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Studies on the Improvement of the Upland Soils
by Means of Irrigation Practice

III. On the Mechanisms of the Improvement of the Upland Field
of Volcanic Ash Soil by Irrigation

Takashi KoBavasu! and Akio SH.NAGAWA
(Laboratory of Soil Science)
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Table 1. Description of soil samples

1 3ROk AL Bl pill
Sample No. Treatments

R E AES =D
|

1
| Virgin black volcanic ash soil.
M L, BEEEEEORE . o o
2 Irrigated field soil of black volcanic ash soil, sampled immediately after irrigation
finished.
R b, SR, SIRNUEK, TIREPRRL . .
3 1 Non irrigated field soil of black volcanic ash soil, sampled after harvest of the 2nd
‘ cultivated crop, dressed N-P-K fertilizer for each crop.
o8 b R MR, YRR
4 Irrigated field soil of black volcanic ash soil, sampled after harvest of the 2nd
cultivated crop, dressed N-P-K fertilizer for each crop.
A - LHE 100gm 3 SiOy* 2.88gm WML s .
5 | Vrigin black volcanic ash soil treated by addition of SiO, 2.88gm per 100gm of dry
i soil.
] \ S KILIK BEE (0 ) CREFR)
| Virgin yellowish brown volcanic ash soil. (Imogo).
A T AR , o
Irrigated field soil of yellowish brown volcanic ash soil, sampled immediately after

! S

irrigation finished.

G| | (Rgib), - 100gm 4 Si0, 3.88gm UNINL
8 | Virgin yfel(ljowwh lbrown volcanic ash soil treated by addition of SiOz* 3.88gmt per
100gm of dry soil.

*?\dded Si0, as the silicic acid solution obrtaiﬁnred by rémo;él (;f I\ia from NagS}b;;
solution by ijon exchange resins.
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Table 2. Chemical analysis of clay fraction (<2u)

No. of . 1 j sio S0, C. E. C.

treated | +IH,0 Si0: | Al.O3 Fe, 01 Ca0 MgO | - 2222 | 222 lye /100gm
soil | AlLOz- ) Fe, 04 of clay
1 34.28 20.26 38.91 4.01 0.95 0.24 I‘ 0.90 0.83 15.5
2 39.95 21.87 30.57 3.76 1.15 0.40 { 1.22 1.13 18.9
3 33.74 19.12 34.42 6.65 0.72 0.26 0914 0.84 17.5
4 39.80 23.37 32.04 4.58 1.00 0.39 1.24 1.13 19.6
5 2848 | 2795 | 3572 6.40 0.6 022 133 119 214
6 18.51 2551 42.74 8.05 0.82 0.25 ‘ 1.01 091 24.2
7 2398 26.35 35.68 7.32 1.25 0.30 i 1.25 1.10 275
8 24.40 30.85 36.55 5.40 0.95 0.18 ; 1.43 1.31 32,5

2 %D 20 BLFo Caclay OIBSEGHTO BANC X UL, Si0: Al iilEic I T Een k[’
TR\ T 2026 % 705> 2187 % ~, 2 AR 485 CiE 19.12 % 53 23.37 % & Kk L, BRI
FHETIE 27.95 BOGHAR LT . FHIEKIR L ts\ - C b AEREREK O 25.54 % 73X
CU326.35 % & 70 0, ERRIF MO LTI 3085 % &R LT B, SHICK L, ALOs (#ElE% 7202
EifR IR MIC X > T LT b, PO TR 7 BRI L 70 O RS- T IR B X 5 4
DITHRTREL DT B, L, L% B Lot st 1% a5,
Allophane 73K T 5 & & &R LT D, HHIEC & B EEBHOBIA A 205 &, B0 H0 K1)
JRA 73 0.9, B OK IR 278 103 27R L, ¥ - BUCBHER L TR A BLH L TR L 2 PR aftid
U 7o SR O IR OB L OB AR O KB L O T L TR A EFRfEZ R L T B, LB,
I L3 Ol - DRI B A AR PN L 7= % D% 1.22, 2 fEBFO & D% 1.24 2511,
MRROLT 2 fHRE L 2o b DAY 125 ZIRL B, FRERRR A RN L 7o b D AVREG 4T 1.33, 4R
BT LA3 2R LT\ B D &5 I, WHEE & 72X EERR O N X > C BRI oS E L B L
T, E 7, Fich O A B X £ F R EERR NG X O THAR L, BRPRFEO B RICHBI L TR &
T DT 5%. ‘

P R0 SR BRI X 5 B RO B IUA R ORI S X 0T NS R K
ML Do HNRECEELD,

1 KO FREBUGAC B\ TR MO F L O HFRRINC X 232300 A b b v. ik
B, Pkt 3 b 150~200C ©% LU By — 7 & 900~1000°C DR — 7 hiid D&
T, wFh b Allophane TH% 2 Ll T 5. BOF40¥ 408 cabiusg 300°C Jb5E
O 500 ~600°C DI 7o Bl = — 7 iLilifed 280k Gibbsite JZov1 1IN 5 4 D
LHL B

2D POV TAD &, Wb 120°C BIFRIC IS TLralisiEiic ik L, Allophane
DU A TR D B CREE O H M do B\ X EEFRIRIND B 355 A L3 H e o,
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ig. 1. Differential thermal curves
of clay fractions(<Z2u).

Table 3. X-ray diffraction data of Ca-clay (<(2x).

1 2 3 4 5 6 T 8
d(A) I |d(A) I |d(A) I |d(A) I |d(A) I |d(A) I |d(A) I |d(A) I
(4.51 2 (4.51 2 |451 2 1(4.51 2 (4.51 2 (4.00 15 (4.00 1 (4.00 1
408 2 Nd00 2 400 2 400 2 [\408 2 356 15356 1 356 1
334 3 /334 3 |33¢ 3 /334 3 1334 35/328 05|328 05 328 tr
(2.59 1 /259 1 (2.59 1 (2.59 1 (2.59 1 (2.66 0.5 (2.66 0.5 (2.66 0.5
238 1 (\238 1 (238 1 (238 1 (235 1 238 05238 050238 05
210 05210 05[210 05 210 05|210 05[210 05[210 05|210 05

1.85 0.5 | 1.85 0.5 | 1.85 05185 0.5 | 1.85 0.5
1.52 05 | 1.52 1 1.52 1 1.52 1 1.52 0.5
1.39 05 | 1.39 0.5 | 1.39 05! 1.39 0.5 | 1.39 0.5
1.28 0.5 | 1.28 0.5
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Table 4. Description of soil samples

it 3, -+ 1 0L pa:i bl
Sample No. Treatments
; R LPK L GREL)
Virgin black volcanic ash soil
A b, REREHSERE _ -
2 Irrigated field soil of black volcanic ash soil, sampled immediately after irrigation
practice
F b, R IR, EERCL
3 Nonirrigated field soil of black volcanic ash soil, sampled after harvest of the 2nd
cultivated crop, dressed fertilizer N-P-K only
4 Irrigated field soil of black volcanic ash soil, sampled after harvest of the 2nd
cultivated crop, dressed fertilizer N-P-K only
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[ b, JmEERE, i, 1K, HEREOFRIIR, R
5 Nonirrigated field soil of black volcanic ash soil, sampled after harvest of the 2nd
cultivated crop, dressed N-P-K, CaCOs; and compost
] b, AmEERY, ANERURIK, PUPRERRIT L
6 Nonirrigated tield soil of black volcanic ash soil, sampled after harvest of the 4th
cultivated crop, dressed fertilizer N-P-K only
[ e, B, ANEEMIA, VOVEERERECL
7 Irrigated field soil of black volcanic ash soil, sampled after harvest of the 4th
cultivated crop, dressed fertilizer N-P-K only
Al e, SRR, G, f0RK, HEREGERIK,  PUVEBRRIR AL
8 Nonirrigated field soil of black volcanic ash soil, sampled after harvest of the 4th
cultivated crop, dressed N-P-K, CaCO; and compost
‘ I b RER, GENUH, MESERREMEORE
9 Irrigated field soil of black volcanic ash soil, sampled immediately after once again
irrigation followed the harvest of the 4th cultivated crop, dressed fertitizer N-P-K
onlly - B
2)% B H & Table 5. Changes of iscelectric point
UMETSU O 48 1 4 RN U fz L5407, of soil by irrigation
,_Z,\,:,;(IS\ > D N N :1{7 » ‘E‘/[ !L[,v" 1 NMASNIH X X
el B> Jj s L, il 5 g i i Sample No. j Isoelectric point pH
100 cc # Hiv-CHllE L7z - ‘ o
9~43
§) x & ﬁ .%_‘ . 4 ) 2 34~36
SEBRA UM S RICRTHE D ThH D, WIS K 3 39 ~42
kB e, gL 2RO 40 R EOFREMD 4 3.0~35
|
PH 33.9~42 Th DT LD C BB L e 5 | 33~36
TEH O F O SEED pH 1L 34~36 15 1 L 6 3.7~ 4.0
.. . 7 2.9 ~32
fo. Lol SEHEECAO R A M LT 2 [ g 30 3.9

SRUFHEL LFRA E B0 ka8, WEL T4
JEBLFC 2 [EFEN L 2cBio 48813 3.0~35 1T FLT\Wwb. Fic, MR CRIB 4 8L LT 4 [alfE
U HEOEE S0 pH 1L 37~40 THELO L L KFE L. Lo L, #EL T &
BT 4 VEBR O 31T 2.9~3.2 oA Uic. 7o, BREIC X0 QR LA BRI T 4 /R3S
L7 FOSBEEE L 7o Blod 3 S AU I DI F LT 25~28 il o, —EEICH KO
HENE A OF FE U 72856 D SEEEC 2 FERE D 1 D4 W o> pH 1k 3.3~3.6, i U < 4 K o 4 8 53
3.0~32 LT, Tiobhb, AKCHENN O i I X D TR AULIIICIS F LT 5. HETE, 730K
i R D& S O FILAL:, 23056 23k T w5 & 5 BRSO B X 5 30 BYbig %
St d OTh B EEL LIAD, WHEC X RSO PR X > ZENC B b v e
o acidoid * LCOEHICRINT 2D E#2 5. ’
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Table 6. Changes of the settling volume of soil in water by irrigation
cc/lgm of dry soil

Sample Settling volume Turbldlty of upper liquid

No. cc. After 8hrs. After 24hrs ‘ After 504rs.
1 2.66 - |

2 3.12 + 4+ +++ ++

3 2.64 — |

4 2.85 + 4+ ++ ‘ + -+

5 2.66 : +++ + +

6 2.64 — " |

7 2.68 e o s e 2 + ++

8 2.86 ERTEE R —— ++ | ++

9 2.80 B e ks L bttt

H 6 ROBANC X D &, ACITAEETL 2.6~31 2R UHEMYO A /s O Z4Us TEL
CEWIEARL T 5. % LTI O 380 P AU SREIE X O T AU HATi 2 7 L T
U B SBEEIEIK C b 77 I LOMHENR 2 BEHT U 2K 0 -3 D PO 2R I HIK D Fh & b B
WEZTR LT A, F 7o, MR O -3 A THER U o R e i FE U T kB
& IOt RS, BRI O HRE R o0 A7 K HERLOE X 0D - S X @O AR+ 20" W] U i K o
FHECHAD & RO R < 50 BRI L T b I BB A o7,

PU L, £ BE OSSO OUK P E B D BIER e BFE X D &, WHE R )20 2 AR ORE H O#%
TR D R O AL BRI 0 X 5 1B Cle 2 &b, ik BRI k1T % i =
v A FOME O St s KN 26D B2 5. Tichb, W Mad L, 7
DO, KINKADENEEE DN & e 5 Al & SiO. Up%nﬁL, wuwﬁll w & 12X Lob, I,
HiAd7e EORFEHE LCD Al OfEH %5550 % 72 /K CHR 3 D BRI 4 0 U 1 OBl 4
ML bDEEZD.

oS Allitic OPEET DGR\ KR A HEANEBRC X2 Tridb S A7 i MO EEFR O/ Hile X
CHIFBME E 721k Sialitic DEEFT~OBINCETHE N & B L MfliL 5 5 & 2% 5 1 50
BHOlLEZDbBNA. \

4, TBOEREBBIEICRIFTTAK ELRUEEOME

AP CNC I T U & 5 10 BRI X o C oA B T % LTI, R
DXV BT X D THER I N D 2 I3 5 fosh, #ilis L >C 'fwf\}ﬂ%iia <3RS
VA PR IZOE OIS FEREIC D C 2 iU b N OV A S 2 e B a fraT L e,

1) #R+E M EREFIFELAR O BB AR b D B K LK 8 & SR 0K R L
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BB D) T Thb R TH D, L0 BIERIC OV TR 2P IR L. Z DML
I RARRERE IR T, B AR L CHAL & Sl e X5 ICEERR EERAAW L D A & v R
Bisic XL >T Na 4 A v &l T2 BEBREZRMUL. WIhd ke LT HT7 RRT
B RS BARARE CHREOKSHEE CHBRLE 2mm O L8 L TR ¥ 43
Lo, EEfR & BIKARMU AT, ETHEBBRARML CHREE CHBRLCDO D, LIZAK
Bz CTHOHRRE CTHREE TEA LR 2mm O @ L THEL 2.

2) ERFE HEEEHAEOHE!L SCHOLLENBERGER Dff LI X D7,
3) ERER EROBBIBTEOEL THDL. BTRCID L, HEBO HEAFRARCYT

Table 7. Change of cation exchange capacity of soil
by the addition of CaO, MgO and SiOy

pH (H,0) Cation exchange
Soil No. Soil treetments after teatment
of soil capacity m.e./100gm
1 CaO* added 150 mg/100gm 545 52.0
2 Si0.*  » 1.5gm/100gm 5.00 55.5
Black volcanic 3 Si0. ” 3.0gm/100gm 4.60 56.9
4 Ca0, 150mg, SiO, 1.5¢m/100gm added 5.50 57.2
ash soil 5 | Irrigated field soil 6.45 60.1
6 MgO* added 100mg/100gm 5.30 53.3
7 None 5.20 54.6
1 Ca0 added 150 mg/100gm 6.50 5.2
2 Si0;  »# 2.0gm/100gm 6.20 11.8
Yellow brown | 5 | gig, 4.0gm/100gm 5.75 12.2
volcanic ash 4 Ca0 150mg, Si0., 2.0gm/100gm added 6.90 11.3
soil 5 Irrigated field soil 6.85 9.6
6 MgO added 100mg/100gm 6.75 7.4
7 None 6.30 7.1

#* Added CaO as Ca(HCOj):; solution, SiO. as the silicic acid solution obtained by remo-
val of Na from Na,;SiO3 dilute solution by means of ion exchange resins, and MgO as
MgSO; -7H20 solution.

DN IEEE R D R E L, D LI ERE KK EBCRSWTHEECHLS. 20 LI 28 TH
Lt X 5 IHE RS LIKET X B BEREK v D ERRR O IR ASER K LUK D £ FUT EEATHRD
TREIVCELHH LU CESBIEXCLCE LD, ¥, STCHELIC L ) CHEBIC XL > THEE
DBHED B R OE BN ERH ONTREEZE TRV OR» b L TEIREENEECHEAL Ty
B LRI NI HBOFENRKRE W LERTHDTH L. ERARICHT 5 /K KROEFELD
WENTEEE e L, AR LA TR AL € LD DRI A DAL DM, BifR & A K& ISR 72
BATEZCEEARYAR LD, & OEED D#ROC X 5 AR O EHAR OB B
DR L BIROEEERICL 5L 2ARKEVEEZD.

5. :EOMELRIR N, EEBEEO B HIETIC BB OBME

[CRIFFAK, FLRUEBROLE

BRI B\ TREEN 1B O BRI S 2 (K T3 2 2 & 2 aoieh’, 2 OERNI g Lo T
MU S RO B Y OBE Th b L ELDLND DT, & & TIRAK, L RO EHRE Y 18I
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PR B RO O BT X D TALPE L 2o A SR & L.

2) ERF*®

I X 2 BERRI 11T 510 mol HxPOu Wiia My, M3t (E+25gm) 1wk 25 cc & B4RR
MW 25 cc Bz, BE AR L C LR LB BIECIESD TR Lt 100 gm X4 h O mg #Tak
L.

FHRERE OVEH B tE 412\ T LousE and RUHENKE® 0 ByAMFR D A H 2 v, 2h
% Diniges DIk I o THMAEREL 1.

38 D[] 58 BERR D VA 11 B D YIS (3 =38 D B FR U TR RE D RR B ER % TRV U Fo 38 % i T IDE AR 1T
BL, 2TWEL CRIET 5 BB ARE, FODH, 80 %D methanol 12T BEED RIED7s <
RHFECUHME L., L Licx o B A M L T#%, X% D LoHSE and RUHNKE O BIAMEREES
MR XTI T 2 BER 2 e B L, AE U I BRR & D R Ak 7e.

Table 8. Changes of phosphoric acid absorption, solubility of fixed

phosphoric acid and availability of phosphate of soil by
addition of Ca0O, MgO and SiO;

. | | Absoropftig?ogower iSolubility of| Available

Soil ENO. Treatments " pHaiter mg/lOﬁgm} ﬁxedoPgO;, Pﬂ?;pg:; soil
\ reaction |of dry soil % T
1 [CaO added 150 mg/100gm 3.00 3691 43.3 6.8
2 |Si0; ~» 1.5gm/100gm 2.80 3833 4.0 7.9
Black volcanic | 3 | #  # 3.0gm/100gm 270 3783 455 8.5
4 |CaO 150mg, SiO: 1.5gm/100gm 3.05 3281 42,6 127
ash soil | 5 | rrigated field soil 3.70 2537 431 10.1
6 |MgO added 100 mg/100gm 2.75 3250 40.5 6.3
7 |None 2.90 ; 3879 37.6 6.1
1 |Ca0 added 150 mg/100gm 2.90 3114 421 9.1
2 |Si0; » 2.0gm/100gm 2.80 3855 51.5 9.2
Yellow brown | o |4 0.m/100gm 270 3662 59.4 142
volcanic 4 {Ca0 150mg SiO2 2 gm/100gm 2.85 2765 451 10.2
ash soil 5 |Irrigated field soil 3.15 2932 43.3 11.3
6 |MgO added 100 mg/100gm 2.85 3490 42,1 8.6
7 |None 2.90 4180 34.0 8.0

ZICREIE S EDOMEY Thb. H8EOREC LB &, BRI L TV ho B5 b
TR LD DMANH LR D AR & R A BRI 72 b DR RALRUEBELOW
FTHOMED THEFECRD L.

BT X O TRIE SR EER OF MK L Th\ o me b BEE A L iz o drtic
ERMARE L, BB ALC S W TE LW,

R EE O BEERE OB I T B BRSO HEIR IR RO O EE AT <, R RO EERR
EAREERFCHRM LIS & CHEETH 5.
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Table 9. Adsorption power of phosphoric acid in various pH value of medium
of soil treated by addition of SiO: or irrigation practice

Treatments
None | Si0, added Irrigated
Soil P Adsorbed | PH Adsorbed rH Adsorbed

filtrate | P»0; | fltrate P05 filtrate P2 05

after | mg/100gm of after mg/100gm of after mg/lOOgm of

reaction \ dry soil reaction dry soil reaction dry soil

2.90 3879 2,70 3783 3.50 3266
4.10 3070 3.40 2460 3.95 2090
5.38 1830 4.30 2100 5.32 1200
Black volcanic 6.25 1198 4.80 1160 5.75 1019
. 6.75 1100 6.25 925 6.18 - 900
ash soil 730 1090 7.30 925 6.82 1105
8.60 1070 9.60 960 7.40 1210
9.50 1070 10.05 4 1180 9.35 1209
10.00 860 10.35 1294 10.03 1672
2.90 4180 2.70 3662 \ 3.15 2932
4,10 2947 3.30 3042 3.50 2656
5.65 2397 3.71 2537 5.92 1696
Yellow brown 6.35 1893 5.50 1849 ‘ 6.32 1608
6.65 1590 6.80 1544 7.70 850
volcanic ash soil 7.20 1423 7.30 1300 9.20 947
7.80 1230 7.80 1022 10.60 947
9.85 900 10.30 1022 11.30 1187
10.70 870 11.00 1471 — —
11.15 620 11.25 1538 — —_
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Fig. 4. Absorption type of phosphoric acid by soil.
(black volcanic ash soil)
1 ... Nontreated virgin soil
2 ... Si0, added soil
3 ... Irrigated field soil

2 3 4 5 6 7 8 ] 10 " pH

Fig. 5. Absorption type of phosphoric acid by soil.
(yellowish brown volcanic ash soil)
1 ... Nontreated virgin soil
2 +.. Si0: added soil
3 ... Irrigated field soil
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Table 10. Influence of irrigation or SiO; on the degree of
dyeing of soil by pigments

Soil treatments 1 Acid Fucsin Methyleneblue
None W lfﬁight ﬁr];d @ Diflﬂllv%elll{(;wviggh%%rg‘;n
Irrigated Dﬁ follg»vxs'h ﬁ%aglge i Bluc%reen B
Added SiO, 2gm/100gm of soil e ko K Grad biue O
v Si0: 4gm/ » Dlﬁ.l féugmsgﬁ 1;ﬁrfa{r%;e . Ligﬁ:blue &

JRAD iz ii{s, Color of original soil is palzﬂ),r'erlilrt;wish br&zvn.

Tiehb, PLED AL ﬁ%@kmm+m(b% ") OFEELAEE DY W E 2o AL o
TR DI HEOMH A0 D L5 k2t b e h D e #Ex 5.
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Table 11. Ultimate pH values of soils treated by irrigation or SiO: addition

Treatments Ultimate pH of soillOriginal PH of soil
Virgin yellow brown volcanic ash soil, none treatment 6.4 ! 6.0
s+ SiO; 4gm 49 | 5.4
Virgin black volcanic ash soil, none treatment 5.2 ! 4.9
7+ Si0; 3gm ' 4.8 | 4.8
V4 irrigated field soil 4.7 l 6.1

AL RT L B &, fLPED JF 4D B B0 EMEaoW-TFho 1 5 pH il
A3, [ 88 % BERE & PR FEBRUS IO JUTE 2 17D 7 I D FEHR pH (T HEQLPE D -8 e I Ml %
IRLTWA. Tiebhbh, DLEO pH O2bh &M ONT FEERTR MO MLFEAY & O FE -5 4%
DME A FEREH B O T M ANEBI B BITT 5L DTV A Z LR L TV 5,

 DEAED DWERC X B B0 pH O (K TR H <M X 2T Ble3 i FERIC X B
EADERELICRINT D EEL B,
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Table 12. Some chemical properties of soil used in pot culture experiments

| Exchangeable base ) Cation
Soil ‘ pH F;{gl}lﬁ?}ge | (m.e./100gm) Humus exchange
- T T capacity
’ (11:0) ‘ yi | Ca Mg % (m.e./100gm)
l |
Black volcanic ash soil 47 \ 11.0 ‘ 0.59 0.35 29.7 l 54.6
| | |
- . |
Yellowish brown volcanic 6.4 ‘ 11 062 020 27 7.1

PEC 3 2 ML OIS A K Z LT\ B 4 7 A O KNKEHCh 5. il 1 e il
B,

)RR o0 F &

AERELD FA 7 1ROV 7 mAPEREARSKZ iV, 18y 240 B+ 3 kg, Hiftat 25 kg
AHTF L7z,

1) B ROkl SRR & U CEesE (M%) 0.5 gm GEREH), P.Os (BiER—7HIK) 0.5
gm,K.O (e mE) 0.5 gm Z Ml 7.

F IR R T R 2, T AR A Do Tl L 7=, £ o HEREZE Y L Bt Ca
15 m.e., Mg 5m.e. #3417, ##t0-ic Ca 7.5m.e, Mg 25 m.c. FMEX ML, BERRZOVINE
LTk E G i Ca 10 mee., Mg 3m.e. 3484, MGt Ca 6m.e, Mg 2m.e. 4R
LT, ORI L 100 gm D DHDTHS.

FERRITEERR EYEONY 5 BRI ATED, Sk A4 A o EEIEIC Lo C Na A A v &R 2 &It &
ST % FRERTANE (SI0: $92 % i) BRI ¥ ¥ Ay FYEMAST Si0. & LT 5.0 gm, HEG
¢ 10gm AN HEAML, F0 ¥ FHE LT HREDOKSERICEDL LD b, LoFR
ROy FEEEEOMLFERZITDT.
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Table 13. Yields of wheat and naked barley in pot expsriments (gm/pot)

Period VY(ilclggiICShasbhmsvgﬁ Black volcanic ash
Crop of Plot _ (so-called “Imogo™) soil
harvest Straw [ Grain ({;f{)) Straw | Grain (ﬁ?O)
N-P-K o | o 60 | 0 0 4.0
N-P-K-Ca* 166 = 7.6 6.3 0 | 0 5.5
Wheat | May, 1955 | N_p_K_Ca-Mg** 230 142 | 60 176 | 131 | 56
N-P-K-Ca-Mg-Si0,*** | 264 = 180 59 | 187 | 154 5.4
| N-P-K 0 o | 60 0o | o0 42
N-P-K-Ca 23.7 35 64 112 | 05 6.1
May, 1956 | N_p_K Ca-Mg 297 | 133 66 191 | 124 6.0
| N-P-K-Ca-Mg-SiO; 386 | 167 67 } 279 148 5.8
Naked 1 i ;
bu«!e‘)( N-P-K - - = = — —
N-P-K-Ca 21.0 09 | 62 167 0 5.4
May, 1957 | N\_p_K-Ca-Mg 327 | 189 62 352 | 213 5.4
N-P-K-Ca-Mg-SiO; 374 | 194 | 58 412 | 240 5.5
* Ca..--CaCOs, ** Mg- ---MgSO;, - o

*** Added the silicic acid solution obtained by the same method as described in Table 7.

Table 14. Yield of upland rice in pot experiment (gm/pot)

Black volcanic ash soil
Crop Plot May, 1955* May 1956% -
Grain \ Straw ’ <§ﬁ)) Grain | Straw (ﬁ%)
N-P-K 101 | 17.8 4.0 — — —
N-P-K-Ca 124 26.3 5.7 19.5 27.6 55
Upland rice N-P-K-Ca-Mg 210 | 313 55 | 211 | 294 5.4
N-P-K-Ca-Mg-SiO. 24.8 l 32.9 5.7 23.5 30.8 5.3

¥ Period of harvest of crop.
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Table 15. Contents of mineral constituents of naked barley plant in the harvest period
(On an oven dry basis)

\ TR ]
| ‘ Yellowish brown volcanic | Black volcanic ash soil

! ash soil

| Elements | — — | U

| | N-P-K- | N-P- K- N-P-K-Ca N-P-K- | N-P-K- |N-P-K-Ca

| | Ca | CaMg ! ~Mg-Si Ca | Ca-Mg | -Mg-Si
$i0. | 178 182 | 232 150 095 193
P.0; L0.22 0.23 0.13 0.45 003 . 0.06
Straw (%) Ca0 102 0.87 0.84 2.02 068 | 0.1
MgO0 | 035 0.40 055 | 033 0.43 0.62
\ Si0. o007 | 009 ‘ 0.13 0.16 0.07 0.19
_ | P:0;, | 086 100 . 096 0.87 0.80 0.82
Grain (%) | ca0 | 010 | 008 | 010 0.19 0.04 0.04
Mgo | 024 | 051 | 050 0.97 0.22 0.34
Amounts of each Si0, 424 | 558 | 917 | 167 | 190 | 567
element absorbed P.O; . 8 201 a2 | 55 105 | 138
by plant per pot CaO 245 | 269 341 \ 24 135 | 127
(mg) MgO 81 187 206 42 109 | 223
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Table 16. Contents of mineral constituents of upland rice in the harvest period
(On an oven dry basis)

% Black \’olcanic ash soil
! Elements 1
N-P-K-Ca N-P-K-Ca-Mg . N-P-K-Ca-Mg-Si

Si0, 2.04 2.02 3.90
P.0Os; 0.05 0.05 0.04
Straw (%) Ca0 1.04 0.79 0.65
MgO 3 0.55 0.94 0.95
Si0. | 0.55 042 0.93
P.0; | 0.36 0.36 0.30
Grain  (%5) Ca0 0.06 0.09 0.05
MgO 0.23 0.30 0.36
Amounts of each | Sio, 670 ‘ 683 1112
element absorbed | P,0; : 83 90 84
by plant per pot Ca0 | 229 251 211
- ma) | Mg0 197 | 340 377
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Résume

As previously reported, the data of the irrigation experiments indicated that
the productivity of poor field of volcanic ash soil was increased rapidly and
remarkably by intensive irrigation.

The authors have undertaken the studies to find the principa! factors and clarify
the mechanisms of the excellent effect of the irrigation for the soil improvement
and direct supply of nutrients to crop.

The rcsults obtained may be summarized as follows:

1. The results of studies on the improvement of soil characteristics.

(1) It was recognized by means of the thermal analysis. X-ray diffraction
method and electron microscopic method that the crystalline properties of soil
clay (<z¢) are much the same as before irrigation.

(2) Cation exchange capacity of irrigated soil was remarkably heightened.

(3) Isoelectric point of irrigated soil was distinguishably lowered.

(4) Settling volume of soil in water tends to be large by irrigation and
turbidity of its upper liquid is great and kept up for a long time, in spite of
clarifying quickly in nonirrigated virgin soil.

(5) Absorption of phosp :oric acid by soil was weakened and the solubility of
soil phosphates was increased by irrigation.

(6) The type of th absorption of phosphoric acid by soil tends to change from
that of allitic to siallitic type by irrigation.

(7) Dyeing of soil by pigments was indicated that the allitic nature to pigments
changes to that of siallitic by irrigation.

(8) The ultimate pH value of soil was lowered by irrigation.

Changes of soil characteristics above mentioned largely due to the actions of
lime and silicic acid especially the latter, accumulated in soil by irrigation.

2. Results of culture expriment.

It was clarified by pot culture experiments that magnesium and silicic acid,
especially the former. contribute very remarkably to increase the productivity of
soil tested.

The results obtained derived the conclusion that the increasing of the produc-
tivity of poor field of volcanic ash soil rapidly and remarkably by irrigation due
to the actions of calcium and silicic acid for the improvement of the soil char-
acteristics and the direct utilization of calcium, magnesium, potasium and silicic
acid as nutrients, which were accumulated in soil by irrigation.
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Fig. 3. Electron micrograph of Ca-clay(<:2u)
from irrigated soil

8 7 4 2 8 7 4 2
Fig. 6. Growth of naked barley in early Fig. 7. Growth of naked barley in early
stage of growth in pot experiment stage of growth in pot experiment
(black volcanic ash soil) (yellowish brown volcanic ash soil)
2 : N-P-K, CaCOs3 2 : N-P-K, CaCOg3
4 : N-P-K, CaCOj;, MgSO;, 4 : N-P-K, ~» , MgSO,
7:N-P-K, » , » , SiO2(small) 7:N-PK, » , » , SiO;(small)
8:N-P-K, ~» , » , » (large) 8:N-P-K, » , » , » (large)
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Fig. 8. Growth of naked barley in the harvest Fig 9. Growth of naked barley in the harvest
stage of growth in pot experiment stage of growth in pot experiment
(black volcanic ash soil) (yellowish brown volcanic ash soil)
2 : N-P-K, CaCO; 2 : N-P-K, CaCO;
4: N-P-K, » , MgSO;, 4: N-P-K, ~» , MgSO,
7:N-P-K, » , » , SiOy(small) 7:N-P-K, » , » , SiOz(small)
8: N-P-K, » , » , SiOy(large) 8: N-P-K, » , » , » (large)



