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Amount of Py0s in apatite extracted with various extractants
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Table 2. 4t
Analysed
i :
! s f U pprem s R TR & 1 ~ -
SO R M < 4 ik St R : B ek ¢ N
Soil Name of s Type of | Horizon ness | ¢ o
group sample Profile no. s0il i (Layer) (cm) [ % %
(H)~A 4 0. 36
P4 Bs By 26 0.10
| By 204 0.09
Ay 5 9,14 42
Ay 1 12~13 6.98 0.34
o Be Bo A-B | 16~24 5.02 0.26
M s B 20+ 1.79 0.12
Kawamoto A 10~13 6.60 0.76
Po Bs By 172~-20 3. 83 0,16
Bs AQ 1.94 0.08
Az 18 3. 58 0.30
i - Ay 20 1.88 0.18
P Bo A-B 22 | 149 0.14
Brown forest B 204+ 1 0,98 0.07
soil : f L Am 0,08
‘ : Pl - Ba By 0.04
59 4 0.04
A 79 3. 50 0.17
P7 Bo By 20 0.86 0.06
®woo By 25 0.29 0.02
Fukuyama = [ ;\ 12~ 2,81 0.10
P18 Bs By 3 0.97 0.50
By 20+ 0.47 0.01
A 0.09
P22 Bo By 0,04
‘ B, 0,02
i
i
H-A 11 25,0 1.66
P3 Pwih)-u Ay 20 13.1 0.87
’ ~-Bs Ay 8 12.5 C. 86
B 104 ‘ 6,15 0,47
Wet podzol - . .
B - , H-A 7 26.0 1,53
rown * o Pw(h)-E Ay 12 16,8 1,20
forest soil Oraki a ~Bp Ay 20 8, 64 0.59
B 10+ 4,60 |+ 0.31
; H~-A 10 34,1 1.67
o Ay 8 2.93 0.18
P Pw(i)-1 B, 15 3,25 0.17
By 20+ 2.73 0.07
i
i A il , H-A A
Por B, 6.8
Dry podzol | Mt. Omogo® | Ei o
N Ay 12 16.2
Pi4 Bio Ay 1618 13.6
Daimon B 204 7.39
Black soil o P17 : Bip | @; 1é \OE’;
( Niimi | ; B 20 191
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Parent material,

Chamaecyparis
obtusa forest

Quartz porphyry

Pinus densiflora

Liparitic tuff

Pyroxyne andesite
Chamaecypovis
pisifera forest

ESER SN o v )

Olivine basalt
C. pesifera forest

Quartz porphyry

. obtuse forest
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Rhyolite and
YVolcanic ash
MNatural coniferous
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(et e

Volcanic ash
Larix leptolepis

Volcanic ash and
Quartz-porphyry

C. obtusa forest
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Table 2. (-2-3%) (Continued)

RO S I - U - S N 4 [ SR - T
& S’% B If #’ f}‘ ; i J e fA Thick- ¢ N
01l ame of [T lvpc of | ness o
group sample Profile no. soil | (Layer) (cm) % “
| i .
{2y o1 5 | | Ay 5 10,1
e o A 3 W Ag 20725 3.62
Black soil |  Niimi be 1 (BD» By 1618 1.78
Slack soll | im : ? o
ack sofl | ifmi B 25 0.88 |
. 1 Ri(A~B) 18 1.35 0011
Pl | R Ry (B 20 0.53 0.03
R+ Kano | Ry (By) | 47 0. 18 0,02
Red soil W Ri(A-B) 20 | 0.06
Shiono-~ : Pl Rs Rz (By) | 30 ? L 0,03
. misaki : Rg (By | 10 | 0,02
i B A 12 3.07 0,20
Dark. red . 153! . dRb{d) B 11 i, 50 0,10
soil Sekimiya | ‘ By | 254 | 0.95 0,09
Bowol P Ay 5 1 185 1.85
Mt. Ibuki | o Ay 40+ i 1.3 1.23
Rendzina- i # LA 12 8,70 0.79
like soil ‘ p8&2 Ay 20 . 3.88 0. 43
Okinawa** | LoB-C 20 | 3.00 0.33

Y ¥ EEL R '/ix‘ H; B@:‘I
il P82 oEE
Remarks:

* The Mt. Omogo soil is provided by the courtesy of Forest Soil Division of our Btation, Tokye, and
** The Qkinawa P82 soil and its analvtical data is provided by the courtesy of Dy, T, Kurotom: and
The type of soil is as follows.
Ba-soil  Dry brown forest soil with surface horizon where loose granular structure or sometimes
Br-soil  Dry brown forest seoil with surface horizon where gramular or nutty structure is well
Bo(d)-s0il Subtype of Bo-soil with A horizon where granular or nutty structure is well developed in
Bp-soil  Moderately moist brown forest soil.
Br-soil  Slightly weited brown forest soil.
Pw(h)-H-soil Wet slightly podzolised soil (Humus type).
Pw(i-1-s0il Wet podzol (Iron type).
Blp-seil  Moderately moist black seil.
(BOD-soil Ihid. (Degraded type).
Rp-soil  Diry red soil with similar profile characteristics to BR-soil sxcept color of soil
dRD(D-s0i]  Subtype of dDp-soil with similar profile characteristics to Bn(d)-soil except color of soil.
dRp-soil Moderately moist dark red soil
Rendzina-like soil It is a temporary nomenclature. Soil originated from limestone with well deve-
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1 .
&7 | 700 81,7 I Limestone
62,9 65,7 105 500 grass land
1.0 10,2 7,40 Limestone
9.0 5,0 7,48 Evergresn
9.1 3.9 7,70 deciduous forest

wH Ex. Ca bkt (Peron 15

ity analytical data are cited from “Forest Soil Profiles(2)” 242,

Mry. T, Kopma, Forest Holl Division of our Station, Tokyo.
mycellial layer is well developed.

developed.
place of crumb structure.

loped and dark colored A berizomn.

{15 reaction is neutral or slightly basic,
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Table 3. it

Phosphorus fractions in analysed soils
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Pa o N OH SO, soluble inorganic P
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Table 5. EBEHPOESR 50cm TTOD]

Gty C, N L7 Py fraction S

Amounts of carbon, nitrogen and phosphorus fractions in soil to 50 ¢cm in depth from surface

E
o
o

!

{(Carbon: ton/ha, N and Py0; fractions: kg/ha)

éamp;e nam% %2% o ¢ N PO PyOs_ai ( PyOs_re t P3Os.ap i Polyins ; PyOs.inore | PaOore

Kawamoto P4 Bs 115 : 3870 Z 109 7z tr. 695 876 | 217

- Ibid. Ps Bo 159 8200 13 124 119 12 515 770 793

- Ibid. PO Bs 128 5380 14 62 119 12 430 637 260

- Ibid. P4 Bo 57.9 5330 3 88 107 12 560 767 250

Fukuyama P11 Ba 53.3 3960 tr. 48 68 3 402 521 90

- Ihid. B7 Bo 42.2 2460 79 76 15 304 474 225

Ibid. Pis Bs 60.9 2250 H 49 97 3 721 872 180

- Ihid. P22 . Bo 3.4 2850 8 75 151 3 427 656 268
KM Daimeon P14 : > 13600 7 510 446 i19 270 7350 3480 o
W EL, Niimi P17 17700 22 359 158 29 1200 1780 2650 s§
fa b Ibid. Pe 7690 12 163 86 34 1140 1520 938 g%
L C/paOs.or | - PiOsek 6 of PiOy *
Sample name } : P more L PyOs.ac PyOs-ar | POs.ve PyOs-ins | PyOgeinorg | PyOseore W
Kawamoto P4 1090 29.7 | 530 0 0.2 {0.2) 1 10.0(12.4) | 6.6 {8.2) tr. {(tr.) | 63.8(79.4) 80.1 (100) 19,9 ?g
- Ihid. Pé 1560 19,4 200 0.8 (1.7)y 1 7.9(i6.1) 0 7.6(18.5) 0.8 (1.6) | 33.0(66.8) | 49,3 (100) L7 JfE

Ihid. P9 883 23.8 493 16 (2.2) | 7.0(10.0) | 15.5(18.6) | 1.4 (1.9) | 48.7(69.5) | 70.6 {100) .4

- Ibid. Pi4 1720 10,9 60.9 0.2 (0.4) | 5.1(11.8) + 6.2(06.0) ¢ 0.7 (1.6) | 32.6(73.0) | 44.8 (100) .2

Fukuyama P11 &11 13.5 592 tr. (troy ] 7.9 {9.2) 11130y 0 0.5 {006y 65.8(77.1) | 85.3 (100) 14,7

Ihid. p7 699 17.2 188 0.9 (1.3) | 11.3(16.7)  16.9036.0) | 2.1 (3.2)  48.5(65.2) | 67.8 (100) 32.2

- Ibid. P18 1050 27.1 338 L1 {4y 4.7 (5.6) 1 9.2(111) 0 0.3 (0,3)  68.7(82.9) | 82.9 (100) 17.1

a) i Ibid. P22 974 15.2 162 0.9 (1.2) 1 8.1(11.4) 1 16.3(23.0) ¢+ 0.5 (0.8) | 46.2(65.1) | 71.0 (100) 29.0

Daimon Pi4 5830 17.1 67,1 0.1 (0.3) ¢+ B.7(i.7y o 7.7(19.0) | 2. Y 21.8(54,0) 1 40.3 (100) 59,7

. Niimi P17 0.5 (1.3) ! 8.2(20.5) | 3.6 {9.0) | O.: 27.3(68.6) | 39.8 (100) 60,2

Ibid. P6 2460 0.5 (0.8)  6.6(10.7y 0 7.6(12.2) ¢ 1 46,3(75.0) | 62.0 {100} 8.0

Y By 2 NOETEIR PeDs-inorg KT 5%,
Remark : Figures in parentheses are % of PeOs-inorg.
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Phosphorus Forms in Hepresentative Japanese Forest Soils

Hiroshi Kawapa® and Toyoaki Nisuma®
1. Introduction

One of the authors, Kawaps, and his co-workers studied the relationship between the growth
of forest stands and their nutrient conditions diagnosed by their foliar nutrient compositions
(foliar analysis) on various forests including the fertilizer trials in our country®?9~1®, They
pointed out that nitrogen and phosphorus supplies to the forest stands from soil were more
effective than other nutrients.

They also found the decrease of N/P ratio in foliar nuirient composition according to the
increage of growth of stands. In their opinion, it suggested that the phosphorus supply would
be more effe

stive than the nitrogen supply on the growth of forest stands.
They conducted studies to get information on the status of available phosphorus in Japanese

forest soils as it held an important key to make clear the forest soil productivity. Although

various methods for the determination of available phosphorus in soil have been proposed, none
of them gave adequate satisfaction. At the outset of a study on phosphorus availability in our
forest soils, the authors resolved to make clear the phosphorus forms to get the basal infor-
mation,

This paper deals with the phosphorus forms of twenty representative forest soils in our
country. It also deals with the significance of carbon/organic phesphorus ratio as the index

of the organic matter decomposition in forest soil, and the working hypothesis on the signi-

ficance of decomposing process of soil organic phosphorus for the phosphorus supply to forest

stands.

2. The analytical method

2-1. The Selubility of P00y in apatite in various extractants

The first attempt for the fractionation of soil phosphorus was done by Fiseer and Tuowas
(1935)0% . Various improved methods were proposed by many authors in the following years.

The present authors believe that the bhasal method for the fractionation of soil inorganic
phosphorus was nearly accomplished by Cuans and Jacksen®,  In their opinion, the most part
of soil phosphorus combined with Ca is apatite and di-, mono- and octa-Ca-phosphates are only
in small amount or as the transitional forms. However, other authors attached great impor-
tance on various forms of Ca-phosphates as soil phosphorus combined with Ca, 2.5% acetic
acid extraction for the determination of Ca-phosphates was often adopted in the fractionation
of soil phosphorus since Guam (1843)%% ) The authors incline to the view that the difference

of opinions among the researchers on the soil phosphorus combined with Ca would be induced

by the difference of their objects, the unfertilized natural soils or the fertilized agricultural
sails,

Although the solubilities of Ca-, Al- and Fe-phosphates in various extractants were ex-

Received May 17, 1972
(12) Kansai Branch Station



amined in detailP?% that of the phosphorus in apatite in 2,5% acetic acid was not encugh.
At the beginning of this study the awthors examined the solubility of phosphorus in apatite
in various extractants.

The analytical method is as follows:

Ground to pass 1 mm sieve fluo-apatite from Mexico was analysed. Its PyQOs content was
39.6% (theor. 42,1%). The examined extractants are 2, 5% acid, N NH L, N NH,F (neutral),
0.1 N NaOH solutions and (.5 N Hp80, Certain amount of apatite (8, 6, 12 and 25 mg, respec-
tively) is taken inte a 250 m/! centrifuge bottle with a lid and 100 m/ extractant is added. It
is shaken for 1 hour with N NHCl, N NHF solutions and 0.5 N FHyS0,, for 2 hours with 2.5%
acetic acid and for 17 hours with 0.1 N NaOH solution. After that it is centrifuged (8000 rpm
for 15 minutes) and P¢Ox in the supernatant is determined colorimetrically by phosphomo-
lybdenblue with SaCls.

Results and discussion.

The results are expressed in Table L

The Py in apatite is slightly soluble in N NHC, N NHZE (meutral) and 0.1 N NaOH
solutions, but it is almost completely dissolved in 0.5 N Hy8C, These vesults agree well with
those of Cuane and Jackson?. The percentage of Py0y dissolved in 2, 5% acetic acid decreased
continuously with the increase of the solid-exiractant ratio, and it is from 458% to 26%.

These resulis agree well with those of Witnrans®®, Examining the sclubilities of various
phosphorus compounds in 2. 5% acetic acid with 145 8-hydroxyquinoline, he reached to the follow-
ing conclusion, namely, that the soil phosphorus soluble in this extractant was from water soluble
phosphate, Ca-phosphate, hydroxy- and carbonate-apatite, Mg- and Mn-phosphates and sume
extent of chloro- and flus-apatite 3,

Considering these results, it is clear that 2,54 acetic acid soluble soil phosphorus is not
only from Ca-phosphate but also from apatite to some exient.

2-2, The analytical method of soil phosphorus form

The authors {ractionate the soil phosphorus into total PyUs(Py(y.1), 2.8% acetic acid solu-
ble Pos(Pe(y.0c), aluminium phosphate (Pes-a1), iron phosphate (Py0s.re), insoluble phos-
phorus (PyOs.ins) and organic phosphorus (PyUsorg) by Sexiva’s method?, He adopted
Prarsorw’s method®® for PoUyooerg and modified Cuanc and Jaczsons method? for PoQOg.at and
PoOy.re 390,

The authors added the determination of phosphorus in apatite (PyOs-ap) by Cuaxe and
Jacrson’s method® to make clear that Pql)s.ac is from either Ca-phosphate or apatite.

The analytical method is expressed in the following flow sheet.

3. Anslysed soils

The authors analysed the phosphorus forms in twenty representative forest soils in our
country. They are the brown forest soils, dry and wet podzols, black soils (ando soils), red
soils, dark red soil and rendzina-like soils from wvarious parent materials. Thelr sampling
plots are expressed in Fig. 1 and their type of soll, parent material, chemical properties and

forest stands in Table Z,



4, The phosphorus ferms

4-1. The phosphorus forms of analysed soily

The phosphorus forms of analvsed solls are expressed in Table 3 and 4
Py
5 acetic acid described in 2-1, it is presumed that the major part of Pylds.ae

Considering the amounts © and PyOj.wp in analvsed soils and the solubility of

Pg(}gpag in 2,

ut that in the H-A and (H)-A layers

in the mineral horizons svery soil iz from Py

of padzolic i Be-soils is from Ca-phosphate. The Polds.ins is calenlated by subtracting PeOs. a0

Polls. a1 and PoOyore from PolQyivery on the mineral horizons bub Pyls..e instea
the H-A and ~A layers.

4-2, The general trends

The Polso is most abundant n the surface horizon and it falls with the ncreass of depth
in every scil

v ogoil is observed, and it often

No clear difference of Pallyaner amonyg the horizons in e

increazed In the lower horizons in comparison with that in the upper one.

The Py0s g 18 most sbundant the surface horizon in every soil and the falling of its

amount and rate o Py from g ¢ to lower horizon with the increase of depth is sharp

in dry types of soil but gradual in wet types™ of soill The Pyl and PyUs.ep ave negligible

i excent in the r@;.;.dzis. 1-13 o limestone,

21 pony ir every

As mentioned above, the most part of Pols.ae in the mineral horizons of every soil is from

but that in the IH-A and (}é) ~-A layers of podealic and

Lsoils is from Ca-phosphate.

The Peyar and PyOsope incre and Polyoap in every soil but

their rates to PyOs.a and PO, four fractions decrease from

surface to lower horizons with the S

depth in every soil except 3y and B

of podzolic soils where PyOy s increa
@

foeve

The PyOs.ts i8 affecied by the parent material and chemical weathering

imerp and it increases
N

soil as explained below, 1t iz the most abundant component of Pl

from surface o lower horizen with the increase of depth in every soil except the red, da

red and rendzina-like soils where no clear differences are observed among their horizones.

43, The effect of parent material

Amo

aed soils, thelr phe

horns forms, sspecially PyOs., are remarkably dif-

f

nt materials,

The ﬁxtr;’xor(ﬁ.uaz*_\f abundant POy in the rendzina-lke s from Hmestone, sepecial

@

Mt IThuki soil, are noted. The ge

sts assert that the average Py0y content of limestone

low but the me

amorphic Hmestone contalns abundant apatite The parent material of !

Ihuki seil is the metamorphic lmestone and that of Okinawa soll (P 82) is the limestone
from coval resf,
Thie high Pos.r content of these soils would be the effect of thelr parent materials.

teanic ash, Ghiaki

solls from olivine basalt, pyvrozine andesite and hasic {andestic
3, and I

con soil are next in Py The geologists pointed to a

sase of 3 coutent accords with the increase of 510 content in the

¥ In this paper the authors wse the “dry type’ and “wet type’” az a relative comparison of the annual

moisture status of soil. Ba- B, Pp, d and Ri- solls belong to the former type and Bp- Pw-soils

/

and rendzina-like soils to the latter type.
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2.0 g soil

a |
60% HCIO: and HNO; 100 mi 2.59% acetic acid, 2 hrs shaking,

digestion centrifuge, 50 m!/ N NH,CY wash iwice
1 I
i i
| | -
Total Pa(s Egtraf:t ‘ Soil 1
P30s-t Washing : 07_4
100 m{ N NH4F(pH 7.0}

1 hr shaking, centrifuge
2.5% acetic acid |
soluble P30s |

(PgOs-ac) \‘ Extract ‘
L. R

Al-phosphate
(PyO3-AD

20 m/ 0.1 N HC! extract ‘ Washing
0.1 N HCI wash until Ca-ion disappears discard [
! . 100 mf 0.1 N NaOH
. N B 17 hrs shaking, centrifuge
Extract \ Soil & i :
Combined ] o miwm .
washing | 1 Extract ‘Soil ,
400 m! 0.5 N NH4OH extract R dieard
91°C, 18 hrs discar
| Filtrate Fe-phosphte
(PeDs-Fe)
,,,,,,,,,,,,,,,,, L i
1 Extract | | Soil | i
L T discard ‘ 1 g soil
Inorganic Pg0y [ Total POy 100 mI N ;NH»;F(I)H?O),
in the solution(s) in the sclution(a) 1 hr shaking, centrifuge
R Di?’fé?éhéé(j{:ﬁf"""E !~ ,_-Lw_;‘
| [ Extract | 1 Soil i
“discard T
50 ml sat. NaCl wash twice
100 ml 6.1 N NaQH
17 hrs shaking, centrifuge
{
R b
Exiract | l Boil 1
T discard

50 mf sat. NaCl wash twice
100 m! 0.5 N HgS04
1 hr shaking, centrifuge

‘ Extram k

discard

Pods in apatite
(FoOs-ap)

Calculation ;
Total inorganic PeOs (PeOs-inorg) =Pa0s-t—PgOs-org
Insoluble Py (PaQs-ins) =PgO0s-inorg — (P30s-Al+PoOs-Fe+PaOs-ac or PaOs-ap*)
* On the mineral horizons P20s-ap is subtracted but on the H-A and (H)-A layers PgQ0j-ac is subtracted.

The flow sheet of analytical method for soil phosphorus fractionation.
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ignoceous rocks. Comparing the average elementary composition of various ignoceous rocks,
Pa0y content in basalt seemed to be higher than that in other rocks. The more abundant
Po0Oy content in the soils from these basic parent materials than those from quartzose or acidic
racks were often noticed®?V,  Qur examined soils from basaltic and andestic parent materials
express a similar trend.

The soils from other parent materials, granite, quartzporphyry, rhyolite, gabbro, ser-
pentine, liparitic tuff and dilvium, are low in PpOg.1. The PoOsot in the red and dark red
goils from gabbro and serpentine, one of the basic or ultrabasic rocks, are low. These soils
are at the increased stages in chemical weathering process of soil as undermentioned. In the

authors’ opinion, the POy content of soil may be affected by not only its parent materials

but algo its chemical weathering sequence. However, these problems are left for future study.
4-4, The effect of chemical weathering and chronosequence of soil
It is said that the marked differences on the phosphiorus form of soll, the composition of
PoOs-inerg fractions and the rates of PyOs.org and PyOg.inere fractions to FPaOsor, are induced by
the effect of the chemical weathering process and the chronosequence of soil, Cuawne and
Jacksen® said that the inorganic phosphorus form in the soil was affected by pH, various

cations, solubllity product of every phosphorus fraction and the chemical weathering sequence

of soil. Ca-phosphate and Al-phosphate were most likely to be formed than Fe-phosphate
at the initial stage of chemical weathering of soil, and as the time elapsed Ca-phosphate and
Al-phosphate transform into Fe-phosphate and finally into PyOg.ocer (the authors’ PyQOg.ins),
forming more chemically stable form. The rvate of every PyOsisery fraction increses in the
following order as Ca-phosphate, Al-phosphate, Fe-phosphate and PoUj.ocet, depending on the
progress of the chemical weathering of soil

Warker® gaid that the soil phosphorus form changed by the effect of chronosequence of
s0il genesis. At the initial stage of soil genesis P-a* is the most part of total soil phosphorus
and P-o* and P-f* are negligible. As time elapses, the decrease of P-a and the increase of
P-o and P-f are advanced by the effect of the vegetation and the chemical weathering
sequence of soil. From a certain critical stage, P-o, arriving at its maximum, begins to

decrease, but P-f increases successively, In the final stage of soil genesis, the most part of

total phosphorus changes into P-f (See Fig. 3).
From these points of view, the following facts are noted on our examined soils, The

phosphorus form of the red soils are unigue, Their PyOs.0c¢ are very poor comparing with

that of other soils. They are only 10% of FyUs.c in their surface horizons and they fall
sharply with the increase of depth. On their PyOj.ivorg fractions, PeOs.ae, PyOuoat, FoOyore
and PgOs.ae are poor and the most part of PeOsiners, 90% or more, is PyOj.ins.

Onivasa, Kugorors and Kipacu!91822 pointed out that the red soils in our country are the
fossil soils where their genesis had evolved under the warm and humid climatic conditions
similar to that of current tropics in Ginz-Mindel interglacial age.

The characteristic PyOs-inerg forms of the red soils agree well with that of the latosols by
Craxne and Jacgson® where their chemical weathering sequence is at a very increased stage.

According to Warkse's opinion®?, the Py(0; forms of the red soils suggest theilr very long

* Warker discussed the phosphorus in the whole profile. His fractionation of the soil phosphorus is as
follows: F-g is the inorganic PeQs scluble in N HaBSO04, P is organic P05 and Py is the inorganic Pe(s
insoluble in N He804. In the authors' opinion, although the analytical methed is different from his, P-a corve~
sponds to the sum of their PaOs-a1+ PaOs-Fe+PoOs-ap {(or PeOs~ac)d, Peo 1o PaOs-org and Pt o PeOp-ins.
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chronoseguence on their genesis, These facts well agreed with the theory on the genesis of
these soils by Onwasa ef al.

The characteristic of the PyOs_tnere form of the dark red soil is very similar to that of
the red soils, although the rate of Py0Os.ins to FyQsoinerg in corresponding horizons of this soil
is slightly less than that of the red soils. However, the Py(s.ore of this soil increased in com-
parison with that of the red scils. It is about 30% in surface horizon and falls with the
increase of depth.

The genetical process of this soil is a problem awaiting solution.  Its PyOyoinerg form ex-
pressed that the chemical weathering sequence of this soil is at a very advanced stage com-
paring with that of other soils except the red soils. Its less Pyy-orp rate to PyOs.t and
remarkably higher rate of PyOy.ins than those of other soils except the red soils suggest the
longer chronosequence on its soil genesis,

Comparing the three forest soils in Otaki district, Otaki PL P 3 and P4 from different
parent materials, respectively, the following facts are observed. These soils locate on the
peneplane near the foot of Ontake volcano. Their heights above sea level are similar, about
1,300 m, and their site conditions, topographies and climatic condition are similar, too. The
geogenesis of ignoceous rocks at the foot of Ontake volcano is clarifiedand it is as follows:
The parent material of P 1 is quartzporphyry and it is the oldest stratum in this district.
The clivine basalt, the parent material of P 4, erupted at the chasm of quartzporphyry stratum
at the stage of pre-activity of Ontake volcano. The pyroxine andesite, the parent material
of P3, is the eruption at the initial stage of volcanic activity of Ontake, Comparing the cor-
responding horizons of these soils, the decrease of PyOs.org vate to PgOs.r, that of PeOsoaet
PoOs. a1+ Py ve rate to Pyl inorg and the increase of PyOsins to Pyldsinery in the following
order as P3, P4 and P 1 are clearly noticed (see Table 4). The order of chronosequence of
soil genesis of these seoils according to Warxer's opinion well agreed with that of their parent
materials.

4-5. The characteristics of soil phosphorus form in every soil group

The characteristics of phosphorus form of the red soils and dark red soil are described
in 4-4. Those of the other soils are as follows:

The remarkably abundant Py05.¢ in the rendzina-like soils from limestone are as men-

tioned above (see 4-3). Their extraordinary higher PyOjsoac and PyUs.ap and their rates to

PyOs.inorg than those of other soils are noted. As to the solubility of PyOs.ap in 2.5% acetic
acid described in 2-1, the most part of PyCy.ac in Mt Ibuki soil and the major part of it in
Okinawa P 82 soil would be from PyOs-sp. These phosphorus forms would be induced by the
effect of their parent material and they characterized the phosphorus form of this soil group.

On the brown forest soils, podzolic seoils and black soils {(ando seils), the marked differe-
nces of phosphorus form by the effect of their parent materials, stages of chemical weather-
ing sequence and chronosequence and annual moisture status are observed among the soils
belonging to the same soil group as above mentioned. The authors meet some difficulty in

]

getting the exact characteristics common to all soils of each soil group and those distinguished
clearly from other soil groups; however, in detail, the abundant PyOs 0rg in surface horizons
and whole profiles of black soils, from 60 to 70% and 6079, respectively, would be the charac-
teristic of this soil group. On every podezolic soil, the increase of PgOs.re in By or B horizon

compared with that in A horizon (see Table 3) suggests the effect of leaching and accumula-



tion of iron. This fact expr

e characteristic of phosphorus form in

podzolic soils.
4-6, The characteristics of phosphorus form of forest spils (The comparison with agricul-
tural seils)
I comparing the phosphorug forms of the examined forest soils with those of the

e

agricultural soils, field soils and tea golls, in our country, the following differences are
observed.

The Pyls.¢ inn the surface horizons of forest soils are less than those of the zgricultural

s in average. The higher rates of PoQgoers to PO, the much lower vates of Puose and

very higher rates of PulOy.ins to PyOsoivese in the forest soils than those of the agriculiural

soils are noted. These erences of phosphorus forms betwesn the forest and agricultural

soils would be indug

ation on the latter.

The autl]

every hovizon of 1 s belonging to the brown forest soils, black soils and

amouy of fine soil in a certain bulk in natural condition in

de

black soil, and tha’y | the amounts of phosphorus v

tions in whols profile to 50 em

in depth from sur where the major part of the roois of forest stands developed.

The resulis are expressed in Table 5.
Pg(}gut Hy

cyparis obluse stands in Kaw

The amounts of

om 0.9 to 1.7 ton/ha in the brown forest soils under Chamae-

oto district, from 0.6 to 1,1 fon/ha in the

rather Immature

brown forest solls under Pinus densifiors stands in Fukuvama district, from 4.4 to 5.8 ton/

ha in the black solls and 2.5 ton/ha in the degraded black soll.  Among the brown forest
soils, the amount of POy in the wet type of soll is more abundant than that in the dry

type of soil In every district.

The amounts of Polds ac and Felusp except that of Pl

fairly increased but t

in Daimon soll are very poor in

every soil. Those of PoOy.ai and PyQs.re are

major part of Polsinorg,

about from 80 to 80%, is PoUy in every soil.  The amount of PeQj.ore is most abundant

among the phosphorus fractions except PoOsoias in gvery soll

The availabilities of soil phosphorus fractions to plants ed as follows: A

2 SUmMmA

gond correlation batween the amount of PeOsoac and the crop growth or its phosphorus ab-

ted on the icultural Some agricultural resear

TE i our countyy

aoften attach importance on Fa(soxe for the determipation of the available phosphorus in soil.

The major part of PyOj.e0 in our agricultural solls would be

rom Ca-phosphates but that in

5

aed ahove in 4-2. The PO is somewhat available

our forest soils from apatite as mentio

to plants but it changes gradually inte the available form during a long term by

s chemical

weathering, Caane and Jacxsox® said that variscite- and wavelite-like Al-phesphates, stengite-

and  dufrenite Fe-phosphat barrandite-like Al-Fe-phosphate are somewhat availahle,

However, Al- and Fe-phosphates precipitated on aluminesilicate, gibbsite or iron oxide are

most available as Ca-phosphates precipitated on Ca-carbonate snd the occluded phosphates

ivile available.
The

is little up to the present time, although the total amounis of nutrients in needles, trunks,

are |

cact information on the PuOy amount annually absorbed by forest stands in Japan

branches and roots of forest stands wore frequently measured by forest ecologists and forest
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edaphologists. The authors roughly estimated from their data that the amount of P05 an-
nually absorbed by established coniferous forest stands in our country would be about from
10 to 30 kg/ha. This value is calculated as follows: The Py0; requirement for the current
needle production is estimated by dividing the total Py0s amount in whole needles with their
survival vears. Furthermore, the roughly estimated Py0; requirements for the annual produc-
tion of trunks, branches and roots are added. These are less than those for the needle pro-
duction and they would not have any marked effect on the estimation of total phosphorus
requirement of forest stands. It has not yet been clarified whether the annual POy require-
ment of the forest stands for their current production is entirely supplied from soil, or a
part of it by the transference of Py(0; among the vegetational parts, e. g. from the aged
needles to the current one, etc. However, the authors presumed that the whole phosphorus
requirement of forest stands would be supplied from socil.

Considering the amounts of PyUs.iserg fractions in whole profile and their availabilities
to forest stands, the authors presumed that they are insufficient for the phosphorus require-
ment of forest stands for a long term in every soil except the black soils.

The phosphorus form in forest soil is not stationary, and it keeps the dynamic changes.
The annual litterfalls from forest stands supply the organic matter to the soil. They are decom-
posed and the mineralized and liberated nutrients are absorbed by the forest stands. A
part of the absorbed nutrients is fixed in the stands for their annual production of trunks,
branches and roots, but the major part of them return to the soil as litterfalls. The phos-
phorus and other nutrients cycling between soll and forest stands proceed in such way. The
chemical weathering of parent material of soil supplies the available nuirients except nitrogen
to the nutrient cycling, and on the other hand a part of them is lost out of it by leaching.
At the initial stage of the mineralization of the organic matter and the chemical weathering
of parent material of soil the liberated phosphorus form would be Ca-phosphates. They
change gradually in the order as Ca-phosphate, Al-phosphate, Fe-phosphate and finally in-
soluble phosphate during a long term, changing into the more chemically stable form. The
phosphorus absorption by forest stands would be done during these changes from Ca-phos-
phate to Fe-phosphate and the phosphorus changed intc the insoluble phosphate is removed
out of the phosphorus cycling between soil and forest stands.

As for the phosphorus supply to the forest stands from soil, the authors attach most
importance to the decomposing process of soil organic matters, e. g. soil organic phosphorus.
The following facts support their opinion: The amount of PyOs-inorg fractions are insufficient
for the phosphorus requirement of forest stands for a long term as above mentioned. Fur-
thermore, they accept empirically that the decomposition of soil organic matter is well ex-
pressed in low C/N ratio in the wet type of soil, being productive and belonging to mull,

and vice versa in the dry type of soil, being unproductive and belonging to mor or moder.

6. The carbon/Pys.ore ratio as the index of decomposing
process of fovest soil organic maiter

The authors’ opinion that the decomposing process of soil organic matter, especially soil
organic phosphorus, would be the most effective factor on the phosphorus supply to the

forest stands described in 5, still remains as their working hypothesis. They shall clarify it
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ire their following papers.
The C/N ratio of the surface horizon of forest soll used to be the index of the decompos-

ing process of the forest soll organic matter. In the authors’ opinlon, carbon/Feds.erg ratio

would be usefud for the same object, too. Their basal opinion is as follows: The transforma-
tion of phosphorus and nitrogen would be stmilar during the decompoesing procese of soil
organic matter., A part .of the decomposed and mineralized phosphorus and nitrogen would

be assimilated by soil microorganisms for thelr synthesis of microbial substances and the

residual of them would be absorbed by forest stands, too. At the same time the carbon of

the soil org atter is decomposed and a part of if is assimilated by soll microorganisms

~i

alike to phosphorus and nitrogen. ¢« residue of it is consumed for the energy source of

the soll microbial activity and finally lost Into the atmosphere as €0y At the initial stage

of decomposition where O/N and C/PyOs. 000 ratios of soil organic matier are wide, the raies

of nitrozen and phosphorus assimilated by soil microorganisms is high, and the rate of carbon

consumed by them as thelr energy source ig high, too. Thus the /N and C/Py0; ore ratios

-

of soil would be gradually decreased according to the advance of decomposing process of

soil organic matter.  The rate of decomposed nitrogen assimilated by soll microorganisms

graduaily decreases according to the gradual decrease of C/N ratio of soil erganic matter.

Nith the /N ratio arrived at about 10, carbon and nitrogen are liberated in the similar
ratio and C/N ratio of soil organic matter is kept about 10, Such mechanism of the change

of C/H ratio is well known.
in the authory’ opinion, although the change of C/Py04 orp of the soil organic matter is
still vague in detall, C/PeQy 0y ratio should keep within a certain value alike to C/N ratio

after the decomposing process of soil organic matter well procec

Allowing this, a good

correlation between C/N and C/PyOs ory ratios could be expected.

The C/Pydh oy ratios of the examined soils are expressed in Table 8 and the correlation
between C/N and C/P

in the authors’

vy vatios in the surface hos

izon of every soll in Fig. 4.

nion, as the amount of organic matter and PyOy.ary are most abundant

and soil microbial activities are most vigorous in the surface horizon of every soil whers the
effects of the envirommental factors are reflected most distinctly, these relations in the sur-
face horizons would be most suitable for the examination of this correlation.

The C/N and C/P0s.0rg ratios expressed very well a correlation where its correlation

coefficient » == (1, 939%* This being so, it is clear that C/PyUs.acp ratio should be able to repre-

gent the index of the decomposing process of soil anic matter.

The CiPyOu-sry ratios of the surface mineral horizons of the examined soils expressed
remarkable differences ranging from 24 to B85, The C/Py0s.0ry ratios of the rendeina-like soils
{from 24 to 41, those

(andestic) voleanic ash, rich in POy, are from 49 to 68 and those of the soils from other

from limestone the soils from basalt, pyroxine andesite and basic

parent materials, poor in PgGs., are from 93 to B85
It is said that the minimum value of C/N ratio in idealized soil iz about 10. However,

considering the data gathered by the authors and other forest soil researchers up to the pre-

sent time, the authors presume that the minlmum value of C/N ratios in the surface horizons

¢

of our forest solls would be about from 12 to 18, The Mt. Ibuki and Okinawa P 82 soils
where their C/N ratios of the surface horizong are from 10 to 11 belong to the rather rars

cases in our forest soils.
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From the regression curve expressed in Fig. 4, the minimum C/P30;.0r¢ ratios correspond-
ing to the minimum C/N ratios from 12 to 13 in our usual forest soils would be about from
70 to 20.
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