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Effects of underground irrigation system on growth and soil physical properties
of paddy field rotation soybean in the shonai region
Ryo MASUKO*, Tung Thanh Nguyen**, Ayumi NAKATSUBO**, Mitsuhiko KATAHIRA**

Abstract

In Japan, the majority of soybean fields are upland fields converted from former paddy fields, commonly referred to as “converted paddy
fields.” These fields usually have poor drainage. Soybean cultivation in those fields usually suffers from high moisture damage in the early
growth stage and drought damage in the flowering and grain enlargement stages resulting in low yield. Underground irrigation systems, a
composition of drainage and irrigation functions by using a pipe system buried underground, offer a solution for these problems. In this
study, we investigated the effects of an underground irrigation system on the growth and yield of soybeans and soil physical properties of
the field. The treatments included the underground irrigation system plot (water level can be adjusted by irrigation and drainage), the Non-
water level control plot (only drainage system), and the control plot (without irrigation and drainage systems). Soybean yields were 255 kg
10a! in the underground irrigation system plot, 273 kg 10a™! in the non-water level control plot, and 255 kg 10a™! in the control plot.
Regarding soil physical properties, the pulverizing rate was significantly higher in the underground irrigation system plot than in the control
plot. There were no differences in the plastic critical water content ratio and saturated hydraulic conductivity between the two treatments.
Overall, the yields of underground irrigation system plot and control plot are about the same, but the yields in the non-water level control
was slightly higher than control plot. Because rainfall in August in this year was higher than usual, effect of drainage by irrigation system
appeared.

[Keywords] underground irrigation system, paddy field rotation, soybean, soil physical properties.
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Evaluation of pungent compounds and antioxidant activity
of vacuum microwave dried ginger

Takahiro ORIKASA* + Yuki MATSUMOTO* + Daisuke KURATA** « Shoji KOIDE*

Abstract

The effects of vacuum microwave (VMW) treatment on gingerol and gingerol content, DPPH radical scavenging activity, and sensory

quality of VMW dried ginger were investigated, and the applicability of VMW treatment to dried ginger production was discussed by

comparing the results with those of conventional hot air (HA) dried ginger measurements. The results showed that there were no significant

differences in pungent compounds and antioxidant activity for either the VMW or HA methods. On the other hand, VMW dried ginger

showed the possibility of suppressing pungency and increasing aroma compared to HA dried ginger in the sensory evaluation. In the future,

we expect to produce processed foods that take advantage of the characteristics of VMW dried ginger by examining the VMW conditions

and identifying the aroma components with a focus on the aroma.

[Keywords] ginger, vacuum microwave, gingerol, shogaol, DPPH radical scavenging activity, sensory evaluation
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HIAENCTHA. THHORBREMIZIY, > a v HOTE a0k
NCHBHY A=l a UV TG, E T,
1990 AT A U A DENIASAMISEET (NCI) 12 THFR S A
B E DDA TYRHE [TV A F—T—X - T a T L) ITRE
TEDUGEP D TR e £ fh 40 FiffA 7 — A7 I v R
DL LTHEELTCND. ZORTY a UHIE, BADO T LR
R BEMTHLERHIR L TWD. RV a—3glnii
R DR 0 5 V&M S CRY, AARADERE LTH
ADRHZNIZ EHH Y, TEHIN WA, il v a vadis
e a v e LT, Ta~AdAl, il va v kR Sk e
INTASOEEE LTRSS TRY, ZOFEITRE V. LhL,
LA USRI 2 U O T IR T —Lm
b RS BRI - BB K O Bk S, o a O U
SNDIT ENSNTND. FRHE, Yo ra—nb a Ui
—IAOEBUTEA LT, RIS 80 °CLL T MR X

* L EPREESAES, Corresponding author: T. Orikasa
* kg PRFERFLES B OR
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NHVEHREINTND. LTi> T, v a UHITBWTCERTD
Wl NNV EOMT & Jii 2 L1327 a— L Ol 5| &l 2
U, BREMEICE R 5.2 5 2 LR END. ET2, v a vt —
JUT L LR LT, SEMANRN & ST D, Rl
OEBLTRISNS. BWRCBILTE, &HH5 22, 4iclziay
HEADY 3 0 T ONEEOFEERE R L, E8E 329 L)
ST EHE LT D0, BN Cd DRz s RS %
BREHIA T 7T & AL R T- 57200,

BIE, e aARIRD » IR O S 5 PRy L OiE~ o
7 O D 5. T OIFE CIRTEREE T Cv A 7 ajieia <
DT EIZRY, FEPEROMRAME T L, W X0 R RS
TR S D Z EAREL 725, T~ 7 ailc kb b~
FOEC LY, FEIOPTRELEDS 60 °CHEITHEY, U a~y
BLO L7 AV E UBEITFERE b~ R E 2 — LSafRE & 72
STZEVIHELHD B, LI -C, E~A 7 aifdBic k5
IR CORIR TRy OFAFRDNE IREE CHARAAT 25 FTREMEDS
Bz oD, L LBIE, v a S LTI~ A 7 a4
L, Yy ra—, vauiid—L, Jiglhes LORRATIE L
TAFFEN T L AL R2T- B0, F 2 CAGE T, v a wHlc
LRI~ 7 il U, BT~ 7 2iflc L omatgss
3 UHORSY, FIUIER L OSEkE T & LRI E 2 53
WCOWCHREEL, >3 USRI Dt~ A 7 mi i o
ATREMEC DT L7

2. MHEBLUSE
(1) bkt
TN O BHUE CIEA LT BIiiED e x> a U A (Zingiber
officinale) %=, WEAFEIT 4 °CCOWTER. (SI-55W, S+ —7)
PIICIRE L, A LT Y BICIBRICHEA LT, a3 o
+T 4V BE WL RDTZE 2 A, 11667F0.06 (db. decimal) (n
=12)Ch o7z v a UHTEEHAT A (El6, Ritter) ZHANTE
S2mm AT A A LT b OERHFEERICHE L7 (CLT, 30D
() HolEAIE
1) BE~A 7 v
W~ A 2 R A X VORISR I 7 A8DT
Ir—H, <A 7 SR (uReactor EX-D/E, TUEFHAITZE),
JED i = N (NVC-2100, HF L), =— L KT w7
(UT3000, FURBMEZSHR) 6L OBZER 7 (TSW-100, RS
72) BRSNS, 7ads, BBHPOOREEL, 7 7 AN —
TR (FL-2000, ZNZEteR) L0V 74 35—k (FS100-
M, ZENiEtER) AW CRIE L
~A 7 aENENEENIC T 7 AROTVr—5 LT, TYr—
) BREL, T NOORMBE R T s X T —
N, WEEN40g VY, TV — X ORICEE L. ~
A 7 aHINE200W (62.5W/g-DW) & L= S, BEZeR
TBIOESFE =y FEAVT 3 kPa 12725 X DIl L=
W~ A 7 AR A e T D70, Tlmddhe L Otk
DIRDTEIER L OGKREE L2 L 25, WEEE 25 min LA
B TEKERIT 0 (db. decimal)Lh FOMEZ 7R LIz, ZAUIatEN

FROKRGIDANGED T L7\ MRAEL 720, SREIMEIS 727200 TH D, 3k
BIOEITIIRE 2 O T ORI AE L KT EE5720, B
DA DA CUEET 5 Z L I3RS EOBLEN D E L 7,
7z, AKOIEMH TR 25 min T0.6 & FEIDHER L Aeo7z. KR
ML 0.6 LT O, BAMDHEFHE L2 & SHTng 19, BLEo#H
HED, BEOERTPVECT, KGTEMD 0.6 LLTF L7085 25min %
AWFTEORIRIAR & LTz,

2) BNRGIR

BN A X 2 |\, HREYEEZEEE (WFO400, U
PR (SRR 40 g BiE L7, WRZeSUREE, Wit~ 1 2
AR VT HRREH TR G D 67 CIERRTE LTz, 7233,
AREHLODOIRELAEDT- 8, FHE 0.3 mm O T RBE 2> a2 v
HOBREFNFE LA, T—F—aH (GL220, /T 7T v7)
SRR L. (0=3).

PR CYERRL L 7= REpiRl & 3 Sl CRRRZ IR DR 2 1
Kt DI FARIER A ToTm & 2 A, BURRIC XY 2.5 h RS
W7EE, BT~ A 7 2R LY 25 min #EES 725K
BRI 0~0.04 (d.b. decimal) & | EIFFREEDEIZ /2 > 7728,
AFGCORNIR G OR IR % 2.5 h IZRE L7z

(3) SRR T H L O kIE

1) SHTRREIOFE

SINTRREIOTHRI TR OITE WEBBI T b, Ak
B g ISRIL, 3mL DA% ) —L&NZ, FESTAY (CM-
100, 7AT ) AT, BEILZ2NS 3 e A A LT=.
Z OB, HAEEH I\ WSRO R 1 g 12X L 3 mL DA X
J=NVEINZ, & OIRE A ARG RIS D70, Fc
0D LI R R VB EORBAREINZ 1A%, RETA X

KT 7A18—
RER

a—J)LF
S 28R FPC
TIhr—4

EHAE AU DRMEBEE
1=y bk

| — IyFxoTv—+
HE L =¥
R

1 BEYA Y QRS OHRS

ERE AR

2 FRFIEEEOHE



PR - AN -

FAHARR - AHET EES A 7 0D a7 T OERIES
B L UPURRALTG 1k 0 FF-ifl

Tl Tk, mOOERE (N93116-A000, ARHFEE) %2 H
VN5000G, 4°CTC 5 ez L, IR L%, HEETRD
ST ELITERIC2mL OA Y )= ENZ, FEESHHL,
HEEADYE, WA SmLICART v 7 Lln. ART v LR
HIE A TIVRIC A, TV RA VR W GEYE L, —80°CIZR%
ESN=7 U —— (VIL78, AARZ U —%—) ITTRFLZ. fE
B UIZs BB 5 120 H DIPICHIEI g L 7.

2) VL, va vV EARORE

U= Iy g YOO Th S, Y7 a—v
VIRERE D F7 2 DIRIEEATET 503, ATRIORE Tl b IFEH
BDOEN 66—V — U L GIEE T T2 Vv 7 e—d
FLASAOBIHENRD S SIUT0D 8. s, BESReh R L
HEZR EOBSREME AT DBy T . v a v T A—/ T
Ta—)LERIUL v a UHOERRS TH D, v a VA — b3
TR, BUMLAERRFONY, EHOICBNTH Y a— L LD b
ZEPMBINTND . v a U A MIREIR RO 19558
HHITEY, (RS SIRERD 2R BT 5.

D=L, Yoa v AV ORER, O WASE L
TToTz. LREORIETIER LTe /b A e sk & Lz, HPLC
IWEERIY, 7T LA —T72 (CTO-10A, BEEUERD, UVIVIS #
HIZR (SPD-20A, FRERHEA, HiACERE (DGU-20A, FddEin) ,
BLOVEIER 7" (LC20A, EHEEYERD oM SIS, 11T A
1% C18 Z[EE & 92 ODS 77 2 (CAPCELPAK MG I, i
TEE3um, PEE4.6mmX 150mm, &R &MV SRR
K, TER=RUAEL, IR BISKIL7-#%, HPLC IZRE L
7. VR 0.5 mL/min, S 280nm, T LA —7 LAREIL 35°C
LU, WERIk A 2 WL 3EH U QEER T T, 7T V= MEE
1 KT ER=RUA=T0 030 ZHIEE L, ZOEIGEKRDE D
Wb &7z 5 70301090 (0~20min), 10:90 (20~30min), 10:90
—70:30 (30~35min), 70:30 (35~45min). FHNIAERK L7
DEIRAEL 1g 4720 OV 7 A —), g UG —/VEA R (mg/
gDW) ZHEH Lz 7ok, KEIX 317
3) DPPH T ¥4 /WBZ=IEMEDRIE

DPPH 7 V71 WIHEIENEE, &H OOk DaSB I E L T
7. 1-1diphenyl-2-pycrylhydrazyl (LXF, DPPH) |3£25E727 2 71/LT
LN, TIHAEFEEDPMFHET D LT DAURIZE T 5.
AHETIE, 7 NV ORIN > QRIROSR GG HIEE %
FIFL, etEst (v-630, HASE) 12XV, —ERiEZD
Pl 517 nm (60T DS ARES S Z & CDPPH 7 U /WEE
TEEOFHZAT > 72,

ERREHIE, SmatEl (3)-1) 25 2Kk A X /) —)ViEiIR OK:
MeOH=2 : 1) T3{FHRLI=HDE 100 uM Trolox &V =, 6
AROHef E G 277 L I ARA /L THEDE L, PH74 RS L720.1
MTris-HCIFEFERIZ 1.9 mL 2 537F Li=1%, A& /—/b 7K (MeOH :
K=2:1) ZZNZ}200puL, 160 pL, 120 uL, 80 uL, 40 L, 0 uL §*
OMZT=. & ZITAERERE 0 ul, 40 pL, 80 uL, 120 uL, 160 uL, 200
uL 9Oz, INEOAEHE 100 pL & L7z, SafBRiEc 250 uM
DPPH % 4mL 32U « $8FR L, REFTCT 20 9fIsdE, 517mim
VIV T DR 2 S OB T CHIE L7z

ERE OB A 2 ST DI O DR L
T IRIRERROME &, 7 WEEWE L LTINS Tolox O
BIMEE 2L SED 2 L THLNZENTHRL, BE 1L 47290
DPPH 7 71/ WG Z K7, (umol-Trolox equivalent/ L). =
Z OB AE 1 LICE EN A B E: (@ DW/L) ThRL,
Hi) 1 g 24720 O DPPH 7 4 /Wi A 5 L7z, (umol-Trolox
equivalent/ -DW) . 7233, SARIZ 3[EHT -7z
(4) BRERIAM

HREAHIEEH X H Ok DA HZE Lk LTz, AtEks &
OVt 2 U ot ORED 2 (FEOEE L 705 X1k L,
FH— (LIM-S20V, =7 7T A LR) THHE U, SR L7215,
ATEOH—ETIGAL, WEEZ BRI Uz, BhgHing, Wi
JEEET A N D2 L08R LT TR LR AR
FHSCRHCATR T 2 F AR LOKRFE6 4 (i 2024 5%,
B f=1:3) ARGU )L WE AW To 7. AtEls X
ORZEERER) SRR L Tc RIS HIERERS, 74 A2 AC Lo
T2LOEME L. TN AB, BC, CA &3 _XTo/ 7 —
DOFZEAEY, F8E LTIRFFITIE> CRIEL, THEIZBEL T, Ko
EUIZRBHCOZ DI G-l L7z, £7-, IEFMEAEEL, 1
B H EONEFFCTHARIRL, RIBRCHRHE L 7= FHmEE ek L
D & L. BReHl CHWZRHES — h X 31 #lli
IZENENOEHSEIOHMNES 720 L 92T 5720, BT 5
HBILE DD TR TALZ TV, B hN-T—Z I HET
EATH T8, h—A b o O—xtbbigh: NS &, REfaZ R

728, BHEHEOD/ SR Y A MIEA 7 A —h Rartr N (T

RIRBABR

Al

AR IZBRRBRIC CHANEEEELTHY BE ) TEVET,

(R CIL, SFEOM L HETHERS NIy a U E LD L S I U Tenast
i L T & ET,

REMIE, KO a o EREL, [k & [HY ) 2L TRV,
—onvauAEkL, HEZ LD TR (GRV) ) EEUZHICOEMITFTRE
A

:W
==
comrwrg
PwraQwE
caaw>we
>wmEaaw
cowEw e
>wmraaw

DINDIRNZ ENDH Y E L BEME BBV LET,

H3 EHEHE—
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8 a
a I
i : I
w0y a
FE/-\
| D4t
o an
1;@
N2 T
0
A VMW HA

B4 BEEFEHTHOUSO—ILERE 2L, BF
DIN—IFHBHEERE SRS (\=3). TukeyKramer JEIC L 2EEE
7L (P0.05).

100

80 |

60

40

i

REHEE (°C)

20

O 1 1
0 10 20 30
AR (min)

K6 FEYA Y DEEHEFOFFFINEEDTFE KhD
N—HMEEREFRT (=3).

W, CBRETHMIBINORGE A £, BREHEY, ATRFCE
D NExg L 3O REEFEL BRI L DG (202346 ) %
T LT
(5) HEEHET
FRBHBIT DY e ERR, v a vV ERRE,

DPPH 7 ¥ 71 WIEIE MR JOEREHI & 0 55007 REmY, —
7EE (ver. 320, FERNEERY—ER) &MV T Tukey-Kramer
L DR EEREETo72 (P<0.05).

3. WEREEE
() Vv ra—nBrU a vit—VEh kR

BLZBIT DRBIOY A — L ERRERB IO g A —
NEREZR AR IO 5 IZENEIURT. SEIRRIRT Y
OB IOY g UV EARICOVWTHEREIIRON
ooz, FEED T a— Ll g U VA RO
TR &, ARETIE, 97.5%B L0251 %, ME~A 271
WHEICIE, 972 %36 U0 2.8%, BYRHZIECTI, 97.7 %3 L1 23%
LD, BEMICRE AT N7, Y ra—d
80°CLU DN, i X0 > a oA~ I E D Z & R

0.3
i 2 a
T 0. I .
40~ i
2 202 | a I
] ] t
e 20
R 201 f
IR
m
N 0.1 f

0.0

A VMW HA

5 RENEHEICETELavAL—ILERE =1L,
FD/N\—IZELEFRT \=3). Tukey-Kramer JEIZ K BEE
Z7xL (P>0.05).

100

80

SCEHIE (°0)

E
)
S

I

O 1 Il
0 50 100 150
B REER (min)

7 RRASFEROFMPINEE.

200

FNHITNADS, Haungetal. 'O, 70 CCAGmORAMREE CIEy 7
=AY g U AV OEBIMEES RN T L A LT
W5 ZIC, WIEYA 7 iR RS K UBR
HEREORRE R 2K 6 5 LUK 7 I2ENEIURT. VMW B2f
6 LUV HA #2510 2 PERABIHUREEDY, FhEh 67+£23 °C
BIOS8L10°CThH o122 L, ¥ a AL~ OEHHME
SN2 olcbBz oD, U EOREND, WEMTEH
KICB L CHEEIR LN T, AROiscixy
Fa—B IO g U A — I L3R BORy 2 15 L
TOIRRE CRIBEDM T Z L AVRE STz,

() DPPH 7 ¥ /1/WiH A&

FHARITHATINT B DPPH T VAW EFEEA X 8 ITRT. K5
IV 5 DPPH 7 U1 WIHETEMEC I I EZE IR 5T, VMW,
HA 32 DPPH 7 ¥ h /W RIRIEZHERF CX 5 2 L SHER S,
LML, BRZEIRLN DT b 0D, %0 DPPH 7 21V
L, WO RECBO T b L 0 b aBd15%
FER L potz, D a— LB LU g U — IR L RE A F
O CH DN, JIEl G(1) Ve B IO a VS
HE) CR~ZEY, BLMRIFEAEERALN -T2 &



MEHEE - BARKR - BHAR - /MEZ RE~A 7 0ty a o 5 oERE S 1
B X PRGOS
0.75
I SR OFD
HJE = a
e : .
ﬁif 0.5 | ¢ I ]
X g
R 2
e
N £ 025
£
53
0
2s VMW HA VMW HA

M8 REMEHEIZHIFTSDPPH STHILEEESE =120,
R/ —H2EREEFRT (3). Tukey—Kramer A2k D
BEEL (P0.05).

Mo, MENZ K > T ra—LB L0 3 Ui — LSO
(bR DN LT RTREMESE 2 Hid. v a U T OFI LAk x Y
YR, v a ulA— OIS, FEYRGTHD Y M TR
HY, ¥ T UIKEIZ L > TDT 5 EE SN TND 0. F
72, ¥ R TUTEIEIAZETH Y, Folf - BRI T
DT D ZERTREND. 5HIT, ZOEEFILDHETLHOVS
02—V IO g U A — VLSO bRy OEIZE B LT,
P UERIC DUV TR 21T O B S 5.
(3) ErRERTAM

YEk LTz v a o T OBl s L O — & s o oo—xttt
RIS B U7 RS SR e R X 9 B LUk 11
EETUR T W I CUERL LT B RERHlRR =2 34
AEHE DFNE R U CONS AR DA R BN FRHS, VMW
AREHZ RO IR & bl L CABICERT £ DGR & 72 o
7o, v a UHOFELRI ThHHA T VB LUV T =7 — /U IHEL
RV L, R CER Y Ch DR — VB IOV T =4—L
\ZHING 2 2 8T, Sa UHIELEVHOESRS DS, STEED
HOWEDIZZET 2 2. AR TY, SITHEOHWED 3R
WRICE A .2, AR S U ATREMES S 2 Hivd. BRIz
WZBWTIED DG E - 72728, FIZE D HBROFEFIOSZE) N
ShofobHfigisng. FYOHEBICBEIL T, HAREIOFD 155

F O L o =DITHRT L, VMW BREIOF D IIEmE DR L 720,

WA RS (P=0065) RSN, > a U HOREHROE
V) ORI IR B2 5 2 L AVAIBAL TR Y, Hussainet
al X =3 U ORI T, RS OMHRIC Lo T, KR
YRR S LS LT 5. SR OWNT,
VMW $2080 3 HA #705 & Feige U C 125 min 80 V28, VMW #2057
3 U TIEE Y oy ORIDIIZ B, & oy Lz
REE CHZBIM TN FTREMEN B 2. B s, LLEL Y, VMW %5z
P a v AOBSESET D Z LISk D, I, FY AR
HElds 2 U IR CE D RTREMI VRS,
ARBITEL RS OMEELTH 2 & T, BRICED FN NI
L CBLT D LI, BRI EBE LT OB EA T,

Mo K FYIEHI HEREHEER

R1 HY—R b UO—RHESEIC & YUKRDT-REE

£ VMW HA
FER 3117 2.5+2.3° 0.6+0.8
) 0.0+0.9* 0.7 0.3 0.7+0.3%

RHOMEFTFHEZEREERT.
B AEINERIZIE, TukeyKramer SEICkUEEELNHD
(P0.05) &%

W~ A 7 IR DR A 7 LT a o T DRGE BT
OUVTHEDE L EZ HD.

4. #HE
> a U A OFIEA~DRITE~ A 7 el o A ATHEME o C

TR 2728, SERRSy, PUEREREDRIE & BIKORHIEZA TV, 4

JREZR L HlER U7z, AR k> TN E LI FICE LD D,

() Vrru—BlO0y g v VERRIIESM TR
PRI O o T2, VMW H2fiEs JOVHA #8230k
HUSESIREEI I ENEI 67 °CRB LN 58 °)CTH o722y, va v
HA—NAZEH T 80 °CLL ETIEEESND LW ) s HDH Z &
ND, VU E—VING Y 3 U A L SOZE M SR
STERREMERNE Z b, 2L D, WINOEEFEICR T
b a UHOFROEHEFFTE H 2 LAVRENTZ

(2) DPPH 7 ¥ 1/ WERIGVEIA S CREA TR G2 D>
7200, FHEREHIRWT, ZOENET/NEesTz. Zh
1%, FUB( bR AR OY b 7 — VEOFERH G OBEIIFR L Z 2
b, A%, Ve BION a v LSBT L
ROOTHUICER L, FURLEEIC W T AT ) MERH H.

Q) BIE~A 7 et = v 5% FHOCER S B RE Ml e
% EREIE D, FY ARG O, FHRE a vl
DELKR DI Z T - L B2 A, £, E~A
2 ORI SR R ANE o 1120, T BHEFTE LB A
HID. G4, ¥ a U OFER G ORER JONHHC L 5F
RO DOZAEATE L, §C X B a v ORI 5
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