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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
NAKAMURA Kazumasa

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

Conservation, Irrigation and Drainage Facilities )

Abstract : The tight balance between global supply and demand of food is expected to continue. In Japan,
there is concern over a decline in food supply capability resulted from decrease in and aging of core-farmers.
In Hokkaido, a major food-producing region of Japan, there is a need for the development of agricultural
infrastructure and of conservation and management technologies that suit the local conditions, such as a
large-scale farming enterprise and a cold, snowy climate. Each objective, and major findings of the surveys
conducted in fiscal year 2019 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

To establish items and criteria for soil diagnosis, which is conducted prior to a civil engineering work for a large field to
prevent deterioration of the soil’s physical properties, the physical properties of the topsoil (0-15 cm) were examined before
and after construction works. As for soil moisture, which prevents deterioration of the physical properties of the topsoil, the
values varied depending on the clay content of the soil, ranging from 2.0-2.5 pF in the topsoil with lower clay content to
about 3.0-3.5 pF in the clay-rich topsoil, suggesting that the criteria for starting construction work should be set according to
the weight percentage of clay content. As the next step, a more detailed study will be carried out on the weight percentage of
clay content in the topsoil so that diagnostic criteria for starting construction work can be developed.

To understand variation in water supply and drainage in large converted fields and the factors that cause the variation,
and to determine the field conditions that allow for underground irrigation, the effects of the groundwater level and moisture
content changes on the cultivation of soy were examined in converted fields in Districts B and 1. In District B, the results
showed that the variation of groundwater level just before the end of water intake was smaller than that just before the
beginning of water intake, and thus the variation in water supply was less significant. And it is important to raise the
groundwater level to just below the target depth before draining off water.

With the development of large paddy fields and groundwater control systems underway, research on water management
techniques and water balance has been conducted in direct-seeded fields. Since FY2019, a study on field water management
and water balance before and after that fields are unificated and improved has been conducted in transplanted and
direct-seeded dryland fields in the districts where small irrigation canals were converted from open channels to pipelines. The
results showed that the total amount of water supplied in the dryland field after field preparation was 3.5 times higher than
that in the unimproved field. Possible factors that caused such major difference in water supply include soil properties,
differences in field infiltration due to plowing, and differences in water abstraction management. Further study is needed to
analyze these factors and elucidate the impact of the introduction of pipelines.

Objective (2) : The development of technologies for the maintenance and renewal of agricultural
irrigation facilities considering changes in farming and climate

In a study that was conducted on the degradation mechanism of concrete, the frost damage and wear of concrete and the

wear and corrosion of steel parts were studied. The results of accelerated wear tests on mortar specimens showed that the

amount of wear increases with the number of freeze-thaw cycles. Repair and reinforcement techniques that give facilities
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high durability against the combined effects of freezing and wear are being developed. Recently, the development of
ultra-durable cross-sectional repair and surface coating technique, which gives high durability against combined degradation,
and a monitoring study to evaluate the durability of facilities to which said technique was applied were initiated.
Cross-sectional repair and freeze-thaw testing was carried out with a concrete flume channel reinforced with the technique.
The channel endured more than 1,5000 freeze-thaw cycles, confirming that the technique gives facilities excellent resistance
to freezing and thawing.

At a large-scale irrigation canal, an appropriate decision-making method for the facility administrator to
close the water intake gate during a large-scale earthquake disaster was investigated based on the expected
value principle. We created a draft of a manual for formulating disaster-response planning for
administrators of irrigation facilities. (*Completed in FY2018; cited from the article from FY2018)

Objective (3) : The development of irrigation and drainage technologies that are in harmony with the
environment in a large-scale farming area

In FY2019, a study on the water balance and water quality was initiated in areas where entire irrigation canals had been
converted to pipelines as part of a national project. Fields with pipeline systems require little water for water distribution
management. Therefore, the water balance and water quality of such fields may vary greatly from those of fields with open
canal systems, which have been studied so far. It is necessary to analyze the impact of a pipeline system and evaluate the
environmental conservation effect of agricultural water, keeping in mind agricultural practices and water management
situations in the region. In the future, studies in fields with pipeline systems will be continued to elucidate water balance
structures in different water management periods.

The purpose of this research is to establish techniques for the efficient operation and management of manure irrigation
facilities where livestock manure is matured by aerobic fermentation. In order to determine the conditions for efficient
manure conditioning, continuous feeding tests were conducted with a focus on the odor index, using indoor experiment
equipment. The results showed that the manure could be matured to the point where the odor decreased even if the ORP
could not be kept positive, and that the odor index could be decreased to lower than the regulated odor value by continuous
aeration of 8h/d. As for the development of techniques to control foam outflow from manure irrigation facilities, the status of
facility operation and foam generation inside the regulation tank were monitored at a manure irrigation facility. The results
showed that the defoamers were not operating during the time when no aeration was performed. As the liquid level rose
during this time, the foam on the surface of the liquid also rose, and the foam concentrated in a narrow top opening and rose
rapidly, leading to foam outflow to the ground. It was also found that the rising foam could be destroyed by running the
defoamer, allowing for control of the rise of the foam.

In a large-scale dairy farming area in eastern Hokkaido, a national environmentally-friendly irrigation and drainage
project has been implemented, and there is a need to quantify the impact of the project on the water quality environment in
the basin. To this end, analysis on water quality has been conducted using the Soil and Water Assessment Tool (SWAT) to
propose a method for improving water quality in large-scale dairy farming areas. As for the SWAT water quality analysis, a
management schedule for pasture planting, fertilization, and harvesting was established. By estimating crop growth processes,
such as leaf growth and root elongation during the growing season of pasture grasses, and by reproducing actual
measurements of monocrop yields, a chronological description of the processes of water and nutrient discharge on the ground
and soil surface was obtained and the variation in nitrogen loading at a downstream site of a tributary river was well
reproduced. Further studies will be conducted using the model to examine how water quality concentrations respond to
environmental measures to improve water quality.

Key words: large-scale fields, soil physical properties, sub-irrigation, bearing capacity, direct seeding culture
of paddy rice, technologies for maintenance and renewal, complex deterioration, irrigation canal, surface
protection method, disaster response plan, delivery water, slurry irrigation, dairy manure, aerobic

fermentation, water quality
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/NS L ONREREIE KR U /KR & e D
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F T (B—4) JEEFRIREEHE L B LAveu e,
5 SEHTORERRI ZNERE Y H1F, FE v E 2 A TIHR 10 47,
RV Z AT W, T— X ZBuG Lz, ZOHE
% 2018 A 1~2 HIZSE L7, FHAl—&1%, /Ml —
A H—Z10 A v 2 — IV Titgk LT, T — 2 D b
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TEAL OARNAK FIZfo THEEREOTEMN & HITHA D
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DRV MREED ST T 5, TS BAVISWSASRA T I —
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MRS ER9 5 2 L g LT,

o

FPERE DS HIE B2, E I 2om g i aRass
JR IR ERRER TSRk 9 AR HPS HUBER SRR R
EERIRESREE] 255 L Lie, £/, ikt
Gk DI E L, TR OB & R 72
VWV, ZZICRRLUTEE O LET,

BEH

D ABCE—, SERFIRIL BB RIREE S RO
FERAZ L DM 1. FEREEEORE, ARER T
ERERSCHROBE, 15(3), p. 261, 1987
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16.3 XiRlEEE Mg H T 2B1E & OFMICEE L= ESHbk oS

16.3.3 KFMRERRHHOKEREFHERT BT S8R

Y TF—2 TSRV —T OKREET—2)
PANBATETEE: CRHHHEES)

WP FPARIIE, )1 O7E2E, AR ., mrpie—,
Frb Zhy milAngE, Rt

[£E]

JCHEE BB O RIS T ClE, EE BB 2T AN KSR i S, SRR RO/ E RS
G2 D8% ERLT 5 ENRO LTS, ABFFETIE, SWAT (Soil and Water Assessment Tool)tZ J2 2 K EM#HTIZ &
0 KBRS O/KNEBRRSGETEARET 5 2 L2 ARV e L, NGRS 23 1IKE & HERIA - BRI
DEIR, SN 31T DIRNINKERDBL, SWAT (2 K 2 /KBt 2 F2hii L7z,

ANNFEHH I T DI NKE & SR - B ERROBMR Tl WKIFOEOKTIAIZ X 0 sl 2 o7 IR KRR
WA L, THFHX & REEERE HEIC L 0 KIS L ICH AR SRR LT, ZOfER. ERIREEOFE & itk
il 72 D OB I, mVHEREBHRME D=2 & B DAL D 7 e MEIFFEOE IR E DB
FRERB 2 DD Z L7 RGN Lic, SR 23 KB CrE, FERIEIIThH e /) L O%E
INZ RS TIEE U, HEBOKERC X0 ) KE OB 2 550 U7z, RO E RS2 5 3 1 /INFs /K E
ZEEEZ ST L, SWAT DET /3T A—Z OFIE « HREFIHT 57 —2 1 v b2EUG LIz, SWAT IZX 27K
BT O, PR OMERE, FEIE, I & OB LAY 2 — L EARRE LT, BEOABHIRIC B DO AEF RO
R E O/ AR AHEE L, HINOEHEZ BT 5 Z L2k 0| #iZRs JOEmICBIT 2K - EEmE o
PEHBFEDSRRFICRBL S A, S TItHR CoOZERAM BEOZEE) 2 RAHIHH LT,

F—U— R KE ; BEE ; THRIA ; SWAT

1. [FLHIC P S, VORI CREEREE A~ D5 B % T B R
AHREIL, JERZ e B ompZe g i s &0 HZENRDHINTND,

FRTTE L7-HUE T 0 | 1950 4R R0 B COREREH K TR CAREBREE 2Rl 2 Bl & L CT'7 /Uit
WiRR72 E DA 7 THETIRBRIEENERLCE BETHY . REMRLO L UTOKERES RIETE
7oo BUETIEL, EWARAFERD 5> BAREN HH 5 v JR3BHZ%E L7= SWAT (Soil and Water Assessment Tool) 733
= 7L 50% A A, ERZAER - LS OMEHIE L D, SWAT OFTANRTA—HTKED LD TH S0
TOBEENIZ R LT D, FHTARERGERIL, JAR7RE AACOmAFFN T D722 03, BRI i L 7= 5551
HZAE ] U 7o KRB R & L Cabih g, —J & LT, MNETAEDKEERIZ G2 2 B a i L2 b
T, KBBGREIZ L 22U, FESARBRD DOV RS, REREEESR, U O TIIE & SEAE
IKETHEE OF) BREEA~OFEH RS STV D, Fl EFHASEZb0? RENETFLND, UL, KEBR
B - ARSI Tl A SAROLERR 72 EHR T & BUGETEORHn Y —/v & UCHRIH & =35I EENI
V) BSRERER & RN L - B R BR R E A RET D 2 L & FAEE LRV,

HAZ, EEBREERERN AWK EN i X T AWFFETIE, KEBREGR BN T % SWAT Z -
W5, FETIE, FESAREER UAEILE (2 Z Y KBTI L0 . KBS R O/ BB GE A A
—) T DNEERER R OB, IO A LK BETHZEEZEME LTS, £ T, ANIFERICE
bt 7e & OB AP is DEf 2 L T\ D, £ DT T DI IKERBL O, S Fs 1T D) HAKER
O, EEBREEREAN SO PEKEEDOERMIZ LD, K DL, SWAT (& & D AT 2 530 L7z, At
EIGEE DURHRRIE OB LRZ AU O BIREE LS T (Z3UT 29 | KRR OfE Tl Bl DS Kk =
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SONNFtE B E L, IKE DOZEBRFE AR ~72, SWAT (2
L DKERHT Tl RO EREIR 7Y 2 — /L2 0E
L. PaRIIENOORE) A s L7z,

2. ANIFRIZE T 5N KERROIEE
2. 1 Bt

AREEDRIGHIBL, AHHE ARG ORI T h
DRI E v = XY)IFEg T H S (1), FERl]
JURE L, BIRARET, BT, FPERERRTIC S 7223 | Yl
FHIZ41,602ha TH D, Y7L =) G IR ETI AT
& L., JiEkinfE 15,670ha Tk 2, FERIINE, £ 70km @

ANDRRZEZZLSIND 2 AFHEL, Y722V,

#4930 km OANNORNCEEZ2S) N 2 AFEL TN D,
AN &SI NONTERR 2 230 X 2 -2 (R,
MR e b, EEEREE AR A DK FE KK
HROIHNE E AL, BRI & BIER I T TE T L
BRI & BIEPE S HIK T 2D ke L T D, fil
A U7 —21%, Mg —%  THRIRT —4 | FAHAEE
Br—42ThH, ZNEh, HEHIXIER X B0
TTVOWK 26 4ERR, FElHEfE T &L 0 LR S A
V3 2 DAL 26 4ERR, 2015 4EEMEE R LA X Sk
EHEH— R AT L,
2. 2 BIRFE
2.2.1 FgEXRE LI-FKEOKEERA
KGO REIRI AT 272010, PoKRHTRT
DEKA 2 F20 U 7=, PERI N OBAKHLSIE, A1 16 A5,
S5 EOEE31 AREL, YU 2 OBKHIR
I A3 AL I3 A §H6 makE Lz (B-1), Al

126

(a) e IESN
LAETRI (kD)
AR AR IRV
\77;‘ -
//J\/’\ )|
ea /)l
/
/711‘/-/;"/*«“7)”
L S JI
F kA
)1 ™
E R
\/iﬁﬂim
&AL
(rirml L
(b) RSN
(@ =)
« /BN
/
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X-2 GAJIEER : (@ BRI G) YoVl

OEKHEIE, SUNMAER LIz FIICRE L, S HITHE
SROFFBEIREAE U< 725 L9 ITERE Lz, XIogk
Hax, AN EOBTRSFHTCRE L, K& 2308
BB HL R A B L2, 2017 4F1% 4 A0S 11 A
FCIZ 1508, 2018 A:X 5 A 11 HETIZ 14 BI5EE
U770 8K L7 KR 100 mL DR USRI TEEIERAIR
RECENITEM L, KEOITICE LTz, AKEOPTEB I
T-N R, NOs-N R, NHA-NRE, TPIRETHY ., 75



It IS ICHEL L 7=,
2.2.2 TFA - BROERKROES

R BT D LRI - B ERR%E GIS
(Geographic Information System)/ 7 k T& 5 Arc GIS Hv»
CHERF LT, THERIRRIN 24651 28I L, Bk
MR OZ T FEOHEKIETH Y | FERIIIIE 31 ik, Yo
2 NYJINT 6 T CTh D, 7236, TIROEKEIL, Zi
F 0 BROEAIREZNBLTEY, FROEKE EK
AL AN & AR SRR - R R
R LTz,
THFIHORETE & Uit & Jfi SR 2455
U7z, iR 3 = S AR L, JalEr R
)RS 100 m ZEE LTl L, IR 2 & it
U7z, FLRAEEEIS. B T LlCABI SN CWLW A 728, Hi
FEC L D A CEER U, R Y O TAT, 4
%2 LIRSS T2V OB E AR L, £
AUZHE e DRI AR U, Sk T ST E
LGz, OB, 2 RO 1 BT, SAR
BAEE LA 042 BAICHYS T2 & LTHIRR LT,
FERIJIE L O 7 3 2~ | O K Dtk B =R -
RREE IR « AR ORERZ . &1, F2 (ORT
PERIIAI & 7 o 2~ A | OFEs IR X 60%2A
b, TTRERTHISRIT S0%LL ECH Y [RIFRE Ch o T, ik
RO, PRI o > 27 )1
X0 &inoTn, kimkES - O, PER]
JIEsEAS 0.89 head/ha, ¥ o =~ I [iitEk)s 0.91 head/ha
Th Y [FREEThH -7z, —H T, PERIIOEAIKRTIE, &

=R & FLUHAEE DS ST 5 DN TV, P
> a XY NOEANIE T, [FRREDETH -T2,
2.2.3 AJIJKE & LibFIA - ERRKRORBEGR
ARFETIE, )OSR & B = ERIRIL OB
FRMEZ R~z BOKIHA O/ LK EIREIT B R L
VERZ52 TR (HREREE L ESS) ThhHT-0, ARG
{EAER 23200 TRV ISAEIROIREE CGRARIREE & EFR
ZHEE Uiz, BAREOHERIZHIZ 0 | AifEg& LT,
SAPRDPEH AR ITT STV D, -Gt Lz
ARl IEOMM Ci b s D, & LT,

== (M)

a=Lug-c (#))

T GIIBARE [mgL], C I3HEHRAE [mglL],
a lTHEER (-] Lug I 3IREECHER [, o 13iiErRt [
T D, AW TIL, a lTREEHIERIC L0 EDHLD &
L7z, DOFEV ., RESHERIE O &R T
{EERZZIT TN EAER L, SRR & e
FEVIRIFREEIZ 72 %, 01T, TAIREECHIERAME & AARIEHE
ERZEZITTWD Z E2ER L, FAREISEHREIC
EAEVMEICZ2 D, £, 31,0 & LIl T2 b7
HO L UTahd, EBEOPEHERIII S 5Tlaun, 20720,
BB OFEHIK (RS OFHKR Y) 280Kk L, B
Hs B OFERRFEZE 5 KO BRET HUENRH Y |
SBROBRFREE CTH D,

-1 BERNIRNIE L VEEXIDFET

KR PRk £ (ha) e S R (%)  (RTEE SR (%) FLAH 48R %K (head)
ZNIERI 41,602 65 50 36,930
EEEHII 858 61 48 416

AR LRI 831 80 65 710
DAV 2,787 42 42 1,364
R~ 4,387 59 50 4,230
=R=y ] 1,179 80 69 1,132

TN R F a7l 4,144 74 62 4,870
N SO 3,718 75 55 4,765
SR 7,668 80 61 6,542

55 PRI 823 77 72 501
) 832 63 41 728
1B 2,551 70 62 2,712

K2 VO aVIIKNELUVEEXIDFET

KA kiR (ha) SRS (%) {WTIEEHIER (%) 3L 4F8%% (head)

A T2l 15,670 62 52 14,225
gy TRTY Al 3,402 63 56 2,053
AT 2,427 69 58 2,485
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2. 3 WBR-ER

TR NGEETS SOV 7 o =~ )itk s 381 ) 2 8K
T L D NOs-N RS 2 B3 12 ilsiinfidn 72 » ofile
RO B4 1T, ZHVE TORSEHUE O /K E B
BiaRHiid 281724 123 T NOs-N JREEASFRIE L LT
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DORFEE LTHW, NOs-N EEEX, FERJIEsko Hii
EREcE<, BRIl MBS A S, T a2
VNIRRT ARIRE T 0 | AL & DZEDV )
Itz FUkiEfES =) OFLAFEEEEE L, vERI
PO R TR < BB TR MERIN A AL,
Y7 2 I T PR TR T & DZED N E D
S7ce ULEDS, NOs-N JREE & FURATHEE Dm0
AR AR OB —E L TR Y | ZEHIRIC
K LT2BIERAME BTz,

HAKI T & DNOs-NIREDEENE & ittsififiid 7= » o
FAASEE E ORREZ -5 (Tnd, PRI Tk
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7= (B@-5(a)), FOERE LT, FAERFD D OYEH=RODE
VB BID, £ IT, PRHEEERE L2 NO-N 84
TREE & FURABEE EEOBHRIT, AR NOs-N HEHIREE

EOBIRE T % & PRl s CIIARBIERE)S 0.73

M5 077 MENTHL R EL o7 ([E-5(@), (b)),

NO,-Nit ¥ (mg/L)

Bl 0.17-041 [ ]1.33-1.56
B 041-0.64  []1.56-1.79
I 0.64-0.87 [ 1.79-2.02
[ ]os87-1.10 [ 2.02-2.25

[ 110-1.33 [ 2.25-2.48
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-

4

FLA IS E (head/ha)

B 0.00-0.13 []0.64-0.77
B 0.13-0.26 [10.77-0.90
[ 0.26-0.38 [ 0.90-1.03
[ 0.38-0.52 B 1.03-1.15
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ZEVMEAID A BAL, FR E LTI & RO AR
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4/1 5/1 6/1 7/1 81 9/1 10/1 11/1
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«— 2018 >

>
<

4/1  5/1 61 7/1 8/1 9/1 10/1 11/1
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