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Table 1. 3% & 4% I @ 77 © 3 M 2% 4

Brief descriptions of the site conditions of sampling plots

il pall EL I A B B A I R S JE #E Pl
- | Typﬂ Parent |AltitudeDirec- |Incli- k - | .
S, e . - Tecets
Sample of soil | material | (m) tion| mnation| Topography | V Lg?tdtl()n
Boo® \ | 1 . Cinnamomum
O nno | L4 t of
Mt. Futatabi Bo 330 | 820°m 1 33° ower par campbphora
Pl Coanit ‘ mountain slope plantation
- } ! Granite ‘ L prantation
[/ Ibid. Bs 470 o 1o | Gentle top of Castanopsis
P2 ’ e » - mountain cuspidata forest
i . - ] L
. | aone s | o ower part of
awamot 200 20 30 . .
de; {140 o | Bo O | 520°E mountain slopc Chamaecyparis
S - e ey = obtusa
[ Ibid., | B Quartz . . o plantation
o | Bs | U3 400 ST 30 k
P } porphyry | T
% | . o | Ridge of
.. =+ 480 J20°W 18° ge ¢
Saijo P9 Ba 48 NZ20"W 18 mountain l
il I ; lensi flov
Fukuyama | Ba Granite 500 | S60°W | 25° | fmus densiflora
° ; i | forest
G-P11 ) i |
7] i Volc. 1
Shionomisaki Bip  materials 30 — 0° | Marine terrace|
P2 . (pumice) ] B
B " N p ) Lower part of
dl 8 Bl 680 | N20°E | 15° b
, ’\Tmm Pl | ,J ; mountain slope plantation
B «“,/;‘;x ‘ ol h ‘ Crypit_)meria
i N i oo 50 A L0 L.
Yuzawa Bl | Volc. ast 950 W 6 Middle of long ﬁf g?;ifo n
: - gentle —
H ] . . - no ~ mountain slope| Larix lcptolppzs
Asama B-Blp 1230 S 30"W 10 pldnt'ltl(m
F W oo, Quartz e ‘ — soe | Gentle top of (,namaawparza
Ohtaki P5 Pw(i)-1 porphyry| 777 | NW 20 mountdin obtusa forest
SSUO— S N S S reerie e
. Palaeozoic . | .
A = ‘ candatone = 0o ~no | Ridge of . Chamaecyparis
Ohdai P5 - Pox zizuliggom,, 850 | S707E 50 mountain obtusa plantation
W o .
Shionomisaki Ry Gabbro 60 — 0°  Upper terrace |
Pl | ) ]
e W 21 s ¥ .
Ly iy Diluvium, 0 . "o Pinus densiflora
Kano Re | Volc. ash i - Platform forest
ag e o t - 1 £
BA i SN R cenom | o | Middle of
Sekimiya DRz Serpentine 400 | 850°E é 25 mountain slope

iE H&(D/}%.MH\T FEEEO S (1975)7 1Kk -7,
Remark : The classification of soils is based on the “Classification of forest soils in Japan (1975)17)7.



Table 2.

Chemical composition of A, layers

A E

» 1k

OO Ok

FEE D~ + : Per cent on dry basis)

|
| P
& b Bt i B I - ST
Sample Tree s Layer ¢ N C/N K Na ca Mg ‘ Water ieot{oc ! Total | (I%%)
amp pp- ¥y | soluble acid ;
- | soluble
] ]
BOE i 49.8 | 0.98 | 50.8 | 0.29 0,014 2.56 | 0.37 0.015 0.019 0. 062 30
Mt. Futatabi Cinnamomum L N (24.2)* | (30.6)* (100)*
Pl camphora | _ 0.026 0.026 0.12
Br-soil ‘[ F 44,0 | 1,91 | 23.0 { 0.15 0.0058 | 2.48 | 0,24 L | G (100) 50
o - l 0.0054 | 0,008 | 0.030 | , . .
- . L 50, 1 1,00 | 50,1 | 0.35 | 0.011 1.26 | 0.14 (18.0) (0. 3) (100) 70
Ihid. Castanopsis 0.015 0.016 0. 089
P2 cuspidata F 48,0 | 1.97 | 24.4 | 0.13 0.0094 | 0.84 | 0.091 | ;igicy (i8.0) ooy | 75
Bsa-soil
R 0.0062 | 0,0073 | 0,071
H | 43.6 | 1.66 | 26.3 | 0.064 | 0.012 0.81 | 0,056 | gt 075y ooy | 410
|
| 0.0064 | 0.0076 | 0.021
; [ 56.8 | 0,40 | 142 0.26 0.0054 = 1.39 | 0.16 : : : 00
%uzawf\ | Cryptomeria L | | L (80.4) (86.2) ] (100)
Blo-soil Japonica . ; . {0,010 0.010 | 0.049
F 52.4 | 1.13 | 46.4 | 0,077 | 0.0072 = 1.08 | 0.12 L Goe | (oo | oo 10
i | | |
| | 0,026 0. 027 0. 069 ;
j L 51.3 } 1.00 | 51.3 | 0.43 0.0037 | 0.85 | 0.17 z} Gry | (e (100) 70
B il i ;
; . . . ; 0.015 0.016 0. 084
A | Larix leptol 47.8 | 1.89 | 25.3 | O.11 0.0039 | 0.86 | 0.13 - : p .30
pama | e plolepis | Fi | | (17.9) | (19.0) (100)
| { ; | 0.0068 | 0.0076 | 0.086
| F 41.5 ‘ 1.86 | 22.3 | 0.096 | 0.012 0.89 | 0.13 | "y gy (5.8 [ (100) .30
‘ | ‘ ,
. ‘ 0.024 0.025 0.078
. . \ L 58.5 | 1.28 | 45.7 | 0.52 0.0014 | 1.56 | 0.11 Gog) | (21 (100) 30
Ohtaki | Chamaecyparis | 0,010 0.022 0.084
Po | obtusa F 46.3 | L3l | 353 | 0.15 | 0.0062 | 0.66 | 0.057 | (i 'gy | b 5y (100) .50
Pw(i)-1-soil | ‘t i !
1 | | 0. 006 0.016 0,082
J H 40.2 | 186 | 216 | 014 | o011 0.21 | 0.060 | 775y | (ig. 5 (100) .90
H 1

T * 2P S/~

Per cent on total P

— 80T —
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Table 3. 4+ 3 o 1k 2% 1 # &
Chemical properties of selected soils (Fine soil : On dry basis)
‘ ! ‘ ) B
| . L Exch. s
= kil | A & AL Ej— 3 pH CEC‘ T } Rate Qf
: ' ‘ _ |Thick- . C N CIN T Cca l M saturation
Sample | Type | Hori- ness (1,0) S A | B (G
| of soil | zon ) | (m.efiog) | Ca|M
| (cm) @) | %) | melve) (R TE
F R o (Brown forest soil)
'''' T R 1 [ \
Ay 7 | 6.00 3. 84[ 0.27) 14.227.0 | 15.4 | 2.3557.0| 8.7
M% F}f{t tllib, 5 Ag 16 | 6.10] 2.43 0.19 12.8/23.3 12.8| 1.92 54,9 | 8.2
. utatani D {
Pl | B: 18 | 540 0.70 0.06| 11.7/13.2 5,18 0.50 39.2| 3.8
B2 30+| 5.60 0.23 0.03 7.7 14.2 | 7.54 0.84 531! 59
I |
R E B A 7 | 3.75 5.36 0.18 29.8 18.2 1,22 0,08 67| 0.4
: ES B |
Ibid. P2 B 19 | 4.40, 1.53 0.06 25.5 10.2 | 0.48 0.07 4.7 | 0.7
| ‘» T
Ay 18 | 5.300 3.58 0.30 11.9 16.5 | 5.27 1.5331.9| 9.3
?{i /ti\ | 5 Asg 20 | 5.65 1.88 0.18 10.4/ 12.1 | 4.87] 1.51 40.2 | 12.5
awamoto | D |
Pld | A-B 22 | 5,60 1.49] 0.14 10.6/ 10.9 | 3.15/ 1.08 28.9 | 9.9
| B 20+ 5.60 0.98 0.07 14.0 9.04 2.2 0.79 246 8.7
o : A 12 | 4.35 6,60 0.26 25.4 20.6| 1.44 0.58] 7.0| 2.8
Ibid. Be B 17 | 4.80 3.83 0.16 23.9 13.8 | 0.70 0.16] 5.1 1.2
P9 Bs 40 | 5.05 1.94 0.08 24.3 8.40 0.65 0.16 7,7 | 1.9
- 2 Am 3 | 3.85 6.09 0.18 33.8 17.0 1.15 0.53 6.8 8.1
. N t
Saijo Ba B: 16 | 3.90 1.62| 0.06 27.0 7.22| 0.20, 0,200 2.8 | 2
P9 Bs 304+| 4,25 0.76 0.03 25.3 5.98 17 0.14 2.8
e " Am 6 | 4.40, 4,25 0.08 53.116.3| 1.00 0.04 6.1 .2
PR
Fukuyama | Ba B1 14 4.90 1.55 0.04 38,7 11.3 1.42] 0.04 12.6 .4
G-P1l | By 30+ 5.00 1.12 0.04 28.0 9.89 1.61| 0.10 16.3 | 1.0
ZES £ + (Black soil)
Ay 10 | 5.000 8.35 0.36 23.2/45.2 | 0.69 0.21 1.5| 0.5
Asg 20 | 4.75| 9,73 0.26] 37.4 55,9 0.27] 0.08 0.5 0.1
Sﬁ?onomismgki B As 30 | 480 5.81 0.16 36.3 <2.4 | o.1sl 012 0.4 0.3
D
P2 As 30 | 4.60, 3.35 0.10| 83.532.4| 0.15 0.16 0.5| 0.5
A-B| 30 | 470 1.23 0.04 30.7 2.1 0.28 0.07 1.3| 0.3
B | 504 4.90 0.36 0.02 18.0/20.9| 1.270 1.04 6.1 5.0
Ay 5 | 5000287 1.35 21.3 78.7 | 24.1 3.29 30.6 | 4.2
TNii R B Ag 27 | 4.85 17.2 | 0.77 22.3 68.4 0.4l 0.14 0.6 | 0.2
mi D I | i
P17 As 18 | 4.95 10.8 | 0.47 23.0 48,7 | 0.13 0.11 0.3| 0.2
|
B 204 5.15 1.91) 0.13 14.7 20.5 | 0.14] 0.24 0.7| 1.2
] : }
Aq 15 | 515 17. 0.93 18.3 51.01 1.33 0.77 2.6 1.5
o R B Ag 10 | 5.30 15.6 | 0.86 18.1 44.9  0.41] 0.43 0.91 0.96
D | | |
Yuzawa B: 10 5.40, 6,88 0. 39% 17.6 25.3 | 0.20, 0.20 0.79] 0.79
By | 204 5.50 2.87 0.18 16.0‘ 16.8 | 0.24 0.100 1.4 | 0.60
& 4 |5 B Ai | 13 | 6.60 8.88 0.60 14,8 31,2 12,4 | 2.13 39.7 | 6.8
B . D ! H |
Asama Ag 304+| 5.95 4.51 0.37) 12. 2‘ 19.9 | 6,22 0.97/ 31,31 4.9
) IO E i
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Table 3. (23%) (Continued)

1 ‘ _ | % | | Exch, | MM E
= Pl :Uﬁ’%ﬁ fE o B & H ‘ | lcgcl " | Ratedf
B | Thick- | P ‘ cC | N :C/\?i i Ca | Me saturation

Sample Type |Hori- ness (1,0 NS gl ké)
i of soil | zon 2 c M
(cm) @B | % . efl00g) | Ca | Mg

gOF Y v (Podzol)
B | |
H 1 5 3. 65 37.8 | 1.58 24.7 — — —| = -
7“0h ty\ P As | 10 3.65 15,3 0.76/ 20.1} 40.3 | 0.26 0.21 0,6[ 0.5
mata D | - |

Ps L ' By | 15 | 4.25 5,93 0.28 21.2 26,6 {r tr ‘ tr.‘ tr.
| B, 20+| 4. 45 3.71* 0.211 17.7,19.8 | tr tro| tr.) tr.

- | o
¥ i Ay | 8 3. 90\ 3.32 0.18 18.419.3 0 38 11‘ 2.oi 0.6

Ohtaki [Pw(@)-1| B: 15 4,10 3. 24‘ 0.16 20.3 24.6  0.32 0.07 1.3| 0.3
Ps | Bs 15+ 4,50 1‘95 0. 111 17.7119.0 | 0.17] o, 04 0.9 L oo.:
b &) 4 (Red %011)

— - e
iy I | A-B 20 4. 85 1.33\ 0.06 22.2 10.1| 1.15 0.91 11.4 9.0
i 1 |

Shionomisaki Rs r Bi 30 4,90, 0.51 17.0/ 11.6 | 0.68 0.69 5.9 59

Pl . Bj ‘ 10 5.00 0. 34‘ 0. ozi 17.0| 9.41| 0.56| 0.72 6.0 7.7
S S Et AU AN R ——b
| A-B 18 | 465 135 011 12.3 9.74 0.43 0. 2 4.4 2.7
MKamH Re | B: 20 4.601 0.53 0.03 17.7 7.75 0.18 0.120 2.3 1.5
Bs 47 | 4.95| 0.1§ 0.02 9.0 9.69 370 0.14 381 1.4
[ S o (Dark red soil)

- [ T
_ A 12 1 5. 501 3.07! 0.20 15.4 13.4  2.60, 2.88 19,4 ‘ 21.5
%ekimiy? dRDS@g‘ B 11 | 5.65 1.50 0.10] 15.0/ 11.2 1.8l 4.02 11.7 | 35.0
Ba 2541 5.90 0.95 0,09 10.6 152 2,15 9,30 14.1 | 61.1

! | |

E, NEEo#EAE: CN MOET, £2PRECHEABICKEBECETSOTNOMMCENTHED
bNtze Ca BER mor BT A VA BIPe/+KTlE, L, F, HEOHECHEELHSZEZIRL 72
25, mull OBERICIZ I ZABIUA I YR TRLBIUFERIBEEAEHERARONT, 2FKRTIEF

BICET 2EPE mor OBAEIVELDTOELIONTH >, Mg BERVWIFNLOEASL, F, HE
DOMEIC D AR Uichs, mull 04 L—F BOELOEAR mor ZDWEPNRTH 77, Na
EROITNOEASS LETCRMOR SIS EEhDTER - 7205 FEICHBICEBT A2EZ—12
DEIRHLNE >, pH & mull BT 24 7~ YN TRFBIZEFCEREZR LN, oz
mor BXU mull OWVIFNEHLTHLRWRICEEFT O type OMIKHY x SWHEZ L 5> N7 o
7zo LipL, mor OHETHFELIDAMTETEZR LT &L, mor OFHERT EE b, EHIKC
WEsENE S,

PIED & HIRHEEDONRICEETHELE, EBOLFOEDD B LUK SR BAZR LT
HENVZ B,

51T, POERBICOVTEROLSAEHRIE SN, T0b5, L LBoKEkL U 2.5
% W FIIAME P OREGEMNSMER Uit LEICEY % 2.5% MIRTIAP 24P @ 19~39% IC# &
ot ERD X DI, O Na BERZESOOTUEL, T, —RICEED Al BXU Fe EED

94»
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EHHTEONDT, LBEOMEAE P IR 2K

SHEKER O L— Ca lEThAH S LS N5, 2.5%
PEaid s, LEDPOMEYOHYMIFEREPICE - THOONTHAE LD LH
CEBN T, WFNDOEELAPICHT 5 2.5% Bl AP O L#RiT
M & B8 MALDIEBIC X -

HrE RIS P 2 HH

BWAAERL, 564, mull Tl mor KON LA,

5 E LTORIL) OEAMIEESND,

g Table 3 [C/RT EBDTH D
LA o Ucalkbcit, ELP 1 07 2ARE ZUEIEO A 5 =Yy K3, DBHOHEMRIEEL
it ph,

ECaBLU Mg ODMHNIENE LS ENENLZ L, MM P2, A BEHRJIOFRPITEX
UEBRO% Blo R-LE, @ik Ca B0 Mg M D& DB - oo BE-EBUCE T 2Bl
ETUE, B R BB D TR TED A FE D, FHEHIE O S EA Ik LI T L1
WP 2, WEBXOER B Ca B0 MgicZL
Aboe WiktsE (Be MM ICETAHELP 28 K URER
503, Wbkl L, ERiERiZ L, ON I
LEDLDTREINT EE, NSO LBMO RIS E N g 5,

Z Mo EIC DV TR, TTICLEIOEMED 10BN THBNTH B DT, SHEEIE L0,

For (Pw(@)-1 #-

3. N o e &5

31 aWE

NH; 88 N 550 NOg 18 N OERIERDFEE T,
Ao BT 10g, SRELEIZ 20g AL, 10% KCL j#iE 200 ml 72 1A € LIFRER & S BB L, 18
W 25~150ml ZFH 7 7 A 2B L, SBEICIE U CHKE A TRES 150mi & L, MgO1lg 2t

T, R T0ml #1525 F TH

=

F L, NHp 8 N OFE#A2T - 72,
7

TR

DEREIT 170

CHYE RS U, Devaros 5420.5 g 2RI L THUHKICER L, NO

o
iR
Z

NH; o#i# iz methyl red-brom cresol green JRATERIEAEINZ 72 2 % HsBOs #4595 ml # i,
N/100 HoSO4 A T

RHEN O 551

EN D4R Brevyer V45 &

4

113 max, 10g £ TE L&) 253

RN A A HE T, KD X DT -,
ZH1C100ml O=H7 5 2 3 ICFRE
fo T 110°C T 24 FRIEIIN/K S e 1 il oG

L, 6 NHCl 25ml 2Nz, BEL->0T, fEHEl

z’;)d tu oo 1&

NS

HlhET100ml OERET 5,

L/}

Z DIRGE 25 mi A DT, Krewoanr 31 & O KRS HEN (A) OEEATT9 .

i B X OEIIC L -T2 A, BREMNER () D% 110°C 12 FifA T 3 23,
TR0 12 110°C 20 BT H max LN E LT3, AEIZERHOIKSHOEAICIZ 110°C 12~
24 B R T B ok L, FOOE E A , 110° (224ﬂ1 1B Lo

L7
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E iz, MUK 50 ml A VT, Bremwer H:212 L7cd8- € 6 N NaOH 74 AVT pH 5.0
THFL, 51, 0.6 N NaOH BEATH T LT pH 6.5+0. 1 1K T 2%, Zohfjs RO O
BclrryszaBL, 100ml OFEET 5.

ZoFFIE 10ml %2 100 m! OFEM 7 5 221 L, citrate buffer®? 10 ml‘z‘o’;zﬁ nynhydrin  Ch}
RK) 200mg 2Z, WHESBEARTIHMEAL, T /HBENALZ NHg#EN & LT, KW T phos
phate-borate buffer*s 20 m/ 2Nz, HEEB U KEREEELITY, TIFEN, 73 /FEBENBIU
TI/BENOAE (B) OEBEITI.

X oz, ik 20 ml! AFREIC 100ml oY 7 5 22l L, Iiko phosphate-borate buffer 20
ml AMATC, WHEEBOKESEEEZTD, TIFESIUT I/ HEENOAR (C) OEEETI.

T I/ BERENE FRO X572 6N HCL Ic X 3 13 LOKMRIC X - T, —8aaMsh T NH; &
NICZET B, COBRDT X/ BHENOSMRIREDOHNZE, 51, MAKHORNEIEERT 5
TEDBHOENTVE, LichS-T, 73/ HENOEBIIZAREWIO CHE U TR X 5 IKBHEIKIT - 72,

TRoEa EFBICNG 10mg 248ak4E 100m! 0=/F7 5 2 2B L, 6N HCL 25 m! A1
Z, BHEZEDTT, BEOBEART IMMMARIERIESE LT, s X UM% E&HE T 100 m/
DEHRET 5,

COIRAER S0 ml ZFNT, o BE &k pH6.5610. 1iIchfIL, 100m! OEFELT S,

COmENE 20ml AT, BiiRd phosphate-borate buffer 20 m/ ANz TKEREXARIT, T
I FENBXUT I /VHEENOAE (D) OEEET Y,

51T, PRIKR20ml 20T, MgO 0.5g 2FRNLUTKELIKE LT, 731 FEN (BE) OFR
%790

PIEm4% fraction ONOEER, LBOMBENOLA &RRkIC, 2% HsBO; iFik%E NHs OHERE
&L, NJ100 NsSOs %A THiE Lo

% fraction ONRBROHEIT K » TRD K,

(&N) = (A) =FEIK I RIEN
(A)~(B)=REEN*
(B)—(CH)=73 /WEN

(D)~ (B))X1.26%="7 3 / BHEEN
(C)—7 3 /HEfEN=7 3 FEEN

%] Magnetic stirrer BXUH 57 R B pH # — & —%#H L1zo

%2 citrate buffer : pH 2.5, Na-citrate 2.06 g ¥ LU citric acid 19.15g /KT L 17109 5. BREMNER
D TCRESREERUTOEY, AMEEBIRMEOFEELZE LUTARSE Ui,

%3 phosphate-borate buffer : pH 11.2, Na-phosphate (tribasic) 100 g 3 & UFNa-borate 25 g 2 I/KICIER L
Tilicdab,

4 kR0 (B) OEBEOKRIC, KB MCORIKARETT Vv ) REEOBRIKSFERE E 2 — 3 Y B #E s
LTBEET 5, Lh-T, COMBEFBL, CHLONEZEEBL T 2— I VENEZILKRATZ2EHA4EH
BM, O fraction BBELEEN O I~2H ICBERLNEINTVEDOT, AHEREENIKEDTEI C
it Lzo

5 T I/ FEENEZERT ZEAOMIERE1.2613, ZAREIDIOED ZMKSEROT I/ FEE N O5IC
T AFIERINTH b0
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3-2. DHIEOEELFTMLEBICB (TS NORE
ki 0 2 NOJERRIE Table 4 [CRkdE:E50TH 5B,
3-2-1.  JEEREEN
3-2-1-1. A, )8
ek 7ot is k3 (L) o NHs fi2 N #2553 9~108 ppm, NO; fiE N % & 12 3~17ppm T & -
foo TNLOERED NHy ks LU NOs #8 N EE B S 0 ogEnioniess, ©/ F08
i & RN R LIz, KD MEEE NI O S OB A S pic g 5 foonicid, F—iEiE
CEEBHOBROERBLETSH 2, Lh-T, ZOARSROTMENROERICE>CLEEL, &
[ANE— IR SR oo 2l YA

o
DIEWHIT LoD 2 ENSDFETE, 7 ABLD V4 OHLTERMKZ NHs 8 N JRBEZ 350~
630 ppm IR L, FLLEWD LV WICEE LTINS, NOg 58 N I 5.8~7. lppm (C@E X, b0
TEO LWL EEE o, 2F, £/ FBLUH T <y OFHEMKTIZ, £NE146~90 ppm & KT
0.6~16.5ppm /R Ltc. mor iICEd %A B/ +5ko HETIE, £NE41209~284 ppm & &
5 2.2~5,3ppm AR U7re

UEoXic, Flglcsy s NHg f8 N BEDLERMK & HEBMTE LoEEER LI &1, —
W $FERT O K HE T3 alcohol-benzol (#7213 ether) Tis¥), 975+ bH, resin, wax, essential oil 72
EDMBIEDO S RAEMET 2 YHAELZBICEATV D700, BEOYIMOABBIESIPT VT &
LZDOFEED 1 >TREVLELDLNS
REAWITHR LTS T EiE, HROETICE BT D NS OIEEPEOWDIC L 75 - T, KEBICL

B O GBI NGRS 2 T EART b D b g, ZDE», il
T 5 HPIANT,  SHEERIMRTIE 11 AP ORIETT - T 5 DT, i
KB5S 2 LEHAMESOFHNAELOERLZZ oMb, WTHICHE X, TS OMEDORINIZS
SARICESNEMEENA XD,

PR LUAHRSOF BXUHBETE NO; 88 N BEROINGEL, LEFLOEREZRONES -
7oo NHg 38 N B LU NO; 82 N ZFEMICEATNAS A DT, NHy f2 N/NOg 58 N JHa NOs (kb
RAEEMINC BT 2720 0REEEZ 2L, CokiE mull KET2AFBIUON I YHOFET
135.5~9.9, 7 AMDOFETIZ49.2, mor BT A v 4 BLUP L/ +WHTiE F BEIE 100~109, H BT
4095 %oR Uico —HHCHigiEA2 9 2 mor 0EGld, NHs (LifEflicth~% & NOg (LEREMIE
<, BV mull T NOg (WRIERSERINCITOIE EnbN TN, ko Tk % NH;
f8 N/NO; 8 N oz, 7 2AMOBAEB E4EITORAME X—%T 52025, £/, NOg fhik
FDMED critical pH Ik kiria pH (H0) 5. 0HifhsHzsnNs, LhL, 7 AMKD F L pH
6.5 %R L, ZIEPHICIENIZ S b 53 NOg fLEMAE U ED - 7o &1, NOg [bEfERICKIZT

HEIIHIC pH KU THBHLENC EA2RTEDENZ LD,

TS DEEER DD Ay BT, MEEkE N (NH; 8 N+NO; 2 N) o4 N i 5w 3 iz & b
WT/HEL, max. TV AMROFBO 3 BITEEILD - 12,

3-2-1-2. @t
BRI EOEE L ETE, 2RMCEBE» O FEICH »T NHy 88 N &5 LU NO; 88 N OBEEIHE

o B/ FMOEAIC, L, F, HEOIHIC NHy 8 N I A0

o 7 S A s

BIL L i, JRTE




Table 4. # »® £ B o N o 5 5l

Nitrogen distribution of forest soil (¥ 1g 40 : Per 1 g dry matter)
. B ORr ok 4 % ¥ N (Hydrolyzable N) SEfAk | EESRE N Inorganic N
EEy KH & N \ - . N
Laver 73 FEEN T3/ BEEN | 73 / EZEJF’;E\N K Fﬂ ﬁ:N =L Non-
Sample Horsi,zon Total N Ar\ni e Amino Amino . Unidenti- ’l‘;ltal hydro- NHz-N | NOg-N Total
: | ; sugar-N acid-N ‘ fied-N lyzable-N
B % bk b (Brown forest soil)
i mg % | mg %, mg % | mg % | mg % | mg %| mg %| ppm| ppm | ppm %
L 9.75 (100)| 0.72 (7.4) 0.23 (2.4)| 4.38 (44.9) 2.99 (30.7)| 8.32 (85.4) 1.43 (14.6)| 85.5 10.6 | 96.1 (0.99)
BB F 19.1  (100)] 1.81 (9.5) 0.77 (4.0)] 7.59 (39.8) 6.05 (31.7) 16.2 (85.0)] 2.87 (15.0) 349 71135 (1.9)
Mt. Futatabi Aq 2.84 (100)| 0.42 (14.8)] 0.30 (10.6) 1.00 (35.2) 0.74 (26.1)| 2.46 (86.7) 0.38 (13.3)] 25.2 11.6 | 36.8 (1.3 )
P1 A 2.02 (100) 0.34 (16.8) 0.22 (10.9) 0.63 (31.2)] 0.48 (23.8) 1.67 (82.7) 0.35 (17.3)| 17.5 6.2 23.7 (1.2)
Bo-soil B: 0.64 (100)) 0.12 (18.8)] 0.062 (9.5) 0.19 (29.7)| 0.15 (23.4)] 0.52 (81.4) 0.12 (18.6) 7.5 7.0 14.5 (2.3 )
By | 0.24 (100) 0.074(30.8) 0.019 (7.9)] 0.037(15.4)| 0.080(33.3)| 0.21 (87.4) 0.03 (12.6) 8.6 0.9 9.5 (40)
— I -
A L 9.93 (100)| 0.80 (8.0)| 0.18 (1.8) 4.49 (45.0) 3.09 (31.0)| 8.56 (85.8) 1.42 (14.2) 57.1 12.3 1 69.4 (0.70)
® hid F 19.7  (100)| 2.29 (11.7) 0.97 (4.9) 7.59 (38.6)| 5.46 (27.8) 16.3 (83.0)] 3.35 (17.0); 633 5.8 639 (3.2)
P2 H 16.6  (100)| 2.50 (15.1)] 0.93 (5.6) 6.08 (36.7)| 4.38 (26.4) 13.9 (83.8) 2.67 (16.2) 209 2.2 1211 (1.3)
Br-soil A 1.58 (100), 0.22 (13,9)] 0.15 (9.5) 0.54 (34.2)] 0.39 (24.6) 1.30 (82.3); 0.28 (17.7) 10.6 1.7 | 12.3 (0.78)
Bos0 ' B 0.67 (100) 0.10 (14.9) 0.06 (9.0) 0.21 (31.3) 0.16 (23.9) 0.53 (79.2) 0.14 (20.8) 8.9 0.8 9.7 (1.4
| | ! ] \ T :
Jil A 1 Ay | 826 (100) 0.60 (38.4) 0.85 (10.7) 1.21 (87.1) 0.72 (22.1)| 2.88 (88.3)| 0.38 (11.7) 348 8.4 43.2 (1.3)
Kawamoto | Ay = 1.73 (100)] 0.41 (23.7)] 0.17 (9.8) 0.52 (30.1) 0.48 (27.7) 1.53 (88.3) 0.20 (11.7)] 22.8 4.3] 27.1 (l.6 )
P14 | A-B | 1.38 (100)] 0.33 (23.9)] 0.12 (8.7) 0.35 (25.4) 0.38 (27.5); 1.18 (85.5) 0.20 (14.5) 6.0 1.8 7.8 (0.57)
Bo-soil B 0.82 (100)| 0.20 (24.4) 0.073 (8.5) 0.18 (22.0); 0.25 (30.5) 0.70 (85.4) 0.12 (14.6) 5.1 Lo| 6.1 (0.74)
il + A 2,55 (100) 0.41 (16.1) 0.26 (10.2) 0.85 (33.3) 0.57 (22.4) 2.09 (82.0) 0.46 (18.0) 31.9 2,91 34.8 (1.4)
Ihid. P9 B: 1.42 (100)] 0.20 (14.1); 0.14 (9.9) 0.40 (28.2) 0.36 (25.4) 1.10 (77.6) 0.32 (22.4)  22.5 2.4 1 24,9 (1,8)
Be-soil Ba | 0.74 (100) 0.12 (16.2)] 0,061 (8.1) ©.14 (18.9) 0.21 (28.4) 0.53 (71.6) 0.21 (28.4)] 11.6 1.2 12.8 (1.7)
Fs A i ) T ;
E?i'o Pﬁ; Am | 1.88 (100)] 0.45 (23.9) 0.070 (3.7)| 0.63 (33.5) 0.49 (26.1) 1.64 (87.2)| 0.24 (12,8), 4l.4 11| 42.5 (2.3)
anggoﬂ B 0.65 (100) 0.15 (23.1) 0.029 (4.6) 0.19 (29.2) 0.13 (20.0)1 0.50 (76.9) 0.15 (23.1)] 17.6 | trace | 17.6 (2.7 )
%? K QI  Am | 0.80 (100)] 0.16 (20.0)| 0.055 (6.9) 0.27 (33.8)| 0.18 (22.5) 0.67 (83.2)] 0.13 (16.8)| 23.7 11| 24.8 (38.1)
(}—iil?ééi-égﬂi B: | 0.49 (100) 0.080(16.3) 0.040 (8.1)| 0.15 (30.6)] 0.090(18.4) 0.36 (73.4) 0.13 (26.6) 10.7 0.7 11.4 (2.3)
H ey + (Black soil)
; ‘ :
5 i ! Ay | 3.75 (100) 0.80 (21.3) 0.39 (10.4) 1.04 (27.7) 0.74 (19.7)] 2.97 (79.1)| 0.78 (20.9)] 22.5 0.31 22.8 (0.61)
Sﬁ? non1%¥ ki Ag | 2.87 (100); 0.38 (13.2)] 0.20 (7.0) 0.41 (14.3)] 0.67 (23.3) 1,66 (57.8) 1.21 (42.2) 12.9 | trace | 12.9 (0.45)
°P7 54 As | 177 (009 0 24 (13.6) 0,088 (5.0) 0.17 (9.6)| 0.51 (28.8) 1.0l (57.0)] 0.76 (43.0) 6.9 | trace | 6.9 (0.39)
B Ay 124 (100) 0.17 (13.7) 0,046 (3.7)] 0.10 (8,1)| 0.34 (27.4) 0.66 (53.0); 0.58 (47.0) 5.8 trace | 5.8 (0.47)
D A-B | 0.64 (100)! 0.21 (32.8) 0.014 (2.2)] 0.040 (6.3) 0.11 (17.2)| 0.37 (§7.8) 0.27 (42.2) 5.5 trace | 5.5 (0.86)
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BAERL, Fi, WIThOBEGE NHy 88 N jcihs & NOg 8 N BEIZED -7,

FELickBd 3 NHs f2 N J4FF |3 1160 ppm, NOg 2 N 23 0.3~32 ppm AR L7z, CNHD
B D BB 23 —E L0 IS0 7o IC RIS L st I3 8 L s, RBLIck W 5 NH, 18 N/NOs 12
N3, mMBaskht, R* Y, RatZSomBgitlEcy, £hth, 718, 6.2~3.8, 8.1~
9.4 %R, HEEOBOHFARE, Htl, BRELBSENEN2.2~4.1, 1.8~6.2, 7.5 TH-72DIC
Bz E, DEDENMELZRLTOAEENZ S, %12, INHDOMIB RO Ay BOBAICENS &4k
WD OEDER LTV, F7, INLOEASL Ay BoB4 SFEE 1 pH (H0) 5.08] & %
critical pH & LT, NOg {LERDICHENEONDE WA B,

LinlL, #IMP 213 (Bo B4 Tk, NOg 88 N QiZlALHO LN, COLEBEIER
A3 d massive B X b T compact EAEATENL LTS, 2O KD REKELRED D
TARBRIGAICE, FRWESEETICBRIIIRIRIC K - TiThbh s NOs {LfEMIL, &L ESH
20 EEDbLNG,

MRS E+EOEBENDO LN I 5 2 BRI EHH TR, max. FRELTIRE
1 G-P11 (Ba #418) o#3%, FTREETIIHEL P1 (Bo 24:38) © By B4 % ICH &0
1oo B, ROLOBARAMIKMOLERELD I SICEL, 0WIhd 1 B TIGREL -2 &1,
BRO X HICROERGRIHERENOEELRT L EBELT, LRERHICMT L0V X D,

3-2-2. HEEN

PRI EOLANOREREHEC LI, SS5FLBORTEIEIIE, TNENHILD OMELIRY 1
WIT, BEENIZOWTORTOREEL, AEL N fraction AN T 2 HEAhMCED 5 C &
3%

3-2-2-1. A, &

BRTEDO A BOEFBRENOEED, HEONBMEDICO>NT, 731/ BENDRED LT I FEN
BLUT IV BEENOERICL-T, 2BNICHESTONEENZ S,

B Ao BOKBROIKAFRIENI 83~91% 1T L, @AV AvERUk, %, BRGSO LB
Bl & ICHBEIX RS NI - T,

LB GEeIE) TIE7 3/ BREENDSD - £ 8, 4~49%1CE L, JUKGEENORIL Ea b
BT, T/ BHENZ S LD TR, DT 0.6~2.4% KB ET, 73 FENS KD,
T~12% & EE 5 fes RAENIT 28~31% 1L, DROUENLVAVER L, Z6 D N fraction

DOHBIRFIC K AMRIZE QKD & 5 TR L, M LASERICBERB LI D ENZ b,
BEODABHELICONT, 73/ BENRIEREDSEZRL, FB Tl 36~43%, H BT 35~38%

KT U, Chicst LT, 7 3 7 $EENRIER R ZR L, FETI33.3~7.2%, HE T 5.3~10.0
%icE LIz, T3 FENSRBICHEAZRL, FETIE 10~19%, HETI 13~17% 0% L,

Ao BOEBYOSMEROMEMNICE b8 SHBE N OREOZ(ME, HEMEDB JO/NgIc L5
BEEN (BN oMME XY, Chbdo tBAYK X2 —HosmERyokss (EHE) LT
OFAERIEEOEMRIERORERL LTRING, LILED A BlcB 1 2 BABIOHEEN OEEDZL
DHBT, KED N fraction - EHAHMINDTNEZEZILNLIWT I/ BENDHAD &, SRk
RAICHHE T AT I FENOBARIURTEINECETHA D, i, BEDOHMICE S5 5 LE/NE)
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P (HER) OoWiis 20 BKOMMMREZSNED, ThoDBBEDES (M) & L T chitin
Ho¥KE, chitin AR LTOET I/ IHENORINNS o &k b EHEES NS,

UE® Ao OB OEBENOEREOCZELD AL &, FERRFMTE T 2 EENICE LGS
R mor B LU mull OFEHTT, AEENOEROTEP G RA &, SMEEIC AT H:ESD 5
EEZBLEDS, D UAREHRTOREICL & SMRERORBICGBERO LS ICEbN S,
FHZLNICELEDSIRICE 725 Ao BOKBMNOGEIHEROE (5, ARERkORRICEL
7o, AEGBIOBADP S RO RMEL NI &L, TR ZHEELNZ LS,

3-2-2-2. G E

HELFREBONOERRBEAEEINCRAZERDEBYTH -7,

1) etk

IR VENG, FEE (A0 L A ) SeEdE (Bo M-b3E) 1387~88%, ik LHED Ba
T A- 4212 83879, Be W41 82% iw# L OB BELENENA LY, & IKAD &
DML IZ OV 7o UL, THEL (BB Tk, @kt 81~88% 2ox L, A&
DU ER LIRS, EETETROTNG 72~79% SIET L, HEOKSEENICX - THhE b OE#E
WRON,

T/ BENBOITNOESSEEN O TR - TED AR Uic, FFE-ETEMEEEL 513 35~37
%, WMEHEIZOT NG 33~34% AR L, HEOESIBEDLEP - EVLI LA, EICELNEEE
[EURUAY 3 S

T FEENE, RBELTHEHEMEESEE 17~18%, wibhEO Be M4BT 14~16%, Ba M4BT
20~24% 2R Ui, KRB FTELAOEMIL, WIS TRIEREAER Uichs, Be H-EETIR
—EDBEDH HNT, Ba BEECRIBLER L.

T /MEENE, B MEEPAROITNGEE LTI 10~11% 2R L, FEICH - T L2z, L
L, Ba AT Am BT 4~7% &L, D UATETREEAER L,

KRESENE, SAESR0TnbEREL T 2~26% 1TE Lz, FTEAOERIEY & > 2@z’
WIS L3 - o,

Plbkoxdic, st l#icEd 2 Ba LT Be BAMOMICA SN N OEREOHE, T7bb,
Ba BAHTIIEBELOT I FENSLZ L, 7T/ N BDRNARER, Ba BLEoERE D Am
BAIEE LT 5 ERERDS
AL &, BEPOSTHEADOT I FEENOZE LU T E O NKGHENICHEDLSD ST,

KE25DTEE O EEDN %7z, Be ML @Al Bo 1

BREHNTFOZEALD - EBWEICHMLTOAERELTE, CNIMICORINL X KERMONHRDOR
BRI OHESEEINICELPDLT, FTHENDOIEENRS T LMD & S WHEERS LN -

Tefld, TR AREINZ L, 0T, RO A BoBa LR, BRIk 2ERE
VDS R ARENISHESS 2 -E2 5500, HFEEORELEZ Z2ETHAH, T, #@it
BXOBEHEE LB O 7 I FENOELOMED, KOBEOMCE 7105 LEKD TRE~OH) &M
&, 92hDH, Bo MEBETETETTROBES MO G IodIL, SRERYTH 255WDT
I FENOBEBARIITONA L LItk 25DTHA D,

2) Bl
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BAETORBMBNELTARBTE, TUKSHEENE A BI2 73~79%, Aq JBLIFIR 53~74% % 8 L
too TN DOMITHRETLAR MO LR E AL EHLBENENZL S, RBCEETOFREND

DOEEOHERHEAELTEIDENZA XD,

LROBMALD Ay BE Ay BT OIUKSFEIE N &R, A BTRAKBETOBELEOZEIC L -
T, BRI ERAROTBAERERBTLN, FCBeERL LRBOEOERY A INENS 2
WIT, B LOFBENOERBIIIMICEERENLENBOLDICBITL22H560EEZ 5N,

BOLIBHBENELTABOEEOREDE TS, HMHEROMLESE IV Co/Cr s L {EN T
&, EBHEBROCENIEEOH TRIBHOETNE LN &R E, MO ERNELE & XHD THRR
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Nitrogen Form of Representative Japanese Forest Soils

Hiroshi Kawapa®

1. Imtroduction

The writer previously reported that the availabilities of nitrogen and phosphorus of forest
soils, i. e, their supplies to the forest stands were the most effective factors for their growth
from the nutritional point of view®, He found that the C/N and C/Organic phosphorus
ratios of soil, especially those of its surface horizon, would be a significant index for nitrogen
and phosphorus availabilities, respectively., He also stated the phosphorus form of the repre-
sentative Japanese forest soilsiDi®),

The nitrogen forms of the representative Japonese forest soils, a problem that still re-
mained vague at that time, are discussed in this paper. In the writer’s opinion, the decom-
posing processes of litters, i.e. mor and mull, would be the most effective factors for the
nutrient cycling of forest ecosystem and fertilities of forest soil. Is there any difference
between mor and mull or among the groups and types of soil? The clarification of those
facts would be helpful to find a clue to elucidate the problems on the fertility and nitrogen

availabilities of forest soils.
2. Selected soils

Fifteen soils were selected. Ten of them were just the same samples as those in the pre-
vious reports®~1® and five of them, including the freshly fallen litters and A, layers, were
newly collected.

The brief descriptions of their site conditions are stated in Table 1.

2-1. Chemical compositions of A, layers of the selected soils

2-1-1. Sampling periods

The sampling periods of the newly selected five soils with A, layer were as follows : The
outset of May for evergreen broad-leaved forests and the beginning of November for coniferous
forests.

2-1-2. Amnalytical methods

The analytical methods were as follows : Carbon was determined by chromic acid titration
method® and nitrogen by Kjeioamt method. CEC was determined by Peec method and ex-
changeable Ca and Mg by atomic absorption spectrometry. pH (HyO) was measured by glass
electrode pH meter with 1:2.5 suspension. K, Na, Ca and Mg were determined by atomic
absorption spectrometry and P by chlorostanous-reduced molybdophosphoric blue color method
in HCI system after wet ashing by HCIO~HNOQO; mixture. Water soluble and 2.5% acetic acid
soluble P were determined by the same colorimetric method with 1 : 100 extracts, shaking 1
or 2 hours, respectively.

2~1-3, Results and discussion

The chemical compositions of the selected litters were stated in Table 2,

Received June 16, 1977
(1) Forest Soils Division
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The newly selected soils were grouped into mor and mull. Mt. Futatabi P2 (Castanopsis
cuspidata ferest) and Ohtaki P5 (Chamaecyparis obtusa forest) belonged to mor, and Mt. Futa-
tabi P1 (Cinnamomum camphora forest), Yuzawa (Cryplomeria japonica forest) and Asama
(Larix leptolepis forest) to mull.

The pH values and nutrient concentrations of their freshly fallen litters were quite di-
vergent. The remarkably high pH value and Ca and Mg concentrations of Cinnamomum
litters, the low P concentrations of Castanopsis litters and distinguished low N and P con-
centrations of Cryptomeria litters were highlighted.

The following changes were found on the decomposing process of litters : The N and P
concentrations were increased and C/N ratiocs and K concentrations were decreased in every
F and H layers comparing with those of litters. The remarkable decreases of Ca concentration
in the order as litter—F layer—>H layer was observed in mor type forests, Castanopsis and
Chamaecyparis forests. On the contrary, no clear difference or gradual decrease was recognized
between the Ca concentrations of litter and F layer of the mull type forests, Cinnamomum, Cry-
ptomeria and Larix forests. The Mg concentration decreased in the order as litter—F layer—>
H layer in every forest, and the rate of its decrease was more gradual in mull type forests
than those in mor type forests. The Na concentration of every litter was low comparing with
other mineral components, and no certain trend was recognized in its changes in F and H
layers. The pH value of F layer of Larix leptolepis forest, belonging to mull, was remarkably
increased comparing with that of its litter. The pH value slightly increased in F layers of
other forests, belonging to mor and mull, and no distinguished difference between the two
groups of forest. However, its noticeable decrease in H layers, the characteristic layer of
mor, was worthy of note.

The above-mentioned information on the changes in the decomposing process of litter was
quite similar to that of the writer’s previous reports®® and review?.

The following information on the P form was noteworthy. The water soluble and 2.5
acetic acid soluble P concentrations of every litter were nearly the same, and the range of
the latter was 19~39% of total P concentration. The Na concentration of every litter was
remarkably low as above-mentioned, and its Al and Fe concentrations were presumed to be
remarkably low, too. So a presumption that the greater part of inorganic P of litter should
be K salt or monobasic Ca salt could be drawn from those facts. The considerable part of
P in litter should be organic P on the assumption that 2.5% acetic acid insoluble P was or-
ganic P. The rates of 2.5% acetic acid insoluble P to total P increased in the order as litter
—F layer—H layer in every forest, according to the advance of decomposing process. The
rate of its increase was more distinguished in mull than in mor. Those facts suggested that
the inorganic P changed into organic P, i.e. assimilation of inorganic P as organic components
of microorganisms, according to the advances of decomposing process.

2-2. Chemical properties of mineral horizons of the selected soils

The chemical properties of the selected soils were expressed in Table 3.

The remarkably high pH values and rates of exchangeable Ca and Mg saturations of Mt.
Futatabi P1 and Asama soil were noticeable. The distribution of such base rich forest soils
are limited in our forest land.

The rates of exchangeable Ca and Mg of Shionomisaki P 2, Niimi P 17 except its A; horizon
and Yuzawa soil, belonging to Blp-soil, were extraordinarily low. The writer previously pointed

out that the effect of the topographical factors on the chemical properties of soil, i.e. the



—124— HWERBRBPIRE 9297

illuviation of bases in the lower part of the mountain slope or valley floor, was frequently
vague on the soils belonging to the black soil group. He also subgrouped the black soil group
into the exchangeable base rich and poor types®?®. The selected black soils, except Asama
soil, belonged to the latter type.

Sekimiya soil from serpentine and belonging to the dark red soil was characterized by its
relatively high pH values and exchangeable base saturations, especially exchangeable Mg. The
latter reflect the effect of its Mg rich parent material.

The dry types of the brown forest soil (Ba- and Bs-soils), the dry and wet podzols and
the red soil (Rs-soil) were strongly acidic, poor in exchangeable bases and wide in C/N ratios.

They were the common characteristics of those soils.
3. Nitrogen form

3-1. Analytical method

3-1-1. Inorganic nitrogen

10 g of Ay layer or 20 g of mineral soil were extracted with 200 m/ of 109 KCI solution
by shaking for 1 hour. NHs-N was determined by distillation with MgO and NOs-N by the
same method after reduction of it into NHs-N with Devarpa alloy on an aliquot of the extract.

3-1-2. Fractionation of organic N

Organic N was fractionated by Bremner method? except the following points and the out-
line of the method was expressed in the flow sheet. The hydrolysis of organic N by 6 N HCI
for 24 hours was adopted instead of for 12 hours after Bremner?. The amide-N and amino
sugar-N were determined by Mixi method!® 16 that adopted the hydrolysis with 6 N HCl for 3
hours in the boiling water bath and the correction factor of 1.26 for the partial decomposi-
tion of amino sugar-N.

3-2. Nitrogen form of the representative forest soils (Retults and discussion)

The N form of the selected soils were expressed in Table 4.

3-2-1. Inorganic N

3-2-1-1. A4 layer

The ranges of NH3-N and NO;-N concentrations of the selected freshly fallen litters (L
layer) were 9~108 ppm and 3~17 ppm, respectively. They were quite different by tree species
and those of Chamaecyparis obutusa were quite low.

Among the selected F layers where the decomposing process of litter was proceeding,
those of evergreen broad-leaved forests,' Castanopsis cuspidata and Cinnamomum camphora forests,
were on high NHs-N levels, ranging 350~630 ppm, but were very low on NOs-N levels, being
only 5.8~7.1ppm. On the contrary, those of coniferous forests, Cryptomeria japonica, Chamae-
cyparis obtusa and Larix leptolepis forests, were on low NHg-N and NO,-N levels, ranging 46~
90 and 0.6~16.5 ppm, respectively.

In the writer’s opinion, the remarkable difference of NHs-N in F layers between evergreen
broad-leaved and coniferous forests should be explained as follows : The decomposing process
of coniferous litters was used to check at its initial stage because of their rich alcohol-benzol
or ether soluble matters, i. e. resins, waxes, essential oils, which inhibit the decomposition of
plant residues. The increase of NHg-N concentration in the order as litter—F layer—H layer
of Chamaecyparis obtusa forest may be due to the gradual decrease of those inhibiting matters.

However, from another point of view, the difference of their sampling period as above-men-
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Sample
05~2g

Sample
less than 10 g,

containing 10 mg of N |

|
KieLpanr method |
Hydrolyze

Total N Add 25m! of 6 N HCI,
110°C, 24 hrs
| Residue | Filtrate and washing, 100 m/ |
“(discard) ] B

v
[ 25mi |

KjerparL method
1
\ Hydrolyzable-N (A) ‘

I
i 50ml |

Co

Neutralize to pH 5.0 with 6 N

NaOH soln. and to pH 6.5+0.1
with 0.6 N NaOH soln.
i

. Neutralizate and washing |
| 00 m/ ‘

]

of ninhydrin, heat for 30 min. in boiling
water bath

|
Add 20 ml of phosphate buffer, steam
distillation

|

Amino acid-N, amide-N and
Amino sugar-N (B)

i” Sample Iblé‘

|
Hydrolyze
Add 25 ml of 6 N HCI, in boiling
water bath, for 3 hrs
|

Residue ‘ | Filtrate and washing |
(discard) 100 m/

1

’ 50 ml l

Neutralize Ibid
|

i Neutralizate and washing
1 100 m/

l
| !

S —

20ml | | 20mt |

\
Add 20 m! of phosphate buffer, Steam distillation

steam distillation with MgO
| I B
Amide-N and amino Amide-N |
sugar-N (D) ! (E)

]
Add 20 m! of phosphate
buffer, steam distillation
Amide-N and amino |
sugar-N (C)

Calculation : Total N—(A)
=Nonhydrolyzable-N

(A) — (B) =Unidentified-N

(B)—(C)=Amino acid-N

{((D)—(E)) X 1.26%=Amino sugar-N

(C)—Amino sugar-N=Amide-N

Remarks : *---- Correction factor for the
partial decomposition of amino sugar-
N into NH3-N by hydrolysis1® 167,

Citrate buffer; pH 2.5, 2.06g of Na-
citrate and 19.15 g of citric acid per
1,000 m/ of water.

Phosphate buffer ; pH 11.2, 100 g of Na-
phosphate (tribasic) and 25g of Na-
borate per 1,000 m/ of water.

Flow sheet of the analytical method

of organic N form.
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tioned and consequently that of the seasonal activities of soil microorganisms might be affected.
In any case it remains as a problem awaiting solution.

The levels of NOy-N of F and H layers of every forest were low and no distinguished
difference was recognized. In the writer’s opinion, NHg-N/NQOs-N ratio could be the index for
relative comparison of nitrifying activity because NHz- and NOg-N concentrations were sea-
sonally changed. The ranges of its ratio were 55~9.9 in F layers of Cryplomeria japonica and
Larix leptolepis forests, belonging to mull. On the contrary, they were 100~109 and 40~95 in
F and H layers of Chamaecyparis obtusa and Castanopsis cuspidata forests, belonging to mor.
It is well known that nitrification is inactive in comparison with ammonification in the strongly
acidic soils, belonging to mor, but it is active in weakly acidic or nearly neutral soils, belong-
ing to mull. The above-mentioned ratios of the selected A, layers well agreed with the general
tendency. Those results suggested that the critical pH value for nitrification should be about
5.0. However, the F layer of Cinnamomum camphora forest, was high in this ratio, 49.2, and
low in NOs-N level, 7.1 ppm, though it belonged to mull, and its pH value was extraordinarilly
high, 6.5. It may be an exceptional case but it suggested that the decomposing process of
organic matter layer and subsequently its pH value were not the only factors to have an effect
on the nitrification.

The ratio of inorganic N, total of NHg-N plus NOs-N, to total N was very low in every
A, layer and its maximum was only about 3%.

3-2-1-2. Mineral horizon

NHz-N and NOsg-N concentrations were decreased from surface downwards and NOs-N
concentration was less than NHs-N in every profile. The range of NHs;-N concentrations was
11~60 ppm and that of NOs-N was 0.3~32 ppm in surface horizons. The following facts were
very interesting, though detailed discussion may be difficult because of the divergent sampling
periods of the selected forests : The NHg-N/NQOg-N ratios of surface horizon were high in the
strongly acidic dry brown forest soils, dry and wet podzols and red soils, and their ranges
were 7~18, 6.2~38 and 8.1~9.4, respectively. On the contrary, those of the moderately moist
brown forest soils, black soils and dark red soils were low and their ranges were 2.2~4.1, 1.8
~6.2 and 7.5, respectively. They were decreased in comparison with those of the above-men-
tioned F and H layers. The critical pH value for nitrification seemed to be about 5.0, too.

It was noticeable that NOs-N concentration of every horizon of Shionomisaki P 2 soil was
very low or trace. It was massive and very compact and its percolation of water and aeration
were remarkably inferior. The nitrification was extremely inhibited under those worth physi-
cal condition of soil because that it is the oxidative reaction under aerobic condition.

The inorganic N concentration of every mineral horizon was low, and the maximum of
its rate to total N was about 3% in surface horizon and about 4% in lower horizon. Further-
more, the ratio of every black soil was remarkably less than that of other soil groups and it
was less than 1%. Those facts characterize the unique N form of the black soils in connec
tion with their organic N form described hereunder.

3-2-2. Organic N

The writer regarded the rate of every organic N fraction to the total N as important in
the discussions described, because of the distinguished differences of the amount of every N
fraction among soils and their horizons.

3-2-2-1. A, layer

Generally speaking, the organic N forms of A, layer of the selected soils were charac-
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terized by the decrease of amino acid-N and the increase of amide-N and amino sugar-N ac-
cording to the advance of decomposing process.

The ranges of hydrolyzable-N of every litter, F and H layers of the selected soils were
83~91% and they were hardly affected by the differences of tree species and decomposing
process. The organic N form of every litter was similar and it was as follows : amino acid-N
was most abundant and its ranges were 44~49%, more than half of hydrolyzable-N. On the
contrary, amino suger-N was very poor and it ranged to only 0.6~2.4%. The amide-N was
low and 7~129, and unidentified-N was relatively high and 28~-31%.

Summarizing those facts, generally speaking, the organic N form of every litter seemed
to be common.

The amino acid-N decreased according to advance of decomposing process of litter. Its
ranges were 36~43% in F layers and 35~38%9 in H layers. On the contrary, amide-N and
amino sugar-N increased and they reached to 10~19% and 3.3~-7.2% in F layers and 13~17%
and 5.3~10.0% in H layers, respectively.

The organic N of litter is protein N and it is decomposed by microbes and microfaunas
of soil. A part of the decomposed nitrogenous materials are resynthesized as their cell sub-
stances, i. e. protein N. The changes of organic N form in every A, layer were expressed
as the summarized results of those complex biochemical reactions. Generally speaking, amino
acids are the most easily decomposable component of the organic N (protein N)¥ and amides,
including NHj, are the decomposed product of the proteinous materials. So the decrease of
amino acid-N and the increase of amide-N would be the natural consequence according to
advance of litter decomposition. It is also natural that the multiplication of soil microbes and
microfaunas (soil insects) in the decomposing process of litter induces the increase of chitin
in their cell membranes and crusts. The amino sugar-N, the main component of chitin, ac-
cumulates in F and H layers as their residues.

The above-mentioned changes of organic N form led the writer to form the opinion that
the difference of both decomposing process of litter, mor and mull, would not be an essential
one in quality but merely the rapidity of decomposing process. It is vely interesting that his
current opinion well agrees with his previous one, drawn from the changes of organic matter
compositions in litter decomposing process of mor and mull.

3-2-2-2, Mineral horizon

The organic N form of mineral horizon of every soil group is discussed separately.

1) The brown forest soil

The ranges of hydrolyzable-N were 87~88% in Bp-soils, 83~87% in Ba-soils and 82% in
Bs-soils on their surface horizons. Those of Bp-soils were slightly more abundant than those
Ba- and Bs-soils, but the difference between both groups, i. e. the moderately moist and dry
types of soil, was not distinguished. On the contrary, the distinct difference between both
groups was recognized on their lower horizons. Those of Bp-soils were similar to those of
their surface horizons and they reached to 81~88% and those of Ba- and Bs-soils decreased
to 72~79%.

The amino acid-N decreased from surface downward in every profile. It reached to 35~
37% in Bo-soils and 33~34% in Ba- and Bs- soils in their surface horizons. Similar to the
hydrolyzable-N, their ranges were slightly increased in Bo-soils but the differences were not
so distinguished.

The amide-N of the surface horizons was 17~18% in Bp-soils, 14~16% in Bs-soils and 20
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~24% in Ba-soils. It increased from surface downwards in Bpo-soils but decreased in Ba-soils
and no certain trend was recognized in Be-soils.

The amino sugar-N reached to 10~11% in every surface horizon except that of Ba-soils
and they decreased from surface downwards. It was lower and only 4~7% in the surface
horizon of Ba-soils.

The unidentified-N was 22~26% in the surface horizon of every soil and no certain trend
was observed on its changes from surface downwards.

The above-mentioned facts led the writer to form the following opinion : The above-
mentioned differences between Ba- and Ba-soils, belonging to the dry type of soil, i. e. more
amide-N and less amino sugar-N in the surface horizons of Ba-soils than those of Bs-soils,
may be the effect of abundant residues of mycelial substances in Am-horizons of Ba-soils.

The fact that no distinguished difference was seen between the organic N forms of the
surface horizons of Bp- and Bs-soils was very interesting, though their remarkable difference
of C/N ratios suggested a noticeable difference of the proceeding of organic matter decomposi-
tion. They were similar to those of A, layers as above-mentioned and they indicated that the
differences of organic matter decomposing process of both types of soil, mor and mull, would
not be the qualitative one but the rapidity of decomposing process.

The differences of amide-N from surface downwards between both types of soil were af-
fected by those of the movement of water through the horizons. The soil water well per-
colates from surface downwards and the easily soluble decomposed materials, amide-N, well
percolated and accumulated into the lower horizons in Bop-soils, but the percolation of soil
water was checked in Ba- and Bs-soils.

2) The black soil

The hydrolyzable-N was remarkably less in the A horizons of the black soils, their charac-
teristic horizons, than those of the other soil groups except the red soils. It characterized the
unique organic N form of the black soils. Its ranges were only 73~79% in A; horizons and
53~74% in A, and downward horizons.

Their differences of hydrolyzable-N between A; and Ay and downward horizons could be
explained as follows : The similar soil forming process to the brown forest soils is proceeding
in the surface horizons of the black soils under the effects of the current climatic conditions
and vegetation. The newly produced organic materials with similar organic N composition
to those of the brown forest soils were continuously added. As the natural consequence, the
organic N forms of the surface horizons of the black soils were changing up to those of the
brown forest soils.

The unique humus form of the black soils, i.e. their remarkably abundant humic acid
and noticeably high C;/Cy ratios, very advanced humifying process of humic acid in its optical
property and the advances of those characteristics in their lower horizons, were pointed out
by the writer®. It is noteworthy that the black soils have the similar singularity on both
organic N and humus forms.

Those facts suggested that the forming process of the black soil was quite different from
that of the brown forest soil and other soil groups, though the clarification of its forming
process still remained vague and is left as a problem awaiting solution.

The hydrolyzable-N in B horizons expressed no certain trend because it was as low as
that of A horizon in Niimi P17 soil, 699, and as high as that of Bp-soils in Yuzawa soil, 87
~88%.
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The ranges of every N fraction in A; horizons were as follows : Amino acid-N was 28~
32%, amide-N was 16~21%, amino sugar-N was 8~12% and unidentified-N was 20~26%. They
expressed no certain difference in comparison with those of the corresponding horizons of the
brown forest soils except those of the remarkably decreased amino acid-N.

The changes of organic N form from surface downwards were as follows : The amino
acid-N decreased except the lower horizons of Yuzawa soil. The extraordinary decrease in Ay
horizon and downwards in Shionomisaki P2 soil was set off from that of the other black
soils. Amide-N increased in the lower horizons in every black soil except the decrease in A,
horizons of Niimi P17 and Shionomisaki P2 soils. Amino sugar-N decreased in the lower
horizons and unidentified-N expressed no certain trend in every black soil.

Those changes of organic N form were quite similar to those of the above-mentioned Bo-soils.

3) Podzol

The ranges of hydrolyzable-N of every horizon was high and they reached to 82~86%.
The ranges of every N fraction of the surface horizon (Aj;) were as follows : Amino acid-N
was 30~33%, amide-N was 15~20%, amino sugar-N was 10% and unidentified-N was 26~30%.
Comparing those ranges with those of the surface horizons of the brown forest soils, slight
decrease of amino acid-N and a little increase of unidentified-N were recognized, but generally
speaking the differences between both soil groups were not very distinguished.

The changes of organic N form from surface downwards were as follows : Amino acid-N
and amino sugar-N were successively decreased, amide-N was increased in order and uniden-
tified-N expressed no certain trend.

The above-mentioned facts verify that the organic N form of the podzols were similar on
the whole to those of Bo-soil.

4) The red soil

The ranges of every N faction of the surface horizon (A —B) were as follows : Hydroly-
zable-N was 72~79%, amino acid-N was only 22~25%, amide-N was 13~16%, amino sugar-N
was 6~16% and unidentified-N was 25~31%.

Hydrolyzable-N and amino acid-N were remarkably decreased and unidentified-N was re-
latively high in comparison with those of the above-mentioned brown forest soils and podzols,
Those facts characterized the organic N form of the red soils. However, amide-N and amino
sugar-N expressed no certain difference among the red soils, brown forest soils and podzols.

The red soils in this country are the relic soils formed in the middle epoch of older dilu-
vium under the warm climatic conditions., The humus forms of the red soils were on the
whole similar to those of the Bs-soils, though slight differences, such as the rates of extrac-
tion of total humic acid and C;/C; ratios, were recognized?®.

The imperfect agreements of the organic N form between the red soils and Bs-soils simi-
lar to those of humus form suggested that the greater part but not all of the organic matter
of the red soils was from the effects of current vegetations under current climatic conditions.
However, the solution of those problems still remain for the future.

5) The dark red soil

The discussion on the organic N form of the dark red soil may be insufficient because of
the lack of analysed data.

The ranges of every organic N fraction of its surface horizon were as follows : Hydroly-
zable-N was 88%, amino acid-N was 34%, amide-N was 16%, amino sugar-N was 11% and
unidentified-N was 27%.
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Those organic N composition and its changes from surface downwards were similar to
those of the corresponding type of the brown forest soils, Bp-soil.

The forming process of the dark red soils still remained vague, though their free sesqui-
oxide forms are quite similar to those of the red soils®.

The greater part of the dark red soils belong to the moderately moist type of soil and
they are on the whole rich in humus. If it is presumed that the most part of their organic
matter is from the effects of current vegetations, they well agree in their organic N form
with that of the corresponding type of the brown forest soils, Bo-soil, and are a natural con-

sequence. However, those facts remain as a problem awaiting solution.
4. Conclusion

The above-mentioned results on the N forms of the representative forest soils in Section
3-2 gave the information on the organic N forms in the litter decomposing process, and the
characterization of every soil group and type of soil, especially the singularity of the black
soils, etc. Though it could be said that one of the main objects of this study was achieved,
it hardly threw light on the relations between the organic N forms and fertility of forest soils.

In the writer’s opinion, it will be explained as described under those problems, It is ex-
perientially well known that mor and mull in the decomposing process of litter agreed with
the fertility of forest soils. Furthermore, selecting the brown forest soils and podzols among
the soil groups for their genesis by the effects of the current vegetations, the dry type of
the brown forest soil and podzols belong to mor and the moderately moist type of the brown
forest soil to mull. The remarkable differences of the fertility between the two groups of soil
are on the whole well known, too. It was very interesting as above-mentioned that the dif-
ferences of the organic N form between mor and mull type soils were not distinguished, and
they would not be an essential one in quality but merely in the rapidity of the decomposing
process. Those conclusions were also very important for pushing forward the study in future,

The most part of soil N is organic form (protein N). It is decomposed into the low mole-
cular nitrogenous compounds, such as amino acids and amides, etc., by soil microorganisms,
and they proceed a step for mineralization into NHg-N and in some cases into NOs-N, available
N for plants.

The reaction of organic N decomposition from protein N into mineralyzed N compounds
is not irreversible, and it also includes the reversible reaction, i. e. the resynthesis of decom-
posed nitrogenous compounds into protein in the cell substances of microorganisms.

From the view point of microflora, generally speaking, the fungi are dominant in mor
type soils and the bacteria and actinomyces are dominant in mull type soils. In spite of the
complete differences of microflora between mor and mull type soils, distinguished differences
of the mode of decomposing process of protein and assimilating process of decomposed nitro-
genous compounds by soil microorganisms between both groups of forest soil are hardly
recognized. Of course, more or less differences of those processes among the species of micro-
organisms and those of activities of every species according to the effects of the environmental
factors are recognized in detail.

Accepting those considerations, the writer’s opinion that the differences of organic N form
between mor and mull type soils, though they were hardly distinguished, were induced by

those of the rapidity of their decomposing process would be easily realizable.
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The clarification of N forms of the representative forest soils are necessary for the first
step for throwing light on their fertility in relation to the N availability. The mineralization
of organic N in relation to the changes of every organic N fraction and the effects of the
environmental factors would be very important for promoting the elucidation of those pro-
blems into the next step. On the other hand, the quantitative estimation of the changes of

N form would be also necessary for the further development of this study in future.






