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Quality Evaluation of Stored Rice Using Different Package and Milling Method

Mitsuru HACHIYA*, Ryuji OTANI**, Tsutomu IJIRT***, Wataru SAITO****

Abstract
Quality evaluation tests were conducted on samples stored with different processing/storage methods (conventional paper bag/multi

layer plastic film, brown rice/milled rice/refined rice=milled rice by friction mill with lower pressure, low temp./room temp.) through

physicochemical analysis: ratio of skin abraded kernel, free fat acidity, pH, gelatinization properties, fluorescence intensity, and

sensory test. In the case of milled rice stored, especially milled rice by friction mill with lower pressure and packed into the plastic

bag, even after one year, their moisture almost unchanged and rice degrades more slowly in comparison with conventional packaging

and storage form of brown rice. The comprehensive palatability test showed that milled rice stored in the plastic bag were in higher

position, indicating refined rice with bran well removed, has a higher storability.

[Keywords] rice, storability, plastic film, refined rice, degradation, palatability

1. [FLHIZ

DHRENCBIT D KROREE L LTI, ZXOKIRRE
DEL—BTH B, FHRIEBEE 13~15CUTOERERAE
BEESHICEFZ SN, "2 ERSTEH 15SCUTOIER
BE 32675 t, EHI20CUTOREKRARE 9325 t DA
#4199 Tt DINEREN L 72> TRY, KOREEERFT
BB E LTHRIY > TW3B (KEE, 1995),

VK DIRIR TR B3 2 TR R A 1A IR A A2 a8,
—F THRARIIPREND RN EREEEERD RN
TRl BRICHB LU THERR LR ZABALTY
%, BlziE, FHEKIIFEREND 72 < SRKRIEIC A2 0 B
2%, BEBMICHT ABRMENENT 4 V2o ERAV-aL
B, ROBERFICADLOBRELH D, T, B
RICHBOIRERTE2 D 2L LZBEIRXIC L D7
HICENTZBAX R EHRBERIA TS (R, 2002),

KOBEHE L, RECEB2KFRICHZ D Z & 2AN
L LTS5 EICHITS N RBIEOF TR S iz, BUF
BERENOXREFEVAN, LROBUFEERAER SICRE
T35, YHOHEHIE TITEEKEE 100~200 7 t &k
BTV, 02 ENDITKOHEEERIELZEIRL T 100
FtiZkHTW3B, LaL, FEEOEZIZELT, —&
REEZHERFTIZDICIEIAERR EOFTERE, T2bb
BUFOMBABIID 2L 2L, PR TENREMERICERA
ENBZTFLVXARLERTE AR,

ZZT, ABEIZBVTE, EBEBEZRXAFICL LTI,

FIREZRIR Y AR D ME R FIT, RETEK LV KE
BE\CRBTRLBMEER T 272018, RkOBHELD
BRI, BEHIE L TRBREO Y — R lABE DR
KOFR - BFEIE OB DOV THREE L,

2. MHEBLUHE

FALBHNOBESR CHIESNZ0TEE ‘D&
EHR L7, ARITRAGZUTICL VERE L, BB
%0844 A20 BDD24EME LT,

1) A a5 OXXk (FEKD), QX% (KX
57), QOBEX (F@EREX), OFBX (BERX)

2) B 454 OKS (BiR), OKE (150), ®
T 4IVAEZE (FiR), @7 4V AEH (IR

HRAUEBIT RO 30kg A (757 MK, 2/8)
L L, —F, BEEEIEHEEMELEZT 4 VA (De
Smet £, NAF—) FRVZF LT A v D5 EHE
ET, TONY Y —HEIIBEE Y Z5FBBE 1 co/m?24h- atm,
BIRE 1 g/m’-24h THD, A7 ANV LAOEZAEIILD
HZEEII-98kPa Thot, EERKRENL, HHROHH
B LB HIER VT ORFEICE > TRE, S hiz, Hi@
BXOM 13 DEWBRESNTER SN A 720, BER4E
B, BAREADOHEYRBRIFEENS, fFET, A
CHEICAMLZGE, BARIEIH1~2%MmMEL,
HHLEED GFR, 1995),

* . RIUFEE EMRBEEEENHRAIE T2 —, ** . BIFEE ROLBERREL ¥ —,
ko R PREEREME R —, M YA I VR



4 BRI RILARERSE575 (2010)

H1 fEEEHICL KRR
(£ : #80%, PR BWEILCLIERZAE 6 #ET LLICLIEHIR)

FEREEGEEZRAEDEZE 16 REHIOWT, Rrisif
F6ry ABICHEL TTFREAERIZOWTOH LI,

(1) K% : BEEBESE (10g K-135C-24n) THI
EL, EEREE (RRET, Sg FE-105°C-5h, #E
A8 k= 10122, FHEX=1.0133) (ZBRE L, 22
B, BROBLEHESHTICEE L COXEERIEE (BRE
7, 3g#-135C-1hr (¥E)) I2&o7,

(2) pH: 4 v MLBUEEREHIESS RN-820 (pH fER3E :
AARBRERSEE) AV, LXKEFBREHZD
WTIE, BITALER & U CRIMHEU NS KERIZ T Sg KL% 50
PEEELBAkEHR L, FHMEY 7 My,
—RIED pH ZEBRO 5 BEMT 7 FHEELEICH-> T
BEEOHIE AT o T2, ARHEUX 200 R, KIEEL & LT,

(3)ZXRDALTH: K100/ KE ¥ —VICAR,
[-IK &% (I:5g, IK:10g/7k 1L) 15mL %M0%, 30
SEBRERARICABRBOEETHRL, BERIRER
Lz, RERFII2EE LT,

(4) RERAEREE : £ 16 REHIOWT BABRMREB R
K8 L7-, AACC (American Association of Cereal
Chemicals) DOPEIEICHE U EERIC X D, IBIFERE
DEA (mg-KOH/100gD.M.) i%, AT mg LEEFET 2,

(5)#bistE: Sy R-vx2-7F 74 (Newport
Scientific £, RVA-4) IZ X 25 AR & L TR, it
REIIERPE 3.5g (kD 14%HE) T, #iK25ml %
HMLTRR LI, RROJMAEL LT, ORAKEXK
¥ (LUASUWERR, 54 2,V VP3IT) THFESEY &
90.0+£0.5%|ZFRH, @#FHE (Perton £, FARF FYU I
NA3100 ) 12XV RZ Y —20.5mm THRE L, KE

E¥u3EE LT, TOFEHMEE AV,
(6)BIBREE: AEBFEL ¥ —AMEOKMEFMER (5K
AR LEGE) U\R5, 20100 #AVWT, £R
BIO®NBEZRIE LTz, $E CCD 7 A 7 BHAEFRR
DAHIREIL, £430 BDRIERCOCLRE Lz, REMH
Bix3mEE LT, TOEHEEFEALE,
(7) EAXOER: 2FEMOMIELRIEBRXRAHT
SWT, a=pIINZEr RS RIAEH
CM-700d % AV 7z, BIE L7z Lab REEEEL S &I
NoA—BEZEHL, FHELL, REEFISEE L
T, TOFHEEHRA L,
(8) AUERE: RAABYREBRSICTKE LR, A¥X
X, Tk - #ER - RIRER - SEKSKOREE LT,

3. BRBLUER

UTF, S LE-EHEBBCYT TRBREREER~S, 2
1, 08 4 10 A DHEE - HHTLAROEEM, KEXORT
BEETHEILM U Fa—FOBERRICZLY, KEXKE
TORBADBRECETFT LIZZ L2 0, AHRETIIHIER
KRB OREROAIZBET D, 72121, REERERRICE
WTIE, ZKROME - (KBITRR EEMEKL Lc2D, b
KETH—HBEME LTERLAER, BEILW,

FRFEREOBRERVEBEX, ThEN0BFE4 A~
10 A# : 21.3+6.1°C (EHEHZEERZE, UTERZ) ET
57.049.7%, °08 £E 10 A~’09 4E 4 AHl : 3. 74 2CRV
66.1£10.1%, ’09 4E 4 A ~09 4 10 A # : 20.8+5.7CR T}
59.849.1% Th -7 (K 2),

BRI, 3R L7z 7 4 L ANBRREHTIT N B CRIRE)

2

R

A4

i

L]

~ 20 + . - h :-
SOﬁzﬁfﬁ :mﬂ 2 ﬁﬂ: :
il i ‘-
% .20

08/04/14  08/06/03  08/07/23  08/09/11  08/10/31  08/12/20

09/02/08  09/03/30  09/05/19  09/07/08 09/08/27  09/10/16

B2 HERABRTORELEZE (REX)

¥ ' 09410 ALREEMOT—2 DB TES



AR - KB - HR - Filk - REDREGE S QEREMIC K D ERK D S E Rl 5

DRAECHFIHEEIC L 2 EREIIBRESh R P07,

1) K&

X 31Z/k4r & pH OB ETT, 2B, HPELHOF”
X7 4 VA EEOKEE Lz (B#HOR LR,
AR DOBE, MBOEXIL, FIAKFICHPD LT,
RPECEER TASY N%BICETRELIET L, #ig, &
BARSRICE T BADETIXEE TH o 7203, PERBLL
BIIBRBLT 13%A L RoTERE LKL, 74V 28% (B
Z2 - FEH) RICBWTRTRSMZB L TUERELTE
D, Z4NVADNY T—HEZRERTE 5, BEKITRIZE
WThH, ZXREFREFAHETHY, 7 VLAEBEROKDE
ENEIXHA T/ E W, 2B, IBREAE (BEEX - EE
BXK) ICLDRE - BBOERIIRD b RhoT,

2) BREED pH
" pH Ok, HEFTOMRESLLOEEL LTAVWLN
3, TAREFRICB VT, HiBAKD ORI T 1V LETER
B LT pH DIE TR B o iz, EADZD T 4 VA
B (BZE -5 REHIEER LY bRBIIET 3 516m
Thot- (K3),

KK/ BilkD

8
.*‘\. '\-.\.\‘ .\‘\.ﬂ 17 \:IE
Jd [=%
~ 16+ +6
3 O—Q/Q_O_O O—Q“O__O'—O J
;14 1
g 12 T
5 0 65/ 8) (F : g/ ) (F : B5/mE)
08.04 08.10 09.04 09.10 10.04 08.04 08,10 09.04 09.10 10.04 08,04 08.10 09.04 09.10 10.04
kKD
T a
~161 16
FRTE
5 r -+
12t O\QH/Q’O_O O\?.—o—o/o 0—0—3—0—0 |
] 3/%28) (F: me/g8) IF : 25/%8)
®10 e ——t + +——t
08.04 08. 1009 04 09.10 10.04 08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04
mEk/BAWE
.\.\'\. ‘\._._. .\._.\. +7 i’
[=%
~ 16T 16
o
: 144
é O\O/o/ow T
12 O\Q/O—H o\ﬁ/o__o__o ]
i 0 ts/mB) Hz/%8) ©11/%8)
080408100904091010040804081009040910 10040804051009040910 10.04
MK/ BEWK
1 pH 1'%
~ 161 16
3 |
141
& 12 04(30/0“3 o o _o—0—0 o _o—9—7
g 0 e/ RB), (0 me/sem)  3y/%E)

08040810090409'010040804081009040910100408040810090409101004

B3 MEAEERICTHHRKSE pH DR

ZDEKRDD T 4 v AEERENY, BABRMRERSD
BEEEHIERREE (S>A>B>C>D) IR L LAbENE, Kb
BENEW S 77 OREEIEIX 90~92%L FroT,
BEEERICBVN TS, MEHE EEX - BERX)

Wb bd, EREFRROEA THo, LAL, ST
v 7 DRIEEIRIL 31~59%& 7 4 Vv AEEOZKETEER
BE Y bIENo Tz, ZhiE, ZREBERBHZ W TIRREIE
ERNZBE LI Lickb L Bbh s,

3) TROATHhR

X 4 I[ZFFRRER DO LK DO T EERT, —fXIZ rank
C & DI, REBKLE WFhkoxtglzd 70% L
DEBEATIERETITFIND, WTFNEBEN £, &
7oik TEZ LW L &N B rank C & D OFAR (higkEl
B) PbHBE, BB TIX 45526.0% TH D DITx L
T, 74 /VAEEFETIX 63.011.1% L &L, LTho
BENLVEREETHO, 74V LAAEFRIALLOEN
BELTNWDZ EBHERIND, LIL, 74V 08EK
MTH 3 LEZE, BHOTHLEEKS LY bIEKSOS
BRAERIT 1I5%REBEIMHEN TS, £, IlThF
AROBER%BRT D EHBECHEMICHLEEICKBI
nTna,

ZHRETRZ AR E LT2BA, 74V AE8E LY bEEO
FRBGFREFEBEEZTT LD L Bbhi,

ID rankA OrankB OrankC MrankD ]

100%

&5/’35 /MR ML/ER @KVER F:RY/MEFIH2/MEFBR/mEF: Eﬂ/ﬁﬂ
-Ex5 -B@kD -Ex5 -Bi@ks -Bx5 -BExD gk

B4 FBAEERICTHILXRONTHhE

4) FERARREE L Wbt

TEEERR S B (RIABE) X, WRICX 52X MES
LICBROBEVEETH B L B2 &N 5, fFEF OfiHEE
E LRt (TLr—2Fvy) OWBE2E& 45 X6
WZRY, MEE L bIC, MRRIEICHE > THEMERZRL
e, MU TEKOEBEARSXABEREBICEHDLLTEN
WMEREZRL, RESHLOETEEP oz, —F, KERE
KR LIEBBERIZBWTIE, &E - 7 4 LV ADEEFREIIH
o b7, EBREIIthORBRKX & I1ZIEFRSEOEMETIX
HBHDOD, FEHIE 2@ L THLMEW L (BT
BRAERE : 1.7Tmg—BTRK THY : 7.0~10.6mg) THB LT,
2B, EERKRE ORTRRBIARF OIS BRE 1T — ARV 72 4B
Tk EIZEFETH o1z, Lo T, BERKAEIZI D K
BIRE DFH BN D 72 <, BER KRB O RPEME L@
KEVHLEWTEERS B,

70, BEKETRICBO T, BITR R RESERIC S
TIZANDIFEDOEN T V—2r F U OEMAHIHE S h
BEMPSTENT, FFET OMLEEL, BRI 7 2
T—EEEORIEEZ RTHREL 25, FRICX 5 RESHL
BREL, TIT—EEMEBMET T2 L, BiLatERES



»

REERF S RIS IE|ES 75 (2010)

80 KK/ BEKD
g (1 se/88) (F: Hz/88) (F : B5/88)
T 60 T
g
£t
g0 f /——‘/‘/.
-
0 + + + + + + ——t + + + 4
08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04
8 K/ BKD
g [ (/BR8] (F: RZ/8R) (F: B5/8R)
60 T
g t
£°1
g0 f /—c/'—. /——c/._-’
=1
s et e S ey
08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04
80 BEXK/SEEK
g [€:2278 )] [F: R%/8R) (F : &5/88)
T60 T
3
x
£t
-
0 —_—y — L
08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04
80 WEX/(EERK
S (Es/8iR) (F: Rz/88) (F: &3/88)
T60 T
¢
g 40
B2
8

(=)

270

52600
g0 |
Ry 4
A 20

B 230 §
i 20 +
R 210 4

200

270

5260 1
2250
N240 1

270

5260 4
Z250 §
N0 |
w230 4
T 20 §
N210

200

08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04

H5 BEAEERICTIRBEORS

KK/ BEKD

[#E£/28)

N

)

(F : Hz/88)

(F : &51/28)

. " 4 +
+ + + +
08.04 08.10 09.04 09.10 10.04

+ + t t t
08.04 08.10 09.04 09.10 10.04

08.04 08.10 09.04 09.10 10.04
KK/ EXRD

(i s/ 2R)

p

(F : Hz/88)

(F : 253/28)

|

08.04 08.10 09.04 09.10 10.04

1N

-+

08.04 08.10 09.04 09.10 10.04

08.04 08.10 09.04 09.10 10.04
WOXK/ BBWK

(#f5%/BR)

N

i
\

(F : HZ/8R)

(F: &51/%E8)

08.04 08.10 09.04 09.10 10.04

r—t + + +
08.04 08.10 09.04 09.10 10.04

r—+ + + t
08.04 08.10 09.04 09.10 10.04
BEX/EEBX

(i 5/8R)

y

(F: RZ/88)

o

(F: B13/88)

p

08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04

H6 REAEERIZTIMILEFEDED

DT DOIMKBBEBEE T, TORER, ZEHBEST L —
7 EUREWVEERZRT (BILD, 2008), T72bb, &
RBRAER LT, BITHRREBITRO T 7 4 NV LETHE &
DHLEFBRTOT I T —BEERNKREIETLEZ L 2R
FTEEZOLND, 2B, FEFICT V—7 Fv o O
ez LiL, BRETEZRLTVWS LEXBE LR
BdHd (BED, 1998), MAXDOEL HEICETIH
BiZHD LI, FRFITKRNOZERRZROBE 2L -
THix RELDER Z 528, RIS EBERR I ER DOBEMITE LV,
TR 70 Yy —ADBREREZ 3720, [RER Y N
—V LML, oMEE 2T, RSB ERT S (BEF,
1989), 4k L= iR ERIY, Bk EAHETMRL,
KDL OB DL ZHE L TREROE T2 2
B RIETEVIEREAF—ABRHIN TN (K
FE, 1995), 272U, B ~DEEBZOVWTIIREMTH D
WO HELHD (BBED, 1977,

5) HEIREE

KD B DR MHMEITB VTS, BIEOE(LFIREL
FRICEBRBIC E bl THMLEZ (K 7), ZXKETR
DBE, IFEE 6 » A% TIX 45~47 (BrEBsARFDH LA
EIIRH) TholzDizx LT, I THRIZIX 50~53
Thot, —F, HWEKEFEICBOTIX, k6 » A% T
1% 33~36, RPERAE TBRIZIX 35~37 & LKETEARFICLE L T

© KK/ BiEkD
(#E g2/ RiR) (F: Hz/8R) (F : &5/88)
0
801
R
#
40 + + + + + ——t + + + + +
08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04
0 KK /EKD
[#Es/28) (F: HZ/88) (F: &8/28)

e

SHAE (—)
8

e

40 + + + + + + + + + +
08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04
50 WO/ BEEK
(#ise/RR) (F: Rz/&8E) (F: &51/%8)
T0
81 o\o/)_o
&
X
b 0—0/0\0 w
30 t + 1 + + + + + + t + +
08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04
0 MEK EEBK
(/B ER) (F: Hz/8E) (F : &5/88)
0
g 40
¥ O/O/o—o
W 0—0/0__0 0_0/0"0
20 — —

08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04 08.04 08.10 09.04 09.10 10.04

7 HEAZERICTIHABEDER




AR - RB - - FlE - RIEZARS R EBEREMIC K 2 ErEK O & E Vi 7

ZOEMTALNI/DEL, REHEPBIET S Z & %2R
LTW3 (M7), ZXREBEDOHEE, TL—2F U LM
RIZ, K OBRESLTEEM OFE & HOLFAE & ORI
B RERITED DRV L OO, Li@EKky LY bIEKS
DFFHEIEIRE D L~ U TEN,

B BKITRICEB W TIL, 7 4 /L AR O J7 S HRESRETTRR &
D b ENIRE DBEMBHR/ NS o Tz, TBREXK L HIEE
BXOFPERABEITESMEINTNDZ 00, fE
EOBREN XL Y DI WFTREHEZ TR 5, I b1, RAIE
THRAT2 & 91T, BB KRAIRIC X o> THRERBICFHE L
TV AR EERL D bRV L bEKTH L
Bbhd, 2k, BEALICHES ZABRERITITPHERS
BOBBICE 2HAEREVEEL, HELHICE-TAR
HREREMEMET Lo KiZ, BbBEREVEMICSH D (B
B H5, 2008),

6) BEXDEHR
BEHICI2EOHENRBRZEL T, BEXTRICX
BROGERET Uiz, M8 IIEAXERICL VY 2EMDET

—O—#iR/IER (BN
-o--F . BH/BE

—H/BE
-o--F: BZ/8R

BHMEZR-EAEKOREL AELZTYT, AKX, BET
X 722421 120 LT 7 4 MV AEFEETIE 74.1£14 TH Y,
(72, BEIZBVTHHER 69.4£1.8 128 LT 4 L AR
TIX708+13 &, WTFNDFIE L bIZ 7 4 )V ARFEEE D
FHRIVAZVWEFHTAENENoTZ, EHIT, 7A40h
RENCBWTIHEER K OE - BR8N HE, A
EXbiRbEWVERIEON, BREETH, KB
T AIRBRTEREHIBE B2 b LT, Ak E LT
OEFEBALNTET LTS LTSz,

[
o

LilE (). N\Y5—-BE (%)
N
o

#o/me He/mB HKe/E8 He/E2
-BaEmK  -BEMXK -BEWK  -BEWX

H8 MEAEZRICTIFEOXROHELOE

F:HZ/®8 F:HZ/SE F:2i/88 F: 2/828
-BEWX  -EBE®SXK -BAWXK  -BEWX

— /B —O— iR/ IER
-o--F H/ER -e--F:BiH/ER

03

X BEXATE (BEE0

—BR/BR —O— #fif%/ IR
-o--F:HZ/BE -e--F:EI/&EER

®=

— /BB —O— iR/ 1ER
-o--F HZ/ER -e--F:BH/ER

H9o FRAEZZRIZTIEKREESBROER



8 BRI SRILEREREE575 (2010)

7) RKEREE

K ORI I E REFTE I & Al 0B RIE B

V50, A ITRKEREHICTET 2R bERNLRS

ETHD (KEF, 1995), BTk 1 E¥RICERE L RIKE

ERBROBEREZK 9T,

CARECKAMVE . RECKAVBLE, BRSBTS RE DSk
BENS L, RATM L OB bEL, FRICEIT
BZRNROHCERET ZDICEHE Shb, FER
RETIE, B U TE@EERIC X 2 REETBRE 0
fHAMED > T2,

< FY . ZHKETROLEKS T, BREEEREHIEA~S
T7 4 Vb0%E (B2 EH) oFNRkELHEL
720 LA L, BAKEEICBWTIE, ZKEEK L
W, RBBEOFT R T 4 L AEERE LY bFE
D DEIEBREVVERTH -T2,

cBk: BROBEREHMEICBWVLTY, HMEKEBRTIXED &
FIEEIC, WESAEN T 4 LV AEIERE LY bKAY
BEMTH o7,

CEED . TKETETIE, B ARRETTAERTH-
Tro —F, BEKRETE TIHBEFIECIIDLLT,
T A IV ARFRD TR D BAER L, MERITERMET
THERTH T,

CHEE . fhOBRBHTHE LT, TEEKIC L A EKET
BSEVMER Z R L, BB L2 B, BT
\ZAERR U 7o BB RS 0 e 53 4K AR B D Bk O i % 5
F B, TOXRIELS THD DR D (B
/5, 1977), =EL, BEERBXALHIBW T,
ZFOEMITRD bR h o7z,

CRAEHME . TAREEICBWTIE, TERASRIZEWNT
IR F Y EZEB R TNT V ADOBEWFHERE R
Lo, AR\ TIE, BEFEICH
POPHB/IV LT AV AFEROSFRLEBRO
NG UVABRBFTHY, HHKIT2 > THRERINLE
BRVMEMZ TR LI, 72121, 7 A VARTROEZL
LEHIZLDZREROETHALN TR -7,

4. H =E
RRERICHO TS, KOREEEETIZE2HLE
LT, 85k L QERM 2 A DbE =B ED R RE
HIZOWVWT 2EMOIFBRAR L £ LR, U T2E7=,
1) KDKSE, BITHRBEEREI Y b7 4 L LAETERD
FRREIC L IHELZTEHL, ELBBHFEOENIZ
L BABDEBDOERIIFBO b ol
2) BFEH ORSRAEEEE & BMERFEIE, WITh b RTERERIC
o THMER 2R LIS, B U TEXROEEKS XN
BEFEBCELLTEIEBL, MESHERENoT,
— 77, [RER KA U R Bk DRI EE & M LA
BOTIHMIZE L TEW L)L THRS U, BEEHERZIR
2RHT-, pH OEIZBWTH, FEREZERMNTSHE

mAERD b,

3) k25 ORIV TIT, BIOEAXITEE
B & L72H AR L RIRRIC, 7 4 LV A EEPK
/I HEEESEVERERB L., £, AR (A
BE - BEE) ICBWVWTIE, 7 4V ABEOEERKRED
BLEREFTHoT,

4) BREREEHICBOTIE, 74 VADEZELEHIZK
BEEROEZRIIALMLTIIRVL OO, KB KT Z A
e LEBAITIT, BITHRREETR LY b7 4 VART
BOFBBRFTHAEMMBRINT,

Pk, AREREEZESLHERERRICBV T, BEBITH
TRKBFESIEICHB LT, BIEERKLEL, BT «
v DI TR SR BRICRW T, K5 OEEN D
HlEh, MENLVRREINIPREREDI,

5. B ¥
ARBROZRITICEEL T, RILBEMRE L 7 — FHK
fHER, RO REBERAHEL V¥ — HREILKICEL
DTBERWETEWE, £/, =h X - F—RBEER
BRLHICIIERBERE ST A F v 7 7 4 VLD, RO
BEOEREREOH N2/, TR L THEEERT,

6. BEXH

1) BEFEH#Z - \L0 - %EER, 2008, FHBEARE
FiEEZ AV KO EFFMENTER, B RENFERLE
BE GRESER - BRHME) ,Vol.226, 56-57.

2) HREX, 1995, KOFRTEREBTMN O,
http://nfri.naro.affrc.go.jp/research/seika/seikah6/h63.html. A
ccessed Oct. 4, 2010.

3) PrAEETIAER - EDIER - KAE= - BEHEE - AOEF
B, 1983, KX ORK L B(LFHMEOME, BHFZFE,
30 (4), 333-341.

4) \Ri - BFEHZ - RHEER - PHE - FEER,
2010, A BRBH HE L EIRTE & FA VT K O BERTAR B 4T

(B 18), B 75 (4), 349-358.

5) KEERF—, 1995, 3.3 Mk - WOBSMF & &E, kD
B, MAFIREE, FAAEME), 103-116.

6) BAEA - AR - FTAEFIRER, 1977, dRALGICH
5 KR, MOMMEIZRIT B ERERRRA B D& ENIZ OV
T, BBEE, 24 (2), 67-68.

7) BEFRT, 1989, KEEASHE O AREEICEI T HAFZ,
HATIEE, 36, 519-524.

8) BRIET], 2002, 5.6 K, [RAME - R EEH,
KAXHGRESRER, Mva7r-75, 526-531.

9) BBEE - A - HIHE - BH=NR - MEEE -
BARMRR - BEEMS - BHB&E= - KEEHF—, 1998, RE
KkDEEFOE, BB, 45 (11), 683-691.

1 0) EIIRE - JIFE=, 2008, HEKDOEKRBROR
(FE2#), BHEE 70 (6), 69-75.




BEWRERILTIBE®  No5T7 : 9~12, 2010 9

INA =Ry N VBRI L B HI A > TR

— Ry MRERBRIC X B4 RO AT R —

SRRSET - EFBET - NBE  E - [Asee

Prediction of Suitable Time to Harvest in Meadow Using Hyperspectral Imaging
—Estimation of grass growth under pot experiment conditions—

Yumiko SUZUKI* + Katsuyuki TANAKA* * Wataru KATO** + Hiroshi OKAMOTO***

Abstract
Grass growth in growing season is one of important information for grassland management because it is useful for estimating yield and predicting
harvest time. In this study, the grass growth (grass height and SPAD values) under different nitrogen fertilizer rate was estimated by remote sensing
using hyperspectral imaging. The hyperspectral images of grasses were acquired by rotary motion (vertical direction) of the electrically driven pan head.
The estimation models for grass growth were developed using partial least squares regression analysis by observed values and by pixel spectra which
were extracted from the images. The results show that the models for grass growth can be used for rough estimating, and the models have satisfied
accuracy (R2 = 0.833 and 0.744). Consequently, it was suggested that the hyperspectral imaging developed in this study is a useful technique for

estimating and predicting the grass growth.

[Keywords] remote sensing, image processing, spectral analysis, SPAD, plant height
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Estimation of Maize Moisture and Suitable Harvesting Time in the Maize Field
Using Remote Sensing

Ayumi NAKATSUBO', Katsuyuki TANAKA", Toshihiro SUGIURA ™, Hideo MINAGAWA " Eikichi SHIMA™,
Hiroshi SHIMADA ™

ABSTRACT

The quality of maize silage is affected by maize moisture at harvest time, and so farmers require field information about maize moisture as well as a

system for acquiring the information efficiently. The aim of this study was to estimate maize moisture and suitable harvesting time in maize fields using

remote sensing. In this paper, we focus on the relation of maize moisture and the hyperspectral data acquired using a hyperspectral sensor carried in an

agricultural vehicle. It was found that maize moisture decreases as maize ripens. Similarly, NDVI calculated from the hyperspectral data of the maize

canopy decreases. As the maize moisture decreased, the intensity of spectral data changed from 550 nm to 680 nm and 730 nm to 790 nm. Especially, a

negative correlation (r =-0.6, p <0.01) was found as shown by the red region (600-700 nm), and a positive correlation (r = 0.6 or more, p <0.01) was

found as shown by the near-infrared region (730-770 nm). Whether maize was ready for harvesting was judged using linear discriminant analysis of

hyperspectral data. As a result, when the boundary moisture was 75%, harvesting time was predicted with high accuracy. The same trend was shown in

the case of NDVI. In conclusion, the distribution of maize moisture and the grade of ripening can be estimated by using NDVL

[Keywords] harvest time, maize, moisture, hyperspectral imaging sensor, NDVI
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Evaluation of Nutritive Value during Hay Making Using Proximal Remote Sensing

Yoshiyuki TAKAISHI, Katsuyuki TANAKA, Hideo MINAGAWA, Toshihiro SUGIURA,
Ayumi NAKATSUBO ,Hiroshi SHIMADA

Abstract
Grass moisture for hay making in the meadow is important. But grasping moisture content of grass depend on experience of farmer. If we obtain
accurate grass moisture , we produce high quality hay efficiently. The aim of this research is to construct of production supporting system providing

value-added forage information. This report examined to estimate moisture and nutritive values of hay ~ during hay making .
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Fertilizing and Transplanting Technology for Chinese Yams Using a Seed
Tuber Transplanter (Partl)

Mitsuhiko KATAHIRA™, Hayato SHINDO™, Ken-etsu UEDA", Motoi SUZUKI®, Yukiya KOBAYASHI™*
Abstract

We investigated transplanting and fertilizing technology using a commercial seed tuber transplanter to cultivate
Chinese yams at low cost. Field tests were performed in a farmer's fields to introduce the seed tuber transplanter. We
investigated the rate of work, fertilizing accuracy and distribution, and yields.

Regarding ridging accuracy, use of the commercial seed tuber transplanter gave equivalent results to those
obtained using the seed tuber transplanter prototype. However, the commercial transplanter’ s transplanting accuracy
was lower by 11%. Regarding fertilizing accuracy, transplanting and fertilizing technology were 92- 94% for test
block A and 71-105% for test block B. The fertilizer samples were distributed 58% at the center area of the ridge,
61% at the top area of the ridge. Chinese yam cultivation using transplanting and fertilizing technology increased
‘total yields by 0.96-1.19 times for test block A and 1.06-1.11 times for test block B. Using a standard range, the
results were 0.97-1.24 times for test block A and 1.05-1.11 times for test block B. The necessary labor was only
9-10% of that necessary for conventional work.

[Key Words] fertilizing and transplanting technology, Chinese yam, seed tuber transplanter, fertilizing accuracy and

distribution, rate of work
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Determination of Fermentation Quality of Green Soybeans Stover
Silage by Near Infrared Spectroscopy
Asuka SAITO* » Oumi MATSUDA** - Mitsuhiko KATAHIRA*
Ken-ichi HORIGUCHI* + Motoyasu NATSUGA*

Abstract

Near-infrared spectroscopy (NIRS) was used to predict fermentation quality of green soybeans stover silage samples

(n=196). Fermentation qualities were determined by pH, concentration of lactose, volatile basic nitrogen (VBN),

volatile fatty acid (VFA) and total nitrogen (T-N) in silage. Samples were scanned in transmission mode (850-

1048nm) using commercial NIRS instrument (Infratec1241). As results, NIRS demonstrated moderate performances

of R?=0.48~0.65 for every fermentation qualities.

[Keywords] near infrared spectroscopy, silage, soybean
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Equipment for Drain of Direct Sowing in Rice Cultivation(Part 2)
Improve of Equipment for Drain and Result of Field DemonstrationTest
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Remote Sensing for Maize (Zea mays L.) Field Using an Unmanned Helicopter (Part1)

Katusyuki TANAKA, Ayumi NAKATSUBO, Satoshi HAMADA, Hideo MINAGAWA,
Toshihiro SUGIURA,  Hiroshi SHIMADA,

ABSTRACT ‘

The goal of this study was to establish a monitoring system to support the production management of maize fields.
The study examined a method of forecasting maize yield, feed quality, time required to acquire information on the field,
and the platform used for remote sensing. Hyperspectral data of a maize field was acquired by flying an unmanned
helicopter mounted with the hyperspectral imaging sensor; the helicopter also carried a digital camera (visible light
region, near-infrared region), GPS, and a digital video camera. The digital camera and electronic camera platform could
be operated remotely even while the unmanned helicopter was flying. However, the illuminance level and digital video
camera of the hyperspectral sensor could not be operated remotely during a flight and so were operated when the
helicopter landed. A supervisor instructs a main operator and a sub operator about the direction and distance to move
the helicopter while checking the photo images. In addition, a photography supervisor and two operators can make
telephone calls simultaneously. When using this sensing system, care is required for the intensity of illumination of the
hyperspectral sensor, the power source of sensors, and the influence of wind on low-altitude flight. The developed

sensing system satisfies these requirements and can gather sufficient information on cornfields.

[Keywords] remote sensing, unmanned helicopter, maize

1. [ZLHIC

EEREAANY 275 (UT, BEANIZEZE VT
IATHEROE AR TREOEELZITIKL, £
7oy RI 7 BR—RLHBL TRV VU ZICET AIEENER
RN L DOFIFEORE VERE R L LIsFaITA
Uy M&H2ERA 2003), ARFETIE, FRAERIY
MERREEERE BT IO YV T VAT b
WETHZLRENEL, VE— MUy TRV
VEROURE - fRRIRRGY 72 EDHEETE, Eh oDty v 7
#l, BIY, 77y BE—AZOWTHREIL TV, AR T
X, NAIR=RARY MA A= 7Y BLFAA 73—

AT MUY EFUENDASEEE LUEANIC
LBV TVRT AOME, BV THE BLW,
—HBUE L7 —# & BSER L OBRIC OV TEHET 3,

2. MHB LU

() RBRORE
HERRHFETLIES LB FRELTHR T+ — v
RYA T2 R Z—+HBERBEAD ~VE a3 R EER
ik Uz, 2008 €& 2009 FED_p4Ficboizy, HBRHIND
LA + T 2 Z FATAD 20midikE85ATe & 912 20a
(200mx*10m) DFERXZ —XH (A K& B K) 25&kiT7= M

HEBERFEREER , LR REREE, HRERAE



78 BEBRFR RIS (2010)

X & H/NX(10mx10m, n=10)& L CHREIX L ERER 2 ATH
(BB LT, WIS IS AE L T WD DTHREE
B L TRV, RERESEH B TR & FiRR L LT,
@ BT VRT L

K1, BT VRTAOBEL 2 TRV
Bbtamd, B U S VAT ATEANY (AYH3) 2%
R, BANYDOOEBEZEL, BAELHGETIE
HR RSN TND, AN OBEDOTIERICITE
PEEEETDIERERIT . COERIL, BESLEERS
POEREINTRY, EEERIZE, N/ 3—RAXT MLtEr
¥ (Specim, ImSpectorV10, ZHREREEL 400—1,000nm, FHE
SYFRRE 10nm), FHDESSREAT DA AT, RIS
EFRETEDLOICHKE LT VF LA A T (OLYMPUS,

C-7070WZ) , BL W EEEAT P # NV ETAH A F(Victor,

GR-D650-S)BEEZNTVD, —F, EERICITEHREER
DEZET 7 FREEEHEROBEE, FITHB L &S
575D GPS (MobileMapper CX), X BIZi3 A /3—A~
7 M EREERD/ Ny T U —F BRI T BTy
%, BRI —HRE—22BET52 LT, KPERENS
SNELFAHIC, EyFEVIZN EEETE 3, EREEL2H
DT PENH AT DY+ v Z—EEZIE, 7 aR(JRPROPO,
NET-J40P)ZFIF LTV B2, /A /R—RART ML OE
HAFEFRRIFRA DO T AN A 7 I THIRREMEC&
RN, BHADOBEERC A8 CHLE CEEBERME LT, Eith

EERMAAY (Yov—RH#. AYH-3) EE3 )

=1 t/vzb'/ZTAo)HEtt‘/’/‘/ﬁ&H

RCBNT, BIEEIEANY Do O TE 7 HRYE
BERRBLRBO AL UARL—F (s Ly 74
RU—F AN OBBH R RZ D, A VAR
L—HF LY THR—F 1T, EVNTEEDBh X 2REE LAV
BHELEAN) ZFELTND, B, BEFREE L _AD
AR —F IFERRERES TE D EHREFIH L TS,
() R AR

212, TYPNHAT TR BROKR T2, AERi
IZERBL72/NX(10m X 10m)ZAREEL 7= B THIBI§ 57012,
2 BHEOTUR~—I%RBLI-, $i, /NXELHAREICT S
B/NERICH) Im FREORHIGER)Z T 7=, BEigHD, 7K
=7t/ NEDEFROHERTED, BROGFICITBITIESSE
DOhEra M BEEL TS,
(4) EHRARAT

A I=RARY MR Y TEG LT — 2 DS, B
REDBHEDE N L DZIIRE L HIET D7 DICIERYLAL
BEEHEL, NDVI (ESUtELARE) ERL L ([
75 20068, 2006b, $5AKD5 2007), ¥7z, TIFNH AT THR
B LT —ZZOWTIE L v ADEBHI A 5 BUSEitg DL
FRIET 37 DITHAEZE L/Z(IBE S 2006),

3. BRBIUER
(1) RATIBEIREEE

a) ANHHMAES BE)

b) EFA(90° EiE)

ER
F3.0)-]
| M ARL—

20094F8A 17 B 1R 8

LEXFRESBHERBrEQIM

E2 oo T ROBSO&RTF



80 BRERRF 2T ZERESTS (2010)

TORNAAFIZLEHNDVIE
a) % b) #ovoAosa
).

a) B,%lflz
7T e
w | 208 1~
%60 B /A / E—'en:r‘/ .
& . i LN
® 20 I Sg /—A\J x’*g
ﬁj Blopn)on

0 30 60 90 120 150
b2 G2k
b) MEREX
100
! / N BN
80 ~ 2HEm A
—~ o ? A-~.A ‘
X 60 T
~ ... \
g o [ /: boEQIY
® | A
? /r'{ g éﬁ
A
0 | |
0 30 60 90 120 150
EERAN

—o—HEODY A BE —o— YR

H7 ERCLDEBREOHD

BEOBANTEX, HIZhUVERI VOB DETOT, HR
& U TR TIRIE 100% DHERRRAHERF 35 Z L1272
5, % 8l AEBED L, MUERIVOEBEENRED

HEEL L HERONERRIC G- 2 DB ByNRIZIZ b D729,
ZORLIEDE v STRERTHD EEXDND,

4. £

ARFETRIELIZ BV VT VAT AIE, ATHES AT
B—2DOLDO LB TSI THEA, FoRv—IDIXR,
INAIR— ARG IA T Y OBNTE, ROFITHEE - FED
HERICRE 32 L T B U R 20 BRERO RIS
FACERLEILND,

T

EMRAEO—HMIXBBEZERNEFERED S
(No. 19580303 ), FASLRZAEHE K UH20 - 21 LEKFHRE
FERRFST MBI ( EARIR ) OfBhERITT s,
FHFEDORATICNS 2> T, ] AHFIHRB LR O-ILIRRRER,
HILMEITITEAANDIZ L D2 E|ERICE KD S hE
TV e, E7e, RBRXOBRECUHEIEEE R TEREFHH
B7 4 —V R A =2 Z—+FHBEME D ZXiEd
Wiole, EbIT, AVBRERFHREERIAEOTRE
IIEERYIME LB L TE LRV A TRV, Z2ICE
LTBHOBEZRT,

51 AR
1) BP0 {1 (2003): ASRAUE F{ LR SEBATREST D7 8 D Bt
Bifi3) —EERBANI 7 X LDEFEROE v
VT —, REBLUES, 78 (12), 82-86

2) AR - EH AT AR T & 22— (2006a) :
A= AT VBRI L 5% BRIFITIC R G L 7oA 7Y
I MERY ZNI =T 7L — WU — 7 OHEEE, LS HE,
15 (2), 103-112

3) A EHAEE] R R T 425 B— (2006b):
INAIN— AR VBB 7L — b0 — 7 2R BLIZ )T —
M 7Y 7N =T DRR%, BEBBBIE, 15 3),
219-230

4) ShARHET AHRBET- I E-MAEE- AE 2% %R
— U WAL e Q007) BERSOHIES
AT BOBRRE— NAIR—ARINARA—D L T
FUBERSOHEE —, BIESIRTFIFE, 69 (5), 43-51

5) WBH 1% - B S - MHBET - KERE - FEHE - IR
B - Mg B - B0k 2006): TUHALT VAL
Viz L ABBHEEROTE=F ) 7, BtE 74 (1),
969-972



He b EEREAN) IS 2RALAERA NV EDI ML 2> T GB1#H) 79

3 (T TEBFOBIE, (4 (R TREE & IR LT EHR D
BlERd, KETOPBEELRRY, EROREWIUE
O I A TIHRREE O RB LHFIARY, LAL, HEHREF
AL=ZFMOESIC LY, EANVIZAK, B K& HAER
RHNZRATNDZ E3bnd, —F, FITREEZRD L,
RBRXDIER LA TIL T mOBEERA NS, TIFL
HASOEFEEREONA 79— RART MBIz LD
NDVI Eitgh b, 7mOREZENSH 5 &IRPESMOZEHRERE
OREEDPEMEITEDZ 0D, HEREZERDD-DHIC
ITRITEREOHRHC L EBSLETH D, BAANY OFITHE
MIEREE RIANT 15 532 BRL LTV, N 73—ARYT

ML DREDES, A K& BROBICE LR
ITRRERIL4 ¥ Thole, L7edioT, BHEHEIKE
S THRRELEFHAITE D,

@) T DRSS

& 5 (2 78—RRY MVEHREUSROFEES] GRS
B %277, R50a) OEHRNERTIE, /NKEL->T
BB L YR SICKERRONT, REICER L-RER

200 T T T
FYEOIS RS ~— @
1|
150 i y P
AT~ |
€ 100 |
i AR—T
50
o .
> 0 X B
EEEA {
-50 N 40° 37.30
E 141° 14.37' [ )
VS mE R A
-100 —

-50 0 50 100 150 200 250

LIERERK LIARICBIERTE D, LA, b) OEFSAER
TIHABRRONMBICEE L7 Fv—2ZboTLTY,
ZOEFETIVNEEBHITHZ LITEELY, ) OERIME
&I, BAENS oDICIREI ML TD, BIE
DL Z ABEERHC BN R AL TVD, 0D, FEXR
BRTHLEENSEL EZEORENRKEVE, HECKBERRA
RBhTHOTENFRENE LY, LA, BROLLIENH
BIIASTH D,

N IR—RARY ML HIZ L BEFRIVE G

E5 A 1S— ARSI EHRERE R O 2 B

X 6 \ZT7 P H NH A T TORRROIEHI e, ~)
a7 FDu—F —IREST-DICTH~NEEEY HLTERY,
ZORNDZEEF VUL Y2 (Down wash) LFFAT
W5, /NEABEE—FNIUNE B & 5 RIEZERITORNY 7
BZiE, 20X oty vallioThyERavOiEb
ENBESNI, FD7=, NDVI EZ BT 3 & AFEDR
BTN TER a) &, UL Uty aniENHDER b)
LTIIRRDIERL 2D, BRECREOES, kDL
ZOREC S LDBF T Uy v apE LD T Liddiavy,

(3) EIBiERE S T EAIC DL T

X (#ZE8, m) 7S, MR EERROMB YT, RER, SREX
B3 ReTMBOH L bIcHEm% 30 BLETE I
2% — FORNNASIZ & BARER
‘ B #14m B #21m FEREROWBIZKEIA DN
= R v, BER OO
W15 ; 1B 35 FITIET L7coid, I
b 7/ |EH Ll ; .
2. 1 AR B BRI X > THRADOERED
r T @~ G~E)] N 8—RRYF LU HIZLSNDVIER
5 g -1 ez iZE B, —F, ERE
/ | RIAFRHICIEE 100%0HH
o 4o

|
o o (=3 o o o (=]
™ © =3 N 3 ©

RATEAI (B)

o o
- <
o~ o~

i .
H4 RITEEELBEERDOH

L RoTWD, FDH%, &E
#5655 AZAED L, WXL b

af® b BET—SOFML o) BAEMOIR WARE)




December, 2010

TOHOKU BRANCH REPORT
OF
THE JAPANESE SOCIETY OF AGRICULTURAL MACHINERY

CONTENTS

ESSAY
NATSUGA, M. : * + = « « o o o o s o s o o s s o o o s o o o s s o s o o o s o s oo s o]

RESEARCH PAPERS
HACHIYA, M., OTANL R,, UIR], T., SAITO, W. :

Quality Evaluation of Stored Rice Using Different Package and MillingMethod « « ¢ ¢ » ¢ ¢ ¢ ¢ ¢ o o o ¢ » 3
SUZUK]I, Y., TANAKA, K., KATO, W., OKAMOTO, H. :

Prediction of Suitable Time to Harvest in Meadow Using Hyperspectral Imaging « « + <« ¢« = « « o s ¢ ¢ « ¢ s 9
KUCHIKI, Y., MATSUZAWA, T., TAKAHASHI, M., MATSUBA, T. :

Processing Method of Rough Rice for Soft Grain Silage Using Impeller Type Huller « ¢ ¢ ¢ ¢ ¢ « ¢ ¢ ¢ o ¢ o s s« + |3
NAKATSUBO, A., TANAKA, K., SUGIURA, T., MINAGAWA, H., SHIMA, E., SHIMADA, H. :

Estimation of Maize Moisture and Suitable Harvesting Time in the Maize Field Using Remote Sensing * ¢ « *» ¢ * » * ¢« + 17
TAKAISHI, Y., TANAKA, K., MINAGAWA, H., SUGIURA, T., NAKATSUBO, A., SHIMADA, H. :

Evaluation of Nutritive Value during Hay Making Using Proximal Remote Sensing * ¢ ¢ ¢ *» ¢ ¢ ¢ ¢ ¢ ¢ o o o ¢ o+ ¢2]
KATAHIRA, M., SHINDO, H., UEDA, K., SUZUKI, M., KOBAYASHL Y. :

Fertilizing and Transplanting Technology for Chinese Yams Using a Seed Tuber Transplanter (Partl) =+ « » « » « ¢ + ¢ +25
SHINDO, H., KATAHIRA, M., UEDA, K., SUZUKI, M. :
Fertilizing and Transplanting Technology for Chinese Yams Using a Seed Tuber Transplanter (Part2) = * « ¢ ¢ « ¢ » » » +29

SAITO, A., MATSUDA. O., KATAHIRA, M., HORIGUCHI, K., NATSUGA, M. :

Determination of Fermentation Quality of Green Soybeans Stover Silage by Near Infrared Spectroscopy * * « * * + ¢« + =33
ITOH, K., HIKAGE, K., OIKAWA, K., TSURUTA, M. :

Equipment for Drain of Direct Sowing in Rice Cultivation(Part2) « « ¢ « ¢« o « ¢ o o o ¢ s o ¢ ¢ o s ¢ o s o o ¢37
TANAKA, K., NAKATSUBO, A., HAMADA, S., MINAGAWA, H., SUGIURA, T., SHIMADA, H. :

Remote Sensing for Maize (Zea mays L.) Field Using an Unmanned Helicopter (Part 1) + ¢ ¢ ¢ ¢ ¢ + s ¢ ¢ ¢ ¢ s ¢« + 77

ToP'cs o-o--.ooo-acoooooaooaoooosbolct.co.onoo41
NOTES - « « v ¢t e i i i e i e e e i i e i e st e e e e e e e 46
ORGANIZATION DIRECTORY « « = = « = = = ¢ ¢ e o o o e o e ot e oot eneeenneennes 68

TOHOKU BRANCH OF THE JAPANESE SOCIETY OF AGRICULTURAL MACHINERY

c/o Faculty of Agriculture and Life Science, Hirosaki University
3 Bunkyo-cho, Hirosaki, Aomori 036-8561, JAPAN



	No57-表紙.pdf
	No57-1-20
	No57-21-40
	No57-41-60
	No57-61-75
	No57-77-79
	No57-裏表紙



