

4. RHEWLB XCHEBLERKRZ, WIRIEREL ML TRMGIETH o702, LT B &
HHETIIA D pH BMEL, C—NERKRE, - ENEH SR,

5. FEEKRDT7 5 <Y OBEREL, Bo>Bo(d)>Ba BHROIEETL, %/, MUILEMES
LT s, 7h<y OMEREILEKIEE, EELo pH, C—NZR, W POs X KO &
HE, BiftECa kL Mg &F%, FRMESLBEEESED LN, &K OVWTHETS L, pH,
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BifatCaks X ' Mg &HE, FEMESH»R ) FERBEENZRL IR E b » 7. BKkiEl, C—N
BIHARFORELE < Z T, RFEHMPO Bo BRI L — T BB O Bo(d) v L Ba B4R
F—FRRBNEN, KEPII - T IBE R R L H, &7 40— 7NTRBEEESR LR
B ofe

6. T h=v OSFEOMRK & BIERE & ORILRI,

i) EARLEAKTIE, N, P, KiRERBREREOHEKICE dho THAL, CaiREEREEIIHL
BT <, Mg MBI BIF B OHAK & b 7% - THARRL 72, '

i) ABILx X OFERILERKTIE, ACIENMES LichkE&T 5L, N, P K, Ca X0 Mg REX
BEREOHMAICE bin - THALK, LHLESED, £RIKOVWTHET 5L, NSIUPRERES
BETHFL THAL 7225 KR XU Ca IRERMEWRFOZE L% <2, SR Bo BLEsS
N—FFBEBHE D Bo(d) 7e vl Ba BIHES/S L~ T XD REL, KEPIISNV— T L IIEER LR
Licds, &7 0v— 7HRTREEESRONT, ¥/, Mg REGEEGELT S b o7,

7. DS ELTC/IN, N/P, N/K, K/P, N/Ca &Lz, SARLEAKTIEC/N Kt
DB, N/K Lkoliks, AX&lEs X CREBILERKTIEC/NI, N/P Lo SEEREDHEKIC &
Lo TRDLNLRTE R o T ¥, &FERFITOWTHET S L, N/P HiEfthoFES Hick~
5 EZALDIEH S o & /AT EpNER Ehi,

8. SHEOESIRE L HEOILFHIME & OBIEMII,

1) SARLEA®TE, CaRERNMEMWRTFORELZY, SERILE S I CEERLED Bo 1O
Br B3R T Ba B3R X 0 KE D o DS, BEMENED SR -7,

i) RALS X OCFHEBELERKRTE, RCILENES ST & T 5 &, $HECEEFREREELO
C—NZX, W P 05 3 XU KO &R, Bt Ca 5L U Mg&FERE JUREMECHEELTL
7B, SR OVWTHRATSE, KX Ca RESHMBHIRTOZELZI T, £HbKO Bo B+%
BRI D Bo(d) 7w U Ba BIHIR X D KE D o 2 BSNI VTR A BEEESRD S h - 7.

Bakbsiedcl), SROTRELZVWIRWETEESREREERETCLPL DKM EZI IS
Lﬁv‘fééo

X 3
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Studies on Pinus densiflora Forest Soils in Kansai Area. Part I.
A study on correlations among nutrient concentrations of

Pinus densiflora needle, growth and soil conditions.

Hiroshi Kawapa, Akio Maruvama and Tadashi Kinucasa

(Résumé)
1. Introduction

The forest soil scientists have expended much effort to get information on relations between
the growth of the main coniferous tree species and the site—principally soil—conditions in this
country. Their cardinal opinion is as follows : The site—principally soil—conditions and
the adaptabilities of the main coniferous species to them are inherent, and the former are rather
impossible to improve in most cases. Therefore, the selection of the most suitable species on
a given forest soil according to its site conditions is the first principle for ensuring its utmost
forest production.

The authors are of the opinion that information on the nutrient physiology of the forest
trees, such as their nutrient requirements, the correlations among their nutrient conditions,
their growth and the soil conditions, etc., would be necessary for the further progress of forest
soil science. Not only that, it would be useful also for the further progress of forest fertili-
zation technique prevailing in recent years in this country, too.

The nutritive diagnoses of forest trees by the foliar analyses have often been attempted

by some authors in this country in recent years. However, compared with the works in
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some European and American countries, relatively little foliar analyses of forest trees have been
reported. To establish solid conceptions on the nutritive coditions of forest trees by the foliar
analysis, very abundant data from many points of view would be necessary in future.

In this paper, the authors discuss the correlations among the nutrient concentrations of
Pinus densiflora (Akamatsu) needles, the growth and the soil conditions. Pinus densiflora
forests are widely distributed and they hold an important position in forest production in Japan’s

Kansai Area, especially along the Inland Sea coastal region.
2. Sampling forest

The sampling forests were selected in two different regions, namely, Miki-yaina National
Forest in Hyogo Prefecture, and Otani-yama and Hakoda-yama National Forest in Hiroshima
Prefecture. Their parent materials of soil, types of soil and site conditions are shown in
Table 1.

3. Method

3-1. Survey in the field.

The annual height growth and the diameter at breast height of the stands were measured
on those trees in plots of 50~100 m2. The needles analysed were 1-year-old and they were
picked out from the uppermost shoots in late October or at the beginning of November.

3-2. Analytical method.

The analytical methods of soil and needle were as follows :

Carbon was determined by the chromic acid titration method® and nitrogen by KjeLpan’s
method. Cation exchangeable capacity, exchangeable Ca and Mg were determined by Peecu’s
method®. Ca and Mg were determined by the E.D.T.A. method. Available P;05 and
K0 contents were extracted by 0.2N HCIL P,05 was determined by the molybdenblue me-
thod colorimetrically (HCIOs acidic)?? and K;O by the flame photometer. The mineral ele-
ments of the needle were determined by the above-mentioned methods after wet ashing by
HCI04~HSO,~HNO32%, Ca and Mg in the needle were determined after the removal of Mn
by (NHy),S.

The physical properties of soil in natural condition and the water percolation rates were

determined on the core soil (4cm X 100cm?).
4. Soil

4-1. Result.
The descriptions of profile, the vegetation, the physical properties in natural codition, the

chemical properties and textures are shown in Table 2~6 and Fig. 1.

4-2. Discussion.
4-2-1. Miki-yama National Forest.
The parent material of soil in this district was the tertiary rocks. The reliefs were

gently sloping and the lengths of the mountain slope were short. Naturally grown pine
(Pinus densiflora) forests occupied the most part of this national forest. Their growth was
very inferior. They were the typically very poor productive forests. The tops of the
mountain slope were flat or very gently sloping plateaus and Br-so0il (wet brown forest soil)
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was distributed. Ba-soil (dry brown forest soil) usually appeared from the ridges of the
mountain to most parts of the mountain slope. Bp-30il (moderately moist brown forest soil)
occupied the narrow parts of the lower part of the mountain slope.

All soils examined were clayey, poorly humus containing and immature. The water
percolation rates of the Bo-soil (colluvial soil) was notably excellent, but that of the Ba-soil
(residual soil) was depressed by the development of the mycelial layer (Am layer). Further-
more, Br-soil (residual soil) was extremely inhibited by the remarkably compact or nearly
concreted lower horizons. These differences of the water percolation rate among the types of
soil according to their mode of formation well agreed with the information usually acknowledged
by the forest soil scientists in this country. The inferior chemical properties of the examined
soils were shown hy their high C-N ratios, low pH values, low exchangeable CaO and MgO
contents and their rates of saturation of A horizons (surface horizon).

It was worthy of note that no distinguished difference of the chemical properties among the
types of soil examined was recognized. Kawapa®? one of the authors, previously reported
on the differences of the chemical propeties of the types of soil and the occasions that these
differences were induced. As he pointed out, the inferior chemical properties of the Ba-soil
were presupposed. However, it may be said that the slightly higher C-N ratios of A hori-
zones of Bo- and Br-soils than of Ba-soil were unusual. Furthermore, the very low rates of
exchangeable CaO and MgO saturations of A horizons of Bo- and Br-soils were exceptional,
too. The elucidation of these causes was left for future investigation. The available (0.2
N HCI soluble) P;05 contents were very low but the available K;O contents were relatively high
in all soils examined.

4-2-2. Otani-yama and Hakoda-yama National Forest.

The parent material of soils in this district was the granite. The lengths of the moun-
tain slope were relatively short. Most parts of these national foreste were occupied by na-
turally grown pine forests, and the growth of the pine was relatively superior as a whole.
The Ba-soil (residual soil) distributed on the ridges of the mountain ; Ba- (residual soil) or
Bo(d)-soils (sub-type of Bo-soil wherein the granular or nutty structures develop in A horizon,
creep soil) distributed on the middle~lower parts of the mountain slope ; and the lower parts
of the mountain slope~valley floors were occupied by the Bp-soil (colluvial soil).

All of the soils examined were sandy, poorly humus containing and relatively immature.
Comparing the surface horizons of the Bo-soil with the one of the Ba- or Bp(d)-soils on the
same mountain slope, the more excellent water percolation rate, lower C-N ratio, more abun-
dant available P;0; and K50, exchangeable CaO and MgO contents, higher rates of exchangeable
Ca0 and MgO saturation and higher pH value of the A horizon of the former than that of the
latter were recognized with the exception of the available P;O; contents of Prof. 4. and 5.
These differences of the physical and chemical properties among the types of soil on the same
mountain slope agreed well with the generally acknowledged information previously obtained by
the one of the authors®” and some others. However, on all . examined soils, the following
facts attracted the authors’ attention : Their water percolation rates, except that of Prof. 5
and 7, were fairly small and their physical properties seemed to be not superior on the whole.
On the surface horizons of the Bp-soils, their pH values were fairly low and their C-N ratios
were relatively high in comparison with the usual standard levels of the same type of soil.
The available P;O5 contents were low but the available K,O contents were relatively high in
the surface horizons of all the examined soils. The fact that the rates of the exchangeable



M 07 » = v IR BETAE F1H GTH - Fub - K5 — 91 —

Ca0O and MgO of the surface horizon of Prof. 7, Bpo-soil, were much lower than that of the
other same type of soil under the similar site conditions and that they were nearly equivalent
to that of Ba-soil on the upper part of the same mountain slope was exceptional. The eluci-

dation of its cause was left for future study.
5. Correlations between the height growth of pine and the soil conditions.

The growth_ of pine of the examined forests were shown in Table 7 and Fig. 2.

The correlations among the height growth and the water percolation indexes* and the above-
mentioned chemical properties of the surface horizons of the soil that well reflected the influences
of the environmental factors were shown in Fig. 3. As the standard of the comparison, the
heights (m) of the 15-year-old** were used.

5-1. Miki-yama National Forest.

The height growth of pine was superior in Bp-soil. It decreased in the following order
as Bo~->Ba-> Br-soil. The one in Br-soil was extremely poor. As shown in Fig. 3, the
growth of pine was related closely to the water percolation index of the soil. However, the
relation between the growth and the chemical properties of the surface horizons of the soil was
not recognized.

5-2. Otani-yama and Hakoda-yama National Forest.

Prof. 5 was the mixed forest of naturally grown and planted pines. In the Kansai area,
the pine forests were usually regenerated by naturally grown seedlings. The opinion that the
growth of the planted pine forests was usually less than the naturally regenerated one was ac-
cepted among the foresters. In Prof. 5, the plantation of the pine seedlings had been done
as a pilot test. At that time the 1-year-old pine seedlings were planted in a large hole, 1X1
m and 0.3 m in depth, without shortening of their roots. The seedlings that had been na-
turally regenerated until at that time of plantation were reserved. At the time of the authors’
survey, the greater part of the planted stands were oppressed by the naturally grown one, as
the formar were younger than the latter. It is worthy of note that the growing process of
the planted stands was almost the same as that of the naturally grown one as shown in Fig. 2.

Comparing the height growth of pine on the same mountain slope, respectively, it was
more excellent on the lower part (Bp-soil) than on the upper part (Bo(d)- or Ba-soil). These
facts were related to the superiority of the water percolation index and the chemical properties
of the surface horizon of the former than of the latter.

Summarizing on the height growth of pine in these districts on the whole, it decreased in
the following order as Bo-> Bpo(d)-> Ba-soil. As shown in Fig. 3, the height growth re-
lated closely to the pH value, exchangeable Ca and Mg contents and their rates of saturation of
the surface horizon of the soil. However, no clear relation was recognized between the height
growth and the available P,O; and K;O contents. The relations between the height growth,

* The water percolation index was calculated as follows : The water percolation rates (cc/

minute) of all horizons to 50 cm in depth multiplied by their thickness (cm), respectively, and
they were summed up.

**  The height growth of pine in Prof. 1, the planed one of Prof. 5 and Prof. 8 were estimated
by the growing process shown in Fig. 2.
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and the available P;O, and K;O contonts. The relations between the height growth and the
C-N ratio of the surface horizon of the soil and the water percolation index were recognized
in a broad sense only in the case that the examined forests were divided into two groups
attaching importance to their microtopography, i. e. the upper part of the mountain slope
and the lower part of it.

5-3. Discussion.

Summarizing the results on all examined forests, the growth of pine decreased in the fol-
lowing order as Bo-> Bbo(d)-> Ba-> Br-soils. It related closely to the differences of the
type of soil, i. e. the differences of the humidity-circumstance of the soil mainly induced by
the microtopographical effects.

On the Br-soil located on the flat plateau on the mountain top, the root rot of pine was
induced by the temporarily or seasonally very humid moisture condition of the soil with the
character of stagnating water (water-logged condition). This elucidation was endorsed by its
poor water percolation index and the ferruginous mottling of its lower horizons. Its extre-
mely poor height growth of pine would be affected by its root rot.

On other types of soil located on the mountain slope, the more the humidity-circumstance
was arid, the more inferior the growth of pine.

Generally speaking, the differences of the humidity-circumstance of the soil (type of soil)
on the mountain slope was concurrently attended by the differences of the physical and chemical
properties of the soil. The differences of the physical properties clearly shown by the water
percolation indexes were induced by the differences of the mode of formation affected by the
microtopographical factors. Those of the chemical properties were induced by the organic
matter decomposing activities of the soil microorganisms affected by the soil humidity-circum-
stance and the leaching of the soil bases from the ridge or the upper part of the mountain slope
and the accumulation of them in the lower part of it affected by the movement of soil water
along the mountain slope, as Kawapa®? one of the authors, discussed in detail, previously.

However, as stated above, the height growth of pine was principally affected by the phy-
sical properties but not by the chemical one of soil between the Ba- and Bp-soil in Miki-yama
National Forest. Furthermore, in Otani-yama and Hakoda-yama National Forest, the soil
factors affecting the height growth of all the examined forests were fairly limited in comparison
with those of the same mountain slopes. From these results, the following opinion was sur-
mized that the soil factors affecting the height growth of pine were fairly different according
to the mode of comparison, such as the differences of the region, parent material, extent of

comparison and so on.

6. The correlations among the nutrient concentrations of pine needle,

height growth of pine and the soil conditions.

6-1. Result.
The carbon and the nutrient concentrations of pine needle were shown in Table 8.

The nutrient concentrations except the carbon were fairly different among the examined

forests. The relations among the nutrient concentrations, the height growth.and the chemical
properties of the soil were shown in Fig. 3~6. In these cases, the height growth of a 15-
year-old was used as the standard of comparison. The C-N ratio of the surface horizon of

soil was used as the nitrogen availability index of the soil. The available P;05 and K;0,
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exchangeable Ca and Mg contents, and their rates of saturation of the surface horizon of soil
were used as the P,K, Ca and Mg availability indexes of the soil, respectively.

6-2. Miki-yama National Forest.

The N, P and K concentrations of the pine needle were decreased in the following order as
Bo-> Ba-> Br-soil and they were closely related to the height growth. The Ca concentra-
tions of the needle were decreased as Br-> Bp-> Ba-soil and the Mg concentrations as Br~>
Ba-> Bpo-soil. No clear relation was recognized between the Ca concentrations and the height
growth, but the Mg concentrations were decreased according to the increments of the height
growth.

On the relation between the nutrient ratios of the needle and the height growth, the de-
creases of C/N ratio and the increments of N/K ratio were in accordance with the increments of
the height growth as shown in Fig. 6. However, no clear relation was recognized among
the other ratios, such as N/P, K/P and N/Ca ratios, and the height growth.

Nor was any clear relation recognized on the nutrient concentrations and the chemical pro-
preties of the surface horizon of the soil. However, the Ca concentration of the needle was
affected by microtopographical factors. It was more abundant in Bp- and Br-soils, i. e. the
soil bases accumulating or non-illuviating microtopographies, than in Ba-soil, i. e. the soil
bases illuviating one.

6-3. Otani-yama and Hakoda-yama National Forest.

Comparing the nutrient concentrations of the pine needle on the same mountain slope, that
of the Bp-soil located on the lower part of it was more abundant than that of the Bo(d)- or
Ba-soils on the upper part of it. These facts showed that the nutrient concentrations of
needle were increased according to the increments of the height growth.

However, summarizing on all the examined forests in these district, the relations between
the nutrient concentrations of needle and the height growth as shown in Fig. 4 were fairly
different in comparison with the above-mentioned one on the same mountain slope. The N
and P concentrations of needle related fairly to the height growth and they increased according
to the increments of the height growth. On the K and Ca concentrations, they did not close-
ly relate to the height growth. However, they were divided roughly into two groups micro-
topographically, such as Bp-soil group and Bpo(d)- and Ba-soils group in a broad way. They
were more abundant in the former group that located on the lower part of the mountain slope
than in the latter one on the upper part of it. Roughly speaking, it could be said that they
related to the increments of the height growth, however, on the Mg concentrations of the needle,
no clear relation with the height growth was recognized or microtopography.

On the nutrient ratios, the decreases of the C/N and N/P ratios according to the increments
of the height growth were clearly recognized ; but the other ratios, such as N/K, K/P and
N/Ca were not related to the height growth.

The relations between the nutrient concentrations of the needle and the chemical properties
of the surface horizon of the soil were not recognized. However, the K and Ca concentra-
tions of the needle were affected by the microtopographical factors as in the above-mentioned
Miki-yama National Forest. They were more abundant in the Bp-soil group, the eluviating
microtopography of the soil bases, than in Bpo(d)- and Ba-soils group, the illuviating micro-
topography of them.

6-4. Discussion.

6-4-1. Relation between the nutrient concentrations of the tree leaves and the growth.
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On this problem, the previously reported information was as follows : Sumisamoro and Tan-
Ma2D reported that the height growth of the 50-year-old Chamaecyparis obtusa (Japanese cypress)
increased in the following order as Ba-< Bs-~< Bbp-soil, and the N and P concentrations of its
needle increased, where as the Ca concentration decreased in the same order, but the K con-
centration showed no clear relation. Nakamural” recognized that the N and K concentrations
of the needle of the 10~50-year-old larch were closely related to its height growth, but no celar
relation was recognized between the P and Ca concentrations of the needle and the height
growth. Leyron1®1D12) pointed out that the N and K concentrations of the needle of the
young Japanese larch were directly related to its height growth, but the P concentration was
indirectly related to its height growth as it related to its K concentration. One of the au-
thors, Kawapa®, reporting on the nonfertilized plots in the fertilizer trial on young larch on
podzolic soil, stated that the N, P, Ca and Mg concentrations of its needle were more abundant
on the lower part of the mountain slope than on the upper part of it in every year examined,
and that its annual growth was more excellent in the former than in the latter, but the ralation
between the K concentrations of its needle and its annual growth showed no certain tendency.

On the freshly fallen leaves, as all the leaves were well mixed, it was a little different
from the case of the foliage analysis in which the leaves on the uppermost shoot reflecting the
nutrient condition of the tree most exactly were analysed. One of the authors, Kawapa®,
recognized the following facts on the aged larch forests that the N, P, K and Ca concentrations
of their freshly fallen needle were more abundant and their Mg concentration was less on the
lower part than on the upper one of the same mountain slope, and their growth was more
excellent on the former than on the latter.

Summarizing the above-mentioned information, the relation between the N concentration of
the leaves and the height growth was clearly recognized in all cases, but the one between the
other nutrient concentrations and the height growth was different case by case.

In this study, the results on the same mountain slopes in Otani-yama and Hakoda-yama
National Forest, a similar relation to the above-mentioned one of the young larch forest on the
podzolic soil and the freshly fallen needle of the aged larch with a few exceptions of a part of
the nutrient concentrations was obtained.

Summarizing the results on all the examined forests in this study, the following information
was obtained : that the N and P concentrations of the pine needle increased according to the
increments of its height growth, but the K, Ca and Mg concentrations were not clearly related
to its height growth. However, the K and Ca concentrations of the needle in Otani-yama
and Hakoda-yama National Forest and the Ca concentration in Miki-yama National Forest were

affected by the microtopographical factors, and they were more abundant on Bo- or Br-soil

group, the soil bases accumulating or non-illuviating microtopography, than on Bo(d)- or Ba-
soil group, the illuviating soil bases. These facts suggested that on the mountain slope, as

these microtopographical factors affected the humidity-circumstance, the physical and chemical
properties of the soil on the other hand, K and Ca concentrations of the needle were indirectly
related to the height growth of the pine usually. Furthermore, the relation between the Mg
concentrations of the needle and the height growth would be obscure usually. The different
characters of the Mg concentration with the Ca one on the nutrient physiology of the tree would
be very interesting as the chemical properties of these two elements in the soil are usually
similar.

On the nutrient ratios of all examined needles, it was interesting to observe that the N/P
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ratios 11.2~14.3 varied in the more narrow range than the other ratios, such as N/K, 1.3~
2.5, K/P, 4.9~10.1, and N/Ca, 2.9~5.6. It is worthy of. note also that the ratios of the
N and P concentrations of the needle showed no marked differences ; nevertheless, their con-
centrations were closely related to their height growth, and they were remarkably varied in

accordance with their height growth.

6-4-2. On the relation between the nutrient concentrations of the needle and the soil
conditions.
On this problem, many authors reported the following interesting information. OvingTON1®

pointed out that the P concentrations of some coniferous and deciduous tree leaves related to
the exchangeable P;Oj5 contents of the soil, and that their Ca concentrations were more abundant
on the calcareous soil than on the acid soil. Barp® recognized the relation between the P and
K concentrations of the several coniferous and deciduous tree leaves and the POy and K0 levels
of the soil, and a little decrease of the Ca concentrations in accordance with the increments of
the soil acidities, but no relation between the N concentrations of the leaves and the NOz;-N
and NH;-N levels of the soil. Warker?® found that the K concentrations of some coniferous
and deciduous tree leaves related to the exchangeable K;O contents of the surface horizons of
the soil. MacHarcue and Roy!® pointed out that the Ca concentrations of the tree leaves that
grew commonly on the acid soil were increased as they grew on the calcareous soil. Lurz and
CuanpLer!® were of the following opinion on this subject : The N, K and P levels in the soil
seemed to influence the nutrient concentration of tree leaves of a given species to a greater
extent than do Ca and Mg. The N concentrations of tree leaves seemed to be rather directly
associated with the so-called available N in the soil, but the P concentration did not appear to
vary greatly in trees growing on different sites. Although Ca concentrations of tree leaves
did not seem to be appreciably influenced by variations within the range of Ca content usually
encountered in soil, it should be more abundant on the calcareous soil than on acid soil,

As mentioned above, most of the results of the European and American authors usually
recognize the relation between the P, K and Ca concentrations of the tree leaves and soil che-
mical properties. The authors were of the opinion that these results seemed to be obtained
by the comparisons with the forest trees growing on the soils in which parent materials of soil
and fertilities were fairly different, such as the calcareous soil and th\e acid soil, etc. Fur-
thermore, it could be that the acid soil meant the more acidic soil in comparison with the cal-
careous soil, and the soils having pH values of about 6.0 were contained in the acid soil group.
In this country, the forest soils are usually acidic, and the soils having such pH values belong
to the most basic soil group. The conceptions on the acid soil group seemed to be remarkably
different between the forest scientists of the native and foreign countries. For that reason
the soil conditions of the above mentioned results seem to be fairly different from those of this
country. As described below, the influences of the soil conditions induced by the differences

of the type of soil in the neighbouring localities, i. e. the differences of the conditions affected
by the microtopographical factors, on the nutrient concentrations of the tree leaves were the

main objects of the study by the majority of the authors in this country, consequently, the
authors have difficulty in getting certain information on this problem form thev results of the
native and foreign authors. ) o .

In this country, the following results were obtained pertaining to this proialem inclusive of

the above-mentioned results on the nutrient concentrations of the tree leaves and the growth.
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On the Chamaecyparis obtusa by Suisamoro and Tanma?D, no certain relation between the total N,
available(0.2 N HCI soluble)P;05, K;0O and CaO contents and the N, P, K and Ca concentrations
of the needle was recognized. On the aged larch forests, one of the authors, Kawapa®; recognized
the increments of the N, P and Mg concentrations of the freshly fallen needles on all examined
forests according to the decreases of the C/N ratio of the surface horizon, the increments of
the available P,Os contents and the decreases of the available MgO contents of the horizons to
a depth of 50cm from surface. Furthermore, he pointed out that the K and Ca concentrations
seemed rather affected by the microtopographical factors, and that they were more abundant
in the eluvial microtopography, i. e. the lower part of the mountain slope, than in the illuvial
one, i. e. the ridge or upper part of it.

On the fallen leaves, the relation between their Ca concentrations and the Ca contents of
the soil were pointed out by CuanpLer®, Coie® and Aiway et alb,

In this study, as above-mentioned, comparing the results on the same mountain slope in-
Otani-yama and Hakoda-yama National Forest, the nutrient concentrations of the pine needle
were more abundant on the Bop-soils located on the lower part of the mountain slope than on
the Bo(d)- or Ba-soils located on the upper part of it.  These relations between the nutrient con-
centrations of the needle and the microtopographical factors had been clearly recognized on the
young larch forest on the podzolic soil® except the K concentration, and on the freshly fallen
needles of the aged larch forests® in comparisons on the same mountain slopes except the Mg
concentrations. In these cases, the differences of the exceptional nutrient concentrations between
the lower and upper parts of the same mountain slope were very slight, so it could safely be
said that the above-mentioned effects of the microtopographical factors on the mountain slope
on the nutrient concentrations of the tree leaves were acknowledged as general information. ‘

In this study on the relation between the chemical properties of the soil and the nutrient
concentrations of the needle on the same mountain slope, among the examined forests with the
exception of the available P,O;s contents of the Prof. 4 and 5, the decreases of the C-N ratio
and the increments of the available P;05 and K,0 contents, exchangeable CaO and MgO contents,
and their ratios of saturation in the lower parts of the mountain slopo as against the upper
one, were clearly recognized, and these chemical properties of the soil were clearly affected by
the microtopographical factors. As to the young larch forests on the podzolic soil, as the soil
belonged to the soil group in which the chemical properties were very inferior, the differences
of the chemical properties between the upper and lower parts of the mountain slope were not
cléarly recognized. But on the freshly fallen larch needles, the decreases of the C-N ratio, the
1,1"1crements of the available PyO5, K30, CaO and MgO contents of the surface horizons of soil
on‘the upper parts of the mountain slope were clearly recognized with a few exceptions, in
comparlsons with the lower part.

It could be safely saxd that although there were a few exceptlonal cases, the chemical pro-
pertles of 5011 on the samo mountam slopes were usually related to the nutrlent concentrations
of the treé leaves. e

However summarizing the data in the ne1ghbour1ng district and applying to all examined
forests in Otam-yama and Hakoda-yama or Mlkl-yama National Forert, respectively, the chemical
ﬁi}éperties of 'the surface horizons of the soil that closely related to the nutrient concentrations
of the tree leaves were fairly limited in comparison with that on the same mountain slope.  On
the freshly fallen larch'needles, even comparing with the same aged forests, fair exceptions

were ‘tecognized, too.
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These facts were similar in that the factors related to the height growth of the pine were
fairly limited on all the examined forests in comparisons made with those on the same moun-
tain slope.

It was worthy of note that although the exchangeable Ca and Mg contents and their rates
of saturations of the surface horizons of the Bpo- and Br-soils in Miki-yama National Forest were
remarkably less than those of the Bp-soils in Otani-yama and Hakoda-yama National Forest,
their Ca and Mg concentrations of the needle were nearly equivalent.

These facts suggested the following opinion bearing a similarity to the relation between
the chemical properties of the soil and the height growth of the pine, that although we were
not able to determine the available nutrient contents of the soil for the forest stands exactly,
the nutrient conditions of them shown by their foliage analyses related to not only the nutrient
contents of the soil but also to the one obtaining in the moving water along the mountain

slope from the ridge or upper part to the lower part, too.
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