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INFER D 8 HiZKI52m, HEWMAD L. 9~ 12 AHIRIE 24 ~38m,/ A Cd 5. WA TIIAKHZEA K & WFEEREEERIX O
KT A & ABUR SRR IR IETE C LV RV O KFEETH 5,50 A2V KR 2 5 KH KR Z i U T4
B &,y WA X 0> PYHRIEERERIX. & ) 1 0D B IR it X O KT IR RS RE D VL A R L Tl D, THEDHTH %
1998 - CIIAARBEEAEE L T B4, FIAKL ~OUIEBEREFHIX 2355 5 720 AHIO H B AR P AR 3: (ko
VEER X T 7 A FRLEAOMWZ /R L, P - Tl AKREOBEER T2 8 A Ic 25m HOY = nAhohiz, Z
DOHIRDH - 4 EBYLE L 7 A - 8 AAEHFRAKREDOBIRIIMA R 900 m T E I A & % 5 2 XIHR TEBlE h iz,

F—T—F b AN, TIED, 2ARCHKE, AREL BRIME, — bk

1. ¥

VAR, 21 i O AR ERE R A S S i T, HER o K IFIRTE = O WA TR DO AKIGE 1 &
WYL EDARRMH DT DI 7z 728 R T KO AKRALT, % & CISAKRD IO & LT8R THY
%, ZDrH, AEHZIIKEEAEEZGHL TWE 2082 X 5 2 RO FE L R E RS
BOTOKBEBIMEMER DB A L E — 71O 2 AP OCHIKEBROIEK F 7213 IO N RS IS KR
EEBEIh s,

—J7. EEE»ABCPKEES (ICID) ON—2E 5% O, fho O &K 2 Bz K

FUIN B SEERBRIR AL PEBR BT R S B MBI 22 & 7 861 - 1192 AEAIEAGUb IR Y A EMT K 4H)R 2421
1) JUMN R EEBE R 2 e s BRI R 2 G SR S B B 2 o U
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1986 4-, 1988445 L U 1996 F-O T3>, JINALER K T 1978 -, 1984 %5 K UM 1994 D TFHE D A3 FE
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I lEtE (KH :914ha, Jih © 3,384ha) IFEHE I B Z &1l - 72, GHEIZER D2 A M OZARIH
fiid. 7KH 811ha, /lifth 2,936ha DAFE3,747ha Td > 7243, WALHIIZIZKE 599ha, Jillith 1,461ha (6t
[#h 148ha) DA Et2,060ha THENFEE S iz, M LHIIHI55% Th -7, 1986452 HIZHE — v i
ISR HFEATE L L 72, ZOMX O K A AR Z29.1% T #8)1 i 2 A A FZERX O
KH A DO 20.9% IR THO TSR E N, Lt > T, — v WX O KR HEZRE K - 1
RAEDKFLTH S,



o

N,

J

/

%

f

n
L0}

A 1

oK E0 K 760 ha
Mk H A B G 9 2.790
7 = 1 7 i
W & 1| o—o )
LA - ) O L
T ) )
& # n 37.0
W Ak m| r-< 73
=W R i

woE o @

F L3 G

Fui-5- i

v w RW| w4

* @ W] A

% r m| A

F2R —vEHROLADVAKOEKZERER?
) AMNBER— v R8I B3EKFIEZER, 1986

— v WAL 2 A AV TR SEHIX 0D 72 A 2V O KB AR DAREE XD & 552K WNBIMR L 005
DOIZLEKYE (416 /s) EHERT)IBEKES (200 /s) & % AdhH THREGREMICEUK L, &HX
2K LT3, HFEFHEMIE—T7 — 27 4 L& A THE 21m., 825 302.9m T. AxhEFAKE 850
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BT, WAL AP TR2 EHIM4H 11 ~20 H, EH@pRs 4 A 21 ~7 A 31 H T, Fsok
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VY aMITRD AR -V HEIC K A EAERE L K T A ZEMME SN TN B, ZDETILIC
ANTHRET — 213, FHXE (= (REXilmHRExmE) 2), HxdmEis KM E 213
WRD 3ERTd 5 4. AMeDAS BUlI R TIIMXTRE OBIHNI IR L Cnav, 2 2T, Mg %
Kb B 720 B (1989) 12 &k - TR S Mz INE N DR R E O H - HiE & Al %
O ARZREORENA (TR) 2 2L,
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25 TH 22, FHHBIZ AL 1k 5 b 2 KHEDO KGRI TS 5,
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1995 Tid, #4ay - = vV v R EDOWE (35.5%) . & - O LEEY (26.6%) . BikHEY (25.2
%) . FEAUBIAR (4.6%) ONETH 5, TD & H12, MEAEOIEMITEEME L Rk K& 225 RL T
W5, 72, 1995F TOHEEERLKLMEBRB P OERFIZZNT90.1%. 706%TH D, ZOfHEIZE
L2370, R FARAEDIE AN SOOI RIS, BEFE( 4 & OBBBIRRED R % < | JiEak
[ =% R0 2 M B Sk 83 0 AR B 1k AL D 72 0 D D — B & 2 > T B,

2) DADVRIEHITOIEYERE DR

(1) PADVREMBOTRENDOINELE)

A BINZAEHIAT I 35 1) BAEMVEREIRIL & 20 A DS OIER 2 HEHRE T 5 723 A A v & & i A
XN BAZIENT 2 AT - 720 — » WX N O 117 3R] D EERE D i THIIL O 2> A 28O Z R TR A 3D % Hl &
3. FrERTD 38.6% . (=MD 43.6% . ARIKET D 53.3% ., FaERTID 37.8% & % DU HE D) ik 2> A A
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F1IR PAPVHIBEIFELAD VHIBOEFEDINELE)

A DINF GiloEs] BN MEL O FNTY EXMM Ry Jobtd 343y dvvs nu{va $ME

Ym 3029 1522 28.12 2647 1375 199 4089 2869 2367 15.90

5 mEHH o 4.54 0.94 3.74 2.50 3.74 016 369 248 4.9 2.84

cv 15.0 6.2 133 9.5 272 79 90 87 208 17.8

A ' Ym 3000 14.22 2850 2674 13.93 195 3981 3027 2371 16.31

-1 B 3.65 0.89 476 232 3.96 016 478 245 485 3.04

» : cv 122 6.2 16.7 8.7 285 82 120 81 20.5 18.6

I Ym 3247 15.48 3191 2941 13.67 202 4138 3026 2422 15.28

=% - L 435 1.09 4.68 2.09 430 017 395 250 4.40 2.19

1h i cv 134 7.0 14.7 7.1 315 6.4 9.5 83 182 143

ok Ym 3211 14.50 2883 2651 13.80 198 4082 2871 2344 16.87

I ;1) B 2.00 1.09 5.30 3.00 3.82 013 364 210 4.91 3.49

cv 6.2 75 184 113 27.7 6.8 8.9 13 20.9 20.7

Ym  20.56 16.87 2976 30.67 11.54 268 5178 2033  16.59 15.99

EET o 232 122 1.59 0.97 0.92 017 270 223 1.51 1.58

cv 113 72 53 32 79 6.4 52 110 9.1 9.9

I Ym 2330 17.56 2676 27.57 823 243 4398 2537 1770 13.62

D P 1577 6.37 1.00 1.98 1.64 125 030 412 2.57 0380 3.94

K H cv 273 5.7 7.4 6.0 152 12.4 94 101 45 29.0

» :

V : Ym  22.00 16.41 27.96 2814 7.34
Hh LSBT o 6.63 2.39 1.44 2.16 158
Ik ! cv 30.1 14.5 5.1 Tl 21.6

1) Ym : EHEHILE (onha) . o : ERHERZE. CV: BEEREE (%) . EHINET -NIIEWE BHOKELFERLEA,
=Yy~ FX M Eeay D FEEHIR L 1989 FE~ 1997 F D I FEMTH D, TyhtA~FMEIL 1986 £~ 1995 £ D 10 £ TH B,

AP ARG E VDT S EE AT IOV T, — » WO KA LR O 1EPIIYL
ROLHERLEDTH S, M BNEOLEEFRE (1986 ~ 19954F) 13RI 4329.0% T Hh % D
XL, BrENT, EHEET. ARIRITIX 14.3 ~ 20.7% D FEEN THO T NN E 572, hABVEIEDK
ZOEEIZIEZEBREA9.9% T & SI1/h X0, IWEEBREAVN X WO, FIXOERRIC X
25DTY b EONANPVIREL CGED LIS,

—H. =vYv (HatHIE 1989 ~ 1997 4) OBA . ERbRilT - BRI RE A 27.3 ~30.1% T b
% DIt LHTE T - Egil] - AIRNT136.2 ~13.4% CTHd TNSWMEiA /R L7z, TRY NI H A4 Sy
XY TREBRBBZNTN6.2~75%. 14.7~184%. 7.1 ~11.3% D FH THIR - MWD 5.7 ~
14.5%. 51 ~74%. 6.0 ~7.7%\ZHHL L TR &E @I AR S N D - 72, FiE OWEDIE A KIE A
BETH O, HBHEOEWIARFIGIZHNEE L 6B, 2O Z LIFHEFS (1984) O EERL T
%,

2T WHEOWNEEHOERTH % FIX DI K B WINEIA 2R TIIEE U T & 13 FI32 0
B (Mp) #XXDEIITRLTNB,
Mp=(Puax— Pp) / Puax (2)

Z 2T, Pu ZTEYINEDRKAME (ton/ha), Pold TIEDHEDINE (ton/ha) TH 3, ZORERD
5 N7 I % IR OB U 7245 R A 38 2 R UK 3 MR O EHBIBNIZ 19534~ 19974 T b 5,

FEEOHIXIZEI L CR® 729 b A TO T DML 13 1994 F-D35 A, I/ IMili A3 [EE W] % 5 &0 HU% LR
0 0.230 T, AN ASARIRAT - E55H0T 2 &3 FEARD 0.518 T, Pa#ki & #hikiti 412 1L2410.495, 0.502
Th o7z TIXDWIE S 6§ UL, HEEEIIEMRD TN & < | PEEEH & #IK TIEA % i@ v id a2 -
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2k TIEDICH T IEYMDORINE
(#ESTHARS : 1953 £~ 1997 &)

B A FOK #hAE FyhtA =4
1963 0. 448 0. 408 0. 367
0] 1967 0.304 0. 444 0. 344
1977 0. 232 0. 209 0.123
1994 0. 502 0 0. 301
1963 0. 650 0. 356 0. 370
7 # A 1967 0. 550 0. 309 0. 026
1977 0. 385 0. 129 0.138
1994 0. 495 0. 043 0. 264
1963 0. 580 0. 313 0.518
R B E 1967 0. 709 0. 443 0.338
1977 0.419 0. 100 0.174
1994 0.518 0. 057 0. 256
1963 0. 437 0. 645 0. 452
RS 1967 0. 475 0. 476 0.373
1977 0. 257 0. 155 0. 045
1994 0. 230 0 0.014
) RERIL, ASRET, EERET. BHrEET % & TebhT LA,
HEERENIE BT % & o307,

EMIN BT — & WFT : B EHKERHER

Too Eio, MM APCHERE SN TOEVBEDO TIEOFEHRIC Mz KD 5 & 1963 £
A BBk A0.448 1% L V&R 30.650 TdH 0, 1967 4D 3FA % 0.304 12X} L 0.550 THHHERD T3 D%
WERKEN STz, T v 51 XA OWINE L, 194F-DOBA D b A IR TIRINE A HRD TR < i
ZOFIE2HEITH L TE/NE L HIEROBE N E /N WEER L2, 44 3 2 S ERRIC 1994 EDHH
WL X b A X O/DNEWE AR U HIRIZE R K 2 WD S EE AR A/ & < CERRTT 23k & »
AR L 7z,

LU EDKER D & AEMDETIZ K 5 AR BRAZT & 2 A2 DI & ) FIED 0 pER
EARFEINTNBZENFA S,

(2) MWBIEMDKD RIS

WP S (1984) IAEMDO ARG KIS & D EOEYIEDOFHLE 7 A, 8 DA A RO PO
HRITTRE LTRAD LS 1TRkD T3,

K= (P/ Pn) / (R/ Rn) (3)

ZZT, KIZAKGKIEE, PIEFERONE (t/ha). Pnld 1975~ 1997 FHMOEHILE (t/ha). R.
Ru 32N ZHERDTH, 8 HOAGRAR (m) &7 H. 8 HOAFEARD T4 (1961 ~ 1990
) F2IZUEEAEAE (mn) TH B, ZORITHEDIEHY M TL T v I B4 OKDIGE DT, LR
Hide KON ORAEZL AR L 2200 FE 4K TH %, K> 20 Ml AR § O, 1977 4, 19814,
1994 435 L ON1995 FED THEDEITHY L, K< 1O/NX WMl AR L7=01d, 1987 4. 1993 40 £ /-
Thotze ¥ IATET v HEADKOHERIZFE CIHATD 55, FHIROENT v 4 TN
Vo ZHUET v A DITHEICEWZ L EFIRLTW5,
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FREFARDOFEARN M, BREAREIE L 2 BBHbO RSB AED T Z &12H 0, KHR/H
DVIEARDPBREEA A B 2L ThH B, 198547 6 19994F % TO P ER i & T o H ke A & % ) &% -
1, — v X Atk K OHERI - 2R - AR &R X O d K i 4d 1986 4 4> 5 199949 H & T
D HABIA A DA EZ -2, FU < BEHR»ADOHAKRE [k -31Rd . &, 1999410
H~12H & Cld s Ofa S c X o HAREBAMA0 LS h s 20, 77— 2iditk L T
WEW, ZOTF =2 ET—4XR=2L LTHHATES LS I27ay =il Eh T b, BUFIFI
T — 2D —HERHL TR L7Z8DTH 5,

(1) —vEE 2O D AP VEKEDHE

oy WA TR S AR O 22 A VO K R & P ERH XU AT O AR R OHER & S 5IXITR T,
FREARRIIRNE AZETH AR L TR, RAMEA 19934 (WEEWNT FEROKXES]) D4, 136mm.,
/MBS 1994 4F (B LM - TIX24F) 01,691 mn T, F PR KR I% 2,470.7 i, AR 25.2% T
b5, D A DO FHAKRIZIRFER I ESER A S BRI AR LT B 28, Ik filiA 1994 4500 1,105.1
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Data on irrigation requirements of
upland fields in a warm humid region (3)

— Water requirement in the irrigation area of
Hitotsuse district in Southern Kyushu—

Kazuhiko OHBA, Yoshinori SUZUKI, Yoshitaka KUROSE
And

Atsushi MARUYAMA

Summary

To analyze the water requirements under field irrigation in a temperate humid region, demand and

supply of water in the Hitotsuse district, a representative field irrigation area in Miyazaki Prefecture were

surveyed. The total area investigated was 2,060 ha, including 599 ha of paddy field and 1,461 ha of upland

field along the Saitobaru, Tyausubaru and Ushimakihara trenches. The results are summarized as follows.

1)

2)

4)

5)

6)

Before introducing irrigation, this area engaged in typical disaster-prevention farming, mainly
cultivation of forage crops and starchy sweet potatoes in order to protect against natural disasters
such as typhoons and drought. After irrigation was introduced, the type of farming shifted to multiform
farming of higher income with the cultivation of forage crops, sweet potatoes for food, outdoor and
indoor vegetables, and tobacco.

For water sensitive crops, taro and carrots, the variation coefficient of yield in the irrigated area was
less than that in the non - irrigated area, although there was no difference for burdock, Chinese
cabbage and cabbage.

The average annual irrigation water requirement from 1986 to 1999 was 991.2 mm (-coefficient of
variation 9.34%) , with a maximum of 1,105.1 mm in 1994 (high temperature, less rainfall) , and
the minimum of 847.8 mm in 1993 (cool summer and high rainfall) .

There was a significant seasonal variation of water requirement. The requirements was 20 mm/
month from January to February, increased sharply to 104 mm/month in March owing to the
cultivation of early-season rice maintained a higher level of 147 to 196 mm/month throughout the
rice growth season from May to July, decreased to 52 mm/month in August, and dropped to 24 to 38
mm/month from September to December at Hitotsuse.

There was a linearly relationship between the monthly mean effective rainfall and monthly mean
water requirement in April and May, but the relationship became exponential in July and August, and
tended to be constant in other periods.

Under drought condition, the irrigation water requirement was also related to some meteorological
factors in addition to the daily water requirement. The meteorological factors with a correlation

coefficient exceeding 0.5 included the days of droughty air, mean temperature, maximum temperature



and evapotranspiration as well as the negative correlation of mean and minimum relative humidity.
7) Using multifactor analysis, we found that the following polynomial expression could approximate the

dependence of the water requirement values on the meteorological data in the drought period:

IRs=0.109DR+0.431T1-0.140RH+3.13 (R2=0.744)
IRt=0.049DR+0.099TI+0.164ET-2.11 (R?=0.879)
IRu=0.112DR+0.093RH-0.0865Q+0.974ET-8.79 (R?=0.859)

where, IRs, IRrand IRy  (mm/day) are daily water requirement in drought condition along Saitobaru,
Tyausubaru and Ushimakihara trenches. DR represents the days of droughty air (day) ; TI the
minimum temperature (°C) ; RH the mean relative humidity (%) ; SQ the solar radiation (MJ/
n') ; and ET the evapotranspiration (mm/day) .

8) The paddy fields along the Saitobaru trench required more water than those along the Tyausubaru
and Ushimakibaru trenches, and the water requirement obtained from the paddy fields along the
Tyausubaru trench agreed well with those along the Ushimakibaru trench.

9) The following exponential relation between E/Eo and economic yield (Y, ton/ha) of upland crops
could approximate the dependence of the yield of taro on the E/Eoat non-irrigation area of Miyakonojo

City:

Key words: upland irrigation, drought, irrigation requirement, evapotranspiration,

effective rainfall, Hitotsuse district



Appendix:

HI AR VCAKBICE T RET —FHE

Appendix 1 : — > #HIXANOEERT - EH#ETOHBEKET— 4
(BAZ : mm/AH)

Appendix 2 : — > HEHIK N O H BIEHI A DSV K ET —
(B4 - mm/A)

Appendix 3 1 — v B AV EKBRICET D RET— S

1) — v A A DWW K EO A BIT —#

(AT : mm/A)
2) VEERFURARIXK O [ BB A BV K BT — &

(BAfE - mm/H)
3) AR EIK oD A B A SV A B — &

(B - mm/H)
4) A ERURARIX 0 B B AR VK ET — &

(BT - mm/H)
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