[RRMFS S WA 28 & | (Bulletin of FFPRI) Vol.16 No.4 (No0.444) 249 - 256 December 2017 249

%2 #R (Short communication)

BEBXMBERRTERTNBIOFHICLS
FERE &EKIEDEAL

R Bk T SRR Y ok g

w5

HHAREXRBOMESSHMELEEECERENEETEBRE L O—E T, KBED OREDE
TOMEINMEE D, REEENEMENTNS, RAHZETIE., SHELIRTH OB ICE TS 27
WUy BN TR TIC K ZEMOMB L ZOFRHEICDOWTHLMNCT B8, BT KRT
WEEZHE Lz, BERESNXHEEAGTZHWT., B/KEZEREMEIC K 0 IFHEEIRED K+ %
bl ., @RKMETAE Uz, TORE, X 2B OMEOE T EBKEONEZHERL 2,
GRS 3 A, 6 hAKKERZ, 0~ 10 cm OREE THEIL L FEKEOKTFAED SNIZH, 10 cm

DRO BT RS I ORIRD R L T,

F—U—F BN L WREMEA KD

1. 3 U®IC

BHARRES THK Ui SO A IR L T,
HIRICH U THRIED LI WHHEZIER T % 72, i
FAKL B — 8 O MR & A AR L 72 LA E N T
W3 (PREFFF 2013, (A 2015), LA L. Bto—
THIERMEICKEE O DRH SN, HEEADEEREFH
BREINZEENE U (FE 2015,

FERECHER I N AR B TIIROMERZE R EN
LERTVEHEHINTVS (ERJIIS 1984, E
B12008, EARJI - ¥R 2015), ThZEFEGET 3D
DFEO—DL LTHEMNET NS, EHiEE, &
HWIEE 40 ~ 60 cm DL OO Z &2 (H 2
AR 2009) , TR LHEEORIEMIC BT S
HEMERD DKL 2T UFEH Tk, ME» S
10 FERRE U 72 7 1y DR R DO F8E DS s 2 5271 L 7%
Mo TfE K DEMLULEFRDIZS TRIEFTH-HC
EMETN TS R - &6 2007, DL EOHE
M5, BERICKDER I NIZELIEREE DT 0D,
Gd 2 TRIODEFTREBE L TOBEENRES
Ns&EZ6N%,

ilE/RMERETH, RLRmOKEE D OekE
EmEANICEREN BN EEOmREHNE LT,
UV )S— R—=HP =0y 7Ry ZHWTERLOENZ
RIELT W5, 72720, BLTOHELNS 3 ~4hHRKE
WUTHHEDBERND 2 &R HLDNHEEET 5, Z
Dz, GRtzIT-o ek, BEEDPEZRZVS B
M Z IRV TEBICHERT D Vo T T. AT

JRRRSENS AR 29 6 H 15 H  JURsest Pk 29 42 8 H 29 H
1) ARMFEATIZEAT BRI - UL

2) [EEERMOKEEDT St > 2 —

3) BRIAFR BT ZEAT BRI SEMTZEn i

Va—IVOHKMEC TS (P 2015), EREZO
BlLicBaMER0EeEREET L., Al AEERE
DEFTDI8, BB 2 FEHOR RO F 7%
AT BT ENRETH D, KRBT, BLicklT25
KX DD B DORER & Z DRk DN T
NS 6 M AMDZELICDWTIHENMCT B,

2. WFFE )ik

2.1 AEM

2 IR A I O B AMRE A A 89 HRBEICH B |
MRS E N EEAE 10 TRICHEE L (Fig. Do
FHEHTIZITRRD 55 450 m. B5IEED 549300 m (F
EWNBRICNET %, 7 A X AEMT THEL (FAEH
MORFEANK 2 km) DFEFFKEIT 1159.6 mm, F 15
Sl 12.4°C (2003 ~ 2010 4F) TH B (KHRIT 2016),
MRS S 10 ~ 30 km BN 72 B S E L
el o B A S RIS Nz E N RO LIS T
Ho., 2014 IR Uz, BT Rk S
24mEEREINZCLIcE>TWDS (K E2015),
7z, Bih T B X5 B LW A 2 S L 7z B
FEET1m) KBTI, BRaoOMERNTH % iR
NENZ TR —ELARh o7, EHMEEIZ 201543
A 10~23 HicHE Nz, FEIEATIVEYNT Y
RNy 7R (KOMATSU 8 pC200 N7 v R RE
0.8m) ICX D irbh, TROREIEH S EHEEDH
ADONBEBLENS Ny hOKESTHBHE 70
em FEE THEM SNz AT IV 2Ty RN Yy

* RRPRER AT RSB - O SE L T 305-8687 KD < IETHIHRDH 1



250 =S fth

BERTORR LK)

W5 EAR

BERTORRFEX)
Bl < Bl

Fig. 1. it fiiiE
The location of research site

MZZVUw B AS>TWOT, flhix -BIEIED 2 i
K> TWVW5, HRNEHZEOBM T, WHHEXE.
HERmICTERZMME Ny FTRIBEINT VS,
Be T HEM D KEE (I 50 cm, E X 30 cm) A
JEH & B EME ORI (42 20 m) 1 1 ADE|E TIERE
Nic, TOEEDSD, /NNy 7 FY (HITACHI
ZX-120 0.5m’) HVIKEEZ F 72 S THET LIz, 2015 4
6 Alc 7 v~y (Pinus thunbergii). 7 71 < (Pinus
densiflora) H 1ha H7z D 5000 AD%EE THIAL X Nz,
WRBD 6 H NI~ 7 AhAIICHh T THpIE (HARWE
M (2016) I KUK, EFRYEE I IE AN O mE % 55
DTN OFERE, coENICHRINEZIa<
VIR EDORRARZ TS 2DICEENDG) HikEE
Nizo 2D, NMOTBIARDED, 72y F AV
FEO 7NNy 7R (KUBOTA 8 R ARFE)
DVERIOIE & PATICETT U,

2.2 BRI WmEAE

FH 10 LXK 72 BP5IC kil 9 2 FE 2 B A Tridt
W1 T D, At AT (L%, X, bR & ER)
TREEWIEHE 21T 72 (Fig. Do s T (2015
F3H6 HItKDAH), Ei% (4 H3 HILX. 4 H8 Hd
X). 3A% (6 H30HMXDOA), 6 A% O A
28~29H) IZfTo 7, WEWmMAE T, HE Im
ORILZ T, Wi OB RN ZZikE. NED
M AR A O IEELELRE (400 mL R P, A=100
cm’. h=4 cm) 7 2. 10. 20. 30. 50. 70. 90 cm D
REXD 1T OEI Uz, 72720, X 20 cm D

WTIEERHE R K 0 SRR Z BllG U Tz DRBERT O TR
E2cem & 90 cm IZ DWW T 100 mL £ M E (A=
19.6 cm’. h=5.1 cm) ZHWVT 13D, EHEZOD
JERDEEE 70, 90 cm I DWW TIX 100 mL &%
AWT 2l DAL 7z, W E L CTHBRDHFHEZ.,
b5 A B % Tz DI S Nz o 2351 (DU, %
X & &R TEITo e (LXK DOEFHE R DI IX D
X 70, 90 cm & 100 mL FEFIfE T 2 9 DEREO .

2.3 MEMDORIE

RELU =M (0=80) IZDWT, WH « /NG
(1979) i€ > T—MWEEZNE Uiz, SR O
BEERTHEREENTVWEDOT, GRPELDEIE
AT 20l 2.65 2 ThI TOLLEE H7x Uiz, BIFIE
IKIREDWPE I IEEAKNLE (100 mL M RRRHIZEIK AL
) 7. MRBEBRROPEITIEERNRE Wiz, Rifks
Frid Xy MEICTIrn, BB\ ke ko 1%
ZRGE LT, HAERY 2 (20000 Tld. MHEEEO
FEokMED TR, TRR] OBRIZDOWVT 107 em s =
36 mmh' ZHEICLTEBD, RiFFETE T DHEUEIC
o Tz,

2ABEEDRIE

WEOREICIE, ERNKXEEEAG (XA o7
7 /7)) —BIH-100SE) ZHWiz, ERNALLEE
ALz o s CEEEDOWENTE S T L.
HENARDOBOMELEHE DT ENT NS T LICH
WD O, RO (FE LA TR 2009,
H AR 22 2000 75 &) ° TIEEE O (HEHS
1991, {11 - 38 2002, fafF5 2013 7% &) WAL FIF &
NTV3, ER/NALEEEAGHC X AWEREIZSNE
(SfH) &MENS. 1% (2 kg DFEZ 50 cm D E
MHETR) Bz OEAE (cmdrop’) TRENS (UL
F, STHOHALIZEIKT B), SHEHLA/NSWVEML, S
ENAKRZEVERSNVWT L EEKT S, SHE 1 LUFD
10 cm DL EFE W25 6. OB A KEE & HErE i, S
fH 4Ll EOGEBRZIRERLFHNRTOEINDH S &
ENTWVDE (EANI - HiR 2015),

BEJE O HE W EMT (201542 H3 HIEK. 3H 6
HEX)., B GH2H). 3»A% (6 H30H~7
H2H) .6 A% (10 H1~2H) Ko7 (Fig. Do
RILSEVEFTET 10 m BEOHREZEK, JtKX
CZENZFN I ARTORE L. 1T 2 m MR,
%lE 025 m PR CTHE 1 m ETHE Lz, &I, KFE
PR RIRR ORI 22 s (0m) & L TFRRL 2 (Fig.
1 T, RO LMD ER[TH %), LXK DOKT-FHEE
8.25~10.75 m I EICAMF v IHEENTHD,
EHENTVEY, B#rE 3 ~4ahARE L ZHE,
FX DOHRIFROKT-FREER 7.6 m 8B X T, JLR D
FROIKEEREER 2.2 m HEIC 1 KT DOHHRICERT S

B ORISR 55 16 % 4 2, 2017]



R SR AT T S NI T O T 251

FITANC B IE D R E & Nc, T O, B LW aH & o
A ALAE (0 m AN) THEEANALEBEAGICXD
h g 72 e LTz,

3. AR MU B

3.1 AEHDE T D—AREN

EEWHOBENRIME LT, LEMEDOHEIT X
<o B®E 1T mUNTREWRE, BIMTHZ LB
NOWMBIE > Teo GERERTO L8 IZ 2RISR T
Hotel, BEIHZRIEEBEPHETE 2, WIMEICS
EFNTVAH Q mmIE) ORBEEERIEI3.0%
(R/N01%B~ERAK 10.7%) THolz, EMBRRITR
35 ~50%. FHBEIBRRIE 5 ~30% DHPFICH > 7z, ¥
et 2015FE3He HIERDHA), F#tER 4 H3
HAEK. 4 A 8 HEX) ICERINE N7z 30K O b B A Bk
IR D S TR 80%. Lk 10%., Kl
10%DERLT, LHEIHELTH >/, HHEEZD
53hH. 60 HBBLTE VIV ERMTOEERN
BRI BN U 7= T IdRRD S e h o Tz,

3.2 FH IR DB ORMEXKFREK

VR A R Ut R X 0D BB K AR A D R 18 70 17 7% Fig.
22 I/RT . BIFERARENE —EBIC RN I K 2 22 51
MALNTED, THIFRREZ(RICKZEDTIEEL,
BREEATIC KB DKM LD THB EEZ
SNz, RGO IR X O B FIE K REUT R S 10 ~
30 cm DRV & FUDICIEIE 36 mm h' LR TH -
7o FRICHEE 10,20 cm OFEHI AR T 36 mm h' LA N T,

a) AFNE KRB (mm hr) (R RR)
1 10 100 1000

0 O'e Ah e

10 @0 OA— Ak ® FHAI(LK)

20 +OA LA

o MR (LK)

RHES
30 | RAE R
AXEBX(FERX)
40 RHE®
Sl e o h o a o |sEEER
& 3y A%k
60 ORBR (LK)
67 Atk
0 4+— 000 ——AQA—A——
AXERX(FRX)
80 67 Atk

90

:

100

B/MA (1.3 mm b)) & FEREICFELZ, 50 em KD
HEOBORANEKREIZ 3 ~23l mmh' EIES5DEN
HHENT,

R O BARE IR I O $RTE 7341 % Fig. 2b IC/RT,
FHHEB O DHEE 10 cm OFEHE (8 mm h') Z[R
i, HE 50 em K DRV TlE, HEHIEZ. 3 H
H. 6 »ARGE L THEMEKFREEIE 36 mm h' DI L&
Biflm@EkMz R Uz, 7220, BE10~50cm D
BIRB KRB ERER.., 3 M HE. 6 I H % L RERIFE
BICEWVE R T 2K >0 LT, 6
MHBOREEE (FEE 2 cm) DB KGREIZFEX K
CItX & ZNZFN 43, 38 mm h'' &, FEHHERE (457,
258 mm h'). HEH 3 P HE (FEXODOH 187 mm h™') I
EEXRTEFL TV, EHEZOENE D (50 ~90
em) DFARGEKBZRENE 21 ~ 321 mm h' T, BRERRE
R RDENEN oz, BB, HHEZOILX D
PEE 10 cm OFKE CRIFNEKBED 8 mm h' LK, -
eHiE LT, EHtogEzanizmu s 550
ZRRELU 7o, RS, R oMMz 9 BICE
DENTEHNSRMUIZRENEZ SN,

3.3 BB KAREIC R IT I R DOINR & 5k
TEHEEG B O IRIX DX 50 em DA I BIR1E KR EL
3~231mmh' &, HAGERZZ (20000 OFFEIC K
%5 TRE], TR BRELTOIED, TR O xiE
KOBEFDHEE 10~ 30 cm & 17 K 16 3K ThE
LB KIREA 36 mm h' K THo7, ThbDT e
W, FEHETORE LG IICHEE 10 ~ 30 cm OHIPH T

b)  EEARS (mm et HHER
1 10 100 1000
0 L L ,

10 @

® FHEH (LX)
20— @O Nh—

30 ° ON 4 AFHERFER)
40
2 A3 B#%(MRX)
= A O A ——
At
B
60 o6 A& (1K)

04— AOA
A6 A&R(ERX)

80

90

‘

100

Fig. 2. BIRIE/KERBOIEI M (a) THITRTHIRX, (b) HEPHEZ

The vertical variation in saturated hydraulic conductivities (a) before deep tillage and control plot, (b) after deep tillage
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Dotted lines represent 36 mm h™ in saturated hydraulic conductivity
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The vertical variation of the S-value in the
embankment before deep tillage and control plot
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Number (unit: m) in the parenthesis shows the distance
from the starting point of the measuring line
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The variation of hardness and permeability by deep tillage on
embankment in the coastal forest restoration project

Yoshiki SHINOMIYA"", Akihiro IMAYA® and Tomoki SAKAMOTO”

Abstract

After the Great East Japan Earthquake, an embankment was built along the coast as a planting base by the
Coastal Forest Restoration Project. It is feared that a rain pool and the hardness in a part of embankment inhibits the
growth of planted trees. Thus, deep tillage has been conducted on the embankment. The effect of deep tillage and its
sustainability were investigated in Natori city, Miyagi Prefecture, Japan. Deep tillage was carried out by an excavator
with a skeleton bucket. Hardness and permeability were measured by a Hasegawa-type soil penetrometer and the
constant level method, respectively. This deep tillage softened the embankment and increased its permeability. After
3 to 6 months, the embankment became hard again at a depth of 0-10 cm. In contrast, the embankment remained soft
below 10 cm deep, indicating that the effects of deep tillage were sustained at that depth for 6 months.

Key words: deep tillage, embankment, coastal forest restoration, compaction
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