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WM O LA OCHARRICEHT 27— 2% (IV)
— R BEANM A A DY O FESEHE X DR 5 % —

KISHIZ - ghkzel” - HEse - lEE
(2001 47 H 19 H=Z2#H)

2 F

KIGHZ - ARZRA - SR - A liERE (2001) TRBEHVINO 20 A DY O FHAKEICB S 5 7 — 24 (V) —
P BENI 2> A DV SEBIX DK TE B — . WINPT0k 89 & 1-101

196741258 T U 72 M EAKRD 2 A 2SO HEIX A 2§ 2 WP UMb 2> A 28 X 0 5 17 4R 82 D 1984 4128
UL 2ED 58 LU 72, HEULS IR PEMIIE 20 A A3 O FEHBIX U2 350 5 1986 R 40 6 1999 R I2 £ % KFHHD
ERET A TR L L 31, PAPVHKRD T — 4 X—2{L %475 72, FHX ORI, 1970 40
150.4% 7> 5 1998 4F-0 103.7% CTIAMEENZ & 5 . BHBFIFIRDUS, Fifk & ZEEMAEmIZH 5 28, TR
T2EPEIE 1970 4R IS R TRI2 G & KEBIEINTH %0 FEMID 7 v > 21333.5% 5 538D L7248, Bl
1E1320% % ORI VIRE T B 5, flCRHEDNZEE A 22 BT, SR MEREIZZE L AV X Wy, il A A
WA RIS RIMIE A 1987 4F-0D 55.7 mm /year, KA A 1994 -0 251.8 mm /year T, Z ORI D3I 111.9
nn /year T& %, 1998 4E1Z 3513 2 MipEHI X A0 0D 2> A A O F KB OIERIZIZ 3 ~ 4 H FAc» 3 T4k
DY - AN, ZhLFK0.2~0.4mm /day DFEPHTHERE L, M T RBMEE - 2025 LA L, k1.6
mn /day D ¥ — 2 BTz, 1998 F-DOFIEDFIZ BT 2 X & W HEFLIBX A ik 5 & JEr AN
BOKFEIEIIRE LENAASNEVD, 2ABVHIZI A L2564 H Lo ¥ — 2 0 MB»—3 L 72,
BEARSELIE, BEpERIX & 0 TR FLX A EW L AL OKRBHTH D, 7H Fao#EiET RIEIC B 5
¥ — 2 BOZIE—3 L T3 28, FIKEED L USRI F1HX 235 7 0 &, S o KEEIL A
VYog - BSERE EROIE 1)1 - BRIESRIX OB S 2 — U EBLL TR b, FBHRES T RO R
X & R MU 72 S 80— v TR Uz, RO - FIEERIRIX I $5 1) 2 45081 00 sl 50 1k FH AR 138y 2.0
~4.0mn /hr T, FERIIZHE S T2 BFEFA LA & 13X 3L 72, mMpEX OB OF1E D¢
B AKREED O pAVOHKER L fEE T 2% Kk, EMHBERKROBSWEESH 6,

FoU—F U ASCAKE, MET KA, T2, ERE, sifaEbimk.

1. FUBHIC

%% (Pielou,1998 : Sandra,2001) ., F7-, HiER I

[KiZEmOFTH B Lnvbhsd ki, Kk
WO AEF X2 0 T <, iR L3EHB ORI
EARARTH O, (dFEL NBAEG AR L, 5
BAEMEICT2720ICR ZEDTERWEHELER
JTH 5, HER LISHET 5 KOMBEIZHI 140k
T, 209 HIRAKEITFIZ600X10%m T, KOKE
DEN2.6% Th %, JEAFERFEICIEERL T2
RAKEITRI1100 X 10%mP T, EIRAKEDRIZ0% TH
D, D IIMH ORI FIZBHC 28 572K T

TORREPEDIO% I ANCEITEEI N TH
D, ZOHKEFESIHMT2LEZA2 6050,
FUZH T B1IAY 720 D h AW RO HER1E1800
4230.008ha, 19004F-74%0.027ha, 19614 LIFE A8
0.045hafii#%, 19964F-730.046haT, 7 DHITIZEEH
T®H% (Howell,2001 : L 2 & — R, 7 7% Vs
,2001)

—J5, BAENZH ZT 5 &, 200045 D AKE 5
A (E LT REEHAKEE R, 2000) 2&h
i, 1975~1997F-OFAEN I 1) 2 Kl FEAE D

JUNIREEE SR 28 & > & — BRBEE PRI 2250 R R 2R

1) JUNKRY

T861-1192  HEA LA U re A EN] ZHZE 2421
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ZALIERI850~ 8941 it /yeardD HilH T K & A& B)iL
AN, ZTOHRT, 19974F-0 B AKMFH EIZ
HOK &R — 2 THI589E m' /year T, Z D 5 HKH A
AN IR EHI94.6% , A A 2SR E AY94.6
%, HHESHMERKEAR08%TH 5., KHHAKR
FKHEREAVEREFRIIZ L DD LT3 300,
FAZREE D AR HER D 72 D FFEE DR DA 236 /s
WA S B 51Eh, AKHAOPFLIZES FIAKEOR
IR A OEFTHALIZE S FAKDAREEAIZ & 5 )18
FIFROMK FTHIZVIRTH 5, X 512, Mithh
AR IREE 2 A DY FERRRE 2SI L T 5 Z
&N 2D iR E S R B FIK TR A I
HOTH D, ZTOWRIZHENEFOKTES ML
TWBZenfEfichTtns (ETFEEEHEKE
PR, 2000)

ZD K5 RRWOHT, mE M ERIR SRR
Ty 2 - VEEXICHNELTED, ZOHTK
FUE b2 A DVNVE RPN Th5b, ThiE
TIZH VNI A2 R & 4 2 5B FIX. (KI5
,1997) , )X (KI5 5,1998) F6 KO8 v ik
X (K35 5,2001) O KBUBHIHE A A A FZE X
DWW TRTFENEGE D FREFT & 20 A DO K ED
F=AR=2EfER L TE =, ZOMEERY ) —
Z DR LT, A7, MERO M A A A
WE RG> TUFERERE L0 2 RS R
A > A 2SO ZERBIX 12D T A & i Al
DRFERGEDFREZL AT L, &S IZhr AN
HAKRED T — 4 X= 2R 2 RA 2L DTH 5,

RABEMHh 2> A 2SO ZEHX U2 $5 1 B2 A AV
RS ICB 3 2 7S H (hH5,1994 @ K555
,2000) 13Dy, 22T, ZOMXOMIEARD K
TR A S 2 &3, FERLS I ARRIEIX el
BLNO KVELE R - AR A DY ESEHIX, #RbK
FE oD B KR 353 35 KON PG4 LT 0D B SE ARG
SO A A ASOFERERFHI TR E O FEREN R &
G2 AERORREE L THEETH 5,

KEREIND LD BI12H7->7T, WEEFEOH
BE{E T — & 2RI L T 720 2= BB T
BIREHG T2 A E AR ER B (BiE L
WIS IEE) | 2 AWK ESEOZRE & 3
S o JITEO 7= SN R B R e LN IskAs B 5
WP, TRV R R B b e R X S5 I O AR R <
LA L T3, £72, ZOMEER:Y Y — X1E

BUCKR U CEBEICEEELI A Y FEV 20

2o ZTICHBAERLET, BDDICHEA, 74
DOFEPR - AN TIFRERE ARG A AT ROF &2 /H
bl, ZTIZRHLTRERHOBAET S,

2. EHADVEFHX OB E
T SEIEHE

1) EEREOMEMH A D OOBER

(1) %K% - O

FAPEMHE 2 A DS ZER X (REpEhX) 1, [RIU
IND KB S AT IE 9 2 A EP MR 2 A AV 353D
X GEABHAA19714) 1ISHARTH L < i Loes & h
=& 2 AT, WAKBAED19864ETH B, mFEHIX I
JUINDBEEEL B O FIT s e U, B R
OEMTREAE19kn, HPE25km D HEPHIZIAA Y | 214
W] (Fefemhi, RO, (W], SEEERT | BHIEET ) %0
GH]) (270> Tnwb, ZOHXIE, F 500
17.8°C, FREKE2,139mm, -5 H HEER1,9098F
(BT H,2001) 0D i W2 i) 75 5 fit & MEFE AT 23
FET 5L Z2AT, WIS EXICET %,
LU, ZOHISII6H 2 59HIZH 0 THEM - FAN
ARIC K 2 EP SR EADAWIZ L 2 T ORBMDIE
- FREORAEMENENEZATHY, [ KE
FHHBICH A IR CREAEPEIALRETH 5,
Fig. NZ1997-5 H30H ISiiz & iz 5 v K4 v b
(2T — 2 prf - RSN, fiE 7 — 26
i () VE-FEVYUIHiEYy 2 ) 25
AT FEREHLIX % & £ BEFE S O 3R FRRDLUX % 7
¥, KOEME FEAH Y Fig, HED A
FNT, WO TN B A 521} 720 25 ik < &
%, ZOHT, K ESAGMEERS O Gk
), S E T ERe T, TEORR IS L
72 OO S EBIRE T, 2O _LEBO%EE
CORNOMIED, 22t & 45 238 T,
Z O FEEMATRETHER TH %, KFIR§ kb
LIRS T, E oy @EAMTH D, b
7 A OHBX AL T EM O AR RIS AE 9 % A
B 23150mEL F ML IZ D W TRl A A A3 A S
L7283 D THh 5D, ZOHIRITEEIREE I B A
TRHEREY  (PHIG 22 KL 2 TGS 5 R i il — 52
Ptz - A B - KPS IShhE
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East China Sea
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Makurazaki Gty
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Fig.1 View of upland irrigation area at Nansatsu district looked from satellite (30, May, 1997)

D, Bt F Tk LT B KN XK o T L
T2 KBS B BT, N R KA LT S5
BLENDOT, W - WEIEMTH S (FIE - Bk
K 5 ##,1995)
ZOWXORT, Y (EwEh) s s
RZ2a) 7 EPKES & D, BN SRR &
CIRSE AL > Tl D, (K 2 LT 7
BRI IZHE U722 9 ZHERE L T 5, SR Hbik
(L 1m] - BHENT) 13220 ~50m o T, B
BHE DR - KBS FRg & x> THEREL ¢
W5, PEERHE (Wold i - FUER] - HIEER]) (3RRE
2~5miZH 7= 58 LWKILIKICE DI, FRHI Il
POHEIZATF TaA TR I TS,
(2) FEPEMIHE ADVNEEXOFRIAY 2T 4L
F SR
MPEHIX IEFig. 1 I2Ab6h 5 Ko Ik amilg
75  AKPEDZ U 72 80 KFRAE 20 i 2 A A3 G T 3
BN TR, 197045 & 7 DOFHH 2 i < 4,
R 2 R A RE O 18] A& F5 D TRt & /=,

W SRR L, 234ha, K fE1,062ha, AKEHE
230m, KEIEE64~66mOET KM TH 5, A A D
7K 1D KA A362m ~66maiH TR L, A
A IVOFIAKTR4M T & - CTH3,000 T mPD HI A&
EHEIRT 5 728, FUksto B, EEUI, IO
S ORI A WA U TR S % LT
THhbNT%, PAPVEIKY 2T 4K %Fig2loR
L7,

M 2> A AV O KB 1, Hbsk & 3T (74
&6 - FEER - HER) 1250 B KIS NN S X
IO AREEYS (SR 1KY (Pw) @ kL
Wl - SEAENT - RN F1~F3, MKy
(Ps) :1LJIMT - BHRENT ; F1~F2, $B5AMEYS
(Pe) :{81ETH ; F1) 25Ky 7Tkl , (HED
PEAREE 2137 7 — 2KV FETHERLT, &
HCERIER F £ 723MEIC K DEKT 22 2T 4
ThHb, KIGEBO»AKIZZTY) Vo5 —12kD
BORPARNET HETH D, PAKDT —T —
va v 7ay ZHfIE6haT, 1BIO 7 AKEIZH
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Makurazaki

P:Pumpig station

p:Booster pump station
F:Farm pond

R:Head works

s:Pressure regulating facilities

Mt. Kaimon

of Nansatsu

& 8

i

Fig.2 Illustration of irrigation system at Nansatsu district

&6 - PEER I 2348mm  (PRZKAESJ40mm) | FEEBETHE A
32mm (fR7ZKEE)I25mm) Th 5.,

Z DX RO > A DSNEEERD 728 D EH AR
Pk KOS, RS ARIH L C, Bl
IF4 Y, TS, PYIVFRY, VIIA,
FEIV Y (P v¥—2) kE, B - fERMET
3Yy, T4, ok F, Ao TI3VFF R,
L FEREmE 28T %K, S TCIRIEE S,
gLk ->Tn5,

2) TR - BIFHE

R PEL X D 4 & & 55 KR B D A A 23 F K &
7= 2%, MpETHS R EFETICRE SN TS
FAREBHM (nf /day) #FHW2, 7— 2 OHRIZ
19854 H ~19994E3 A Th %, 7 A MWk 4k
K OB ARIGHD H A ADSCHKEOENNE, 23
RS TSR L T B DT, HifEEDO T
Filit 1A% 7RO Atk & SRR O 2R T H 20 A
BOHARE AR L TR AWK (mm/day) &L
TRD 7=,

AT I BB T 20 A VO FHK RIZBEFR 3 2 S I
&, FEPEHXFELACATE S S 7 A 4 2 (AMeDAS)
BOFrORE ok @ 31° 14.8', #04%130° 383",
thom) , MItHHE (#0317 24.8', HURE 1 130°
19.7', Wtk D 9m) &R (IGRE @ 31° 16.1',

HORE 11307 17.7', ¥EH30m) OF — & AL, BE
RERKEHAR (RS AFREET) 2R L
720 TRIZASFERCR & FAFERER O TN, Morton®
CRAEE 7L (Morton,1983) , FMEZRHEIZFAO
DBV~ v (Doorenbos and Pruitts,1975) %
HOKIETHDRE T — 2 7 6 R 7=, BRI
Bam R & AR, BRSO 7 — 20k, RS
IR B MoK PERR HER 34K ~ 46 (1986~19984F)
FCEMHL 2, Skl HKkED T — 4 X —
241%, WY 7 b 2 7 2o over.7%FIH L THE
U 7z, MAHLEIZBIERT B f@bTiE, il 7 b
v = 7HALBAU-Ver.4 % W Ti7 - 72,

3. MEBROKEFEREOXRERENR

1) EEXSEOFMFARTICONT

(1) FHOFIHOZZE

FAPE TS B XN D 2> A YOI 3503 B 1R
TEMROFEIZENICEEE N THEWDT, Z
T CIIRE LS WL RMOK PERE FHE RN & 2 #Ht A
FIRIE A G U 72, rapEHIX IS 1998 F-BIfE, *I5 &
7 % 214N O P RS £312,649ha T, Z D S HKH
#31,208ha, EMAY7,554ha, HiEHA3,641ha T H
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0, M H190.5% & s TEOCHMERR TS % .
P AHOZARTIRN , M A TR 2 A 21 T1998
F-BU4£5,881.4haC, MM ifE11,448hadd151.4% %
L 5. ZOMX RO AIRNILO %% % Fig.3
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Fig.3 Variation of the utilization rate of arable land

in irrigation area of Nansatsu district

Z DX O PRI #1319704-155.4% , 19804
118.6%, 19904-116.3% , 19984-103.7% L 4Kk & &
LA LT, 1955FHiF4 v — 2122 hld
FEEMHA PO & U2 AKHEEORAIZM A, 19704
DR D AR DA D 245> & Kilig K T % fet )
7z 1998F-DfEIF A EFIMEM1% L h k&<,
INEME103.6% & ZIZRIFEE T 5, BHBAIHO
TEVIRINGR & A 5 &, EAEDORIF21970-D8.8%
Y =212, 19964F-12135.4% & RMERNIZ B 5,

ZAEDFFHIZI970E-D151% % ¥ — 212, T h LIk
EIAMERTC, R NA1998FED1.2% Th D, T D
HIX DL T d 5 5 v 3 2 1319704E-D33.5% %
KD, I/NA319804F-0020.1% T, 198547 51998
FTI324.0% 5 530.6% & K& BAEFNIAS ik
VY, SRR R R ARG O B SH T 19704F-4311.0
W DIRINTdH - 7273, WE 7 5% R U 7= fREppE
AIZ K DRE PR ICHIL T, 19984F1322.0% &
o T3, I, ZOMIKTIE T AEYE (43
I, 5B AN19704-0016.4% H 6 19984F-0027.6% &
FULBIML T B D, ZORIBMEEBA H 8T
W5, F72, REHIZ19709-002.1% 5 5 199840
2.2%DMTKRkEEEZE L, GIIRMEDE

(7 B EMGHER L co kT, fRMED &
FRAE & &) 1319704-007.5% %> 5 19984-009.9
% TN ERIMIE 255> Tn 5, HhiSv Ay g, M
BHAKR O GHHITZNTN1.4%, 0.8% K% 10.2% T,
KEAZEZAL NI,

L7203 5T, ZOHKOMHWEDTRAEMTH % 7
VY g TCIRREAEE ROV, B - T
DIEMBEMAFHE LW ERREETH 5,

(2) 1EPIEDZE

MR IC & E NS48 T, (LI, FRERT 5
T, HIEERT 36 K OBl i O EE BB DN T,
Histh > A VN ES DA & — 7219864F-72 519984 % T
DAEPII & O -l & Z B R % R 2= f5 R %
Table 11Z/R L7z, _FacHIX DM 5D 5 70 A h )
AR HEERIE 1998 BIAE, 151611148.0%, 1LJI1IN]65.6
%, FHENT58.5% , BARIMI83.1% , MIEMN[38.9% %

Table 1 Mean yield and variation coefficient on vegetable crops of
irrigation area in main canal of Nansatsu district

Crop Sweet Po. Potato Taro Radish
Name/Factor Mean CV(%) Mean CV(%) Mean CV(%) Mean CV(%)
Ibusuki 2548 12.82 12.02 13.74 11.81 9.96 49.35 6.91
Yamakawa 21.4 13.26 14.79 14.11 10.61 4.49 62.56 1.87
Ei 26.17 11.94 21.52 12.19 12.93 11.07 65.93 10.45
Kaimon 28.31 10.59 19.2 17.3 12.76 21.55 54.32 7.36
Makurazaki 26.55 15.56 15.78 8.3 8.3 18.43 441 13.17
Chiran 26.95 16.69 13.08 16.65 9.06 18.99 54.64 14.82
Crop Carrot Chinese C. Cabbage
Name/Factor Mean CV(%) Mean CV(%) Mean CV(%)
Ibusuki 35.11 8.96 27.09 7.07 37.01 6.37
Yamakawa 48.49 6.84 30.59 10.95 34.63 8
Ei 45.89 6.21 31.05 8.71 37.16 5
Kaimon 39.75 15.93 34.58 9.52 38.29 9.79
Makurazaki 35.85 19.08 31.03 5.56 28.3 10.69
Chiran 26.05 16.15 27.23 11.43 27.03 6.23

Note : Mean is mean yield of crop (ton/ha) and CV (%) is coefficient of variation.
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Table 2 Ratio of yield decrease of upland crops under drought condition

Sweet Po.
Year  lbusuki Yamakawa Ei
1963 0.187 0.03 0.169
1967 0.344 0.232 0.295
1977 0.154 0.028 0.152
1978 0.177 0.126 0.192
1994 0.077 0.134 0.07
1998 0 0.071 0

Taro
Year  lbusuki Yamakawa Ei
1977 0.03 0 0.27
1978 0.083 0.028 0.304
1994 0.321 0.067 0.328
1998 0.064 0.083 0

K OMRT34.9% T 1, SHIX D2 A D NE D
B HREPEDENMETH 5, ZOHIXIZH W
THHEDIBAEMTH 5 1~ > 3 Tl, 1986~1998
I B0 B BT IR 72 0 SR O f K13 B RRT
D28.31ton/haT, /N2 1LJIH]D21.24ton/haTdH
2, %M ETIEFEHNEDRKIEHEETO
12.93ton/haT, /N2 il D8.30ton/haTdh %,
BV 3 OfEE— WX TR 720 K D i
ERLTEED, YL BTN E D720 HVvvadD
RTINS BHEINT 010.6% , F KA FIEEN] D
16.7%TH D, Y b A4 EOLEUREUZ N AL IET
D45% , KB D21.6%Th 5,

X7z, [AHIXANTOHRIARI SV A > 9, #4142
vV, DUV, NIHALBEIOF v XY DOEIE
I3, ZhEh12.0~21.5ton/ha, 44.7~65.9ton/ha,
26.1~48.5ton/ha, 27.19~34.6ton/ha¥ & 1%27.1~
38.3ton/haD i Th 5, F7=, ZEREIIZNZ
Nn12.0~21.5%, 6.9~14.8%, 6.2~19.1%, 5.6~
114% % X 0'5.0~10.7% T, [AHIETO— v WX
TR =AM (K55, 2001) (ZHARTNE
Moz,

(3) FEDIZ & 2 1BV E O At

MPEHIX DIEM T 5 7 v ¥ a DFIEDIC K
2 WL DN THI BT A B TR L 7265 %
Table 21278 L 72, FRUEHTH (KI5 5,2001) 12X
BHETIT 72, TR>OHEICBT2 Yy allEE
AT 5L, wKMEIZHHENT D33.4ton/has 5 (1)1]
W] 25.4ton/hadDFEPH T, 7 D AfE AL ) 1[H]
ERIFLEAENIIISFDTIEOFETH > 72,
Table 27 5, 1994F-DTIXDFIZF5 0 BEDRINE
FHIER] 00.039 % 5 BHERT 00.159 D §ipH T & %
Y, P ADSNTEERD 25 OO FHIE D978 Tl

Kaimon Makurazaki Chiran
0.272 0.305 0.324
0.533 0.363 0.354
0.234 0271 0.291
0.275 0.302 0.342
0.159 0.064 0.039

0 0 0
Kaimon Makurazaki Chiran
0.4 0.117 0.182
0.424 0.394 0.364
0.55 0.25 0.212

0 0 0.091

LA 0>0.134 7 & HIEEN] 00.3420&FiPH & 2 1) |
19944123 LT THE DI & B IS I3k % & fifi &2 7R
L7ze &7z, 19674E-0DVE H A MK O KTFI1E 2Tl
PR L)1 000.2327 & B EIMT 0.533 0 P &
5D, EHICKELMEERLZZ, ZORER2S, »
APV AL TIEFIE DI & B RTINS (346
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ZARWAEIE, T HBHIED19804-00301.6hak & &
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(IR KA A 19934F-003,572mn /year T, #/NAY19974F-
?1,828mm/year T 1), Kl Tidie K A319934F-D
3,711mn/year T, #/NA319944F-0D1,676mm/year Tl
Mg e IR E RN TIIREORE N DS, TD
RN 36 1 2 SRk B O I9ME & 2B R BT
232417 7mm/year, 17.9% T, ¥ul&mh532196.5mm/
year, 223% C®» 5., %72, Appendix-2lZ/”nd &
IZMorton-E 7 )UIZ & % Bl i DA D 285 s
DYl & ZE R EUE, 831.5m/year, 6.0% Td >
77

HAEIZ B 21EMAD 2 ARG A L LRI
THOHANRE S AETETHLE8HD HEE AR
100mm A & 7 - 7234 mEE, BEhT7A M
[\, 8H A3, Fulgi¢ix7HA2mE, 8H»6H T 5
%, B2, RG24 2 TIE O DR A4S »

Table 3 Frequency of continuous drought days in
Nansatu district

Year Period of drought day Number of day Rainfall (mm)

1986 July.25 ~ Aug.18 25 1.0
July.25 ~ Aug.27 34 11.0
1988 June.30~ July.15 16 5.0
Sept.25~ Nov.15 52 19.0
1989  July.11 ~ July.25 15 0.0
1990 July.14 ~ July.30 17 2.0
Oct. 14 ~ Nov. 2 20 9.0
1992 July.16 ~ Aug. 6 22 6.0
Aug.26 ~ Sept.13 19 4.0
1994  June.25~ July.19 25 0.0
Aug.25 ~ Aug.26 13 7.0
Aug.28 ~ Sept.17 21 9.0
Oct. 13 ~ Nov.14 33 3.0
1995 July. 7 ~ July.23 17 2.0
July. 7 ~ Aug.10 35 11.0
Sept. 6 ~ Sept.22 16 0.0
Oct. 8 ~ Oct. 28 21 0.0
Dec. 9 ~ Dec.31 23 6.0
1996 May. 9 ~ May.27 19 1.0
July.19 ~ Aug.10 23 1.0
Sept. 2 ~ Sept.24 23 1.0
Dec.18 ~ Dec.31 14 0.0
1997 May.17 ~ May.28 12 0.0
July.19 ~ Aug. 1 14 0.0
Aug.12 ~ Sept. 4 24 4.0
Oct. 3 ~ Nov.12 40 8.0
1998 June.24~ July.14 21 0.0
Aug. 3 ~ Aug.24 21 7.0
Aug.26 ~ Sept. 5 11 2.0
Dec. 1 ~ Dec.31 31 7.0

BN Z EI3FEH SO K - /ME, 1986) T/
XNT B, 198647 5 19984 £ TO T K H A
DU % A7=DHTable 3TH %, Hifi K HE % A
% & MREIHTOTHA» 68AIZ» T TOHBINL
<, 19865E7H25H ~8H18H , 19944E6 H25H ~7H
19HD & 51225 H & S 225 D Bl R H £
OHBUEE N E G, £72, 1I0H2511HOKE? S
WA T TS T RHEOHBLE £ < > Ty
%, WA, DROMBBENE H-oTnd I L
N, AETERBEAZ VA - (KFTR,1999) T
WESNTHD, ThEEMIT TS, Fi, CO:
EFICPE S HERIRRE L O BIR N ERE LG & U Caith
MIZEWHE THA TS 28D EL6N 5
(Parry,1990) .

(3) A OB A

Mt 7> A 3RO KFE B L AR HIZFERIZBRR L
TWADT, 199812513 il O BRI IZ D
WTHNT=, ZORFRAFighlom L7z, et (8
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Fig.5 Variation of utilization rate of arable land in defferent main canal line of Nansatsu
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Fig.6 Variation of decade mean irrigation requirement at each line and Nansatsu district
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Fig.7 Comparison of the daily variation of irrigation requirement at F1 irrigation
are of Kasanohara and Nansatsu district under drought condition
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Fig.8 (A) Comparison of daily variation of irrigation requirement at
defferent main canal under drought condition
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Table 4 Coefficient of correlation between monthly irrigation requirement
and meteorological element in Nansatu district

Jan. Feb. March  April May June

Tmax  —-0.203 -0.456 0.676 -0.685 0.129 -0.289
Tmin  -0.253 -0.436 0.564 -0.725 -0.459 -0.341
Tmean -0226 -0445 0617 -0.739 -0.256 -0.385
U 0.078 0.198 -0.039 0336 0.076 -0.370
SD 0253 0170 0703 0622 0.738 0.083
Rain -0.720 -0.054 -0.054 -0.006 -0.616 0.242
R>1 -0.779 0600 0.177 -0.606 -0.695 -0.244
R>10 -0.539 -0.398 -0.146 -0.099 -0.681 0.314
Etp 0088 -0.121 0826 0.143 0701 0.131
Eta -0.368 -0.159 0.705 -0.177 0.605 0.160

July Aug. Sept. Oct. Nov. Dec. Annual
0.748 0686 0.503 0252 0.235 -0.021 0.240
0.226 0414 -0.023 0079 0114 -0.247 0074
0.587 0588 0.210 0192 0157 -0.252 0.133

-0.271 -0.488 0301 0.241 -0.103 -0.240 0.377
0.717 0536 0.725 0032 0440 0340 0427

-0.343 -0.199 -0.664 -0.530 -0.309 -0481 -0.177

-0.764 -0.371 -0.628 -0.504 -0.119 -0.619 -0.522

-0.552 -0.261 -0.757 -0.673 -0.248 -0.479 -0.344
0.666 0.631 0.652 0.109 0453 0.147 0463
0.571 0661 -0.189 -0473 -0.154 -0.254 0.165
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Fig.10 Daily variation of air temperature of AMeDAS of Kaseda
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Table 5 Coefficient of correlation between daily irrigation requirement
and meteorological element on drought condition

Factor Symbol  Ibusuki
Drought days (DR) 0.798
Precipitation (PR) -0.221
Mean Temp. (T™) 0.266
Max. Temp. (TA) 0.327
Min. Temp. (TD 0.081
Mean Humidity (RHM) -0.266
Sunshin duration (SD) 0.399
Mean velocity wv)  -0.084
Cloudness (cD) -0.108
Reff.Evapo. (RET) 0.457
Min. Humidity (RHI) -0.213

FREDOBIR2 S, AN 51 B TIE DR D XS
PR 6 Ho ANl & 4 228 BT D2 KI8T
HBIZ K0k - HeEAe U, EHBIRE A iRy
BWEORfFEh, TRATREND,

IR5=0.073Xx DR+0.037x CD+
0.064x SD—0.047x TA+1.081

Kaimon Makurazaki Chiran  All area
0.864 0.746 0.747 0.87
-0.237 -0.252 -0.255 -0.25

0.298 0.267 0.265 0.349
0.435 0.357 0.355 0.461
0.058 0.081 0.076 0.096

-0.259 -0.259 -0.265 -0.257
0.274 0.277 0.277 0.382
-0.182  -0.135 -0.139 -0.18
-0.087 -0.064  -0.069 -0.128
0.26 0.275 0.279 0.386
-0.326 -0.318 -0.321 -0.294

IRva=0.015X DR—0.0017x RHIH+0.225
(r=0.756)
IRcu=0.008x DR—0.0009x RHI+0.124
(r=0.757)
IRn4=0.048x DR+0.0378x TA—0.931
(r=0.883)

(r=0.833) Z Z7T, IRs, IRxa, IRva, IRcui®s X ONIRwlEZ 1
IRx2=0.139x DR+0.184 X TA— ThiETE, BAE, PR, RIS I KON m eIk
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Fig.12 Comparison of the daily changes in irrigation requirement
at different main canal under drought condition
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Data on the irrigation requirement of upland fields in a warm,
humid district (IV)

— Water requirement in the irrigation area
of Nansatsu in Kagoshima Prefecture —

Kazuhiko Ousa, Yoshinori Suzuki? , Yoshitaka Kurose
And
Atsushi MArRuyAMA

Summary

A representative field irrigation area in Kagoshima Prefecture was surveyed to analyze the water requirement
under field irrigation in a temperate humid region and the demand and supply of water in the Nansatu district.
The field irrigation land area is 5,881.4ha at the upland field, composed of the Ibusuki (10.8%) , Yamakawa

(13.7%) ,Ei (36.6%) ,Kaimon (10.4%) , Makurazaki (10.0%) ,and Chiran (18.5%) lines.

The utilization rate of arable land (URAL) before induced irrigation was 150.4% in 1970; the land area
under cultivation, planted for disaster prevention farming, is mainly composed of sweet potatoes (33.5%) ,a
vegetable crop, and an industrial crop, for relief from a typhoon or drought. The URAL was 103.6% in 1998 after
induced irrigation, and this was used for the development of high-level proceeds farming, composed of sweet
potatoes for food (24.0%) , vegetables of open field culture and protected horticulture (22.0%) , and tea
trees (27.6%) . The mean yield of the major upland crop in the irrigation area was low compared with the non-
irrigation area for taro and carrots, which had a sensitive water response; there was no difference in the variation
coefficients at irrigation and non-irrigation areas for burdock, Chinese cabbage, and cabbage. The maximum
annual water requirement at the Nansatu turnout level was 251.8mm in 1994 (high temperature and much
insolation) , and the minimum was 55.7mm in 1987. The average was 111.9mm for 12 years (coefficient of
variation, 9.34%) .

The seasonal water requirement variation at Nansatu indicated that the water requirement was 0.2 to 0.5mm/
day for the non-irrigation period from October to February. The peak water requirement at the beginning of
March in the irrigation period increased suddenly from 1.8 to 3.4 mm/day for frost protection for the tea trees
along the Makurazaki and Chiran canal line; this changed to a range of 0.5 to 1.0 mm/day for the summer season
crop from May to June. The relation between the monthly mean effective rainfall and monthly mean water
requirement was a straight line in April and May and exhibited an exponential tendency in July and August; it
was constant in the other periods. This was probably related to meteorological factors as well as the daily water
requirement under drought conditions. The meteorological factors from a correction coefficient greater than 0.7
were the number of dry days, the mean temperature, maximum temperature, and evapotranspiration, and the
negative corrections were the mean relative humidity and minimum relative humidity.

Using multifactor analysis, we found that the following polynomial expression could approximate the

Department of Agro-Environmental Research,National Agricultural Research Center for Kyushu Okinawa Region,2421
Suya,Nishigoshi,Kikuchi,Kumamoto 861-1192,Japan.

Present address:

1) Kyushu University
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dependence of the water requirement values on the meteorological data in a period of drought. The water demand
at the irrigation line of the Nansatu district could thus be estimated based on the following equation.

IRz =0.073DR +0.037CD +0.064SD — 0.047TA+1.081 (r=0.833)

IRk =0.139DR-+0.184TA — 0.178ET — 0.072TI — 2.486 (r=0.891)

IRva = 0.015DR —0.0017RHI+0.225 (r=0.756)
IRcur = 0.008 DR —0.0009 RHIH-0.124 (r=0.757)
IRxa = 0.048DR+0.0378TA — 0.931 (r=0.883)

where, IRm, IRxa, IRva, IRcar, and IRy (mm/day) are the daily water requirements in drought conditions at the
Ibusuki, Kaimon, Makurazaki, Chiran and Nansatu canal lines. DR is the number of clear-sky days, TA is the
maximum temperature (°C) , RHI is the minimum relative humidity (%) , CDis the cloud amount, SD is

duration of sunshine (hrs) , and ET is the reference evapotranspiration (mm/day) .

Key words: Irrigation requirement, number of clear-sky days, drought, scale for estimating crop yield decrease,

irrigation for frost protection.
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