16 BRI HBILICERT 2EEEAMORREELABRORR - REEEICHT R

16 BREHEHRILICERT SHEEXRMMOBRREEEROER - REFEICEY S8R

FFZEHAM - SRk 28 4ERE~33 4R
Ta s T K = — o EESE YRS S L — TR HEEA
TWFZEHRY 7 L —  FEHNESE g L — 7 (BT — A, KFHET— 1)

1. HROLEH

TR OO, BAEOE L, B RBOREEIC L0 HROBBEGERIIS%EAT 2 HICH D, AK
OREEHEAGRITBR S 7 U —_— 2T 39% & SeEEF AN TH VD |, £k - B3 - RATEORGE CITFRR 37 422
12 45% A X825 2 ENRBETH D0, EVEEOHRWFOD & mlk. BHEREE O A7 PEN O K
RO FNBESNTWD, ZOXI RO &, A ) _— 3 2 X D EEORBLGI T 2165 A L= 4
PERAME D) N AFS & 7o - TH Y ENOBEE R RREEMTH 5 AHEEIC O T H KB oS =
&V o T ISR & DEAICTE AT D A PE R OB - (R AEFEEIROBFE AR D SN TN B,

2. BELTIHEMARER
AWFFEBESE 7 1 75 ATl ITEARIRE N T 50TV 5 B0 KX AR = UL 5 BEREHE K sk O % i
(B 7 Bt - TR DA BT, PSS I & B B2 KR R% DR Lo RIRBSIE E R OB 56 « sk
ZHEE U723 RKRIfR OB HE, R 7ol 2 oK AT I 8 U 5 S8 EREE & OFFFIC B U 7= HEREHE K
Bl Bise+ % Z L e 0#iH & LT, LUFOEMEEARE L,

(1) BEBUEOPERIZ TS U 7o K X5 0O ghaR 1 72 B Bl & i B 70 8 BB 0O B %8

(2 EROEbEKBEEE B LI ARG OMERFEEE - BRI BI%

(8)  RHURLHLSE W= 31T 2 BREE & OFFFICECE U 7= BEREHE A B0l oD B %
ZDH L, ik 28~29 EIX(1), (2), GINTONWTEML T\ D,

3. WARORR - Bl
(2. AR LT DHFZEBRTERR ) (TR LTk BARICBI LT, PRk 28~29 4REEIC e L 72 AFJE DR - BGfIC
DVWTERTLLELUTOLEBY THD,

(1) BEREOHKRICHE L KREEROMENLZBERN & EETEERRATORMRE

1) MEERWHICKIT 5 KXEBSEOEHEENCE T 2850

KIX ][5 DN =RA 728805+ T HARF OB L (ARILTlX, D X D 7ok 157-, £LO FOIEMRICIRR LN
HERES % 5 FEDORXHEFIGIZIV T, i THEMIC X 5 OB K LEORBEAZ NI T 5780, Mt LICFES
T IR DI OV TIAE Lz, 2 COFEMYS T, M LBMERFOR OB KRR A CTHY . =
DOEKETOREFE LR TR LOMEETIE, BLEOTEYBEMENKRESE(LT D 2 Lided Tz, EERLE
ORE L ORI KL 0 R EORIFNEKEREME T LB TlE, i L% 1RO BIEEARTH TEOPKME
TEL TR LT, i TR BB L2625 Z ENEETHH VWA D, T, FHEOEKRLTOY)
TPAEREOW, Ul E2 R CHEY L TOEELZEBHT LV R—F TIToZBG Tl %E 58 LI
X3k D Fefly DY IR T3R8 D 1 — AFEEAS 0. 2WPa FREE)S, ERH 7 /L R—H THETHAEE LV 0. 2MPa LU FIZE T
BKFLTWe, 2oz End, BREAMET, BMEYLETOEELRMT L F—FICLVITHOHA. ZDH%D
BT OB VESEIL, BB T L R—V S SICBEMEO/ NS WB A BT L R—PIZ L 0iT) Z ENRLEFE L
WweEZLND,

PAEREIL, BT SN L 0 RE W THBHZ BT, KRIXHEfL O TR O HHEFr .z fIET i Es
PFET D, o, BNRBRICBO TR D THOKGEE T TV R—F OB Z BT S8, BROETH Y
PV TR RET D,



16 BRI HBILICERT 2EEEAMORREELABRORR - REEEICHT R

2) KXEKHERFICIBT 5 HTARMHEIES X7 LOREFAICET 2558

T ARALHAE S 2 7 A @ ER BT OB T, KIXEBIZIZI1T DFaHK A 7 2 LIRS X 2 K0 Es
CHEKIC K A A A B AN S A ZEZBEEE LTEBY, RO K D R EST-, TR ik & 4 HH/EME
YRR EE B CHl M EERF O T KN OZS B A FRAT U725, R FR A A O & X R O T EEERYE D& D P2
BT THURKRAL & 2 DN LT DA U T-Ff) & M FREMRHCH T RGNS LZe o ToF IR b o7, #
NHOERE LT, BOFEKEN NS, TEHEECRADIEN 0 TIERWZ ENRB 2 bR, o, K
FBRSAEIE 5 CB RNt N2 S L. AKAE~ DK & IHERN A B e i ) DFER SN TE D 2 & &
FHIRNHEGE LT, S OICHE MEEEORI A © BREARM OFHIiD7- 0 KEHM &K H TIREZNR T A PEH 21
E L& 2 A, HUTHENEC X 2 THOKS OB 5 OPEH 2Rt STV D ATHEENE 2 b,

WAERE 1L, BRI 268K A T OEREOHWR & AKFEOB AN IIT 2 KUk & #7022 Wisr U7-#
AL ORGEZ Bl EFeEAT O, F7o. H NEMEEE R EZNI T APEHE OB AR ~5 2 25 8% iR
T 5,

3)  AKHAHE OKICEREREITEE U7 BB BB 28F%% (2D 5 b, KREKBEOEREERKE

BEAMT OB & FAKEDO#ER)

AHMRE DK HHIAT Tl BAEEORRIEZ D I LT, M5O RXKE{LCHL F RN HIE > 2 7 A OB D &
TS, ZO LX) REERIPTONT-MIX T, FLHERERE:, BKERRRE. BEEE 21T o BG4 2RI,
B AL OAE IR L OKIE ZFRE L7Z, D OREREG CIX, BEEOM FRMRENZ Enb, RhEo
HEIZEDL T, FEGOREBREIINTN L/ NS oTz, 207D, BEG~OBUKEDOZEZ, EIZBREAHAGEIC
£ 5 BRIV K SCIEAKHERE 72 & OFFFEFL OB LV A U, b OFEEBIL, B OFE 7721 CHE
LEIND LR LD TII R REOHBIZ L > TUX W THOFRE A THREICRDFRERDH L H D Th >
2o ZOXIIZ, 2HFEOFETIE, SHEOFIEFX TOHKRIZKE 2B NI T2,

UARRE I, KIX B 31T D KT OBAERE: F L OB COKEBRERE A o8 LK EDOMEI 21T 5,

2 EBEROELPLUREBZEE L-BEKFIESOMFEERE - BHBORMRE
1) FEEEMHICEKT 5 RBEKFIRRORFMUICET R (D5 b, BEAFMHROEALILE X
& LT BRI OMEFFE B - EHERAT D BIZE)

FEEREGHIC T 5 REAFIER OREFmLIZRE T 20180 Bk, OREAFIER OB S et e Liz
W - FHIOTEOREEE, 72 b NCORES MM IS 1T 5 B3EAKRITERR OAE - #iTR 5715 & 2 OFHl LD T
b5,

OTIX HEEL LA XGR L LT A LEERE ORI & FEMSE R L OB A TFIEIC K 2 A A L2 o B s
DT, BIE T, @ERkE 50 AELL ESRGE LZEHE TICBW T, av 7 U — FOiBR « 21T, i
FFlcB T 2HERE . IV T ARG OEMBIG 2 O BRSNS BET HZ 2 oM L, 72,
% 17~36 4ED3 R U 7= SHRAREE KIS 2 5t 5 & LT 24T\ 2 OREIEMERED IR IR 2552 LT, %8 Tl
BAKERIC W T, BB IRIE, A B — % U ZAJEOFEAMEICOWTEET L & L b, @RitET v 1 —% H
W2 T v BB ATV, B [P & ISR & OBMRMEZ B BN Lz,

OTIL, KRR OME - R TIEOMAMERHME & LT, fiiE%OMKEZR S E LG KEORTRELZIT
VY, EERIRFIROKRIEE DA M A fifss L7,

UARRE I, BEKRIMRR 31T DE AL HAE DRI & JEMEE « SRBRE TR OB, fifE - AR TIE O
DAEDRHZ D 5,

2) KRR ERCBT 2 RN BRSO R EXISEHER EEAT OB

FEERI 70 B SE KRR (2 33T D KRB HIEE S8 B HETS ORI S F R & 72 S8 IG5 0D 3R 8 H T D BH %
T, WD X9 7R e 97, 9, KBRS ERNCIS T 2 s & HE O K E e T8 2 BLE 5 RN R O FF
EE U RTHTIZIBNT, 74— M2 U —ffr (FTA) DAY — L ThHZ L ZH LN LTz, ZD FTA
OEBEIEETH D FTRWERZED 5 & & FINFRNH HFEERE SN BRET, /EE0 B Z 3RO
BB 2 % &\ D IR KEIFEHIERIC 2 B Z2XEROBRFHNIAEI TH D Z L 2GR Lo, £, Bk
O THIEE B X T % B E A VT e RIROWEEN R 2 564 T & 2 KEERPNFHE & LT, KB HER A%



16 BRI HBILICERT 2EEEAMORREELABRORR - REEEICHT R

HVEE A O E BRE ST OEN0 4T HNA 7 — FEREICEIT L OIS ®H 72 5 &\ 9 SEF G AR %
R LTI, BT, ZOXNMERIOEEO &% BUKZ — k% ST 2 0@ OBk & -5 B E 5k
ZHEER LT, B 6 L EOMIERF COFMEEZ R LTz, TDI1ED, WAk 28 4 8 H OHRAZE 10 512 XL A KK
ERHZBWTE SN EEM S LOEBEOEREZHGEL T, ¥ ZEHIZB W TSI TEIF A A ThH 2 &
LT,

UAEREL, RRZRBIEARMR I 1T D KBRS ERH R 2 7o KEHCFTERE ~ = 2 7 VEERT 5,

(8) KIRBERZEMIRICHITHEE L OFMICEE L -ERHKRTDORS
1) JKHEHIE OASTRBEREICER L 72RO EMM BT A8 (205 b, BRASTERE & U3
BB OHESE)

7K H 5 O KX L0 L F AN HEI S A T A OB OHERIZE - T, BRSO IR 2 381 A it S 03 21k
THETRIND, O, KEMHIZIST 5 BIKSERE & i U7 PRI OME %2 H S LT, PRk
28~29 HET, B SN R O sk CAKIN S IS L OVKE O 2 e L7z, ORGSR, Ik (8 1, 100ha) (23
W, KIS & PEKEE TR LT AKE E K EDZEL, MAKEIZH L TR 1ETHDZ b, ZDK
AN DIZFE LD VRHD NS N T EAVRIE ST, FERE AR IXF6 ORS00 7K 3 & bhige U 7o
HE L CHBE LREE 21T T 2 AR S XS He A~ CL [l 2 & IS L2 KB 2 1T 2 DB R A X Tl
EREASORUKEN Do Tz, FEEIRIZ I 28K O KGR (SS, T-N, T-P) %, ik n £k L
2 B/NEKEDE L 0 RS . BEAKOEKE, EMEPEKUADOKEIZLVFHFIRINTND ERIBI T,
WAERET, JRIR, B, BRI DWW T, ZRENOKINE L OVKSCBRIEO TR 2 5 i 17V, Bl/kikE
fHBIXIZ 31T 2 IRk O K IEBR 36 L OVK SRR 2 335,

2) KRB EHR ISR 2R R SARAT Y —FHEEEMR ORI 55

F B 5 MR DIFEM IS ZAT O NEESFERE % T ORNRA 22 5 A PR HFEE BT O BRFE I I Tl BRIk oo Bl
T L BNy FRBREAT o 72, BIHERA Clx, BEKIFCSAIRA T U —O/KBUFRHIE B OE N FH
L7z b WO sk ] CIElE HIEN R E K B D Z E RN o IR EEA1T O R R O S AURA T U —
O pH IE, BKEORZWH TH, BRAOHSHIEH L Th 2 pH7. 8~8.5 O FREEIZE TL EF LT
W EDD, BRIICIERENRE LTS Z ERR SN, 7o, BNRBRTIL, ERDEEN %L 7% T
HDHSIREAT ) —HRKITEA L, RiEE 200C L 30°CITHERF L TR EIT o121, IWEEE<S R 52
& CTHBMNIRENREL 2D L 2R LT,

PARRE S, Wi NOFHE HFIEIZ DWW TERNRER ATV, 2R 5 AR 2 O 0N 5, Fo, 2
B 72 5 AU SR IREE SR % B A% OFEHRI SCBR L, KRRET — % OEUS 21T 9,

3)  RHUEREEHE O/ EIREEFHE BN 2 B9~ 2 B4t

U B 0D RS B s T, [EE BB IR AT A DN O HE K ERE N B S v, FHEFERRR DRI O K E
BRIEICE X DB TERbTHZ ENROENTNDS, D=, SWAT (Soil and Water Assessment Tool)
\Z R DKEMATIC L Y | KBRS U O KB BRI GE FIEZ 1R T 5, WAk 28~29 4FFEIZ, SWAT OFSERRGE
(WD EZT — GO T2 DIKE TR 2 Fhi LT, 3O AKET — & & ZZMIEHRZ o8 LT fER, kD
TIKIZE FN D REHRO TS T 2 NO3-N 1, JilkiEfE & 7oV ORI ASEECE & & ORI IEOFEBBIRN
5472, WO NO3-N SR IL, MEIER 250 T HIRE D=0, b D IZREEL IR /e E ) HHEE L7238
TROWREZ WD & S OICHBEMED A B3 2635 b7, Fio, TPIERRED DML D /Nl T F2E 0 i
RO & DRIFRMEDS RE S 4Tz, F72, SWAT 20 JH9 2 WIHIERPE & LT, 1Rk 29 AREEIS I HIMRAT 22 FEH L 7, SWAT
(2 & B AT OFE B AR KB AR SN 2 B L 72/ S Dz, L L. KBRS RHE 3 5 i) A
SN, HEOWEM R EOFF NG A— B AR A LEN D D,

WAEREL, KEREZMGET 52 L TETIURGET —4 2EM T2 & L b, KEE Lo RE2 TN 5,
51T, SWAT OFHEATORSER E&2 Bie3 & & bio, KEMTIZETT 5,



16 BRI HBILICERT 2EEEAMORREELABRORR - REEEICHT R

RESEARCH ON MAINTENANCE AND MANAGEMENT OF AGRICULTURAL
INFRASTRUCTURE IN THE SNOWY COLD REGIONS CONTRIBUTING TO
IMPROVING FOOD SUPPLY

Research Period : FY2016-2021

Program Leader : Director of Cold-Region Agricultural Development Research Group
TAKEUCHI Hideo

Research Group : Cold-Region Agricultural Development Research Group (Rural Resources

Conservation, Irrigation and Drainage Facilities )

Abstract : The relationship between global food supply and demand is expected to tighten. In Japan,
decreases in the numbers of farming successors and increases in the demographic aging of food producers
are causing concerns over a decline in the food supply capacity. In Hokkaido, a major food-producing region
of Japan, there is the need for the development of agricultural infrastructure and of conservation and
management technologies that suit the local conditions, such as the large scale of farms and the cold, snowy

climate. Each objective, and major findings of the surveys conducted in fiscal years 2016-2017 are as follows.

Objective (1) : The development of technologies for the efficient consolidation and advanced management
of large-scale fields to respond to the expansion of management scale

In work processes for consolidating small fields into large-block fields in areas where the foundational
ground is peat soil, leveling of the foundation is done after the surface soil is removed. The influence of cut
and fill works for foundation leveling on the physical properties of soil was investigated. The investigation
revealed that the bearing capacity of foundational peat soil moved by a swamp bulldozer decreased to 0.2
MPa or lower. With these bearing capacities, it is difficult to conduct leveling works using a swamp bulldozer.
The cause for the decreased bearing capacity of soil was thought to be the remolding that occurred during
the peat soil moving works.

In two areas of Hokkaido, planar unevenness in the moisture distribution of the fields was investigated by
using two large-block fields where upland crops were cultivated. To clarify the factors that cause unevenness
in the moisture distribution of a field, sub irrigation was performed when the field in each of two areas was
dry. The major factors for generating unevenness in moisture distribution were estimated to be the soil
structure and the degree of crack development. A case study using a large-block rice paddy field revealed
that it is possible to maintain the bearing capacity of soil necessary for harvesting works even when sub
irrigation was performed during the ripening period.

By using large-block paddy fields with a groundwater level control system, a two-year survey was done on
irrigation requirements for three types of rice cultivation: direct seeding culture on a well-drained paddy
field, direct seeding in a submerged paddy field, and transplanting culture. It was found that the factor that
contributed to the difference among the irrigation requirements of these three types of cultivation was not
the difference in the rate of percolation but the difference in the lot-management water requirements.

Objective (2) : The development of technologies for the maintenance and renewal of agricultural
irrigation facilities considering changes in farming and climate
Concrete specimens from headworks more than 50 year’s old were tested and analyzed. It was clarified
that the concrete on the surface had frost damage and wear deterioration accompanied by calcium leaching.
The relationship between the years in service and degree of corrosion of steel sheet pilings, which are
frequently used for drainage channels in the Sorachi Area in Hokkaido, was clarified.
By using an irrigation canal in Hokkaido, which is one of the largest irrigation canals in Japan, it was
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demonstrated that the Fault Tree Analysis (FTA) is an effective tool for identifying events that hinder
response actions taken by the facility operator at the time of a large-scale disaster. It was also verified that

the FTA is useful in considering measures against large-scale disasters.

Objective (3) : The development of irrigation and drainage technologies that are in harmony with the

environment in a large-scale farming area

Regarding paddy field zones in Hokkaido, it is expected that the farmland consolidation of paddy fields
into large plots and the preparation of groundwater level control systems will change the water
environment of the farm blocks and areas larger than the blocks. Aiming at the development of
irrigation-and-drainage technologies harmonized with the hydrological environment of surrounding areas,
the water environment in districts where farmland consolidation is advancing was investigated. As a result,
it was suggested that the differences between the inflow and outflow through the waterway and between
the inflow and outflow due to the seepage between areas are small in the areas subject to the investigation
of approx. 1,100 ha. Moreover, it was suggested that the drainage from the farmland is diluted with water
other than the farmland drainage, such as remaining water for agricultural use, and flows through the
main drainage canal in the irrigation period.

The animal waste slurry aeration facilities operated by dairy farms were investigated to clarify the
operation conditions and quality of treated liquid. It was found that the blower operation hours differed
greatly from farm to farm and that there were many facilities that were thought to have insufficient
aeration.

By optimizing the parameters of the Soil and Water Assessment Tool (SWAT), a water quality analysis
model, and using the discharge data of the Nishibetsu River in the eastern part of Hokkaido, a water
quality analysis model that produces results that fit well with the measured discharge data was
constructed. An onsite survey was done to obtain a dataset of water quality (N, P) and discharge, which was
to be used in the accuracy assessment of SWAT.

Key words: large-scale fields, sub-irrigation, technologies for maintenance and renewal, disaster response

plan, harmony with the environment, slurry irrigation
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THHETE T (0-30cm) DOHEFFIMED KX < HY b,
TBHZ EidenoTz,

2) FLoOMTIZEY, REOFEKEEOME T L
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pp. 18-36, 2015.
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p. 391, 2009.
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% £ THER D DRI 2 G LoD, #I R 64
Bl R EUHET 2 Z L3 alREL 725, [RIRHC, H

e 2| N

FEAHEO HBORF RS D Z LT, IHEIIH 2T
A AT BT bR T D 2 E N TE D,
ZZ T, 2 0HOER AL, AFRERIIOAK IS &
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2. IEEEREE ORISR & SRR OB
fiZEA
21 BH#®

IR STV D BRI X, AR
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% 2018 4F 1~2 T3 LIz, #HIF—4i%, Vi —
=210 A X — SV Tidgk LT, T — 2 D i
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D, IEKERNEIREI N,

7235 R L B O R DOBYR A R.H D Thiux,
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30TS7 24h 7

2017 4E9 A 26 FUCERI L7z, 2L (TS) JREEIE 7. 0%
Thot, FIRTIE, FRLRVKRERSARAT Y —
FTIIFREKT TS I % A% LT AR S AR A
5 1) —1000ml % 2000ml A ALY A —|THEA LY, 5
PIRAT U —DFRIRRERE TS P & OEIRIL. B ED L
BRUICE DL 2 (EABRT TS IREEDNK 6%, 3[R TR
WLIRRENTEY, ZhESEBIZTS REEZFHE LT,
SIRAT ) =B A LTZA ALY v A —3KiRE
20°C3 LN 30°CIZHIE L 7= KNI ERE LT, ARV
BT KA LT BRI, RN X A IR B
IR D 2 ETEIRAT ) —OIREEZ— IR 5
O Thb, BERIE. ARV A —NICERE U8
BT 2 h =D D OEK TR T 72, BRI R L,
AR Y U HE = BB E TR OERE DK
0. 12L-min™ & U7z, BEKULEITT V2 /Vitaat CRIE L.
1 DEHOINET =5 0 —Cik LT, ThatEiiae
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0C. 158 IR L (&5, KRIL 56 HEEHIe
TP &R CRtek LTz, FE00IRNI 2017 4F 10 A 5
H~21 HD 17 HETH 5,

IRSBHAAIRES L OMREHE THRHCSARA Z U —H oD
TS & & HE B2 RIE Lz, TSEIZAT U —% 105C
T 24 BRI LI ARICE Uiz, Fi2, ZOTS X5
\Z 550°CC b Ieflple L Coligalii (VS) ke, 2
ExAEs L, STl B 1E, Bt
P— BRI =AY, BT A R72 R #R)
TRIGESZNE L%, —Rctxafsb L, 77
IMETA ALY U —NOSAPRESHRE L, KFEA A
FRE (o) . B{L3ESCAENT (ORP) | FEARUSEE (BC) Z7IlE L
7=
33 R
331 BRERLIUVER

F-5 1T L OVRIR A7~ T, ARl & IR
TiEIZEE L TR Y | BRI OISR G FH T 2600~
2700L FREE & Zp o7z,

SARAZ V) —OWRIRIIHE G E U TR E THERE L7,

F5 BRRESFIVEER

— BEaRe™ BKEast| ®wE™
nit'%ﬁlzg (L min71) (L) (oC)

20TS4 24h 0.124+0.02 2699 19.8+0.1
20TS7 24h 0.124+0.03 2717 19.9+0.1
30TS4 24h 0.124+0.02 2650 30.3%0.1
30TS7 24h 0.12%+0.02 2641 30.3+0.1

¥ EYEZERE

3.3.2 ORP, pH, EC

-6 |2 ORP OHERE %7~ d, ORP IAIROER L)), &t
NOTRE %R E CAFRARAE CITBA 1 = < . BT
REETITBNIAMENY, TSA%DTX TIIREEEIE# 3 B
HETORP 2ME T L, ZDi%-400mV R THERS L7-#% 9
~10 HH2 5 FH Uik, 30TS4_24h XTI 13 H H LK
1220TS4_24h XXV b R&E L BFH Lo, —J5 TSThD X
CIIFBRBAAGHE THRFE T, ORP ITHENTAX T Uit T 7=,

B-7 12 pH OHERE 21, SBRBHAARFD pH 13 TSA%DI]
[XC 6.5, TSTUDMX T 6.7 THY ., BEKEIMEHKIITT
AT ORERX T pH 28 E5A- U, 1EBIIGT 8~9 B HIZIE
TSA%DTIX T pH A% 8. 5 123 L7114  Afta—E OffCHE

B L7~ TSTUDMIX TIE TSA%DRTIX L 0 FER07NT FR- L.

MREUHLA 15~16 H BITHI 8.5 L7 oT,
B8 (2 BC O 2™, BC IR h OB O
ZRIIRETH Y 2| BC LRSI G E R %

RS A%A)
012 3 456 7 8 9 101112 13 14 15 16
0
50 - ——20TS4_24h
4100 20TS7_24h
30TS4_24h
s 150 ¢ 30TS7_24h
F 200 |
W
i 250
Bl
ﬁ-soo L
& 350 | \\ //
400 + -~ 7= _,«\~/N
450 L
-6 BLETTER (ORP) DR
9 —
. | S
7 -
6 -
L5
2, ——20TS4_24h
20757_24h
3 30TS4_24h
2 307T57_24h
1
0 1 1 1
01 23 4 5 6 7 8 9 10111213 14 15 16
=k {q=D]
-7 pHOHEFRE
“or ——20TS4_24h
n L 20757_24h
30TS4_24h
307T57_24h
10 |
€ L
58 \
(%)
= —_
W6 T T
oy
M 4
1K
L
0

0 1 23 45 6 7 8 9 1011 12 13 14 15 16
B BEH(A)

X8 BXUZEE (EC) DHiFs

HeETE 5 72, RO b B E L CRRAIL
oo TSARDMIX TIIESBHAGA 8 H H £ TIRA KT L
7ot%., B —TEOMCHERS LT, —J5 TSTRDMIX Cliak
Bk TIRPE O T Ui T 7=,
333 TSERLUVAHEMEE

&6 ZTS & ARG E AEDEZ RS, A
IR BAY 0.4g- 100gfM! & e b RE o =D
30TS4_24h [XTH Y 3WilZ 0. 1 g+ 100gFM* &It/ N &7
7=DIX 20TST_24h KT o7z, REDFELE RD7-50,
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20TS4_24h [X.& 30TS4_24h [X, 20TS7_24h [X.& 30TS7_24h
XAENEIET 2 & IREED S IR ORI
BWOBNRRKRED ST, £, SARAT Y —DREDE
Bia BL572%, 20TS4_24h [X & 20TS7_24h X, 30TS4_24h
[X.& 30TS7_24h KA ZNENUITT 5 & TS HAVHS VR
BRIX COFMMIR D SR E Do T,

x6 TSESLVEHYEE

o8

TSE (g 100gFM™) AmEE aHY
SRE4 (g IOQEFM ) B

BHIRES BT BHIREE BT (g'100gFM71)

(BE0EE) i(BK16EE) | BR0BR) (BK168E)

20TS4_24h 39 37 33 | 3.1 0.2
20TS7_24h 6.7 6.6 56 | 55 0.1
30TS4_24h 3.9 35 33 | 2.9 0.4
30TS7_24h 6.7 6.5 56 | 5.3 0.3

334 RTEH

B9 ([CRARHESOHERE 2T, 7eks, TEICHAVWZR
K[ —DORIE FRRNSRSHE 40 £TE 72> THD |
WS BHAAIF D — T OFRBRIX CIERAUHREDS 40 &2 C
W, REEREHIEITA RTA P Ik D e, 6 Bki
REREFTRIEIC L 5 BRI & #4340 5 B
DERIIR-T D LBV Th D, KBRS /URA T
U =T _RCORBRXI B TR 35 LLEE
2o TEY, FEFITRNTBNThoTo, ERBIAE 1
A BIZIX RS DR E KT L7 b Do 30TS7_24h [X.
TIXRAFEEDS 22 278 LHH RO Th o 70, Ik

®1 RIGREERTIEHOBR

RERE NE EREHN
0 mE —
1 POLBITEDIZH L (RARERE) -
2 FAIDIZELN DDA BEBLIEL GEAERERE) -
(25) | (2&3m®mE) 1
3 EIZREATESITEL 16
LB8) | BEADERE) 20 .
4 BRLMIELY -
5 FRFNARITHLY -

40
‘ ——20TS4_24h
35 \ 20TS7_24h
30 | 30TS4_24h
30TS7_24h
25
=
£ 50
#&
15 AN
N—
10
5 L
0

0 1 2 3 456 7 8 9 101112 13 14 15 16
BREHE)

X RIURHOHRS

VYT 30TS4_24h [X T 19, 20TS7_24h X T 18 ARl I3
IZRGNITEDIZRVY Thoto, 72k, 201S7_24h [XT
TSRS 16 LLECHERS L7= 10D, 30TS4_24h [XC
IHRAIE T L, BRI TRACIX RS 6 L 720 |
IRV KE K F L7e, F72 20TS4_24h X3 BHAA
#% 1 A HORSFEEN 13 7R L, £O% S 16 LUT CHE
L., SR TRACITIRSFED 6 LleoT2,

34 EE

ORP (X, TSTUDMIX CIIRAERE T E TR R L
el 7= H OO, TSARDIEIX CIIIERBEA 10 B HLRRZ
BRI U2, Tbh, TSARDMmX TIE9~10 HH £
TR FED o HDFEE £ TR, ZD%, BEROM
FREDNHEEL D bEL ol bBEX DD,

pH & TSARDMIXIZIUN T, BRKBIIGR 8~9 AH £ T
\IRAZ ERH LTtk B EDMECHERE L=, F7-.
EC 13 TSA%RDMIXIZ I3\ T IR 8 A H £ TiRa 12
KR L2tk i —EDMETHER L=, T70bb, kb
@ ORP 73 B ZHA Uz A & [R] CREN A —7E & 72 o
W5,

FRBARARE & K TIRFDRIERE R & RO T Ak
&I, [FU TS & ThIUL, IRED EHRERX COaHY
BOEPRENT ERHALNERD BEEZELTHZ
CNTER DR, T BIENCARITH D Z LD
BENT-, —J7. BikD ORP, pH, EC OHEEN ST,
20TS4_24h X CHAFKMETREEDINERICHEA TV D ATRENE
WY | AIEOBELRSM T CIE, TS7% & bl LT TS4%
FTSAREFRIR LT IR LSOV RTREMED VRIZ S
iz, BEFEEIL, TS EDRKZNVSARAT U —TIEK
EVMEE 72D | (B OTRY REED N HET D, TS BV
ENSAPRAT U =TI ISVEZ7R L, B HERORR
D BV OIE FABEE THDH Z LB BN/ -
77

4. F¥EO

FE S MR EIFRMEFIAC X 0 SRS 5 I RE i
Tl FEERTEE S DR 2 L TRURHHI 72 & O
WREN R D, TOWEIL, BERFEORENIRODT-
DI =R L F— 2L T D 2 &
WD, ARFIETIL, ARSI E F U EZ I BN
T5HZ L& HNT, NERFEME R OFEERRIR OB A
BRUSENIREITo72,

NEERERE R OFEIRA R & IR O B
BCIE, BEEUR Y 7RI 3 b RV itk & e b
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JEXDHIT 4 Th o7z, Flo, SARATV—HFRAE
& REETR R S IRDTZ S AR A T V) —D/KBAAT
BB, RbEV MR &b OB ORI 2.5
Tholz, TOXIT, MR K> CHEEZFEDRKE <

F7e D Z LB E T o T, MR E L R pH OB
ClE, FHERETIC & D [ERAO AT 82472 ) OFIRER &
& pll L OBSREEFL T, Z ORGSR, BAIER L -
D ODRIFLENLUNEE pH 3@ ERH LN E 72>
7208, e pH 2SEV TR T L | IO HIER LT
&% pH7. 8~8.5 O FMEFHIIZ & EE > Th Y MK E
DR ST,

SENGRBREEE 2 PV 2RI 72 5 A RIS OfiF A
TIE, SRR & A& TREOBIERE D O RD 7AW
B, WU TS & ChHIUR, B E RERX TOH
B BN R E N EDHBNE 72D | REZ BT
D2 LTI R, TR DRI T D Z &
DRIz, BAFRHIE, TS BERREVSARAZ
U—TIIREVEL 220 12V \O5R BT 5,
TS EAVINENSASRAT U —TIINEUVMEZR L, B
A ORGSR LE D IZBWDIK PR CTH D Z LD
M2 o7,

o

TSRO ST B, E2md R
JRYHIABRFSIERSGHS ARk 9 AR RE-HIsHINIBRER R A
EERRRESWEE 28384 Lz, Z2IZRLT
BN LET

SEE

1D AfEEh, PERHEE | BREHRAILAD KA 5
RS R O BRRRRE— S5 Uh—, 55 59 | (Phk
27 ) AUEEBRTE BT ERER S, 2016

2) FHENEANESE A S A NERER A, ST TR,
2003

3) AnfEEREE - LB « 58 S AURILEE - R OFS |
% 2004, p.58, 2004

4) BREEHBRETEILR  REGEEHIRIT A N7 1 > p.22, 2001



16 BRI HBILICERT 2EEEAMORREELABRORR - REEEICHT R

16.3 XRERFHBICH T HBRIEF & ORMICEE L - ERIHK ST OB F

16.3.3 KiRREEEMFHO/KERETHEENICEET 50K

YT — A BRI L — T OKFIEET— 2)
FEANBHFS L (CRHIE T HEE =)

WFFEHSFE - PRTIE, B . W A R
FEEE, Kt

[ZE]

AEHEE B OO REUSES B i, EEBREE R A N WPEKEEN TN S, FEEERIRILAS TR O KE
RBEIZHZ DB Z ERILT 52 EDRROLNTWD, ZDTs, AHFFETIEL, SWAT (Soil and Water Assessment
Too)lZ £ 2 AKEMATIZ K D . KREWEEE AT O /KEERRGEFELIRET 22 L2 BN E LTS, SFEIR,
POKEAL, ZZMIEHMOEFHT L0 . FIDKE & R KDL - = BRLO BRI L <, S 512 SWAT 25
DHB P & U Uit AR 2 520 L 7=, 2 OFER., 1)110D NOs-N JRJE & iitkimf & 7= » O a8 2 FisisE 12 IED
FRBERAER MG D ALTZ, 1)1 NOs-N JREIL, WLIERZ 2 TV DIREDT= O, i 0 ITIREF Iz &5 b HE
TE LT RAEROBRE (R LIER 2520 TR WREE) Z2HV5 & S OIHBEER R BT A2EmA SOz, £
7oy ATEHERRD DA D /NI TSR 3 O FERwIRI & DOBIRIED R S 7z, SWAT (2 K DT OGS, Rk
IRFI AR SEINE 2 P8 L 7RG M5 D=3, HIKRRIGI KHEE 3~ DA A B, HEOWEM e L DET L
INT A =B BRETT 20 ER S D,

X—U— R KE ; BE; THFIH ; SWAT

1. EL®IC

EEE, AR e Bompe [pEE 4 X
JETE L7 I CH 0 | 1950 Ao BHE RSO EK
MRk 78 E DA 7 T A R IR PE R R R LT &
7oo BIE T, AREIZIT DENAEAAFERERD S = 78
50%% A ZEER7RASL - FLELSh O G & U TR A
RIZ LT, FRTAGRE SR, AR B A TEH L7z

JRIH3BHE¥E L7 SWAT (Soil and Water Assessment Tool) 73
%o SWAT DETNNT A =R LKEDE D TH DT80
AARTOBMFEFNID 72078, BRI R L 7= 5461
& LT, MfEED KEREZ G- 2 2 B4 71 L= b
DY TR, BRERERESR, U L OTFRIE & T
EHAESHILOY R ERET BN, UL, KEBREE
SCEFEORHTY —/v & UCHRIH S-Sl EENITE

KBSy & L TRBI TN D, —J5 T RIGREE
2 XD ZHITH FHESAREROKETEME D

T NBRBE~OFEHAMRE ST D, SIS - AR T,

FHa 5 RO EHGETTIC L 0 BARERBE S FRFn L
TR A RS 5 2 L 2 BT, [EEBRBER
ERPAINYEKEENEES N TN D, FETIE, FE
SAREEERE UEHERCEL (X F U —) ([ZF DHERED AU
iR DRSS, TSN AR i Lt & DL
AP IERR OIEZ AT > TND, ZDZ L, KETEE

WEOTHREE OZA 02 AU S BB LS TR S 41,

TSI OB~ O A EBAICRHE T2 2 &3
RDHILTND,

TRl CACBBREE A 3l 2 Bt & L CE T /LApT
DAEZTHY, RENR LD L UCKEREE R

FFAEL72N,

AWZETIE, KEEREHUIENT T 5 SWAT 2 v /e
KBTI LD | KREURES R O /K E SRR SGE T 5%
BRTHZLHAME LTV, TR 29 4RI,
BT NINT A —H OIS L OWATIEIE OfREE 9 572
DIT, MEHEEEZS | E e ) HOBOKFTIA 21TV, 1)1 IKE
DIFMEZ TG LTz, S HIT, 5D PKE & HiF)
FH BRI S 1 INE & & R L, 2 ORISR A7
Nz, ETo, KEWREKEHIEZ SWAT 23614 2 #IE:
B L UCL WRHIFRNT 24T L, FERIEOI) i & ORGEE
AToT,

2. B



16 BRI HBILICERT 2EEEAMORREELABRORR - REEEICHT R

[ ] @msunses:

[] roevanvims
@ ErEkits
@ v a~vIEAibA
X REBEAMS (ERE)

+ %I F
[] =

B ## - R
I 28
B AR UGB

X-1 izt

2. 1 g

ARFFEOR G, ACHRE RO K BURER A ©
HHWBINGRRE ¥ 7 2"V TH 5 (B-1),
B L, BT, AEARHT, FPEREETIZ E 72030 | itk
FHIL41,602ha THH, Y7 =27kl XTI
ArE L, JEsiafE L 15,670ha TH 5, FERIIE, £ 70km
DOANDORNZEB2 NN 11 AFEL, Y=Yl
1. 930 km OAJNORNZTEZR SIS 2 AAFAEL T
%o AN E SN DNLIERIR A FI) IR A B-2 1T
T, Mk e | EEBREE R AKX
B EAL, BN & IR IS 2EA5E T L, BIREL
FRHIEK & IR PR X L ke L U D,
2. 2 EALET—42

ARFGECHER LTe 7 — 213, g7 —% | THFIHT—
4| e P, HET—5 | [T —4 . W)IET —
BT D, WIET—2 1%, FAEHIBIER & 0 st
JVODNERR 26 FER A AF LT, THFIRT —213, E K
EIEHR L O THFFG A > & 2 O3 26 FRRlAE ATF L
oo XGERROTHFIHIZ, OO, ZRpk, St

(iHh) | Fepp i, B, )R ONIE D 6 FEEECH
0 OOz L LT - 72, fr ek
lE, 2015 4EEMEEE U ADEZEREE I — R IV AFL
Too NI HEHIL, R T 71 %, YU ax
VT 16 5 Th Tz, 70k, SN TEZH
2 LR OATE, BT ERORED B ) O fil AR A
B SALTWRUNZ0, BN O T LT 8d 7o
0 OfFFRAEEE L O five Uiz, 1387 — 21, BEFn 53 4F
FERR O B Z E T LR XD AT L, KRB
T2, T 2 K EGT T A S ABERIAT (B,
BRI, 2B, ARE) &0 BRKE, SR, PR, JRGH,

(a) RN
EBTRNN (E3)

ﬂ-fymuuQ IR

e Zal|

\

ea/ll

% 2 S|

\\

Pl FoRAVI

RN

ARBNI

&
F=ERII

\

(F30) J

VA

(b) oS aRYIEN

(£

« MRl
/

TRV l

N
(Fi®)

K-2 CAIHEER : @BEFIIFE. G Yo avll
Bie
AR A ATF Ui, 7ol BT EIE, BUIEAMEE L7
Do 7128 H BRI B 2K A &0 B P EEHEET
%S & TG U7, )RR — 214, dbiEE
EHA L CO BRI N OESeAE R (B-1) @ HitE
T4 % 2009 5 2013 AEE TATF LI,

3. HFRFE
3. 1 BUKEREFE
WITERTGTRONK IR AR T 572012, HoKHE
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Z 32k Uiz, PR OBoKRIE, A6 &, 31115 8
DFt 31 HRE L, VU aXV)IOBAKMEIL, 4113
F I3 AL B 6 mEE Lic, Alogokisix, 31
DETE LT EAPBOK LS OBERIRE S L <725 X 9
WZRRE LT, SUNOBARHLEIE, A E OBVERTIZER
iE L, REBRSINDOEEIIBK S ARG E LT, £
IKFAANX 2017 424 H7>5 2017 45 11 H £ TIZA 2 [E108H
JECREE 15 1980 L7z, £k L7)11KIE 100 mL DAY
I THERRAIRIE CENICER L, KESHIHE LT,
KEGERITRESR (TN), HgEEER NO-N), 7
E=TREEHR (NHeN), &2V > (TP) ThY ., ik
AT IS (ZHEIL L 72,
3. 2 HFIBRKROSEE

KGRI 331 D L HIFIFH - = IR 2 GIS (Geographic
Information System) > 7 K CTé % Arc GIS IV THERF LT,
THER R A ST D L, BRI OS2 (T
/NS CH Y . PRI 31 ik, Yo a6
TR T D, TSI T — & 2 ZED I DM, E
BROFEES & $e7e 5/ NIHRSAE LT 7o, T — 4
WMBIIR S Te ok 7 A U 230E UEEZ MR T, E4L
&0 | FERROTESU A o T/ NitsA 1 ERL LTz, 7235,
TURO/NIEIE, FALE Y B/ NIk A NE L TR Y |
NHRO/INEE BRI HLAYSZ T b/ Nt Tt
R - BRI AR LT,

THRIT OREIC & L TR =R & i s 2455
L7e, DRIBEHISRI T Nt = & A HE3 T L (AT R 33T
JUMIE 100 m ZAmE S Ui L, /Nl 2 & L8853 T L

77, B AREREN T, BT LITABREN CWA T8, HifE
AN X0 /NS CEERE LT, IFEIR Y O EE, 6T
CCE RS S T- » OFFASEEERE AR R L, 2
IR D/ N BHIERE 2 R U, /INiER & AR A
Ba ik LEbtle, 2O, 2eRMOFME 13T, 5
PR EEERE LU O 042 BRICHIYS 3754 & LTHIRR L
77

PRI SO 7 & =~V D/ NfiEek CEER L 72 itiik
B « ARE IR - SRR OORE R A, -1, K212
AT, PERIAI & X 7 3 2~ J A Ol =R
60%LA | JRIEEHIER T 50% L0 ETH D [FIFEE Ch o7z,
BRI AR I PRI A N DAY 7 > 2~ JIARJ K0
Lo M, RIS 72V ORI FIRLE ©
bote, —JT, PRINIOSI NN T, FikbsR L i
EHERN B2 DAE TH -T2, ¥ v 2o
/N TR, RO CTh -7,
3. 3 KEfTETIL

SWAT (3, KIERBEREFENFERIC L > ThFg SN
WESMANRIHET LV TH Y . WIRR 7 a e AET LT
D, SWAT (T, FHllic\ T, S48 HHE, HHf|
L EREELE W o 7o BRI K0 A ST DK - S
REA AR D Z LW TE D, HR7RREORERIGH
LD Z LRI T & ATREE 5 GIS A 4 —7 =
AARY T Y 7 MENEE RSN TS 2 e D,
TREH G S,

SWAT %, HRU (Hydrological Response Unit) & FHIIL5 .,
AR, HEOREE, HHFREROMAAE DRI L -

&1 EIOXRIE L VFEXIIDGET

7K PRI FE (ha) oIk BLH R (%) Tl RE SR (%)  fid 7% 4 9A 2K (head)
A0 PRI 41,602 65 50 36,930
s 858 61 48 416
A TR 831 80 65 710
DA 2,787 42 2 1,364
eIl 4387 59 50 4230
|=R=2y ] 1,179 80 69 1,132
XN R F ozl 4,144 74 62 4,870
N SOl 3,718 75 55 4,765
il 7,668 80 61 6,542
55w R 823 77 72 501
iE=Yl] 832 63 41 728
1B LA 2,551 70 62 2,712

F-2 Yo a2 VIOXRNELVEEX)IDFET

K i A (ha) ok B M = (06) AT B M =R (%) i 7% 4 54K (head)
AN ¥ T2Vl 15,670 62 52 14,225
5 TARTYT YAl 3,402 63 56 2,053
sl 2427 69 50 2485




16 BRI HBILICERT 2EEEAMORREELABRORR - REEEICHT R

THI SN v ROEAIRIZ L - Tl a2
BILTEBY, 2oV » ROWNOKIERPEIL
SRHTEATU N ~OUE R A F RS 5, Kbt OzF
S 21 % SCS Curve Number 4, 788U D #1421 % Penman-
Monteith 14, THEZEREOFHHFIZ Green Ampt 14, liEE
BroOFH5RIZ Muskingum River Routing 754 £-FH LTV %,

4 HEREBE
4. 1 AJIDKE & THFIA - BERKROBER

[ AL A AR N[ Vit A hab S R S | AN 17
T2 O NOs-N R 2R3 (2, Fitkiimfgdh 7= v O
PO Z B4 R Y, AR KEHEIZNON
REZHINZFoRT 5, NOs-N JREEL, VRl [Fdko H
FEEECRE L HRRTCIR MEAD B DI, T Y a2y
JIFEEI XN ARRECH Y . /N Z & DD NE
Do T, TRk 7- » O AIREGE T, VERI) 8
oA TE L EIURCERVME AR B, Y
¥ AP RREEC/INE 2 & DZED NS o T,
LLEDG | NOs-N JREE & firas Frbios B DS i\ v Ntk &
BV VINRONT BRI B L TR Y . ZEMRITxE L
=BG BT,

Wk 28 A DHEEC AL, SN Z & o)l

(2, NOs-N JREE L fls FIs s (Rl n) Lo
EHZRZBS2NC LT . NOs-N RS BB & 3
TAHDIE LTEETH D LB LT D, Wk 29 42

NO,-NiRE (mg/L)

Bl 0.17-0.41 [1133-1.56
I 0.41-0.64 []1.56-1.79
] 0.64-0.87 B 1.79-2.02
[ o0.87-1.10 B 2.02-2.25
[ ] 1.10-133

®-3 NO:-N ZESH

G BEHEE (head/ha)
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038052 [ 103115
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