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STUDIES OF THE SCIENCE OF SOIL AND MANURE ON
UPLAND FIELD IRRIGATION IN KOMAGADAKE
VOLCANIC ASH DISTRICT

[ . On the Dchavior of Soil Moisture by Irrigation
and the Consumptive Water Capacity

Matsuo Minam1 & Masatoshi Sawacuchi

55 R BOUIE O UE-SAHER RO —R & LT, iRk ihbk:ac a4+ 540
S AT X B AR OB & KOV TEM LAcii Ut A bio-|-
P AR 10~15% 0 TR INZZ U L. AN O AT R 240
mm RIETHY, Ei, EFORAFHIPRIVBUB LSS, BEHUEkogo
% VA BT, Me2oE HPIRAN & LTX 7 Bdi), AU Tz 8 Hdiias
MESTC, 0L EORMPURENT 8.2~10.2mm T 5, TRMIfERICAT B4
BRI A DNCREIT LR LTINS, GE s X UCKTIBHTEIR B THh b,
LS, SHOKERRADEL D, 1A & LT EHiRigmio:
SEATEIR O S0 REEN I RN L B L - L LSRN TH B,

[ # E}

Kb L FETT 20D B fobiZid, WD/ ARAF
FALETH B, FOMITIE, KB E LU
b oods, KSUHE, ke &£ L nFSE
ZHhad, Bsda XK cih FIFsh s
KAMFEILZE LCAN I L T, =Hvks
o Control #{i/c\y, HEHMOWEDOHIA &5
XN E I E HME LT,

HOEO MM A BT 2 RERBIZEY 1k,
e LTHIRARE T A Y n ol B5E L

LREPAI RS

TARANTHED B A, MK X UEHMEF D
EifRr T oKL L TE0T, LR
BT 5 BRERBIEN X b T e {, Fiz, 1
1 2R KA S, EHOKSOBE, K
WSy B, FEIER s & RS & PEET &
DB £ R ETSEE TR T X & R IR
240,

F 2, REMEIE MM A SN AT i e o AL TR
BH AT AR ¥ 6, MR LR & EIE T LIt
ENRDLOTHD LGB TRICR
WL LD ELTU D,

<H, MBS AN O ST 1 1 1) Surface
Irrigation (D Basin Irrigation (2 Flooding



5% IR I 2613 SN A DS iz 3 B I e

(® Border Irrigation @ Corrugations () Furrow
Irrigaton  2) Sprinkler Irrigation 3) Sub.

Irrigation T XHIZX T b, ZDobh, bHE
TH{FRES hTuv5 MfEMA ik Furrow
Irrigation & Sprinkler Irrigation ¢ 2%,

—RGZ, ML A OLBEEORIESE O
AR ORERR, OFFTREEEAN O M0
IRGMEATHETS, MR dTIREMI IS U563
WIRDORCE i EDHBBHEIC L » THE S h 5,
Tihbb, ThHNERDMEENMAN VDL
BHONCPART A Eiife b,

ARBFSE TR 196048~ 19644ED 5 M eIz itz b
B4 KK HIZ s\ T Sprinkler 2 X 541
MDA IR L, HBOK U0 K538
e LIETIE, ASVEMORE, MAS
FHIEC A K AMES, IRk IR A Sz o
THI LRI 28|57 %0

ods, ARGONEZEEL, JHHETI TR
KIGTTEHE, 2T (&14;5, FIJLI%.ﬂ'é-v LRI ORELL
ICIZ PR DA BT B,

g

0 :lll

I =Heerx

PSS A MG L Ao SRR 1SR i b & OF =43¢

‘Dﬂl.'fb%iﬂ:li Tab. 1 ~ 2R} T&B0 ThbH,

Hih FEBMBRREI M CJalf-Le)

ARG LB o A KGR O H B 5 K it ki
WL, KREBAMIIRSE K INER S 1 BRI T
HY, oKk X UHRIIOKNE TR
FEoflizk, BRI &by Thia il -5
THhbHo

Wiz, A DO ORI EER 1R A D
b, FRINMGREY o SCARBLNI 2 MBI 5 &, Feakdfit
L HMETEE 1,100mm BES CHUFUL O 2 s e
Thie L, oo, WEHO LTS G~
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Tab. 1 Soil profile
Soil Mechanical Sail 3 .
horizon Depth ' texture color Characters ‘ Remarks
L R o A | -
‘ pemes t . ‘
1 ~14 A s : :j)rzg\lényellowlsh Komagadake d volcanic ash
i ' Yellowish . Brittle crumb structure, Pile is Depths. of
2 14~28 1 3 L : Wive en
brown i soft. No adhesion. | effective sail
- - 77 layer is 28cm,
Komagadake d volcanic ash.
o .
3 28~ G S gﬁ{fh _ Single granular structure. Pile is
compact, No adhesion,
Tab, 2 Physnc'il anxl chemical propt.rmq of soil
Soil Volume \Ieclnmcal compomlon B pH 'I:otnl ;lotal ) Exc.luyl:;.;c ‘ j‘;l(;xl‘lmﬂﬂ B
horizon weight  Coarse Fine Silt Cla © H,0 | KOl nitrogen humus _capacily N [ 0
O sand |, sand ,L,, | Clay 1,0 &% @ mey N | PO
i 1.45 83.6 10.4 2.6 2.3 6.30 5.25 0.1 1.84 7.37 214 914
2 1.44 83.9 10.3 2.2 1.9 6.50 5.60 0,11 1.26 5.85  B) 610
. i . ' : ! i : |
3 l.3-l} 91.4 6.4 ().2; 1.0; - i ; 0.65 79 400

0.05:7 0. 24?
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FEL, FORBRAMIKRDE L) THDo

Wb L HERRAL A 38, BEER 4g,

Experiment design

Tab. 3
No. of . .
plot ! Treatment Soil sample
o R
!
1 ‘ No irrigation ) Volcanic ash soil
2 20mm irrigation 1 Volcanie ash soil
i !
3 . 40omm irrigation Volcanic ash soil

M 3g/Lysimeter, ATEOMAIINN 1.58, 24
fag il 3g/Lysimeter THH, MhANVI
irakzzcit6 B11A~8 108, KETIL6 A
20H ~ 9 B30H ¥TTH D,

toks, AKIEFER WS TokL, Rl
25& o B OMAKIRIERIL L DI L7,

[=X-A (1= 3

[ ;AKX & A KNt

A, B BHiR Amm OFEFEAAH -

Quantity of irrigated i

? waler every time i Interval of irrigation

(mm) I
; 0 None, no culture
20 l Five days
N0 Five days

b

Y 5 [Yigr H %%

BEAGUIRTE OG0 9 BB A D4 9 R ¥
T L OFETH OBBEKIE B L, ¥R, Ef
[ifkir Lysimeter (¥EdE L TR Uitk
L USSR Tl Lice 4o, THARAKAL (g
TR+ AR (MK RY FRiti+ AR
W) kY EBHEAINAE LTI TRY, TR
SEIZILIRE 1.4 ms, %X 30em © 1/700are
Lysimeter #{iJll L #o
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Tab. 4 Retention capacity of soil moisture

Gt

volume)

Soil moisture (% per unit
Sail . Volume - ¢ s o g - B - prm e
] of soil . . Solid  Liquid ;| Air space : } ‘ ;
horizon (em) weight * ice ~ phase | phase %) pFo  pF1.5 pF2.0; pF3.0! pF3.5 pFa.2
o BNCARRNCHY B M ! ! o )
i . ‘ ! ! ! i !
1 0~ 1451 43.8° 1590 40.3| 56.2 | 45.6! 21,91 183 9.6 7.3] 4.6
‘ : : ' | i ! ! : ;
2 14~28 .44 42,0 4.7 43.3 58.0: 44.87 20.4 17.9 9.3 . 7.0 4.5
H X . . ¢ | :
3 8B~ 1.34 45.0 10,0, 45.5 55.5 | 41.9;‘ 12.4 ’ 11.2 6.8 % 4.7 2.2
o o I i : 3 I . i [
j field ’ pF colrresp?m} lln“ Availabl Available ’
Soil 24th hour ficld ' 24th hour field vailable moisture el v 24
horizon  capacily . capacity moisture capacity F.C~pF 3.0 pl 3.0~pF 4.2
Gy %) (3] o (mmy e
| . i
1 20.1 ‘ 1.80 % 15.5 21.7 : 10.5 5.0
2 94 170 | M9 . w9 . 100 1.8
3 11.5 i 1.75 9.3 : 1.2 : 4.7 : 4.6
Remarks @ 1. pF"(V)V lq (ill.' nmﬁhm capillnr; \rva'lrcr capacity. R
2. pF 1.5 is the water capacity exhausted with suction pressure of 32cm and the maximum
capillary porosity.
3. pF 2.0 is the water capacity exhausted with suction pressure of 100cm.
4. PpF 3.0 is the moisture equivalent.
5. pIf 4.2 is the wilting point.
G. Available moisture is the moisture between field capacity and wilting point,
7. Available moisture multiplied by depth of soil horizon is available moisture capacity.
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Fig. 2 pF—moisture curve
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PF Maic h K<, HRY, HgESW ibaiED
L O iE e e CLL I A KTk pF ik 2.0
TeHALDBREDLTHDEMHE LTV D, I
O 24RE NN EKEcH PF1.7~1.8 iICii ¥ 57
&, M KELE LTk pF2.0 L0 3 pF 1.8
#EMLICHBRERHREMbh 5,

Tab. 4 L H 405 L 5, BRIk
B AALNOFHANRSIIHL, 2/ & 1i215%,
WIRLIOBHETH Y, %o T, FTRHBEERA

(28em) OAFFAMERSMR, Tickbb, TR
KERHL 10mm FBTH D,
Wiz, AT%7ks (F. C~pF 1.2) % pF3.0 C.I-
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~pF 3.0 DfCILME e & Bibi
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— 7, ATHARBSRANC A 3 Ju RS T4
ShABERE LU, M5 OFHERE FEic
LS FEE A B, Z OO RS
A AR E V5 S, DRERSIK
TR T I B~ C s SR i L L, o,
AHROBEE, R, RO, o 4TI
BE7e o X o Thl—fFma > CHLC L S50
kD0, MBS SROBRE RS -7, i,
PO ARE T I AR LIRSS &, 1Eio
Wk X OZERC X B SRS ORI K b
DI > THT LL —ReCie <, TEEIFHIC
B AKAT ROWE1Z, TR EE LT BT
Do < DIRATRDIE % - HOKPNIRED 7 19
EWbsy, M AR A Ak &
ARV AP T B LB LIETH B,

Dare, ScHocKLEY B i L hiE, = ok
PENLBE— S K CH TR A A 55 Ui e X
A BIEHIZ40, 30, 20, 10% O HRTARSNIYE
NFdoh 3 LT LT 5,

P T, AN AREIITMIC 2T, 196348
D7 R EAE 8B D THATH D, SN
& ARSI ERT DT HIE U 2ogs s Tab.
SIZTRT LI TH A,

DX ST, INBHRAERD KM A 100 %
&L, REEY 365575 & ML D 36~40%,
4224, 18~23% DA TR N iTiedoh, 4%
12, #2/ (10~20cm) ORI E L,
Ld, 0~20cm OzRMERTR A RD 80% 1L
LTV %o Eie, HEEOfdT RSO
AFEMT 1Y ) 5.0~5.6mm BTH
Z)o

WS, HHEAA DB LB e E Lo
1 Eiep s A kit & TONF B Sk Pz 2 fowiziy,

Tab. 5 Evapotranspiration and soil moisture

exhaust pattern

Depth of | 3/ ~ 7/ | 31/ ~ 8/\
soil CATW TSMEP A W SMEP

(em) (om) ° (%) (mm) 679
0~10 8.7 3.8  19.5  39.5
10~20 j 10.1 | a5 | 208 0 d2.2
20~30 ' 5.5 @ 22,7 * 9.0 | 18.3
TR _ ! [ A A

‘ !

ET | 243 ' 1000  49.3 100.0
() o
AET | 4.9 . 5.5

(mm) |

A W is amount of consumplive

water use of every soil horizon.

ET is an abbreviation of evapolran-

spiration and indicates AW.

3. AET is amount of evapotranspiration
per day.

4. S, M. E. P is an abbreviation of soil

moisture exhiust pattern.

Remarks

(3]
.

¥, B4 A7k 1" » Total readily avail-
able moisture & {{§Z%XxJit"* Consumptive water
use #JMIUL BV & OBERATHKIMR
&R T A 47T A MEFE T Do i, AR
BERR O 3 & PEHIC L o TESIZRIACEIH X
NOKRSITH » T, T MhOLRHKSON:
Kt & IER BTN TRF & b X ETIRBOATH-1- M
DKM DZETH D, BRI, R OE
BRI & HREFIZ L - TRDBI L, ¥
to, MUERKG & IXTRIERINT L » & LR deddAy
Wk rle < fe b Nicdh b, Z ORI Ok
SBEWMANTH LI & SNBSS A DN e
ETAEEMIC By THobh, HFRRBERAIZS
F 31 B AT RR MU LR O AT 2
L—PDMRHNZH I D, (EOMEIRcdTT 24k
FTH50I34F0 5, Yhbl 2008
VL EEME RUE TR LA % A A0 i3I0
& —;' LD ’C"tﬁ Lo

s T, SO T, Tab.d, 5%
MAA D> T B F A RIS 313 2 HB - 167,
AT ZHIRARRT DU T LA ss 4 Tab,
GIZsRT &40 Cdh b,
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Tab. 6

Total readily available moisture in Komagadake volcanic ash

district (oblmncd from Tab. 4 and Tab, ;)

i~

L o@ @ <z) | cs) <s> i (7) TTw | @ (m)
I ’ h " Consumptive’
: " “Total ‘Rate of Total con-: Ristricted : !water capa-

Soil Depth of | Available ! available |water con-, sumptive ! s0il | T.RAM cily at every: T.R.AM
horizon ‘'soil horizon moisture | moisture ‘sumption ! water Thorizon """ tlayerin TR /T.AM
‘ ' capacity AM

CCem)  (mm) - (mm) % _(m) o (em) (mm> G
' ! t ! i i ! I
1 0~10 15.5 B S | | L 1.7 ;
1 ! f
2 10~20 14.9 39.7 42 36 0o 36 15.1 1 90
3 20~30 | 0.3 | 20 | A7 ’ ] 7.2 !
Remarks : 1. (6) = %) - (:)) ) - o -

2, (9) = (8) x (5)

3. T.R.A.M is an abbreviation of total readily available moisture,
4. T ACM is an abbreviation of total available moisture.

Tichh, A T S A EATHURG R
wsmmChHh, SHABRNL 1 BohiKkice
DA, MR, CHIZIMANOCERO BAaL
ALfctriuEfetfovs o, TH HEUL 2 O
AT RhIRAS MbW%M®mkz%%M#mLL
fitHy, =55 BEAD,

SOk 5, A GIRIZ sV CiE, o
m547“&rT%tW®ﬁz,Mm+ﬁ®%$
LA, THRRAG o BT RIS & BRI, T
ekt E DAL TCH Do

iR, B KRN BT 5 AR ORI
SMEI0~15%NBTH D, FFRIEER P O KAt
ARG 0mm BEETH Do Linl, {EDICAL
VBRI R B kSt LCik F.C~pF 3.0
OISR AR FNRY & bh, BEEHY
KAk 36mm Tdh - e

¥t AHBOTR ObsTsoom) O -kHEKG
KRN IC L DR LAY RS VW, KK
G F10, 200m) ORASGHEHLEOREL EHY
ThEL, 52, RGTHE L R AR D80
YL\ ik L, HEORBERANLLE #Hie b S5mm
WHTH Do

@) DADSELR

FAFE % 2ot A 25US o C, IRk &
RPATIIRGN Y, PEEMC X 5 PERNER & -
D OBEREC X - Chsbh, MR IR TR

WP L, Lind, colRAamkt ho@s
12 5T D Z & RBICHB S LI,

—f%iz, %%mmmmam&@_fmu4%.
i&*%&ﬂ@k@%%ﬂrv@%n BHho B
»C, BANVCTEBOH O, FRIRIER
WO HHORDH EDREECIRD Lic & ZiZh AN
WDt T 5O NHRAGTH B d v 5 RHDRS
e DW L ) Ol E, 1, (ke 4<%
T BEENE EAUEDDEED TR R E VDY
Wich BT, hoKSEHROBIL Y, 5D
O EDETTREIZ I A DN L 84T 5 D2 %)Y
ThdhEVS 2 20BN AT IR T 5,

¥-F, WL Tensiometer %405 U Tk
HOZALAMFEANIEER LT, HANVTHRE -
AT RO TR & OBREZ WL T 57
Wiz, AT RIRAMR O TR GEA25%, 50% s &
UT%ITe o fo & &2, AL LEHAOE
Wis L OREO LT, 2> THTE L s
% Tab. 7~8 i, fods, A KFH:
1343l 4% = R X BHKDA B OCLIH, T8
MOoEs % J0em, A+HEOHEHKM %Y 40mm
&L

¥, MEAHE Qoseirs A~9 1) DEERK
Jitt: 500.8mm 'C"IMF (517.4mm) & (XTEHEE
ThY, BINZTALETBILEC£L, 9ok
mﬁmvv&&moko
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Tab, 7  Effect of irrigation at the time of 25, 50 and 75% of
soil available moisture on the yield of potato
e T 7 Growth at T “INumbers of
No. of \ | flowering. }W?Lelfl of liof‘itf"(]‘g per lu.u'e) Y time of
plot Treatient llelght of Numbcr:. 'Large! Middle , Small mdex lxmgal'mn E-
crop(cm)of stalk | tuber tuber tuber Total ;dur_mggro\sm[,
e ¢ I | | | (giperiod _
f b l f
1  'No irrigation ! 46.1 ¢ 2.9 ' 564 . 1,197 ‘ 1,054 . 2,815 100 0
Arrigation when 2597 by volume of| ! ‘ ' [
2 'soil available moisturc is t.onsumcd1 16.1 3.11 652 * 1,630 810 ¢ 3,122 | 11l | 8
. whngdhon when 507 by volume of = . ‘ . ;
3 Isoil available moisture isconsumed, P19 I , 9% 1 1.586 836 3 3,218 l 1 ! 4
Irrigation when 75% hy volume of| = 1 1 . ‘ w10t | o |
4 ‘qml .w'ulabk moisture is consumedl 8.5 3.0 ‘ 617 | 1,635 933 1 38,185 [ 13 | 2
Rtmnrks : l. Total prccmx!’xlmn durmx, grm\m;, period is lTlmm - B
2. Quantity of irrigated water at every time of plot 2 is §0mm, soil moisture (ension of plot 2
corresponds to pI* 1.5 and tolal amounts of supplied water (precipitation plus irrigated water)
is 491mm.
3. That of plot 3is 20mm, soil moisture tension corresponds 1o piF 2.35 and total amounts of
supplied waler is 491mm.,
4. That of plot 4 is 30mm, soil moisture tension corresponds to pF2.65 and lotal amounts of
supplied water is 471mm.
5. lIrrigated period is from 15 June to 15 August.
6. Fertilizers applied ;

10kg N as Ammenium sulphate, 15kg P,O; as Superphosphite of lime,
10kg  K,O as Potassium sulphate and 1,800kg compost per 10 are respeclively were supplied.

A DS IIILD RO B T, dTT e
WailiCC, EPrANVRENADGIER O
IR 5 RS & Y, IRz VT
AN L DU~UZTTHOMREZRL, A
PO L 228 L A FHw B iy,

Tab, 8

Effect of irrigation

LaL, -REEFOFRKSOS0% M R S hi &
T A Lt BEHUZ I OILBRK I B LT
WIS RIS & OIS e ek & 5 T
Hr5icEND,

al the time of 25, 50 and 75% of

soil available moisture on the yua]d of soyhean

th at flowenng " {Yield of soybean | Numbers of

: Grow
]\X]?,'t of | T'reatment Henght
p of crop
L : ,A,(em)
1 No irrigation D736
2 . Irrigation when 25% by volume of 75.9
; soil available moisture is consumcd a-
3 Irngatmn when .:0/ hy volume of ! ! g2.9
sonl available moisture is consumed x ‘
! lmg'mon when 75% by volume of 81.0
i i soil available moisture is consumed ’ -
"~ Remarks :1. Total precnplt'llmn durm[, growmg pe
2.
is 559mm, plot 4 is 559mm.
3. Irrigated period is from ) July to 20
4. Fertilizers applied ;

3kg N as Ammonium sulphate, 8kg

| (kg per 102 10 are) Yield t;;t:e g{) ]
Ni 1 4|
i T, _n e i
1.2 ! 10 i 286 Z 100 i 0
34 40 - 266 o194 93]
13 s aml o200 s } 6
44 a9 232 . 1) 1

307 |

nod is l39mm

Total amounts of supplied water (precipitation plus irrigated water) of plot 2 is 529mm, plot 3

September.

P':O¢ as Superphosphate of lime,

skg K,0 as Potassium sulphate and 750kg Compost per 10 are respectlively were supplied,
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KEZIBSHMENL D, HANGES L UM
ADVCERNZ & DB 0% SRR, »
A EIED U BER (ko {i R0 25%
PR E R L FRPABEFHLBK) AN
VR E BRI L TRl s & O SEsa 4
e, ek b, Ly, BRI
k% E, RO INRTH LR L, W
ERDORIZE L, o, WROFGLRL Picv M
Mi% R Lo

RS BT L, #hA S EKOTFIR LA
100 & Loy, S-HUhogeuRaitos50% 21
PINRIEZIZHANCEIGD BRI L - & L
VIR (15) AR L

— B, R L D OIS X DHIKSMHIL
BABIXHEHE, W & DLKRSM:, ik, MO
IRME s & Rl Kic X o THRAT S DM,

R
|

Tab. 9 Effect of irrigation at the different growing stage on the yicld of oats

Growth at harvest

#Hm, kA TEROBIL b, EBHME LUK
BT 30 AN CTEE LT R o
BHEN) DATHIIRS: (OF 2.0~3.0) DS0%EHEH T
PIhE XETHE LTHANGCEITHDLOMN
& LOMTRISIFRIR Y G2, Lo & LIERM
THDHEEhh5,

iz, e, @Ml L ONKREL AR & L
T, HAEOETIFEN & MA DD & oY
RSO TR LogSik i Tab, 9 ~ 11 2R/
EBDCHaH, Iods, MAKFLLIICHE LW
BB, 3Lk — =12 L DK ARV,

¥, FEEMIHGR Q96345 )i~9 1) DORERK
fitix 566.6mm -CIEE (517.4mm) ITH L TN
£<, Bhck&k%L b, 58, 61, 7A0KEH
NELLSLL, 8RL Y Blrstz L, —1B
LAt D L BlbIv i,

T Yield of ;ats
(kg perigare) _  yiug

No. of S e e e e B )

plot Treatment ' Height of | Height of | Numbers of | Weight of 1 Weight of | index

crop (cm) - ear (cm) | stalk straw grain .
o e S S i,- 9]

i ’ !

1 No irrigation 95.3 20.6 30 . 269 215 100

. | Irrigation, 5 days after - i o9 g | j’ g85 39 P
2 seeding 111.4 ! 22.3 i 40 385 ‘ 259 120

. I Irrigation, time of car . o1 = , e | - | .
3 opening 111.6 21.5 : 42 365 * 275 ‘ 128

i lIrrigation, 15 days after | | . k an o | .

4] e R A N 37 3l 64 | 123

Remarks : 1, Total precipitation dﬁﬁng grm#ing period is 462mm.

2. lrrigation is continued for 15 days in all plots and amount of irrigated waler is 10 mm every

2nd day.
3. Fertilizers applied ;

Skg N as Ammonium sulphate, 8kg P,0;

as Superphosphate of lime,

skg K,0 as Potasium sulphate and 1,200kg Compost per 10 are respectively were supplied.

DA ORI ETTREEIC X » TS &
ETRENA N Y, RS HEHANGK, I
fifA» A LG, HEEBISA B2 ARG K Oz
EFTTORGBEZ AR Lich i &, ko
fipeds & R ORINET ASHN T, REELls
SBBCH Y, WML ETTRE & RN HEY
ARG LA L DIRERRGSA, e ditofilic
EMANCTEIZ L ST E AL BRDLLRF,
20~28% DW= L7z, HBIEGH A 500Kt

PRE XS TVBH STl b,

—F, B#MTIE, ENANVGEERANGIL
MR O R T HETT DA L gL A,
LRI, STBIICHAN L i KER
2, ENORELMBEOMFR LR LI, Bk
HRD PAINNIZ KD 22~ 28 BB ORIK AT
L, ZORBICOWTERD E, IHHEBISHEHNA
PR, BHIESEM AR, BHIESISH B A
W DBGETTRIRZ A Lo b g £k
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Tab. 10 Effect of irrigation at the different ;,rowm;, sl'\gu on the yu.ld of pmato

. ’ ; Growlh nt flowenng | Yleld of potato (kg per 10 are) x
II:IOO.t of Treatment Hught of 1 \hunber‘: | Large ' Middle ,Small tuber “Lotal  Yield index
o ,‘cmp_ff"‘llff stalle - tuber wber  TTETUET, T (g
1 I ivo irrigation ) ‘ 37.5 ‘ 4.5 ‘ 205 ; 803 1,362 ; 2,370 I 100
2 : soagavion, 15 duys after g5, 46 565 L LS e 20 122
3 | prigotion, time of “"“’"’ %3 1 4.7 s | Last . o2 | 2001 | 128
1 };‘g:&,}ggg 15 days "'““‘ 3.0 0 48 | 661 ‘ 1509 | 82 | 2,07 126

Rumrks HE ’Iotal pIECIpll.lhon durmg ;,ro“ ing pu iod is .;2.) mm,
2. Irrigation is continued for 15 days in all plots and amounts of irrigated water is 10 mm every
2nd day.
3. Fertilizers applied ;
10kg N as Ammonium sulphate, 15kg P,0, as Superphosphate of lime,
10kg K,0 as Potassium sulphate and 1,800kg Compest per 10 are respuctively were supplied.

b 11 Effect of irrigation at the different ;,romm,, st'q,c on the yield of soybean

. - - Yield of s soyb'.an

(.rowlh of harvest !

No. of e ey (ke per l0are) oy

. Tre: I . | .

plot Treatment Height of N \’umlxrs of Numlx.rs of : Wu;,ht of quht of | index
o eopGemsak skl saw o gEin (g

|

1| No igation 68.7 8.0 57 285 183 100
2 ‘i{{ﬁ‘,‘l‘;’“' 50 days after ' 790 7.8 59 240 133 73
g | ogotion,time of flower 77,9 7.8 68 268 260 12
R }{;{52::3: 15 days after 7.0 8.3 71 28 | 250 136

Remnrks + 1. ‘Total precipitation during growing period is 553 mm.
Irrigation is continued for 15 days in all plots and amount of irrigated water is 10 mm  every
2nd day.

3. Fertilizers applied ;
2kg N as Ammonium sulphate, 8kg I’,0; as Superphosphate of lime, kg K,O as Potassium
sulphate and 750kg compost per 10 are respeclively were supplied.

b XOURNORRAE {, MA OIS WCHERE L, T oMl L oG £\ iR
HIXoWRIbR G i, HANGERIZ L 57 iR Ll

iz A FRS LR, BHIERM A DWW K B T, RISV T L, #FEIE508 B
PREXL,TWES L5z BbRi, amtzmﬁﬁmw‘ﬁm_&Lfso 74 =103

REUTAR DO E R b, MANVI L, —7, PHIEREERD A 00 BUE 4041
BEREIONC X BB ICHb T, —HK DRI R R Ui,
I A A B LAHRBIES0H B A Hiv it —AZ, (it E D LTIREHC X » COROPI
FENADVE EFBECBRICHE LT, s I - T, ks BT 2R S5

KBRS, Landh, 35 L Licv, Zh IEDODOBEOETIIA IV OLERITCH Y, T,
IZR LT, BIEEEDAERIA A Lz L ol {EfiL = ok 5 MoKk £ 4 & er B ARETg
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Bt Tab. 12~14,

H2r,
FWAOI R L USRS, B, BRI X

Fig. 3wkt e

HCERSR~E S A Ch Do Fh, Hllk I 40mm MAHGKR>KINES 20mm A H

L BEMIEAA N OCERS X S B oL 4 VWREODMRZ, WABRGCKREDOEGHFRE S T
A, KEOHEAERS & S8y 55, —F, REOHSKNT 20mm A H
B, VR KR d0mm A SNOCK O i i]

() BRKB|L=EFDBR

AP O T e LOKRE O
PRARITE™ 20 & NS M AKICHE 5 24308, #iER, nil
DEBIAZ & HINRAY &, By KilHE-13f
*{t3 L, 1/700are Lysimeter #{liJi] L C¥it:

Tab., 12 LEffect

LT\ %,
47 AL WYKL KRS 20 mm
MADVCECIL 372mm, K IIRD d0mm AN
UL 545mm T Y, LFHE BTkt
kzhsdih 5.3mm, 7.8mm TdHh ot —0,

of cat
Sort of crop

i Yield (s per 'y

of irrigation on yield and absorption of nutrient
and soybean (Lysimeter experiment)

Oats

Soyhe:m
. 7771 Amount of nutrient

:\mount of nutrient '\bcorb-l Yieltl (g per

. lysimeter) ed (mg per lysimeter) ‘ lysimeter) Y"']d i';,f:::;ljgr) (mg per
Frestment Weight | Weight ndex b0 k.o Weight Weight ,‘"d““ < o Ko
ol’ straw of grain % ! ’ :‘ ‘ >’ | oI' str?w‘of grain_ % ! s ?
20mm irrigation 96.2‘ 53.8f 100l 2,302 71[1 2.311§ -|8.7: 3(5.8:T 100’ 2.974! 8-12‘3 1,648
J0mm irrigation 1[1.3‘ 80.2 149 2,795 1,017 2.801‘ 55.9 33.(ij 91% 2.660‘I 811) 1,723
Remarks : 1. Onts. 7

Seeding—20 May.

Harvesting—19 August.

Peried of irrigation is from 11 June to 10 August,

2. Soybean.
Seeding—18 May, Harvesting—10 October.
Period of irrigation is from 20 June to 30 September,
Tah. 13 Amount of water supplied, permeated and consumed (lurmg glowuu., period
Sort of crop Qats 50ny M
SR 1 XP IR+ I{R+ SR F1 3P S((R+ IR+
D-P} D =P} D 11) —P)_

. Precipi-Amount | Amount

“day

‘ day
Amounl Amount vDays ! Preci- Amou- Amou- |Amouut Amount Days of

Treatment ‘of waterof waterof waterof walerof pitati-nt of nt of of waterof water.grow -
“tation  irrigated [permea- consum- consum- grow- on  water water ‘consum- ‘consum- ing
ted ed ed per ‘mg | irrigat- perme- el led lpcnod
‘ ‘ day pericl ed ated chr day
(mm)  (mm), (mm) (mm) (mm) (mm) (mm) (mm),  (mm) (“‘,‘!‘)‘
‘ i ‘ | \
No irrigation 259.0 0 145.8 113.2;l 1.61( 70: 458.3Y GE 284.5 l73.8: 1.55! 112
20mm irrigation 259.0 153.1 40,0 372.1 5.31 .'0‘ 458, 'l 96.7, 166. 6 388.4: 3.46 n2
40mm irrigation 256.0  391.3 105.8  544.5 7.77? /0 438, i 328. 0' 262, 7 523.6 +.67 112



68 BRI ARS ) 3 I B

RE DL KEGLKIE 20mm A 2GKCLE
388 mm, KUFEHA0 mm AN 524 mm ¢
HY, LYo B TekiEt: 3.5mm, 4.7
mm Cdhoie ¥h, EHE EMHANVET
ik, BMLER XOCKREOWFEHE LIZfRARO60%
WERPABRE L TR D, MBI oMok 2n
EbhHT/IhIVIEXHRLT V5,

Wiz, WHEHOREENO B i kikic o T A
D&, WMETIRT AP QLB PREGHY R
LC 10.2mm Cdh D, —F, KETIL8 Hijifi
GHEMD) 2B C, coffiiit 8.2mm Tdho
o

SR hic 248K, B, Mok s
Is L OFERIZOVTC AR A &, M LURUD
WilfEdm & Lo KM 4 0mm AW R> KNGS
200mm HADPGEDITHD, —8iZ, MAK
kORI - ¢, BBERE —MOEE Eh
Do Ef:, MAVGIZHED BEEOBERRERILTE

Tab. 1.1

Fig. 3 Evapotranspiration by lysimeter

experiment
1
Oats 130
. b
i 10 s
T, g
20 =
£ i
2 6 kS
ES &
i -
£ &
1 wo e /8
= " Soylean s
3
2 g
T 20 2
g ¢ H
K 5
= i3
g‘ 1 L0 H
i, H
] &
174 1/ 1R X
Date

Remarks : Evapotranspiration by oats and soybean

in 20 mm irrigation treatment is shown,

Amount of loss of N, P,0; and K,0O by permeation and

it’'s rate (o the amount added initially

Sort of crop ] Oats

N | ro,

e U,

‘\mouut llht(. uf iAmounl Ral(. of .‘\mount iR'ltL o[ IAmmmt \Rnlt.oﬂAmn-
'of loss byilosq by ’ol’ loss by|loss l)ylunt of|

Treatment ‘ol' loss byloss by ‘of loss bylloss hy

20mm irrigation  265.34) 8.84 0.25  0.0006,

\
484,20 16.14 0.51

40mm irrigation |

BBk X CEMO IS X » TR 55, gED
HRBIMWETILI~16Y, KETRI~THT
HH, MAOBEBERL LN 6~12%& 3~ 4
%TCHoT, HEOBMBIHEDE H120.1%
LFTh b, atkd oA Hgan
&t.mﬁ%&t,m&mﬁo¢kb$ﬁ®M%
& BHROBIMT LN I L OB EEIA A
XL Tind,

SOk S, B2 K ORISR 2K
Wik, BT T B aBisD . KETIRS

p(.rmm- pcrmv.a |permea- ‘permen- lperlma-— jpermea- ;penmn- perme-
ftion ‘tion ition tion tion

(mg): %) 4(!"8)‘”,,(%)!_, ,.(“.‘B,)L, .
| ; :
176.33 5.84‘ 57. 13 381

1
0.013 364.22 12,14

T
' Soybean

K,O ' 1 - Nr ” * l’,Os tdﬂ—ﬁli OA

Ratt.of Amo- R'ueof
loss byjunt of | loss by
loss by|permc~loss by perme:
permes ation perme-| ation
‘ation atlon i

<mgm ) ()| %> (mz,)l %

‘tion t|0n atxon

2!600829010 3.00
110.96, 7.%9 3370011211238 3.74

B o AWitEm s €, heh 10.2mm,
8.2mm Cdhote ¥, SHEHEH PR ARRERAE
Tk 6 mm, KE Tk 4mm WHETH 5, —F,
InADEIZ 5 B8, LB A HIRHRS
<, BROFBILI I X b T Fie, —i%
12, ADOIKEDRINT AU BRI R R L —
1111 N MY

IV % £
AT, EE LT, Bk
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5 SRRSO T, TR Y I T &
o

ASPHFIZ detT B WSO LTI GA~91)
DHEFLV0IEM (1955%~19644F) DSEEEKIkIE,
520mm Wi cH H, TOBBERRICLIEE, 7
H LALLM ALK LR § ~ 6 Bl oHla el s
S TEY, o, LBEEI kD Xhnh T2
U<, Aot R K TH B 2
¥, AN OMIEDOETEN Tt H i diiy, B/
KMV RN B TH Do Pn T, HHEDLSE
& T o S ITILMHE A DV AT R e o (L
HE B '5'35 % ]

KRBT, PR R A GHE LT 750mm
B DM LR A A DS DA T & 5
LTuaHH, bAETIRZ O 5 icliffiicdtifte
MADCOSEHERHET D LIS I Aic L,
F2BE, AEAH T bR A 2WERERT
b, k), (EHOREIC Y » T4 Lo2RILH
225 T 100~200mm BLED A DT X
HHULRILI0~50F T TH D, biED L 3 i
SRR 1,200~2,400 mm DI C 3
HHH A RIS B 5,

o T, HLAED L 5 iBlHr O £ 5k s
TEOWEH B2 TUE, R CRoR Lo
FokmclT5mAN, FOoE b TR ELRL
S ENBWI T, ATEIKIMNT AR &
D FEMAE 2 LBV T X h, R0k
SFVBGELRN i) OWE BRI T
32, EF, AT%kS 0 1R T A AR
LTh, —f, pF2.7 LSk S Cuions,
HRY (LhMED & 5 figileily ¢, Befi$s pF
2.7 EMTAHIIEI~4BRBTH L XD, Wi
BAUKED pF (1 2.0& B2 HRECHBE, ¥
fo, R L 2T o8P CRERIS D pF
MN2.0 FOFELLEVZ 2N LTV, #E
A% (X24B5 KSRt 2 BRIRGO R E L TIRR
TRETHHERHE LTV D8L D RT, Fofrik
AU A 13 Cik AR o pF % 1.8~
2,0 124 XETH D EHL TN Do

E RN AN DEFYE TR, Mo LHIkS
DB ST D LEN L DT, [)—Hai% 5l

LTI T & &L, Tensiometer ¥:
MRELFHAESRTGSD, wighs b ik ¢
b, BKEH—KGS, BIIE—KSOBFELSN
SEBCHERIT A C Liciticds, FEBRADIZRENY v
EhTkh, BRERFCIIEEEEE L COEA 4
BMtac gL vwEHEribhb,

WIS, RSN B U C R4 BN /e B o3
HaRZTERT, B, M LT Laroks
TROBEFELZT TOLERE G, SOk S
ISR, Thibb, MR
T A HERET D 1002, ATRIPERR P DA Sk
IR S h B7kMIEN E ORBERD Lz & iom
ADNOKIED BNENE S A GH S X o
BREEIZ 2\ T, BEMIs X AT OB ML
THFE L omRENI & 5 &, WIERA O o]
KRG DS0BBIENTR ERI L ELTRELT
MAN R TR ORI E Bk,  LhEP,
EIL™ L BT OWT, WS, FERSO50
ZwBREEE LT hdefflifT e Tha | L
Tub,

—7, Wk DA DN BHEARIBIZ DT,
—fZ, fESKY £ BT DRENE KAk
DEEDOEFNKRECDIESMRTH D, FHOKS
SRR OW X b, FEARCIRRE S 20, T
CRIERE, BENS X OUKE I~ DNE 1
AP LIEL DN, » &L 88THH L4
 DBHRFEIHEY LTV 5,

¥ 7o, HEA® (LMHED A 23U FHENT AU e 2R
& LT, TTHEMOTE ,HERLF DX &AM,
IR - Ff > BT RIK M ik & THEREIE, Wkt
e EEMHMITHE E LT, MO -
AKRINTB 28R & Ok DR 21
B EAG  EATH U kgL, intake rate ) oillj
SEW ISR E T 5 ARSI AN TH L &

LTV %o

Y =

[ & e K SR HIZ 3\ T, Sprinkler #hz & 2
AL A AR K I 3 O RSN INT 35 X
TR, ARG B 3, Wk
BETMAD O FIZ W THAE L 2 #ia
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HRThERD LY Th Do
1) Es-&XKINR T 5 418 0BRSS
X10~15% i TH O, FEHRBIRA DKM
ik 40mm BETHB, UL, BREEFIYK
S & LTt Field water capacity~pF3.0 ©
i ERe BN ZEE Bbh, ToOfliix 36
mm THhote 2, HERLEOMELE2
(10~20cm) Tdh b,
2) FHAEOTH QLT 30em) DAFASGHL
kit X b, BEAEREE hic v, HE
OudET10, 20em) ORI HHULT OREHR X
Th& L, o, KGR MR ARD
80% L LT LT Bo
3) SRR T AR I AR
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Bils X OKEEMIEM - A Th D, S, KEOD
WAEMADOEIIZ L DN EHBDTRE L,
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IBRPERA O RS DOS0% B X hiz &
EWTFIRE LTHANGEID 2 ONJHAMNTDH
%o
5) FEIOBIGBIN AT E LTI, 7 BHhE
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Summary

The drought has became the greatest impe-
diment factor for expansion of crop production
in Komagadake volcanic ash district, then the
farmers attempted to enforce the soil dressing
of clay soil, application of large amounts of
organic matters, field irrigation as counter-
measures against drought.

In this paper, the authors investigated the
changing effect of moisture tension, suitable
time of irrigation, loss of elements permeated
by irrigation and soil moisture coefficient to
plan field irrigation.

The results were summarized as follows ;

1) Available moisture content of each layer
in Komagadake volcanic ash soil is from 10
to 15 percent by volume and the degree of
moisture capacity retained in effective root
zone is about 40 mm by volume. But it is
appropriate to assume moisture between field
water capacity and pF 3.0 as total readily
available moisture. And its value 36 mm.
Soil layer restricting growth is found to be
situated in the second layer.

2) Moisture content of subsoil {30 cm under
soil surface) is hardly influenced by amount
of precipitation, but that of surface soil (0-20
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cm)is influenced strongly and it was observed
that rate of moisture consumed in this surface
layer reached above 80 percent of all root
zone,

3) Concerning the most effective time of
irrigation for main crops throughout growing
period, it is the beginning in ear for cats, in
flowering for potato and soybean. Especially,
in the case of soybean, its yield was much
influenced by the time of irrigation.

4) Concerning the relation between amount
of available moisture in soil and suitable time
of irrigation, it is practical for potato and soy-
bean to begin irrigation when amount of ava-
ilable moisture in all root zone reaches 50
percent by volume,

5) The maximum consumptive water capa-

city appears in the middle of July (beginning
in ear) in oats plot, in the middle of August
(in blossom) in soybean plot. At that time,
the daily consumptive water capacities of cats
and soybean are 10.2 mm and 8.2 mm respe-
ctively.
Rate of nitrogen loss caused by irrigation
during growing season is from 5 to 12 percent,
that of potassium loss is 3 to 9 percent. On
the other hand, phosphate loss is very small.
However, in the early stage of growth and
the latter stage of ripeness when consumptive
water capacity is little, the losses of those ele-
ments become large.





