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Further Accumulation of Humus on the Volcanic Ash Soils Originated
from Volcano Sakurajima’s Ashes

AKIO SHINAGAWA

(Laboratory of soil science)
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Table 1. Volcanic ash soil samples
MR E S ma) oW A % L Hy Ut | BB
. eriod o
Laboratory number (cm) | classification Sampling locality Origin eruption
= i -1-1 ~ LN B T TR T A B
Kurokami -1-1 0~ 2 lVirgin Kurokamlf hlgashlsakurajima- Volcanc; 1914
= i -1-2 grassland cho, Kagoshima city, Sakurajima
Kurokami -1-2 2~ 6 Kagoshima Prefecture ” ”
2 i -1-3
Kurokami -I-3 6~ 8 ” ”
= i —1-4 -
Kurokami -1-4 8~12 ” ”
B i -1I-1 ~ e TR 6 T TR s T RRA e B
Kurokami -1I-1 0~ 1 ){L[JD_CE Kurokami, nga?h1sakurajlma— \)/kolcanc'; 1914
o s ~11-2 Volcanic ash cho, Ke}goshlma city, Sakurajima :
Kurokami ~11-2 1~ 2 soﬂl on the Kagoshima Prefecture ” ”
ava
2 #f -11I-1 ~ L HEELURL 5 T OB 5 My FRAl B
Kurokami -I1I-1 0~ 3 'ilirgin Kurokaml ngashljsakurajxma- \/icolcang 1914
=2} i -1I1-2 grassland cho, Kagoshima city, Sakurajima
Kurokami -111-2 3~15 Kagoshima Prefecture ”
Onobaru -1 ng;rglmd Osnobaru slgxbuslg cho, s \l/(olcapo {
v asslan oo-gun, Kagoshima akurajima
%Qnofirujg—iz 2 3~10 Prefecture ” ”
g %"3; l%‘j ? oy
X %T’ @3 3 10~15 Volcano F%i[%‘{t 2
Onobaru - i Kirishima ? ecent 2
B % -1 0~ 5| Wi FEE L 1 U R A AT R Iy i B BB 1914
Nogata -1 Virgin Nogata, Osaki cho Soo-gun, Volcano
152 ¥ -2 grassjand Kagoshima Prefecture Sakurajima
Nogata -2 5~10 ” ”
H 53 e
Nogata -3 10~12 ” ”
B 75 -4 -
Nogata -4 1 12~15 ” ”
E B\ 5-1-1 0~13 | i R Ud B IR B p AR BT B 51 5 1914
Kamimobiki -1-1 Virgin Kamimobiki, Kihoku cho, Volcano
I ) grassland Soo-gun, Kagoshima Sakurajima
Kamim Oélkl 12 13~24 Prefecture ” ”
Al 5-1-3 ~
Kamimot;iki -1-3 24~28 ” ”
+ FoB-I4 -
Kamimol;iki -1-4 28~32 ” ”
. |
7 o5 -1 J O~ 2 #2 . T R s LM AR B 3 L [ 1914
Kamimobiki-11-1 Cryptomeria Kamimobiki, Kihoku ch6 Volcano
E a] -1-2 { forest Soo-gun, Kagoshima Sakurajima
Kamblinoblkl 11-2 2~10 Prefecture v ”
L+ #H 5| -3 ‘ -
Kamimobiki-11-3 | 10~13 % %

BECHIR U lcfRic, 400mu KOt 600 mp OWGIREA BECKMAN o Spectrophotometer Model D
U #FAWCHEL, 4logk (logk 400 mi—logk 600m 1) KUt RF. %5 IC.
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B2 RGO 4 RS, 4%, P Q., NaOH it X O HUEHIRET o 4log k 170% R.F.
AR Ltc. 1914 T U 7o RER KUK D AR U TR D 4 IR E1Y,  EE B2 © 8.40 % H3hk
T, LEFF-3 @ 0078 % 2K TH S . BHOITL, HUEGHI%RED dlogk i r &, I
F-1 © 0.488 MNEEGOBMACEEZ RL, FELFM-1-4 © 0866 Ths. Zofkc, JEIEED
BEHEORIC L 2T, BHEOBROENRHICEL B oTw5. LrLehb, BRI,
SO ARFEHFRN L 70 b LT kIR (C/N) ks b, NaOH Sl HE R OV HUBRIRE TS o
dlogk Z/NZ7eh, RF.\IRICRS. TiohbEHLENE L5 Z L2 5.

W2k 4+ BT WM oo R U
Table 2. Amount and properties of soil organic matter (air dry basis)

Total Total Total Orgg&ig]émi&ter Crude humic
Laboratory carbon | organic | nitro- C/N 0.5 % NaOH P.Q. acid
number matter gen A I
% % % dlogk ‘J R.F. 4logk | R.F.
Kurokami -1-1 1.53 2.67 0.096 16.1 0.867 1 254 50.6 0.768 60.6
-2 0.84 1.45 0.053 15.4 0.899 ! 21.1 50.3 0.777 59.8
~3 0.53 0.91 0.035 151 1.000 | 19.6 50.4 0.784 56.5
-4 0.068 0.12 0.0073 9.3 | 1.085 17.2 32.3 0.866 54.5
Kurokami -11-1 038 | 066 0.027 141 | 0856 35.1 53.9 0668 78.0
-2 0.087 0.15 0.0087 10.0 ‘ 0.984 20.5 36.6 0.735 70.5
Kurokami ~TI1-1 2.32 400 014 | 163 0852 | 395 | 484 | 0730 | 670
-2 1.70 2.93 0.105 | 16.1 ‘ 0.962 30.5 | 39.2 0.733 53.5
Onobaru -1 4.80 8.28 027 17.8 ‘ 0.594 | 102 52.9 0.530 185
-2 1.04 1.79 0.066 15.8  0.632 57.2 423 0.523 144
-3 17.87 30.65 0.53 334 0.540 | 206 67.7 0.421 i 313
Nogata -1 7.88 13.59 0.30 26.3 ‘ 0570 | 114 51.0 0.488 | 200
-2 5.02 8.65 0.26 190 | 0.636 69.8 470 | 0.563 146
-3 1.72 2.97 0.11 16.3 ‘ 0.742 59.9 46.5 0.592 120
-4 0.70 1.21 | 0.085 8.2 | 0.830 ' 40.0 40.6 0.625 94.8
| |
Kamimobiki -1-1 0.94 1.62 0.074 12.7 ’ 0.770 50.0 50.6 0.647 92.0
-2 0.15 0.26 0.012 12.5 0.886 36.8 44.7 0.689 72.9
-3 0.078 | 0.3 0.0054 144 1 1.020 272 14.5 0.745 72.8
-4 0.09 [ 0.15 | 0.0068 =~ 132 | 1.040 27.4 16.2 0.797 | 61.2
Kamimobiki-11-1 6.61 1140 | 044 | 150 i 0.848 | 53.7 586 | 0728 | 792
-2 8.40 14.48 0.64 13.1 | 0.811 45.5 54.8 0.741 74.0
-3 2.07 3.57 0.14 \ 14.7 ‘ 0.840 47.2 | 46.4 0.704 81.0
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Fig. 2. Relationship between the carbon BIM LHoAREE PQ. LOBE
content and carbon-nitrogen ratio Fig. 3. Relationship between carbon content
of soils of soils and the P.Q. of their humus
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Fig. 4. Relationship between the carbon content of soils and the 4logk
of soil organic matter soluble in 0.5 % NaOH
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Fig. 5. Relationship between the carbon content of soils and the d4logk of crude humic acids

T, &RFEFR L RE L OMICINITEROIBES KT T 5. b) B, B-111-1 Kot
PHERO EEGFI-1 © 3350, BT, EESH-1 ROKEE-1 0351 b, TRE g
RFFEREL VI L, RFE /NS,
Z =
DAL OSBARER O, B KIKAEE D A R 55\ T, O EFER A D71l 7
DEFACENME S, BEEME2HINT2 L S, HEER, PO 3kicie b, HHHIE, HUEFARRES
» dlogk WNZigh, RF. OERXKICINE. inb bt i s L £2 445, fEoC,



BEXLREOFEERBRECHET 2H%E 163

'8
16
14 ®---Kurokami-I-1
'2 O---Kurokami-II-1
+-.-Kurokami-III1-1
C 10 A---Onobaru-1
5 8 x---Nogata-1
6 O---Kamimobiki-I-1
4 R --Kamimobiki-11-1
2 . A..-Onobaru-3
O —E0 B0 oo T e T e 00 2% 20
R. F.
6 AHMIOAM#LE 0.59% NaOH fih#o RF. & olE
Fig. 6. Relationship between the carbon content of soils and the R.F.
of soil organic matter soluble in 0.5 % NaOH
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Fig. 7. Relationship between the carbon content of soils and R.F.
of crude humic acids
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BHH-1 02 f5ChH 5. 4, Bf-I-1 (45 1 038 %), FEdl-I-1 (4RsE 094 %), KEFI
=1 (Axfésc 1 480 %), Bri-1 (it 1 7.88 %) ROVKRYFIS-3 (4aifsk @ 17.87 %) HhE KUK+
DEHOEFEET IR & 2 5 L, BH-1 705 REP -3 1ICZE 2 %48 TOEHIOE D% mb
F-I-1 s B 5-1 (LW 2 20T, 1) ARBICH 35 mEROMKE &
By, 2) A4 2 dloghk OWAEIAE L, 3) Am%kﬁ?élu’@ﬁkamﬂb
Thad, REDZ EMbr5E, @2, WHOBEAISEICEIRT 20T, HigpaEi < b B
IHAEE D, BICEIR L 7o owisi, EALO EREERN B R AR B e R b HEF T 5
EFZ B ZOZLECOWTUIERG, 505« KBPOBFEATIHL THREL B Th 5.

BEIE TEoONELEHE

2 R K E
| R et w SR 8 W3 (= 1 O et 1 Vo
2) foREZUKEL - Hilgard 3k
3)  EEPRSHT  ORIK RIS U RO R U ok

£ B & F

D) IR & M e O FR

o 3 FIT I ORI AL & R AU AR L. Ao H 241, st Ec oL,
IERUERTR & M ORI BRI RITZADIE . UL LD, o4, FEE
-I-1 (B3 0 094 %, -1 LCS), RMpl-1 (Afs% : 4.80 %, - : CSL) R OtHi -1 (4ef
#1788 %, ML) O3 FHEa T IUE, L0 ET oy, —HECEBRS L b 4 =
THEL Q5.

2) JEHOE L M OFIR

HIIRROE 2RN DR OB DS, a) B\ ERMLE CHUERRE O dlogk 0.6 LITF) @
R 72 D £ IEREL O 2EEH 03R4 & RIFE-3 % Hl3 2 &, REPE-3 (4535 17.87%
FUGERLES D dlogk @ 0.421, -+ : CL), 5751 (7.88 %, 0.488, L), kEpsi-1(4.80%, 0.530,
CSL) DERC:MNETH 213 YEFLEATE <, EHEHRE L £-4\. b) BHoEBrTE
RALHED - CHUBMARRTE © dlogk 0.6 DL LUF O 2 2 BHEREL T v 3541011, Bai-1-1
(1539, 0768, L) FUXHAf-TI-1 (2.32%, 0.730, FSL) o 23, HEi-11-1 (0.38 %, 0.668,
LCS) KO L& d[-1-1 (0.94 %, 0.647, LCS) @2fr%@kti&'éKGtOTzgﬂ)%ﬁsm%k, EMERHTH
03 EEREACEE I S O DVERTE R T A e .

3) YRR L BORAUKE L OB

B PIIRL IS, bttt b b AMIEER L B RAKE L ORI ILIE LA
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Table 3. Mechanical composition and maximum water holding capacity of soils (air dry basis)

2\ \ Fine soil (<2 mm)
Gravel | I Coarse | Fine | Silt :
Lant{?r;?::rry 2 mm) |Moisture|Organic| sand sand |(0.02~ | Clay | Texture hvgladtierf
| matter | (2~02 (02~ | 0002)|(<0.002 Jolding
i : mm) \OOme)‘ mm mm) pacity
R % % % | % %
Kurokami-1-1 | 147 | 155 | 267 \ 62 | 2178 3637 178 L 4.2
2 200 o8 145 | 2473 | 2457 4775 @ 169 L | 480
-3 | 051 145 | 091 | 1617 ' 1927 | 522 110 SiL . 452
4 104 | 07 | 012 | 1914 | 1892 5120 084 SiL . 290
" Kurokami-1I-1 | 2480 | 038 | 066 5934 | 2531 | 1394 | 112, LCS | 276
1y 2 | 1240 031 | 015 | 6684 1824 | 908 113 LGS | 236
Kurokami-111-1 207 | 150 | 400 | 2432 \ 3860 | 2515 | 276 FSL | 595
-2 178 | 043 | 293 | 2314 | 4056 | 2545 081 FSL 38.7
Onobaru-1 247 | 501 8.28 \ 48.49 \ 1998 | 10.79 | 3.15 ] CSL 86.8
2 356 | 097 | 179 | 638 | 2057 | 1180 205 | LCS 66.4
-3 008 | 2470 | 3065 | 370 | 1070 | 1141 12.92} CL 285.3
Nogata-1 414 | 1153 | 1359 | 2049 \ 2130 1485 9719 L | 1230
-2 | 562 | 468 | B6S | 3616 2645 1802 | 553 FESL | 1005
-3 200 | 222 | 297 | 3444 3857 | 1927 , 250, FSL | 701
-4 182 | 105 | 121 | 2771 3619 2778 | 1.70[ FSL 44.4
Kamimobiki ~I-1 8.90 0.70 | 1.62\ 5483 | 2845 | 984 | 186| LCS 37.9
-2 7 6.40 030 | 026 | 5884 | 2635 | 1250 | 095| LCS 27.2
-3 0.08 030 = 013 | 2603 | 4608 | 2194 105| FSL 27.6
4 | 022 035 | 015 | 3973 2487 | 3494 065 L 30.5
R — : ; . I
Kamimobiki-1l-1 | 8.10 | 400 | 1140 ‘ 3641 | 2580 | 19.27 263 | FSL 1152
2 | 1042 | 493 | 1448 | 3564 | 2497 | 1798 & 209  FSL 1225
3791 | 138 | 357 | 5405 | 2111 | 17.58‘ 145 FSL 71.8
1Bk 5

4) TR LR (/2u> f’z?jik@féiifa?:

W9 R, B ROTIRI-3 DA RE i (L20) BRI OBIRERL . AR IR,
a)  AREARY 0.5~8 % o uﬁilﬁkib LRI OEKM A, Tiobb, B-I-1, EEE-I-, R
1, A1 oW -1 o JERE T, aRF LS (<20) FR L ORI, 3ITIERS)
TR BENTRS BB, b)) AEHEEEN 8% b 15 % TN 2RI 1T A+ (<20) @
HEmoOEAE, 43S 8% LT OfMMC K 2HElE L) &/ Ths, ¢ EMILETHZLH
BI-IT-1 43, LRESENEHREOEMOERM X v it (<20) ORMNELIDI, oz
b s.

% 2

FRIDF TR TR, RAEKIUIK R O 22 s 3\ T, ERESRTR B O3 & i IEiwA b
Hed 1ol b, 2T, AHIDERBEEND, HMAUSTEHE S L0, Ticbbiidl (<20 &R
DA DI A YR T, BRTERIRA S , 20U b B ERI S B L — e E 2
5.2, P, HHEHATE B KUK DB &I Th 213 8, BRI LHEO S\ WRIEY £ 5,
DR BT A WEM S B L AL TR wTE A S .

R LI EMNCRE T B L, BEOEREN DI WAL, EMEETH S C L3, EHEEMR S
BnXEAERE b, MM, B aAEd 2 85 2B 8 5. EENBETEEE
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Fig. 8. Relationship between the carbon

content of soils and their maxi- Fig. 9. Relation between the carbon and

num water holding capacity clay (<22#) content of soils
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Tesbd, EREOMFL RO OERIA] & 70 2 4R 2 < B giaT2 - s X b, EERR
HHIMERZOTHS 5. CRICRLT, HinkiEoBEaIil, FLBMENS CBKAEIFWOT,
A —GREAIE TCR, Rkt D R L b RIS B 2 RIS . S DICHEH OHBIAL b
b/ Th BB, HUe MDY &, RBRIEDZAHE L TIEL b DL <, EHORIIREEN S <
7%, EIRTFARECOTCRIOWMMNL L, bl b bELAERIEY 70 5. 60T, Kt
PEOLHTIE, FlRAORRALIERINC 7 b < ChS UL 250 2 b O LE L b B,
FMLTE, RREKEORE VIO, WHEERRS $2VER L2 GE8RBIR). Hik
IOEKR IR & D L SRTH 200 b, BFKIIR L O & RIE T, BHOS 2ok
PUKBICRESWETLLEZADNS. DI, EHOEFRN D, EHEERE O L E it
DHEFTAABETR WA T h, A FEHE L FRAKILERGIEHR 2 2T 3 DT, SRk,
B0 L D b &L EHAERCH S 2 Lt 5.

FAE HEBOLERBISHLEE

BT 2 BUA-TT BB, TLHERHE 200m Tl b HISEBEL T 3 2%, KOO &L
e L { BigoTw 5.

WELTE' (LD UL O & £/ 3 T O DI i & 20 T 5. BHroM T, A0
Fl2 4%, TREORBCAMTTEL B LR, AR SICHkORE L BROESE, R
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AT 200ml D % 7 A1 (P& 5 em) O TFEic T ARREOUT, TARTIL 2y 24H 5 R GE
%Aﬁé.ﬂﬁmig%knfﬁmbt%,nvy&%w&mmwﬁéhaﬁi%@%Mﬁ%mmm
L7eWIEBEDE &, PO T 5 2w —A DB C ORI ERCHAAT 100 g B8 FoHr
Ly T A L EASBOK Gl L, 24 B3 E FEo = v ZHBCTHOKT 3. Pk, =y »
EHACICE T 30C DfEESCART ] » BET 3. 24 RefE]oK U 2o Bk L 30°C ¢ 1 » f
BT 2 8%, 24 7 HicH b 24 AIRHL - e B PR O —~EIXRTE OBEE 17 ARE L -
#, K, Bk#gic 30°C ot iz 50°C THEL, zhuxTr B TRIKEL #-.

WL ZAT O8> NaOH i K O HUSSHERRES © dlog k, R.F. KO P.Q. AAFH 2GS
L7ctn SsRed, D Fh L L 1.

X BR & 2

D EHALED R a st - a

MBS D dlogh A% 0.7 X bk -0 s dREFTMLSTH B, FaF L,
WK, RO REIC X b P.Q. T RIC b, A R OHUEHEEE © dlogk (/X {7 b
RF. 3ffinic k& {ic 3.

2) BRACEEREREO BRI A

HLUEHERLEL D dlogk 7% 0.7~0.6 DERICOV TR S FCPERE AR Lo, LB T by
P.Q. 3N KRE LD, dlogh ZEpc/X S 785705 RF. 3FRAEBILL 7o,

3) BEACEEDER APt A

HIEREER D dlogk 73 0.6 LIT ORF ORISR 5 6 3610 R4 < © bb. TOREEC IR
W, LB P.Q., dlogk, RF. WEA L FRA ERICMERRL T 3.

BA4E WE L EMEOH L OME D
Table 4. The effect of soil temperature on the properties of humus (1)

1 Organic matter I
soluble in [ Crude humic acid
Laboratory number Treatment __05% NaOH | P.Q. I“ -

dlogk R.F. | dlogk R.F.

Original soil 1.085 17.2 323 | 0.866 54.5

30°C---16 months 0.889 18.1 36.6 0.792 459

Kurokami-I-4 30°C---24 montgs 0.797 21.2 34.1 0.753 51.6
30°C---16 months

50°C--.8 months 0.815 24.3 39.3 0.749 54.5

Original soil 1.040 27.2 16.2 0.797 61.6

30°C---16 months 0.964 314 26.6 0.712 64.3

Kamimobiki-I1-4 30°C.- 22» montll}s 0.979 304 33.0 0.725 61.7
30°C---16 months

’ 50°C-.-8 months 0.975 325 37.5 0.755 | 69.5

Original soil 0.848 53.7 54.8 0.741 74.0

30°C---16 months 0.818 40.2 54.2 0.697 63.5

Kamimobiki-I1-2 30°C-- Zg montlﬁs 0.760 €0.0 534 0.626 81.8
30°C---16 months

50°C..8 months | 0.786 58.5 | 50.6 0.665 87.5

Original soil 0.962 30.5 392 | 0733 | 535

30°C---16 months 0.833 37.3 55.7 0.699 54.7

Kurokami-111-2 30°C-- %g mont{lls 0.844 34.8 55.5 0.702 57.9
i 30°C---16 months

' 50°C---8 months 0.827 36.8 571.5 0.686 63.7
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Table 5. The effect of soil temperature on the properties of humus (2)
Organic matter | \

i .
\ soluble in ‘i | Crude humic acid
Laboratory number Treatment | 05%NaOH | PQ |
| dlogk | RF. ' 4logk | RF.
S el B ke i
s Original soil 0840 | 472 | 464 0704 | 810
Kamimobiki-1I-3 \ 30°C---16 months ) 0817 | 465 | 514 | 0682 | 845
Original soil 0880 | 368 447 0689 | 729
30°C---16 months 0.870 387 . 451 | 0606 | 731
Kamimobiki -I-2 30°C---24 montl}:s 0.823 348 = 378 ‘ 0.635 735
30°C---16 months ‘
e e ths 0782 | 332 434 | 0.617 76.8
\ Original soil 0.830 400 | 406 | 0625 94.8
30°C---16 months 0.841 375 | 387 | 0647 85.6
Nogata-4 - 30C -2g mont{lls | 0.825 34| 42| 0590 84.2
30°C---16 months i |
1 50 g months | 0-802 39.6 | 50.3 | 0.572 2.5
Nogata-3 | Original soil ‘ 0742 599 | 465 | 0592 | 120
ogata- | 30°C---16 months 0.770 | 559 | 458 | 0559 | 128
ek W E MM OKEORNE O
Table 6. The effect of soil temperature on the properties of humus (3)
| Organic matter \ i
| soluble in 1 | Crude humic acid
Laboratory number Treatment | 059 NaOH | PQ.
i ! —
| | dlogk | RF. | | 4logk | RF.
| ; : \
~ Original soil \ 0.632 572 | 423 | 0523 144
Onobaru-2 \ 30°'C--16months | 0625 ‘ 518 . 393 0474 | 153
Original soil 0570 14 | 510 | 0488 | 200
30°C---16 months | 0.593 109 508 | 0476 | 199
Nogata-1 30°C---24 months 0.555 12 55.7 0482 | 202
30°C---16 months i
Mo months | 0567 17 563 0483 210
| Original soil 0540 | 206 | 617 0.421 \ 313
B | 0C-16 months | 0534 | 187 | 683 0.423 291
Onobaru-3 - 30C-24months | 0335 | 213 \ 749 | 046 | 295
0°C---16 months :
L 50 C-8 months 1 0.528 203 | 762 0420 | 314

4) 30°C jLEr 50°C JLEROD Fhis

AR g Shd, 50°C JLEa 30°C M L h 4 X bd PO, RF (Lkicich, dlogk i3/
X<t B, o DM, BERLESL S DS W THAICE LWERTS 5.

Z 7

P RS EA B, EHE fo T REEK LR O B GERRC Js T, R, W RO LY,
BEREAGHE DS\ TR L 25 < T2 2 78, TEREACHEDS R DL 0 -3 T O ME R L <21tk
Tz eHEREINS.

g R 4) (Lo SOC BT 30°C Lo X b b IHLHEA S {78 BERTH 5.
AL, O FETNE 30~45C I\ TR B IERETH 1Y P X A E TN A BT
L 7o\ SEBE SN UL, TR RS & b s DAL i % LB 2 AU B - EoT, H
SRR TR e AE RS, PI2E, M HL TR RE S BT R B R LD TR LB
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Table 7. Natural vegetation

- Kuro- | Kami- | Kuro- | Kuro- |5 Kami-
Laboratory number | yami-11 ‘nmobiki~l kami-1 | kami-T1T O“Obaf“' Nogata \moginl:il-ll
‘Surface| Total carbon % o3 | 162 | 133 | 232 | 480 | 788 | 661 B

soil Crude humic acid 4logk | 0660 | 0647 —0.768 | 0732 | 0530 T 0488 | 0728

Specific name \

>y #ox A F T ¢

Rhacomitrium anomodontoides a f
b33 ® F

Artemisia japonica o f
v 7 3 %

Artemisia capillaris

LA LS Y 3E

Erigeron canadensis

S
-

-

a v H
Bulbostylis barbata
hoN T YA
Cassia minosoides

>

Y N e
Microlespedeza striata
4 7 T -
Arthraxon hispidus

o~ A
-

gL
-
[y
o
o]

2 ¥ P
Polygonum Reynoutria I

VA

= A
Polygala japonica

+,
-

A H 7 VA
Rhynchospora rubra f
vy /J v U 7
Halorrhagis micrantha o

) =a v ¥ 7
Aster trinervirus a f
= ‘ v r
Pleioblastus communis d d
A 2 *
Miscanthus sinensis d
& NV
Patrinia scabiosaefolia f
Yy = N Y 7
Plectranthus inflexus o
£ # v T/ *
Lysimachia clethroides o]
7 o 4 F =
Rubus Buergeri f
1 v A
Cryptotaenia canadensis o
F I 7
Oplismenus undulatifolius a
¥+ F 2z
Carex brunnea o
¥ ox A b S
Kadsura japonica o
4 ¥ =)
Rubus palmatus f
d

e
Cryptomeria japonica

d.--dominant a---abundant f.--freequent r---rare o---occasionally
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Table 8. Carbon-nitrogen ratio of underground part of plants (air dry basis)

Total carbon | Total nitrogen C/N of
Laboratory number | % % C/N surface soil
Onobaru ‘ 43.52 é 0.66 65.9 | 17.8
Kurokami-III 36.46 1 0.72 50.6 16.3
Kurokami-II 39.29 ‘ 0.84 46.8 14.1
Kamimobiki-II 42.38 ’ 0.99 i 42.8 15.0
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Table 9. Exchangeable CaO and extractable R2Os

CaO soluble ‘ Free R203 Total carbon

Laboratory number in N-KCl1 \ ALO; Fer 05 of soil

’ % % % %

Kurokami-I-1 0.045 0.50 | 0.35 1.53
-2 0.017 0.46 \ 0.34 0.84

3 0.011 0.41 = 0.29 0.53

-4 0.008 | 0.33 \ 0.19 0.068
Kurokami-1I-1 0007 | 0.30 | 0.19 | 0.38
2 | 0.008 \ 0.18 ! 0.17 | 0.087
Kurokami-1I1-1 0.040 0.62 | 0.54 | 2.32
-2 0.032 0.47 | 0.36 | 1.70

Onobaru-1 0.033 1.48 0.71 4.80
2 0.017 0.55 0.37 1.04

-3 0.032 3.90 2.33 17.87

Nogata -1 0.114 1.83 1.45 7.88
2 0.095 0.88 0.56 5.02

3 0.050 | 0.68 0.31 1.72

4 0.023 | 0.40 | 0.22 0.70
Kamimobiki ~1-1 0.019 032 0.25 | 0.94
2 0.009 0.34 0.23 0.15

-3 0.011 0.32 0.24 0.078

-4 0.009 0.34 0.26 0.09
Kamimobiki-TI-1 0.232 0.56 \ 0.36 6.61
2 0.252 0.50 0.32 8.40

3 0.053 0.45 \ 0.29 2.07
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Fig. 11. Relationship between the carbon content and CaO soluble in N-KCl
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Fig. 12. Relationship between the carbon content and extractable sesqueoxide of soils
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Table 10. Elemental composition, methoxyl content and dlogk, R.F. of humic acids
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number | Nogata-1 ’ Nogata-2 | Nogata-4 | mobiki Kurokami Kurokami mobiki
T3 | oz I eI -1-4
C % | 5905 | 5309 5722 | 5516 5639 5249 = 5237 52.10
H % 287 | 395 473 541 . 535 | 541 . 551 549
N % 121 = 221 278 380 384 3.59 3.91 420
Ash % 066 |  0.97 0.95 0.64 Co12 0 192 1.16 0.96
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Fig. 15. X-ray diffraction diagram of humic acids
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Table 11. X-ray interference of humic acids
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Fig. 16. Infra-red spectra of humic acids
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Table 12. Optical densities of main absorption bands in the infra-red spectra of humic acids
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Fig. 17. Electron micrograph of humic acids
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Table 13. Mineralogical composition of fine sands 0.2~0.02 mm)

1 Heavy mineral | Light mineral Light mineral Total carbon

Laboratory number (>>sp. gr 2.8) | (<Isp. gr 2.8) Sp.er 28~25) [“sp gr 2.5] of soil
% % % 3 %

Kurokami-I-1 18 82 2 | 78 1.53
Kurokami-II-1 22 78 35 65 0.38
Kurokami-I11-1 20 80 20 80 2.32
Onobaru-1 25 75 15 85 4.80
-3 34 66 4 96 17.87
Nogata-1 33 67 11 89 7.88
-2 28 72 20 80 5.02
-3 24 76 20 80 1.72
-4 27 73 28 72 0.70
Kamimobiki -1-4 14 86 30 70 0.94
Kamimobiki-II-2 25 75 20 : 80 ! 6.61
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Fig. 18. X-ray diffraction diagram of mineral fraction of soil (Kurokami-I-1)
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Fig. 19. X-ray diffraction diagram of mineral fraction of soil (Nogata-1).
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Fig. 20. X-ray diffraction diagram of mineral fraction of soil (Onobaru-3)
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B4 E Mk (<C24) © Mg iZInENEIIC X KT 3 B R IABSR OISR
Table 14. Amount of clay fraction dissolved by the Jeffries’ treatment and its chemical composition

~~__ Laboratory number |~ , Kami- | Kuro- Kuro- | Kami-
o Onobaru| Nogata | Nogata | Nogata | nobiki | kami | kami | mobiki
-11-2 ~111-1 ~I-1 -1--4

Amount of fraction soiutvéd'
by the Jeffries’ treatment % 9291 80.37 56.05 42.40 32.70 41.22 35.95 27.65

Chemical composition

SiOg % 33.86 38.40 53.02 52.32 59.30 42.85 52.76 68.17
Al;03 % 47.69 41.78 27.19 26.76 15.00 32.06 29.65 17.27
FeyO3 % . 6710 10.18 11.21 12.57 15.95 15.61 10.05 7.07
Si0/Al:03 P 120 1.56 331 3.33 6.71 2.20 3.02 6.70
SiOg/R203 i 1.10 1.35 240 2.56 4.00 1.69 | 248 5.31
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Fig. 21. Relationship between the carbon 0

content of soils and the amount R.F.
of clay fraction dissolved by the 2 k5t (<28) o Mg @uEn e &
Jefferies’ treatment D IS 5 55 OBERRE L & AR O
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©..-Nogata-1 M- - Kurokami-III-1 Fig. 22. Relationship between silica-alumina
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of humic acids
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Fig. 23. Differential thermal curves
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Fig, 24, X-ray diffraction diagram of clays (<2#)
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Fig. 25. Infra-red spectra of clays (<2x)
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Resumé

Fecreword

A large amount of humus of exceedingly high degree of humification is generally present in
the surface layer of Japanese volcanic ash soils, regardless largely varied factors of soil for-
mation, namely, physical, chemical and mineralogical properties of parent materials, climate, lo-
cation and topography of location. On account of high contents of humus, volcanic ash soils are
black in color, being called “ black soil 7, “black volcanic ash soil 7, “ humus volcanic ash soil ”’
or “ Ando-soil .

Genetic studies on the volcanic ash soils from the viewpoint of mineralogical composition,
weathering products and clay minerals have been done by many workers of Japan (HARADA,
Kanno, Sasaki and so on) and other countries (TayvLor, FieLpes and so on), but few have
discussed the process of the volcanic ash soils formation from the standpoint of accumulation
and alternation of humus.

The studies on the humus of volcanic ash soils have scarcely been done by foreign soil
scientists, whereas many Japanese scientists, especially Havasui, Hosopa, KoBo, Kosaka and
Kumapa have obtained valuable data about the forms and properties of humus of volcanic ash
soils. The results obtained by them are summarized as follows: 1) humification degree of humic
acids of the surface soils was exceedingly high, 2) humus of the soils might be combined with
trivarent bases and transferred to a steady form, 3) according to KuMmapa, though the organic
matter as parent materials of humus and humus forming environment is quite differed, humifi-
cation degrez of humic acids was found bscoming lower in the order of muck soil, humus vol-
canic ash soil, alluvial soil and dilluvial soil. Nevertheless, it seems likely that some uncertain-
ties in the accumulating and alternating process of humus of volcanic ash soils still exist.

In Europe and the United States, the accumulation of humus is commonly regarded as the
function of the climate, namely, rainfall and temperature. In Welte’s opinion, accumulation of
humus is represented by the following equation,

Humus=f,(Klima) —f1(Klima)
fr(Klima) =Organ. Substanzbildung
fri(Klima) = mikrobielle Aktivitit
According to Jenny, humus content is expressed by total nitrogen contents of soils, and nitrogen-
climate surface may be described as follows :
N=0.55¢=0-987 (] — 0.005m
N=:=total nitrogen of the surface soils
m=moisture expresssd as N-S quotient
=gannual air temperature in degrees centigrade
e=Dbase of natural logarithum

UcHivaMa applied the Jenny’s equation to the black volcanic ash soils of Tochigi Prefec-
ture in Japan and pointed out that the calculated value and actual measurement in nitrogen
content differed widely. Accordingly, he stated that humus content of volcanic ash soils of
Japan was not to be represented by the function of climate as was expressed in zonal soils of
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European countries and the United States, but was rather influenced by physical and chemical
properties of volcanic ash.

KawaMUura, Kumabpa and UcHiyAMA who observed the further accumulation of humus in
the volcanic ash soils of Japan from the viewpoint of the amount of organic maotter added to
the soils, came to the conception that the accumulation of excessive amount of humus was
attributed to the physical properties of volcanic ash, in other words, volcanic ash would be
changed to grassland because of its fine texture and good permizbility of water, and grass would
give abundant organic matters to the soils.

AoMmiNg, UcHivyaAMA and KosakA who considered the cugmentation of humus in the vol-
canic ash soils from the standpoint that the organic matter remained, free from leaching and
attack of microorganism, stated that abundant humus was caused by mineralogical and physical
properties of volcanic ash. That is to say, since the volcanic ash was of fine textured, the
weathering proceeds rapidly, and weathering products are the compound rich in allophane and
alumina. These weathering products, combining with humus and preventing humus from dis-
persing, change humus to more resistant form against the attack of soil microbes.

Nevertheless, no attempt was made to prove that the above-mentioned assumption about the
further accumulation of humus was applicable to the real soil.

The author tried to elucidate the alternation of properties of humus and augmentation of
humus during the process of volcanic ash soil formation, and to prove the aforementioned con-
ception.

Soil samples used

The prolonged investigation about the soil forming and humus accumulating process of newly
spurted volcanic ashes under natural conditions is most desirable to accomplishing the above-
mentioned purpose, but it is actually impossible to carry out this plan. Therefore, as the second
best method, the author was resolved to observe the soils which are formed under the similar
circumstances but whose humus is different in amounts and properties.

In 1914, a great volcanic eruption of Volcano Sakurajima brought about extensive volcanic
ash deposits in Kagoshima Prefecture, and even now there are some uncultivated places in those
deposits. So, the author carried the field observation of these districts (presented in Fig. 1)
and found some of the soil samples which are suitable for the aforementioned purposes (Table
1). Onobaru-3 is a surface soil before 1914, and excessive amount of highly humified humus
has been accumulated there. Thus, the studies on the humus of these sample soils were made.

Differences between the humus of forest and grassland

Humus content of the surface soil taken from the cryptomeria forest (Kamimobiki-11) was
higher than that of the grassland, but humification degree of humus which is represented in
decrease of 4logk (logk 400 m.—logk 600 ms) and increase of R.F. was lower (Table 2).
For grassland soils, generally, humification degree of crude humic acid of the soil on which
abundant humus was accumulated was high, while in the soil whose humus content was slight,
humification degree was low (Table 2). Moreover, the progress of humification degree seemed to
proportionally correlated with the further accumulation of humus (Figs. 2, 3, 4, S5, 6, 7). The
amount and humification degree of humus varied according to the texture of the soils and
sampling localities (Tables 2, 3, Fig. 10) and plant succession changed regularly (Table 7), but
large amount of highly humified humus began to accumulate under the grass vegetation domi-
nated by Gokidake (Pleioblastus communis) or Susuki (Miscanthus sinensis). Furthermore, if
the environmental condition is considered to be very favorable for the humus accumulation, the
grassland soil, (Nogata—1) whose humus was superior in amount and humification degree to that
of forest soil, is found, too. Consequently, the author came to the conclusion that during the
soil forming process of volcanic ash of Volcano Sakurajima, spurted in 1914, excessive amount
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of humus accumulated in the forest soil, while in the grassland it was possible that highly humi-
fied humus accumulated in abundance.

Alternation of the properties of humic acids

In conformity with the progress of humification, the following results were obtained : humic
acids showed larger light absorption, and alternated its type from B-type to A-type (Table 10,
Fig. 13), according to X-ray diffraction spectra, humic acid showed the interplanar spacing of
ca. 3.5 A due to (002) interference of amorphous carbon, which revealed more distinct, while
ca. 4.5 A peak owing to y-band became more indistinct (Fig. 15, Table 11), carbon-nitrogen
ratio and carbon-hydrogen ratio of humic acids bzing distinctly extended, methoxyl content of
humic acids being lower (Table 10), in the infra-red spectra, intensities of absorption band due
to C=0 becoming stronger, and by ultra—centrifuge (56,000 rpm, 40 min.), precipitant became
smaller. So, the author concluded that during the process of volcanic ash soil formation, a)
enrichment in humus, b) decaying of the parent material of humus, ¢) intensification of the
light absorption capacities of humic acids, d) disappearance of nitrogen rich compounds, e)
arrangement of the cyclic structure of humic acids, f) increase in acid groups of humic acids,
g) decrease of average molecular weight of humic acids, closely interrelating to each other,
proceeded towards the same direction. These conclusions show that the Kumapa’s and Kono-
NOvA’s conceptions concerning the direction of alternation of humic acids — those conceptions
obtained by the investigation of humic acids of the various soils taken from the different groups —
apply to the alternation of humic acids of volcanic ash soil originated from Mt. Sakurajima’s
ashes which were spurted in 1914.

The texture of the soil and humus

In the process of forty years’ soil formation, accumulated humus made wide difference in
its amount and properties. To quote an example, carbon content of sample soils were 8.40~
0.068 %, and dlogk of crude humic acids were 0.488~0.866. The aforementioned propotional
relationship between the amount and properties of humus did not always apply to the grassland
soil which was poor in humus. In order to clarify this miscanty, the author at first made an
investigation on the relationship between the texture of the soil and humus. The obtained
results, generally, indicated that the fine~textured soils had abundant humus and humification
degree of them was high. Nevertheless, about the soils whose humus content was low, as
Kurokami-II-1 (T-C:0.38 %5, dlogk of crude humic acid: 0.668, Texture: LCS) and Kamimo-
biki-1-1 (0.94 %, 0.647, LCS) being compared with Kurokami-I-1 (1.53%, 0.768, L) and Kuroka-
mi-IIT-1 (2.32 %, 0.730, FSL), it was clear that humification degree of crude humic acids of the
fine-textured soil was rather lower than that of coarse textured soil (Tables 2, 3). According-
ly, the author came to the assumption that the finer texture of the soils commonly resulted in
the abundant humus and made progress of humification, but in the earlier stages of humus
accumulation, the fine texture was closely correlated with the augmentation of humus because
of increase of the water holding capacities and produce of the luxuriant vegetation, whereas
the coarse texture was rather related to the progress of humification in accordance with the
offering of higher temperature and more oxidative circumstances to the soils.

The location and humus

Fig. 10 showed the schematic presentation of the position of the sampling localities. Parent
material of Kurokami-Il is volcanic ash on the lava of 1914, and it is 2 centimeiers thick,
consequently, usual plants can not grow on it, but in other places, the roots of plant can normal-
ly develop.

It is generally realized that the environment of grassland soils are drier than that of forest
soils. Nevertheless, among the grassland soils, excessive amount of highly humified humus were
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accumulated in Nogata and Onobaru, where the soil conditions seemed to be medium in dryness
and drainage. On account of the topography of the sampling localities, Kurokami—II and Ka-
mimobiki~I were well drained and dried at high temperature, and slight amount of humus were
accumulated there, but humification degree was relatively high. On the contrary, at the location
of Kurokami-III, Kamimobiki-II, and Kurokemi-I, where the soils were formed under the wet

conditions, relative abundance in humus and relatively lower value of humification degree were
found.

Temperature and humus

The author made an experiment on the changes of the properties of humus caused by the
raising of soil temperature. Once a month, soils were placed in water saturated conditions for
24 hours and drzined and incubated at 30°C or 50°C. After two years’ incubation of soils =
30 C, humification degree of one group (4 logk of crude humic acid>0.7) seemed to progress,
but the other groups showed no appreciable changes in the properties of humus (Tables 4, S,
6). Moreover, it seemed likely that humification degree of humus of incubated soils at 50°C
was higher than that of the soiis at 30'C (Tables 4, 5, 6). Therefore, the following assumption
was obtained that in the soils which were poor in humus and had lower humification degree’s
vaiue, the properties of humus were directly influenced by the state of moisture and temperature
which were controlled by the texture and location of soils.

Inorganic matter and humus

Only about the lower percentage of humus, exchangeable CaO content of the soils pro-
portionally increased as the humus became abundant (Table 9, Fig. 10). But further accumulation
of humus and increase of amount of free-sesqueoxide were always proportionally concomitant
(Table 9, Fig. 12). Silica-almina ratio of weathering products of the soils whose humus were
in low humified state was wide. On the other hand, about the soils that had highly humified
humus, silica—alumina ratio of them was distinctly narrow (Table 14, Fig. 22). Consequently,
the author came to the assumption that the enrichment in free-sesqueoxide and weathering
products whose Silica—alumina ratio was narrow, closely interrelated with the accumulation of
excessive amount of highly humified humus. Notwithstanding, in the early stages of humus
accumulation, it appeared that moisture and temperature had more strongly influences upon the
properties of humus than trivarent base. For an example, as compzred with Kurokami-I, Kuro-
kami-I1 was poor in di, tri-varent bases and had smaller amount, but more humified humus,
however, the soil forming environment of the latter was more drier than that of the former.

It is well known that the main mineral fraction of lava and volcanic ash of Volcano
Sakurzjima is labradorite. Basing on this standpoint, an attempt to elucidate the relationship
between the labradorite and humus was carried. Experimental results showed that as the amount
of humus increased the disintegration of labradorite of finer soil fractions moved upward more
rapidly than that of coarser fractions (Table 13, Figs. 18, 19, 20). Accordingly, the following
suggestions were obtained : The fine texture of the soil and disintegration of labradorite brought
about relatively large amount of soluble CaO and held the soil reaction to medium, therefore,
desilication and formation of secondary mineral whose silica-alumina ratio was narrow were
facilitated, the combination of alumina rich compounds with humus took place, consequently,
accumulation of humus was indirectly expedited.

Fig. 18 illustrated that there were some crystalline minerals in the particles (< 1x) of the
soils whose humus content was low. The weathering products of sample soils are regarded as
allophane and amorphous hydrous oxide of sillica, alumina and iron. In reference to the above
-mentioned two reasons, the author regarded the soluble fractions of clay (<<2x) by Jeffries’
treatment as the weathering products. In conformity with further accumulation of humus, the
following results were obtained : Silica-alumina ratio of the weathering products of surface soils
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became narrow, tending to approach 1 (Table 14) ; the exothermic peak of differential thermal
curves at the temperature between 800C and 1,000'C became more intense (Fig. 23); according
to infra-red spectra, the peak ca. 12.52 owing to gel-like silica became distinctly weak (Fig. 25) ;
also there were no appreciable crystalline clay minerals in the X-ray diffraction diagram of
clays (<<2x) (Fig. 24). Thus, the author has suggested that the weathering products of sample
soils were distributed within the process of allophane formation, though they were not changing
to 1: 1 mineral, and did change their properties via three processes, namely, 1) gel-like silica,
2) allophane and gel-like silica, 3) allophane and gel-like alumina. And during 2) and 3) process,
especially 3), excessive amount of humus might accumulate.

Conclusion

As previously discussed, during the volcanic ash soil forming process of Volcano Sakuraji-
ma’s ashes spurted in 1914, generally a) increase of amount of humus, b) progress of humifi-
cation of humic acids, ¢) fine texture of the soils, d) luxuriant vegetation, e) disintegration of
labradorite in the parent rocks, f) increase of free-sesqueoxide and g) intensification of allo-
phane-like properties of the clay, these above-mentioned phenomena stood in functional relationship
to each other, and seemed to change in a certain direction. At the carlier stages of humus
accumulation, the effect of physical properties of volcanic ash to humus seemcd to have
attributed to the differences of micro soil climate.
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