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Studies on the Paddy Soils in Upland of
Volcanic Ash Soil (I)

Takashi KoBavasHuI and Akio SHINAGAWA
(Laboratory of Soil Science)
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BB I o FE TS 200 4 DL B2l Ui /KBRS OSEEN R B DD, £ OO KHE THkA
BiTo\. RIS O K L £ 5 km, £ BARHT FFHE O 7K L G 8 km K42 T 3kEEJ IO
K ABERE L, FEVRL G BRI ESAD K FL 3 8 km D /KB > T A= ZEH DK & BEFEL T
L. Ieds, AHEX OMHAESBEIIHTRHREO b D TH S.

Table 1. Descriptions of soil samples used
Sambple Depth of | opor | | Age of Yield of
P ca%:no(ir sarrslmllin of | Locality of sampling making hulled rice
No.  category e soil | rice field (kg/10 are)
| - x
Grayish | Ushirobara, Yunomae—cho, More than
1 0~15 black | Kuma district, Kumamoto “ 200 years 450~525
I Prefecture ‘ old
2 15~65 Black | |
- - . - ‘” . - . - - ! _—
r
" | Grayish | Takamatsu, Sueyoshi-cho,
3 | Paddy 0~15 ' “plack | Soo district, Kagoshima 60 ~ » 375~420
field ‘ { Prefecture
4 1e . 30~45 | Black |
. ‘ ! Tamurasaki, Taragi-cho, - -
5 0~15 | Black ' g, district, Kumamoto 30 4 » 300~375
‘ Yellow- . Prefecture ! -
6 | 15~45 | BB
7 . 0~30 | Grayish | Takamatsu, Sueyoshi-cho,
Upland black | Soo district, Kagoshima . .
field | Prfecture
8 | 55~ Black ‘
2 R H E

PH IRS B, AEHBET TYURIN i, AZEEROERITIIETIT X ok,
CEHLARE, EHUMEEE MY SCHOLLENBERGER DR T o =& = 7 HuC k7.
BB R O HEE 1/50 mol Hs POy i W TH o7z,

RIS AT R R R A ST Koo,

5. T m 7o AR DOFER

6 % H.0, JEEA KE U CHEBW A 5/ Ui 2 EReReT: pH 45 TAH I, 1o DUF O
Ly 5E AT ERAE U C 2 1ok 4 TR 08+ % JEFFRIES and JACKSON (D 12 X % deferration #
Yz 2 BIR U TR L 7o &R o Allophane $i+od & L, I bIcE# ORNGHARRYL NaOH
i T pH 9.5 THYgE Lab, 1 ¢ PUF OS2 O ERCHE L, FANC 2 ofihd deferration #
VEDBEO NGRS & & LTIk Allophane ¥5+oft & L.

6. FET v 7o YHFOREESIIL 14 I°C OB LHFTC T\, XERaATik North American
Philips L8O B XA L7 v v A~ %~ (Norelco) 12X b, Cu Karay, ErkEE 30kV,
RN 15 mA, scanning spead 2°, time constant 4 OZEERSE/ N Cirot. ETTEMEIEHE
Wit < 2p O OFEEIKSHERNT OV T,

o~ w o

ERERRUER
1. %51 &H
ARG R U 7o -3 O B M, o0 K LR = & B O -85 0 =BG L8kt Allophane T

D2 e XTI EE - FHokO, BHY TOMKS THB I SRTW 5.
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ABFFIT B\ TUEE O KINREHE DT TR+ Th 5 Allophane ASE4EIC 115 PGS L >C
TOEK, Woh 2B LRGN & ORE £ CEB L T\ AINCOWT F ORI R A T
SOl HR, #, PO MERKE O Allophane HVAET D L bR TS 5
# JEFFRIES and JACKsoN 0 Mg BTLiEIC &> T3k Allophane ¥+ akedbic. F0OmEs
(X Table 2 \Z5R75 ) Th 5.

Table 2. Mechanical analyses of the fine soils (94 on an oven dry basis)

Sample number
1 2 ] 3 | 4 ] 5 6 ‘ 7 8
Organic matter 074 | 2570 | 975 | 2737 | 2074 | 296 | 1076 | 2019
Coarse sand (2~0.2 mm) 961 | 862 | 354 , 1065 | 642 | 626 | 3630 | 1082
Fine sand (0.2~0.02 mm) 1746 | 21.06 | 3046 = 1425 & 21.90 ‘ 4728 | 2959 | 22.30
Silt (0.02~0.002 mm) 3319 | 2513 | 2617 | 2838 | 32.19 i 2257 | 1038 | 29.18
Clay (0.002 mm=) 2062 | 2008 | 2081 | 1853 | 2102 | 2036 @ 1153 | 17.09
Allophane free clay ‘
fraction % 100 86.6 | 795 | 686 | 636 | 680 523 472 | 552
Total clay | |

Table 2 1 X % & &R 4 53k Allophane #5418 OE|& A X b K H L8 5EE
REV. ZLUTUKHIEBCRS W UL L OBHERDO E VR, EEBOHEN TEALL hAREF .
Kz, MEBCB W TRERBEN TEICERTRIWEATRLTh 5.

3 Allophane Hi-ED5EASMEIT DIk BN BRDIFEHHIT VTR E 2 ~5 2571, —ED
RNEFRD DI, BT EMSEEHEIC L DT 22 T D fraction #3783 Fig. 3-2 o4n
<, MO EIMN T 2 HVKH BTN TE D LRSI BIEL T B O i,
RO R DFR I D E FERE D F M X D C—E D MF AT X 7o WE L IR AT 5 fEE 0B
G ENDIDTH D EE2 5. Tihbb, KIIKEEL KHEHLT 2 2 810 XD ThE o BN
FfA LT D T HUC XD TEEROREN T, ThNLEBOEHEZTED TS 1950 FEECH
L2 EBMBNTHD. KINKEMA KBTS 2 L@ X DT SRR HEFD 4 O &
DOTHIEEIIN D & L BTHEROEIMC XD THRHEIND D TE HH §IHIC OV TIE Bl
W THE LIl D Th 508, BHCHR> T [l Shic BERDY KINK 0 /K435 0 2 sk
i, B AW AEEEN L, Tob b U TIRICHI S h b Ak & fe e 498 U
TWAHDTIHRWHEEZDRD., ZOKCEL UL BS B OB Lo T BT L.

Ik Allophane ¥5-LDREBGHT OFEHUL Fig. 1 ICim Lz, M-8 G 7, 8) 11 100~200C o
H.0 w3 2W#Eh e ~ 7 LSNITAA CTESH T D, Allophane » [H U e R L TW 5. *
7z, Aluminum hydrous oxide T2 T % L E2 bis 200~300C OE S — », 1:174k
e Bbid 500~600°C O F# e ~ 7 (X T b £ OMBEIED TV, K2, KHE-EI s>
Tek 11BN L5 L E 2 Bhvd 500~600C DIFE v — 7 IXBHZIC Db b, Livd, &
BN THEAELD X DERIHbRTW5.

Jk Allophane #§i-+o X#33HrOf5 54 Fig. 2 Xt Table3 0igih Th 5.

Table3ic X 5 &, AHEHDOHE 1B\ TiE 7.2 A i, 4.4 A HEE, 1.6 A fEo v — 22t
HIRiC @ b, I Allophane Jhi--0zEgi 1:1 #igidyc, =ihutss < Halloysite 5%
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bhs. KHOFHETIRHERED X5 M
BT v — TSR T\, e T2 ABBEO &
— 2 IIFRA BB BRI, L L TEELT
F.~T Halloysite D#EfaEIMEL, FickE
T 1 HETE A RO BHINELIL T 5 & & A3
5. PEEES 200 ELL RARGE L 7oK DR
4 (b 1) 13 10.05 A BRED v — 2 2388 4
B TED, 7 50A fHroe— 7 8
bHhTWwaoc, Illite FgEd nic b O
WIEAET 2D EFEZ RS, K2, MOk
FTRTRE Y ORAET BRI ILIN T
LY Hbhs 4034, 335 A o v~ 21
#ixr4 < Allophane &IE U X 5 7¢ pattern
BT 205 MO PR s v i 71A
M, 44 ARBED ¢~ 7 3B E DT,
FOHIC b E-L X 0 1 IR -5k o Hiins
LR, o BRHcATH JE Allophane
hitofganRE - gttt 1, 2, 5 KU'6
DRI O K R E TR G 5.0A KHE,
26 A PHED v~ 7 BB EHbDR TV A D
= Ilite SZOFL { Vermiculite »34EFf
FETHHDLELDLND.

21 Bk akenh IR Rh e &
HAMAEN S LIS DD, B BRI
L A X O THA LI ERHHIC fi3kd 2 $ 0

m\“yﬂ-~”“/\\ Th LDV TULE DA REMIFZE X B D
2, T OBATARSWIE UL, 7ok

L DEND D
100 200 300 400 500 600 700 800 900 1000
Temperature °C 2. =otholHE
HE L E i el \ M A
Fig. 1. Differential thermal curves of Ca-clay ﬁﬁmi%&&k[ﬂﬁ:ﬁ&kk DWT 2, 3 O PR
(<1m) F#~XT Table4 DRRFEx 2 1.

1-6 -coeee from paddy soils,
T8 reeees from upland soils.

Teble 4ic X % ¥, KHEEETMAETT AN
TEBELOFEHOGENFEEC I, i
BAFER OB\ K EIE & F DR BLOFEMe B DI,

EILOEFRRI A L5 &, AHREIMEHEEC AT OB DO L ST RIS W THEH
IR OEFEN R X . F L UKHOBHAIERC T EO BRI R AR E W O
CHEOTH b INTEILOEFR KDL DO THD L EL D, BRI LOKTFHMX & b s <IH
B -REIIE T E LK UIKRERETH 528, S hva kB bS5 o & SO T O 540
& BT R OEILDEFN AL RS,
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(26) 10 20 30 40 50 60 0
8,845 4,439 2,979 2,254 1,824 1,542 (A)

Fig. 2. X-ray diffraction diagram of Ca-clay (<1w)
1-6 +-eee from paddy soils,
7-8 eveens from upland soils.

HBOBERBEESCONWTLDE L, EEBLCB\NT ARKHE BRI N THEEBCEL, =
CAHOBEIHRERDOECREER AR DR D, 2 ORI 35\ T HI--38 0 BRRE 71 53]
BICHE DIk Table 2 DFEDORT X 518, ZOFHEOEMAKHIE L VI s o b %



168 PN 3 oo o |k
Table 3. X-ray diffraction data of clay fraction (Ca-clay,<C2#)
1 2 3 4 5 6 7 8
d(A) 1 d(A) 1 d(A) 1 d(A) 1T d(A) 1 d(A) 1 d(A) I d(A) 1
| 1402 3 1354 5
‘ 11.05 3 12.10 4 1105 3
1005 11 1016 4 | 1000 3 | 1040 4 | 1004 3 962 5
710 8 725 3 7.42 10 714 4 716 4 867 2 7.18 6
. 656 3 554 4 552 3 570 3 628 3 6.28 3
500 8 501 5 487 3 495 3 498 5 501 5
4.48 20 4.46 22 444 14 4.44 6 444 17 448 6 444 4 448 5
421 3 426 4 425 6 429 5 429 4 429 3
406 9 404 27 407 4 409 8 405 14 404 22
394 4 38 3 380 3 397 3 377 4 380 5 388 5
371 3 374 3 3.70 4 362 3 365 2 375 5
353 4 350 2 354 5 354 3 350 5 3.46 4
3.33 31 3.34 35 3.35 16 3.33 16 3.33 25 3.34 12 3.36 10 3.33 17
322 6 328 3 324 5 321 5 324 3 323 5 3.23 2 322 8
3.05 3 302 3 3.08 3 314 3 313 3 3.06 5 3.02 4
297 3 ; 296 3 298 3 291 4 294 3
200 3 @ 289 3 |
281 4 | 278 4 282 3 272 5 280 5 284 5
258 15 @ 260 17 258 8 270 2 . 258 10 260 3 248 2
948 3 | 249 3 | 247 6 \
240 3 I 240 2 245 3
226 5 225 5 ‘ 224 5 228 2
214 5 215 5 213 3 . 217 3
206 8 208 3 202 3 | 203 3 209 2
197 3 197 5 @ 19 5
185 3 1.85 5 184 5
.79 3 171 4 | 1.78 5
1.68 7 168 3 166 5 1.67 4
1.63 2 162 3
155 3 155 3 . 155 3 158 3
150 7 150 7 150 7 | 150 6 150 3
138 4 | 137 5 | 144 4
Table 4. Some properties of paddy soils in upland of volcanic ash soil
\ | ‘ ; | Exchan i i
‘ | ‘A . ; ge- B Fixation of P30;
Sample‘ pH ‘Exc.hénge101ganlc jl‘otal ‘ able bases exc?lienge by soil
No. | ——— acidity | carbon mtrogen: C/N }Te/}oogq capacity pHgIW”/{TnA’bﬁﬁt'bf
(H0)[(KCD): Y1 | C% No; | Ca | Mg |(me/100) After | fixed P.O;
\ | ‘ i \ | , reaction |(mg/100 gm)
1 “ 5.6 | 50 17 | 573 | o047 | 120 112] 24| 173 23 920
2 63 | 5.2 0.3 } 15.12 091 | 16.6 | 24.7 | 4.0 40.5 2.7 4262
3 53 47 26 . 5.74 | 0.37 L 15.4\ 86| 3.0 17.8 2.4 957
4 | 63 l 5.0 02 | 1610 | 0.69 | 232! 198 34 45.8 2.6 4829
5 \ 55 | 4.8 26 | 1220 | 0.72 ‘ 16.7 | 11.11 2.0 291 ! 2.6 2864
6 l 6.7 ll 5.7 0.1 \ 1.74 \ 0.12 } 145 39 27 8.0 2.6 4387
7 | 54 | 4.7 2.7 | 6 33 0.53 E 11.9 | 3.6“ 15 11.8 23 1132
8 | 58 | 47 1 0.5 | 1188 0.55 ] 217 58 18 29.1 2.3 3363

%@@&6ﬁ,&%mmiﬁlDﬁ%vﬁkﬁbfmbwm%iﬁﬁmmi%;Dk%wtwﬁ%
HEEZLD.

uh@%ﬁﬁ%#h,Kmmiém®%mi%mEEKEOT@M%Odwé:amlo<,ﬁ
ﬁﬁm%ﬁ@ﬁ?é%%kﬂﬁmgﬁ%%%imt#%T%imi%ﬁ%b;iki§®%ﬁﬁﬂﬁ
BEEL QB A EOMIC, OO KD SE4k# 7c+ Allophane 2% 1:17%0 gk, &b <
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Halloysite, 7k Halloysite €825 4D &% b b. Allophane 7% resilication # 5+
11 BUGEHNC A58 3 B MBIC O\ Tk, 37CIc FIELDES 5O FOHKE L™ (o> Tk s T
VDA, ZOHEAL TSR TZ OBENEETHL D 2 L ARL TS, AFROBED L 5
CKILK A HBD K FHIC 36\ Tl W & W 5 AT X 2 CHIEACO L OEEREA S I 5.2 B A
Fefift, REAIC BT Allophane DS LA D, JE4EH ORI T4 % Thvie  DZbAs
Y, TOHEESMOBEL VFEL SHOD, FHHLMHIC IS CREROMRES DR, W
I LD TRMD LB LIRS TR EEE LI 5120, LA FE-kicis\T Allophane
DRI~ DEACDEED KR E N E VR B,

EF 5, KK EBHOPIH 8T 2 OB HER O IZ E, 15232 Allophane DAkt
T2 H < LV O /MR L L, T LTI EFTLTAREO R b7 D0 enn iy
EPRE DTV E L ERITREC L LB D.

D & XD FHBOHEFET) & OFRIC OV T AHEIN TV D5, F OERIHITC S
TUESBROBFFIC F 12 s,

Lo L, CHECOBIL) LBGGERINCHEICRE Ule KWK HEO g B 0k, 351 4
& UM O B M0 PRRE O FIC X A BRSO ThH D, WIEHEICAZ LT %
BANPC RS (N P K) BUROE L, 3R, ~ o 7o & OFSRiifaTh D, B=icid s
FOFHEAGCH D L\ 2D, TONBE L THAEZDRDA, & & ICAEFEADEN KL KA+
BT O TIBERO® D D £ oK AL THEORBE 41715 5, b5k, TRk 2
DRDEEL R EKEIET 2 2 LI X 2T C OFEEOMI A A PICIE%E L Cr DA A 8
BHGET L LN TEBLLDEEL S.

] =

AHBRERET X 2 K LR 8 D g B BI 37 2 BRI B U € oK [R5 0 3513 2 B 4381 o s
TECHEZ R X 2 RBOMWE O B(b A BFF L.

RIS BRI T 5 LROBEY Th 5.

Lo KK DR O EEEBSME Allophane 2> b Ig DT 5735, EHICHE S CHlilEL F5
eI RO 1533 T OPHHAER D H v Dig &,  Allophane DISF 0¥+ (Zjudi=ke L
Lo 1 RUAE G Db DEIENE 72D T D, CHUREC X0 TEL S R B v -k
OB R E IR T DD L2 b,

2. M HATHE RIS RO ILOEEN L LR, 12, HACEWTIEFOEB LD
BB I D S E DT\ A,

3. FHIEORE OO R HIHECH A L, Lond, BIHEKRDE L O/BE ..

4. PHHAER DG D1 E KRGO ZABD VR O IR A3 E .

PLED Ef B KK S H OB ORISR O & @ 0 HdE s b5 L, %
DEBESNDOR FICRERW B G2 T0H LD EEL RS,

ARDFREDEFRCI oD C 2 RRED WA & 7o 2 O A e BURCRA B AL B R O SN s
B U S TR R O R LB 5.

I, ARUIAGCE U B O — iR BBRIB LR B sUi BRI K ofe. BB L ORI DO A 5T 5.
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Résumé

The authors have undertaken the studies on the properties of paddy soils in
upland of volcanic ash soil irrigated for longer periods (30~more than 200 years)
in connection with the studies on the improvement of upland field of volcanic ash
soil by the intensive irrigation.

The results obtained may be summarized as follows:

1. It was recognized that the considerable amounts of allophane free clay fraction
consisting mainly of the 1:1 type clay minerals, such as halloysite, hydrated ha-
lloysite, and etc., are contained in paddy soil in upland of volcanic ash soil irrigated
for long period of time, whereas the clay fraction of volcanic ash field soil being
adjacent to paddy field is chiety consisted of allophane, and the amounts of allophane
free clay fraction in paddy soil increase with an increase of age of making paddy
field.

These facts abovementioned are considered as the results which have mainly
been brought about by the resilication, that is, the addition of silica by irrigation
for longer periods.

2. A large amounts of bases were accumulated in each horizon of paddy field
and the phosphate fixation power of topsoil of it was distinguishly weakened in
comparison with that of field soil.

3. The contents of humus in paddy soils were remarkably lowered, and these
facts are notably recognized in the older rice fields.

4. The yields of rice and other crops in paddy field are increased with the elapse
of year after making it in upland of volcanic ash soil.

It is considered from the results obtained that the properties, especially, the
qualities of clay mineral of the low productive soil in upland of volcanic ash soil
are notably improved by making paddy field, that is, by irrigation practice for
longer periods, consequently the productivity of it was remarkably increased.
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Fig. 3-2. Electron micrograph of a diatom
in clay fraction (<2#) from topsoil of
paddy field of volcanic ash soil, sample

Fig. 3-1. Electron micrograph of Ca-clay No. 1

(<22u) from topsoil of paddy field of
volcanic ash soil, sample No. 1

Fig. 3-3. Electron micrograph of Ca-clay
(<2#) from topsoil of upland field,
sample No. 7



