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

II. Improvement of the Volcanic Ash Soil in
Kuma District, Kumamoto Prefecture

Takashi KoBAYASHI

(Laboratory of Soil Science)
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Table 1. Some chemical properties of soils used for the experiments
|
! rH Exchange] basi);c(hrfzneg;f(l))(%im\ \ Humus |Exchange
Soils i e acidity - ‘ i 1
- (H;0) | (KCD) vi o Ca ‘ Mg | 9% |(mc/100gm)
Black volcanic ash soil 4.7 4.0 11.0 0.59 . 0.35 J 29.7 ‘ 54.6
Yellow brown volcanic 6.4 5.3 11| o0 020 27 | 71
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Table 2. Some chemical composition of irrigation waters used
{
Wat ‘ p. D m.
aters o B 0. | Evaporated
\ CaO MgO ; K,0 SiOy residue
River Shira l 298 146 6.4 45.2 229
River Kuma 8.8 2.3 0.9 15.2 52
Well water No. 1
(used for the labnratory) 214 3.2 3.6 29.4 174
irrigatien  experiment ;
r
Well water N§~2 10.7 Lo 18 g 86
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Table 3. Accumulation of CaO and SiO: in soils by irrigation*

Frequency of irrigation 1 3 5 : 7 1 11 ‘ 15 ! 19 f 24
! i
Volume of irrigation | mm 430 | 1,290 | 2150 | 3,010 4730 6450 | 8170 | 10,000
|
water (total) koku/ | 9361 | 7,033 | 11805 | 16527 25071 85415, 44859 54910
. . > [ . -
' Quantity of CaO | mg 332 | 996 | 1660 | 232.4| 3652 4980 | 6308 | 7719
in irrig. water |kan/tan 1.89 5.68 9.46 13.15 20.81 28,38 35.95 43.99
~ | Quantity of ‘kan/tan| 173 551 903| 1197 | 1681 2143| 2620 31.62
S | accumulated ' |
A& | CaO in soil = 9 99.3 | 971 953 | 903 | 804 755 728 719
L — B | i v R
™ kan/tan| 189 | 568 | 846 | 1016 1254 | 1474 | 1693 | 19.60
Ca0 | o ”
o % 100.0 | 100.0 | 893 | 767 | 603 | 520 471| 446
S R S e | o S
o kan/tan, 189 | 568 | 946 | 1324 2057 27.90 | 3533 4194
B ” |
A % 100.0 | 1000 | 1000 | 1000 | 989 983 | 983 954
= ‘kan/tan| 189 | 568 | 945| 1292] 1972 | 2580 | 3076 | 36.01
+ // f H !
= % 100.0 1000 | 1000 976 ’ 947 | 912 856 819
Quantity of Si0, | mg 508 | 1524 | 2540 3556 5588 | 762.0 | 9652 1,181.1
in irrig. water |kan/tan| 2.89 | 8.68 | 14.47 @ 2026 ' 31.84 | 4342 5500 67.31
~ | Quantity of kan/tan| 231 458 | 584 693 907 | 11.09 1368 | 1643
% | accumulated
& | SiOy in soil | 95 784 | 528 403 342 285| 255 249 | 244
~ ‘kan/tan| 224 | 651 | 979 1259 1832 | 2433 | 3026 | 36.11
Si0; | & ” | |
~ % 774| 750 67.0 621 575, 560! 550! 536
i 1 1
L kan/tan| 225 | 627 | 1008  13.00 | 1829 | 2300 26.82| 30.20
b= V4
= % | T78| 722 696 642 574 | 529 488 449
~« \kan/tan - 230 | 656 | 1069 1345 1914 | 2531 3094 | 3569
3 ” } \ i
= % 795 | 759 | 739, 664, 600| 583| 563 53.0
o — E— - — [ —— 1 —_— L — S J— ——— e U

#* Used irrigation water No. 1.
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Table 4. Accumulation of CaO and SiO; in soils by irrigation*

Frequency of irrigation 1 1 ’ 5 10 E 15 ‘ 25 35 ‘ 40 46
Volume of irrigation mm | 430 2,150 4,300 6,450 : 10,860 l 15,160 | 17,310 | 20,000
water (total) k"k”/mw 2,361 | 118,05 23,610 | 35415 ‘ 50,632 | 83,244 | 95,049 | 109,820
Quantity of CaO mg 18.2 91.0 182.0 273.0 “ 459.6 634.2 737.7 876.1
in irrig. water }kan/tan‘ 1.04 5.19 10.37 | 15.56 ‘ 26.19 36 14 42,04 49.93
~ | Quantity of ]kan/lan 081 | 468 869 | 12.15 18.52 23.62 26.37 30.16
|
S | accumulated i | 1 \
Ca0 A | Ca0 in soil ‘ % 78.0 : 90.2 | 83.8 | 78.1 70.7 65.3 62.7 | 604
a , O O S U NS S S,
™ kan/tan 1.00 4.95 9.14 1245 | 15.73 | 17.91 18.48 19.95
3 ” ‘ |
~ % 96 7 955 88.1 80.0 60.1 | 47.9 44.0 | 40.0
- :,,7, S - — L —
« kan/tan‘ 0.98 4.84 10.02 14.96 23.66 | 29.75 32.74 36.77
S ” *
| ~ % ‘ 94.5 93.4 96.6 96.1 90.3 ' 82.3 77.9 73.6
Quantity of Si0, | mg | 260 1300 2600| 390.0| 6565 9340 1,081.2 | 1,276.3
. in irrig. water |kan/tan 1.48 7.41 14.82 22.22 3741 @ 53.23 ‘ 61.61 “ 72.73
~ | Quantity of kam/tan 095 258 345| 437 623 864| 989 | 1189
© | accumulated ' ;‘
$i0 A, | Si0, in soil % 64.2 | 34.8 28.3 19.6 16.7 “ 16 2 16.4 16.3
Ve - e et — . . SO .
N kan/tan 0.92 4.07 8.06 10.65 17.00 24.37 28.58 | 34.49
5 ” |
| o % 62 3 54.9 } 54.4 47.9 45.4 ‘\ 45.8 473 ‘ 474
| o kan/tan 087 | 439 | 842| 1090 17.95 ‘ 25.44 | 29.48 | 35.26
° 4 |
& % 58.5 59.3 56.8 49.2 48.0 : 47.8 48.8 48.5

* Used irrigation water No. 2,
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Table 5. Changes of chemical properties of soils by irrigation

(Irrigation water No. 1)

Dept}}l of pH Exchange | Exchangeable, Water soluble
Plot nsxmlin l acidity Ca Si0,
sa clr)n g (H-0) } (KCD V1 m.e./100gm mg/100gm
S | Black soil } |47 | 40 | 10 | 089 1.9
b Yellow brown soil ‘ 6.4 53 l 11 l 0.12 3.4
B Mixture of black
gs and yellow brown 5.6 44 3.3 0.45 3.3
° soil , ;
A S S R R R |
0~ 10 5.5 4.3 45 481 55
Black soil
10 ~ 20 4.9 4.0 10.0 1.30 44
Yellow broun soil 0~ 10 6.7 5.8 13 2.36 5.5
] (Imogo) 10 ~ 20 6.4 5.5 0.8 130 | 4.4
T | Mixture of black | 0 ~ 10 5.7 48 1.8 418 5.7
S and yellow brown
o soil 10 ~ 20 5.4 4.5 2.3 1.25 54
— - - . - - ——- — - o e e
Stratified soite of | 0710 |88 |48 03 480 o
10 ~ 20 4, 4.0 . . 7
black and yellow 0 i 9 |
) 20 ~ 30 5.8 5.2 1.5 0.53 6.3
brown soil 30 ~ 40 62 54|13 07 5.4

#* 0~20cm black soil, 20~40cm yellow brown soil.
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Table 6. Changes of chemical properties of soils by irrigation

(Irrigation water No. 2)

| Depthlof pH Exchange | Exchangeable] Water soluble
Plot i Soll e acidity Ca SiOg
| Sawbing H,0) | (KCD Vi m.e./100gm | mg/100gm
|
Non- | Black soil | a7 | 45 | 185 163 ] 2.4
1rri- . . . . o e
gated Yellow brown l ‘
sl I ALt ‘ 6.8 6.0 05 0.63 ] 35
_ . 0~10 58 48 | 7.0 5.76 5.2
Black soil [
10 ~20 48 45 9.5 2.03 43
Irri- | Yellow brown | 0~10 | 69 | 67 | 1.5 2.68 47
gated | SOl (mogo) ‘ 10~20 67 | 63 0.5 2.18 3.9
slot | Stratified soil¥ | 0.~ 10 58 | 49 | 70 | 590 3.9
| of black and 10 ~ 20 49 | 44 | 130 1.47 3.7
‘ yellow brown | 20 ~ 30 60 | 60 | 0.5 1.45 5.3
‘ soil 30 ~ 40 6.3 % 61 | 05 | 1.69 4.9
| | | H

* 0~20cm black soil, 20~40cm yellow brown soil.
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Table 7. Changes of chemical properties of soil by irrigation

(Field experiment)

|

RS | T | T
| ©3§ L~ .2 = | Exchangeable L5 | =
Irrigation 1 ‘; & - %: E’: base(sm.e./100gm) %ﬂgg \ 'E_§ 2 o i qb;" Q
=3 | '1' 165 | 25 ol EET EE® B EEW
— 25 » |
Nonirrigated | o~15| 4801 443\ 12.96 1 79.92‘ 1.46 ] 2.15 ; 56.15 1 17.40 [ 29.99 ‘ 0.76
rioated ‘ 0~15’ 663\ 563| 034 3472 1474 | 529 i 61.00 | 17.26 | 2074 | 0.79
rrigate 15~3o\ 5.99 | 510\ 100 | 5106' 861 | 524 @ 6000 | 1587 | 27.31 | 076
| | ' . !
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Table 8. Vertical distribution of bases accumulated in soil by irrigation

| o ot Bchanes O o

"DINg | (H.0) (KCI) i Ca | Mg

Nonirrigated 0~ 15 [‘ 45 E 4.2 ? 10.0 1.0 ] 0.9
0~ 3 | 5.9 \ 5.0 change to red 17.1 l 66

3~ 6 ’ 59 | 48 | 7 15 5.2

Irrigated 6 ~ 9 | 58 | 48 0.7 8.7 ! 5.0
9~ 12 | 5.7 | A7 0.7 6.9 \ 41

12 ~ 15 | 5.5 \ 47 1.2 16 | 3.3
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Table 9. Horizontal distribution of calcium accumulated

in soil by irrigation or liming

Sampling after the Sampling after the Sampling after the
2nd cultivation 3rd cultivation 4th cultivation
Samples Nonirrigated| Irrigated Nonirrigated| Irrigated Nonirrigated Irrigated
Liming | No liming Liming No liming Liming No liming
(m.e./100gm) | (m.e./100gm) | (m.e./100gm)
1 8 85 13.01 521 | 859 691 | 873
2 10.87 11.71 345 ’ 9.60 7.48 j 8.87
3 5.78 12.70 8.59 10.02 8.27 ; 8.42
4 9.64 1291 9.66 ‘ 10.98 820 % 7.69
5 827 10.81 7.74 ‘ 9.52 7.48 | 9.46
6 14.89 | 5.71 8.40
7 9.22 § 3.98 9.32
8 8.93 i 7.97
9 10.05 ! 6.89
10 10.32 | 7.57
Average 9.68 12.23 6.93 9.74 7.05 8.69
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Table 10. Consumption of N/10 KMnOy solution in each fraction

(cc/1gm oven dry soil)

Nonirrigated } Irrigated Nogirrigated \ Irrigated soil

Soil treatments | resaotle}d zlljforseot/ { afore treated

soil | soil Her ‘ by 5 95 HCl
Soluble matter in 595 HCI — — 28 | 64
Soluble matter in 0.59 NaOH | 287 283 242 | 236
Fulvic acid | 75 78 22 \ 25

f-fraction 32 31 | 26 | 2.5

Humic acid L 210 203 ‘ 221 | 208
True humic acid 203 169 206 | 198
A-type 165 | 124 160 149
B-type 41 | 41 39 | 38
Free humic acid 50 27 — | —
Ca-humate 15 | 44 | — 1 —

Table 11. Factors

. \ | Total C of extracted fraction
H. \ | B . X 100
Soil treatments 1 P.Q ‘ Q lA—l-B XlOO] Fulvic acid X100 Total C of soil
i - -
Nonirrigated soil L7397 % 81 l 43 l 75.6
|
_ [ _ -t | R
Irrigated soil } 72 | 83 % 44 g 777
) o ~ \
Nonirrigated soil o ' 1
afore treated by | 91 93 80 — i 84.8
5% HCl i . _ |
i ‘
Irrigated soil afore ‘ = | 1
treated by 5% HCl | 89 | 95 l I - | 87.5
Table 12. Total nitrogen content of each fraction
Nonirrigated Irrigated i Nsoglirr;fgs::d Irrigated soil
Soil treatments t?éated b afore treated
soil soil f Y by 59 HCI
| 59 HCl
Soluble matter in 595 HCl — | — 3.15 3.31
Soluble matter in 0.595 NaOH 5.80 | 598 3.67 4.05
Fulvic acid 1.11 123 0.51 0.64
p-fraction 1.03 1.09 0.30 038
Humic acid 3.62 3.50 3.45 3.13
True humic acid 357 297 3.10 3.04
A-type 3.00 | 2.29 2.81 2.58
B-type 0.52 0.46 0.42 0.44
‘Total N of extracted fraction %100 756 Z 75.4 88.0 88.4
Total N of soil ‘ | |
F 1

(o) IFEEESERRR L A D TRY 5 WA L, Ca-humate |

(=) 5% HCl o X DL | %k

TEX NI DY 3 A5 A2 LT B

DAL AL\ D3,

T3 L T b

N/10 KMn O, 4%

L
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Table 13. Nitrogen content in each fraction
(mg/100cc of N/10 KMnOs consumption)

Nonirrigated Non_ilrrigfated Irrigated soil

Soil treatments Irrigated soil soil atore afore treated

: treated by b 9, HCl

soil 5 95 HCl vy 5%

Soluble portion in 595 HCL — — 11.2 5.2
Soluble portion in 0.59; NaOH 2.02 2.11 1.52 1.68
Fulvic acid 1.48 1.57 2.32 2.56
p-fraction 322 3.21 — —_—
Humic acid 1.72 1.72 1.56 1.50
True humic acid 1.76 175 1.50 1.45
A-type 1.81 1.85 1.76 173
B-type 1.27 1.13 ‘ 1.07 1.13

Table 14. Contents of mineral constituents in pB-fraction

mg/1gm of oven dry soil mg/100cc of N/10 KMnOy consumption

Soil -
Si0, ! ALO; | Fe;05 | CaO | MgO | SiO, $A1203 1 Fe, 03 | Ca0 | MgO
Non-irrigated | gy \ 71. 612 | 611 | 1.69 15.13E 223.4 19.131 19.00 | 5.28
Irrigated soil | 8.58 ‘ 843 | 613 | 887 | 192 25.38} 247.9 18.021 26.09 | 5.64

Table 15. Contents of mineral constituents in extract solution of soil by 5% HCI

(mg/lgm of oven dry soil)

Soil Si0; AlO3 | Fe:05 | Ca0 \ MgO
Nonirrigated soil | 1891 93,57 ‘ 31.46 | 5.02 | 1.40
Irrigated soil 27.99 104.60 § 31.99 | 9.80 l 2.70

() WAKSMAN i B-fraction (¥ N/10 KMnO, y¥#¢ &, 58 D4 HCIEZ LI\ A% K
D EER, ARG X o 15 fricks L, ALOs, Fe. Oy 208 MgO xR uidifed bitie
L,

(~) 0.5 % NaOH TADHEBIOBMIIEA LD BRI, ¥z, 7 L REESHERTH S

DL O Sk b, & OFEBROE D X 5 WCHIERC X 2> TR O PR Sk TERO JHO%
RV F O 3 DI AT FITVRE EOBIURTE A E B b 0ns, BRUMEER [l 2 AR DK
E I O ERALE RN X O THEMCEE IR TW 2008 B bhs. Lo L, #Elc X2 TR
TN TH DOBA Y OWHM ARS8 U784 0 HHEE M 1 %@&("mﬁio BB LN E RS Sk ANy %)
L, B R0 7 LR EEOEEGAMEF L, A S E 5 i Tth D

—77, 5% HCI gitkuriiio> Si0., CaO For MgO ﬁsd&rf% WA THI LS frakiint Cuv b o
¥ Bye B-fraction 11> SiOy ABEZICHIIL T\ 5 & X ATIEHI L U5 OREEIRIEICAT D D> D4
fbasfi-LTws o L idikgtcE s, P Ca0 114 10 £0 & 512, Ca-humate & 7 b, ik
K 0% 3 (Lo L, K2, TR g X >R L TU 202580 b s,

3 # &8 R B

BHE T 15, X bkl U 7ok, R O NfE > THb B Rt L 7.
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Table 16. Yields of crops in field experiment

Treatments Yields of gxdm (kohu "tan)
_ _ Rl = I
s - June, 1954% | Oct 1904* June, 1935* Oct., 1955%
Irrigation Fertilizer Wheat i Upland rice Naked barley l Upland rice
|
N-P-K 0.06 0.20 0 1.41
Nonirrigation N-P-K, CH*** 1.16 2.20 0 2.83
N-P-K,C,Ca 1.91 2.34 0.70 2.82
‘\ N-P-K \ 2.28 ) 2.37 1.22 2.49
Irrigation | N-P-K,C 3.08 2.76 2.12 2.80
’ N-P-K,C, Ca 311 2.79 2.19 2.84
* Time of harvest of each crop. #** C...Compost. *** (Ca...CaCOg3.
Table 17. Effect of irrigation on the yields of crops
(From Table 16)
| Irrigation (A) Nonirrigation (B) Increase by
Fertilizer |Totalyield] Total Total Total Total ; means of
of wheat | yield of yield of | yield of | Total irrigation | A/BX100
treatments |and naked wupland wheat and | upland (A—B)
barley rice (kokuw) naked barley rice |
(koku) (koka) (koku) (kokuw) i (koku) (koku)
N-P-K 3.50 4.86 8.36 0.06 161 [ 1.67 \ 6.69 E 500
N-P-K,C 5.20 5.56 10.76 1.16 5.03 } 6.19 4.57 174
N-P-K,C,Ca, 5.30 5.63 10.93 261 5.16 { 777 3.26 141
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MW&E@%PW%%AHHR@Ww&kNTWOTL B, Isks, BIEHOMED SN HK
@WE#ﬂ&ﬂmem%ﬁwﬁLf&ﬂzw%nm%%Wﬁ ST D Z ERHIT X B Tk
E@ﬁ%ﬁ@&f%?f&%lk#??%@ﬁ&é.(’Wﬁ7fﬁ 1)
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Table 18. Changes of some properties of soil with

the progress of time after irrigation

Period of sampling

' : Depth of samplmg cm
|

0~ 15 | 15~30
Humus (9 ) 29.74 [ 27.31
After the Ist irrigation : pH (H;0) 6.60 | 6.00
(KCI) 5.63 | 5.10
(Oct., 1953) Exchange acidity y, 0.34 ( 1.00
Exchangeable CaO % | 0.414 { 0.242
Humus (9 ) | 29,58 ’ 29.32
After the harvest of the 4th pH (H.0) | 6.00 6.10
. (KCl1) 5.40 5.20
cultivated crop (Oct., 1955) Exchange acidity y, | 0.45 0.32
Exchangeable CaO 94 0.428 0.247
After once again irrigation HH (H:0) 6.60 6.40
followed the harvest of the (KCl) 6.20 6.00
4th cultivated crop (Nov., Exchange acidity y, 0.26 0.30
1955) Exchangeable Ca0 94 0.506 0.359

WIBRIT L B &, 1 [ B o @i LD THEIE S M7 BUSTE 4 fF RIS XA b D[] 23 2 B Lt
P8 PG IR D BT A ESAEM R B RIS, 4 RIS X B e R 7o % DI 1K DEREHE
FWCHIRL, BUS (pHD) 1% aokakmlm RRIE & 984> L 7.

e b, AR X O THANEEC X T Sh B X it BHE & FE DRI & U EEMA L 4 7l
PTCVL, BT D 2 LI kO T o A BIET 5 o & TED LR,

2. TEHREERB LOEBOMEHIC L BLEEDOH LICES 248

HFG IR B L F 5 M L LTy MEDRNC (EMNC TR L, Losd i s Vediias &
LT%@ﬁ%&ké.Ezmi@%&ﬁféﬁ%®ﬂﬂmﬁm@k%%?5%@f%éﬁ%@ﬁﬁ
mk%ﬁ&w.%of%w@%ﬁ@@vLh%$w0%%M%®MM%K%vTMM%Mﬁ%m§
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SHERX L CIRD 4 KaFT e
1. B X % -REmR o YR
2. WHIEC X 5 g B« AR
3. BEENC X 2R« WVEREREX
4. WHERC X B ek R o LVEREER
© DERER A L RO 20 R0 e (BRD D Th 5. 20 4E0 4 JIRE LB L B LTI
T oBR AT, 5 ISRtk O, S XSk U e MBS X O CAEN 15 H D WA T
ot.%@&mi@&ﬁ@tw@mﬂmﬂbkv.%ﬁwmmﬁﬁyﬁﬁféﬁﬁadﬁﬁﬁﬁm
LT 7 HAEC 60 mm DR T o7,
Ml DAl 2R OB B HE U .
BRI 19 O H TH 5.
Table 19. Yields of crops in the field irrigation experiments combined two

irrigation systems, i.e., irrigation for the improvement of soil and
the prevention of drought (kohu per tan)

™~ Plot 1. Plot 2. Plot 3. Plot 4.
| L. Nonirrigated for ; i
S | Nonirrigated for improvement o Irrigated for Irrigated for

improvement of | improvement of

Irrigation
soil, but not irri- | soil and preven-

T
! improvement of] soil, but irriga-
1 d or ted for preven- h
soil and preven- \ (i n " of drought | gated for preven- | tion of drought

Total yield (koku) 3.10 4.33

Crops ['/,- ‘\l tion of Idrought ** - tion ,,?_f,.ijrought *ok - -
e, lN—P—K \N—P—K,C N-P-K \N—P—K, C‘l N-P-K \N—P—K,C N-P-K I‘N—P—K,C
Upland rice (Oct., 1954%) 1.27 1.72 1.43 173 | 191 2.33 206 | 228
Naked bdk“ly(lune, 1955%) 0 0.05 0.08 0.40 \ 1.70 1.73 1.57 \ 1.95
Upland rice (Oct., 1955%)  1.83 2.56 3.27 3.18 \ 2.61 2,55 2.85 | 2.92
478 | 531 | 622 |66l | 648 11
|

Ratios of total yields

|
s
Wi1od)rrfwriob \(1545 123 (2605i,,,_15;mv (209) 165
(100) 100 (130) 124 (138) 135
‘ (100) 100 (104) 108

* Period of harvest of crop,
** Irrigation for the prevention of drought practised only to upland rice in summer season.




BHCI2@EEEokBIZB T 505 £23% 15

I RIZOWTRD Z A2 b

(1) REEGR 7 OWREOAAEDOLHUL TS O BLHLINIE B O 34 L RO SIS
THETH D

(2) j%uﬁﬂtwmﬁﬂfuhmbTﬁV”*M&®t&®WW®%%M%§T&%(%1
X &2 KR, 5 3 H OBERIC Is W T B R 21 170\ T B 0 JEMA 77 2 K
@W%ﬁ@@b?hmRiO%ﬂfb DL AR 21 b le 27 eI e b, H2 7k
H OBLEDYLEN AR 2] 272K (3,54 [X) DFR I Db Tkl B, B L
LWHAﬂ5%¥C$%A#kﬂm®ii%@Luhm¥ﬁ®f3ﬁﬁ®ﬁm RRFIHE R, L
Db T RANELD NGO F b DM X O T St tosh, RIS D AT R 3 JROVR
4 UL, BB O RV 2 K & TERCATUVE 1 RO WM o BRI L » 752 a2t d
DEFEZHND.

(3) WM Lo THEA R U IS OB ORI oo Bl (B3R EH4R
@ﬁw)i&#&ﬁ%ﬂfv@LmL@%fﬁmw CHPEEIC BT A L DI UED K OHELE
2T i WEE (3 1X) THIRFNIFEZTI. X BIo, 2SO VR RO T O
TrocEB (R4 13 hic mwaué

(4) &@_A; ZAF MDA RMRCS U THIE TS 208, Bl & i e o 4
%@mﬁﬁkﬁbftmmf miba%ﬁf%¢ﬁi%MWFﬁf%a DT - DB
TH& 2 R & UGlifd 23056, S0 AT Ao T ifish BbTth b, Th
m%ﬁiﬁm¢ﬁ#%ﬁ&ﬁ%®%ut*ﬂHWMH"~'<&§ﬂ7 PEDT 2 DI D AT D
AREMIC 2 5 % BEffiE 18 O AR P i e < MR 45 DI X OTHERNERSRS, &
D=, FIED HH OALL e b OFET 7o i, F DK %5L+ (Mm$ THDN) DLV
& DRMERERR O BT RAFE 705, 2 &R 30 fEE D WS B LT o KR &Hch o
Fe O THIVECHE U 72U 25D 5% 0 B AR iSRS TV A, & OEHRICE W TARRD
B e BRI el B © 2 SR D X 5 1TE L B 0)1«@('JJ4*1‘0){4"1\‘{/["'%03:’%%%20)%
G DT HE kG 2 B E 508, 2 SR 3D E DB LT i A D 2T A, &
T X 2 L BEFN 29 41 J ot ] 30 4R kwéwmwﬁ3MMd@kthﬁ&Ofmhmmﬁ$
?%téﬁﬂotk%KTﬁ%F®L%®W&w%i&%&&Bh N B R R A TR Y b/t o= T3
B DO FEER U TR 2 A X\,

BT DI AEPET I OGS S I BN SE M S B WA AN O BT T b, SR A BN
LT HUWEE L, SRR P2 D WEEDO TN X DT FED ] [ DR E N L BRS.

3. EBKEICEIIRR

MMWM:&K+%&ﬁWﬁW&?6WWK%MTf GO KB 35, & LIWTERESI[DK
D X 5 IS MMERL S DTk AT il 10 K A BT 5 %ﬁcFM®mmi 75 R i D KD
Yitr X D b LRA LB L F L0 C, MR O B R 5 BN A S o & RS T
MELMHETL A

Z D KA HINEF 5 72D KO REBRZEEM L 72, & OFF B o W C K SO L FfE %
WL 270\ DO TABRE s W TR K MR FHTCIEX 10cm O K2k 2 15 < X 5 @K 0 20k
UCHE LaAd, R ENHBTH L, 72U, WUKIEOTER UNE 10 em 2 FE [ CH 5. RBRIK
& U TR, 7 H X, 15 HgETER )20t 20 A FEFER 0 4 X 720301 1=,

1) REEBHD -4 o P52



16 7N K #

TR TREROLELTRL, 2 - 30FEaiiolk. TOREIE 20 RKOMED TH 5.

9520 FIT X B &, WEEEAKECAE D C SO RUSTE TR P S A, M K O SRR & e
BT HfO U C BRI AR L e

2) HEER

BT A3 U CA BT HEIN AR HIX & 480 FHIX & 2380, HEINRwE e L TR 200 5

DHERE A MG U7z, @R & U R4 10 5 AR ), #EA K 12,58, v 4 %
ML,

PRI R AL 24 55, BERERRS & e, IEFROREI 2RI L M2l ROEI TH
5.

021 RO AN L B &, AFBTR KBRS LT RREAM LTS, LrL, 7T HFHD

Table 20. Chemical properties of soil and the amount of irrigation water

Amount of irrigation Depth of | Exchange Exchangeable
water samping (H.0) \ (KCD) aCIydxlty CO/ZIO
Nonirrigated lg - ég ] Zg ]] 28 ) lgg 8822
7 days’ irrigati;ni Ai.l(s) N ;,(5) t gg % ig ‘ %g 5 8%%
R I R T
shor . Q2zR oW w0 B | oW
— . b e e ) _ . ‘ S —
20 days’ 4 | 1g N ég \ g(li 28 gg ‘ 8?% |

Table 21. The amount of irrigation water and yields of upland
rice and naked barley (koku or kan/tan)

oo Fertilizer : Non-irrigated irzigjg’if;n ,irl,figc;gj;l,,,,_ _uzg;aag:nv
treatment ; Grain L Straw | Grain E Straw | Grain i Straw | Grain | Straw
Upland rice | N-P-K 127 | 440 | 204 644 | 191 = 690 | 209 | 736
(Oct., 1954)** N-P-K-C* 1.72 l 58.4 236 759 2.33 } 78.2 | 271 92.0
Naked barley N- P—K 7 b e 0 Vv”717.38 ‘ 7913 | 7170 B 835 2.40 108.0w
(June, 1955) N—P—K-Cﬂe 0.05 8.0 1.56 L 100.8 1.73 100.4 2.40 119.6
* C...-Compost. ' ** Period of harvest.

Eﬁbr X OVCVET‘M i%nﬂuﬁgi@ff: iIE%?VCL[K i) iﬁ_iﬁ?ﬁ“ﬁ’ L7,
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Résumeé

The present paper is the results on the irrigation experiments for the purpose
of the improvement of upland field of volcanic ash soil, which is extremely low
in productivity, in Kuma district, Kumamoto Prefecture.

The results obtained may be summarized as follows:

1. It is possible to improve rapidly and remarkably this poor field soil by the
irrigation of water from the Kuma River which contains distinguishably small
amounts of mineral constituents.



18 2) 2N #

9 Tt was found that the Kuma River water would adequately bring about
soil improvement by a total of 10 or 15 days’ irrigation.

3. Tt was found that although the accumulation of bases and silicic acid varied
according to the nature of the soil, that is, black volcanic ash soil absorbed more
calcium than silicic acid, but on the contrary, yellowish brown volcanic ash soil
absorbed more silicic acid than calcium.

4. Exchangeable bases are more accumulated, pH value of soil is heightened
and exchange acidity is lowered by irrigation practice again after the harvest of
the 4th cultivated crop.

5. Bases accumulated in soil by irrigation are concentrated in upper soil
horizon and decrease with descending of soil layer.

6. It was clarified from the field experiments that both of the increasing of
the productivity and the stability of cultivation in upland field are realized by the
practice of two irrigation systems, i.e., irrigation for the purposes of the impro-
vement of soil and the prevention of drought.

7. Humus in soil sampled immediately after irrigation finished was not recog-
nized the essential changes in its nature.
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Explantion of photo plates

1. Soil profile of the Kodonbaru experimental field
2. Irrigated soil in laboratory irrigation experiment and growth of upland rice
1. Nonirrigated virgin black volcanic ash soil
. Irrigated black volcanic ash soil

2
3. Nonirrigated virgin yellowish brown volcanic ash soil
4. Irrigated yellowish brown volcanic ash soil

5

. Irrigated yellowish brown soil in stratified soil of black and yellowish
brown soil

6. Nonirrigated mixture of black and yellowish brown soil

7. Irrigated mixture of black and yellowish brown soil

8. Irrigated soil under 20cm of mixture of black and yellowish brown soil
3. Irrigated soils in laboratory irrigation experiment and growth of naked barley

1. Nonirrigated black soil

8. Irrigated black soil

2. Nonirrigated yellowish brown soil

9. Irrigated yellowish brown soil
4. View of the irrigation practice in field experiment
5. Irrigated soil in field experiment and growth of naked barley

1. Nonirrigated virgin black soil

2. Nonirrigated 'virgin yellowish brown soil

3. Irrigated yellowish brown soil (in field experiment)

4. Irrigated black soil ()

5. Nonirrigated black soil ()

6. Irrigated soil of mixture of black and yellowish brown soil (#)

7. Nonirrigated soil of mixture of black and yellowish brown soil (#)
6. View of field irrigation experiment

A...Irrigated plot
B..-Nonirrigated plot

beveres N-P-K, Compost
Coreers N-P-K, Compost, CaCOg3

7. Comparison of the growth of wheat of the lst cultivation

A...Irrigated plot
B..-Nonirrigated plot

Deeeres N-P-K, Compost
Corevers N-P-K, Compost, CaCOj3

8. Comparison of the growth of naked barley of the 3}1{ cultivation

A-.Irrigated plot
B-.-Nonirrigated plot

be«.-..N-P-K, Compost ‘
¢+++++N-P-K, Compost, CaCO3
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Fig. 6

Fig. 7

Fig. 8



