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Effect of liquid ammonium sulfate fertilizer recovered by

ammonia-collecting equipment on the growth and yield of forage rice
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1-1 AMEOHLSHNE R

R AN B X 2050 12 100 ANEZE AL E THIS L TWDS (A)I5 2011)
(Figl-1) (EM#HFE S 2011, FAOSAT2010). #ricHBEICBIT 5 A0
WMTZERELLS, ZO0RBBEFENLEHENRZRZEDMEICOVWTEEED &
HETWD . ZRITEY, BWAEFEEM Th 2{EFREHZ DWW T b ik 15
OEE A S, MEITHE W TIE 1993 £ 5K 2 5 & 7 0 (JEBHE % BF 58
AT 2012), ZOENMEILIEA T & RIAENR TS (Figl-2) (ML EH
> 2011a, BEMAKESL 2009). Z O X 5 7 EERH 722 8 W AT & <0 SR BT #
DEBOH, RLEERNP DL bW AIIKAF L TEWNEORET, £ Ok
HAEERND 26% & D TIRWAKHE L 72> T35 (Figl-3) (8 2011). 5%
(3R ECRE & 7R D BB B R ok = X NS HERE T & B flERE 2 B 1
TERVHLDOLEEBEZLNTWVD. ZOOMBERZIEAL T Z LIk
STHREBEREZN LSELZERRDODONT VD (EHKRKFES 2005).
— %, HEZFEORAEEOEALZHEZBEI S 1975 4 TIEK 90kg/F b
S KO E BT, 2008 4F TIEH 60kg/E LA LT D (Fig 1-4) (EHK
Fatth 2 2011b, 2011c). FHITHEV, AKHEMICOWTH 1975 41T 280
Jiha ThH-o7=b D2, 2009 4 TIiX 170 7 ha &4 40%W D L, EEFEHO
WAoo RN TS, £, RS RELET OSBRIy, BEIRAK
TS0 1 i HE 1% 2010 4F T3 40 77 ha (S L (EARKES 2010), H Lo
e FE AR R SN TWD (/i 2009).

ZORIEHDO =2 LTHHEBEROIEHNIENY DObH 5. 2009 F1Z
AT Sz TRBEOFHE~OF A OREIZE T HER] BV TH, £0

1



o 1 B

HEEAHER SR, KRB ARE L TKROHLERIEHOBWERE 20 S
ObLH. FHRFEEROGEMFAL LTI, MEAXLCoMEHAAS X% H
FTH2ZENTED. B HA RITAKBEBESCEEREINZENL2NL, &
OEELZAETHZENARETHL Z D, WEAKEOR EICERT 5
Lok L THHEIRTWD (FH 1999, i)l 1999, T 2002, fHiEEH
Al BhHE E 1 R 2 2002, A 5 2004, &4 2007, LI 5 2010). 2O XD
RKHE TOBBEERRD LN LH AL 2009) T, I, 2MAMY
Zor B KO A PERIT 2008 4E12 0.9 Ht Th o7 b D% (Figl-5) (2
MOKPES 2011), 2010 4 3 HICHERE SN BE - R¥E - B LA E
T 2020 4212 70 57 t & HiFE (BAMKESE 2010a) & L, SH%ITBEMI AR
AEDRAEND. T2 X228 E LT, SHMEOER, A 890
ORI A MR AEEHEIRBS L OH L VR B 5N OBRBERED ST
5 (%35 2003, 5 2007, H RS EM T #H2 2012).

EROMFE A 7Y — X 1970 F T KRB L OBERFE ST E TILmAIE
HOWEHA~EEEL Tz BARKES 2012). ZALITEVy, 5 il 28 B
DML, EEAFELWVWIFERMENELTETWDS., SEICERT R
BRBEICOWTAHRD &, ZOEFHHOBEITVNTHOEHEICHOWT LD
L, 1993 4 Ti¥ 2,861, 2011 4Tl 1,260 fF & @A ST b (MK
FEA 2012a). LA L, BFE 1YL ORAEFEKITELBEML, 515K
TIE7 4, A4, =7 bV DIEIZZ L o TWwd  (Figl-6) (R H=
2010) . iz, HRICEMGRT 2 EHHEEIT, SEICH T L EHFRED 57.4%
FEODTRLEL, BEEADORKBABIKDLEALTND.

TNOHERFEADREKE LT, FEEDRBBEAIIHE ST, RNRONT
IR IZZEOSAURPDERMTHZ EICLY, BURLENKEELE 720, Hig
MR BREE RPN EDEMZEHRT 22N TE 5. ZHHEoMITE 134

2



H1E

HEIEEE L CRA SN, RN TOBRFEMBE L/ MERF SN TE 720 (BN DL
2006), Z DX O REFERE OBBILRKLCWMIECITFE > THOFH S 2w
200, REGRLER AN LI TE., 2O RERND

Bk EFAIEKZ BN E L TEZ&5HEE oMo FH o iE{bEs L O
FIH ORI T BB 26 E S 4L, 2004 4 11 A S22 jifT ST
5.

1960 FE COFEHE W OREIX 4,600 Tt THY, BEETZOH 2 1%
? 9,000 Ft ERMELOLND (Figl-7) (BEHRERHES 2010a, BARKESR
2012a). TDHL, FESAURTOEZEREITIN 654t EHEIND D,
D 15~20%TdH 5 14 Tt BEIFHE(A R EDOBBETRKAPIIT »E=T
ELTHBTIILHEESNATWD (BHKESE 2012a). Zhix 2009 F£H
NEXEEICBTIMESCRFZREEZREANVHOBEEETH D 43.1 T ¢t
(FAO SAT 2010) @ 20%ICICHi T 2 & b 2 Z &N AIRETH Y, BIHRD
MRkLHRTZENTED.

Fh, TUVE=THEBE, BREFOLZLT, KKIHERES LB ORBRMEL
DJF A (Méller & Schieferdecker 1985) &7 - TR Y, EUICE W TIHHE
BIPEH EBREERICE Y 7 v E=T OHHEERREI LTS (Hyde b
2003). FFICA T o &ZE T 2T v adtHflE, MINAS] 8 AL, RATHK
e, BRIREZBRE L TLEHAICHABER BN IALIHEL LN D
(3 2004). 26Ty E=7FERTHY, AHICHEHL TN Z &R
HETHD.

OEIRIEND, FRICDREY SEDEREMICAEREL, LT
L7, MAICEL Z &<, BREAMZMA, BN O LR LR
LcFife e tHAI AR SEE~ LR L TS ZLERRATHL LEERXD
v (CEEF 2008), B SARZFIM LIcmE A OREF 1L, EIRE R % 58

3
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IELODRT, TOHERICHFHELIFELNL TS (BRERDL 2009).

1-2 A O EMEE R

FK & PR O BTE T E TRAE B 0 HE T SO JE R o RIS R AT RT
oM, IEEESFIHZHNLET 56, ESARPHEIEITH D H 720 OF
f, EEPAKRKE, TOEETIHERL TRAT 2 ITIE RN E VL. HIE/L
BWRTHEET L 7V E=T I3 bFRBOEERERFE THY, TUVE=T
AL @R CTEIN - BT 5 2 &%, BEHROME], Lz X koK
WAL BRABEOBEANLHELVEEZLND.

— e H) e HE AL AL HFIETH DR A — v m — X — 7 & D KRB
F2URLABLY 7 7 TR T EET HEXBHKQNTIE, £OF FHE
R ERAMT o720, M FRNEBITHEFRITETENLTWVDLIT VE=T BN KRK
BT 5 (BT 52007).

Ik L, ILOEEH D 7 7 TE 2 W3 2 W ol s 2 HE IR Ak 1
HIEORENSHEBT L7 =T KL, HEES ORI BENIZT
E=T EGAOTEEREWNETELHS, TUVE=THBIGNESIZRD.
ZDRD, BRIARE L THAETICITONTERLRRIETH L LERR, 1§
PEBG, BERZRE, R UHEIER &7 Sk, HERE 2 5 W5 S h 7 R EE
ERFPICEENIEBET VE=T VA ZHEROITIKBAEETH D (FTE S
2003, 2003a) . fHL, ZOXIR®mREDT »F =7 AT e 7 X
TRITNIELE - BINARETCHD. CORREGFHFX LT rE2=2T%
E T 2 JEEHIE, TAH VMO T =T A AL BEOERK (V52w
BRUAHR) # ST, LERIGICEV IV VBT v E=U AT v E =
7 A (LLF, BUAEZ, Figl-8) 72 & DL E LIZiRIE & L CEIL$ 5 & [[
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2, TUVE=TORNBEZMHSEIZEDTHD.

ZoWshERAHERITEZRKIRRE L THRFET 2546, ko Lk
MAZ TGN EERTL2HEGHLN, GEBRE~ODEANEZEET DH L&, i
BRPOEG TIRAIANERDEBICTOILENH L. 22T, HilROBHIES
BRI OB EME, KR 7, =%, MBMEL2BA2E DY
AT ONNEEEMBIGERT (FIE S 2006, 2006a) (2L - THIE ST,
ZOWRSIERAHENACTEOE S XA 7 T N BEEE (LT, %ol =HE R
v 27 &) (Figl-9, 10) ¥, EXBEKNCHREREOT VE=T A
PNHEH S (f@H 5 2004), Tz RELI<SENRTLIENDEZALTEY, B
KAFRICHIENTE 5.

L2rL, ZORISICEVAEY H S5 EEE L TR O & K IR R
REFRRTEREEZL Gl — T, B OB 72208 H 2 7200 Xk sl
WRAHEE S AT LOLERNRBEHICENT, fIRERE 225 —ma AL
TW5b. 2O ZOFHZMIFICED 572012, 2EY, FI2ARUE
WWBWTHEALEESHA X ~OFAZRITLELH L EEXDLINLD. S
HAX~OFBIL, HEENOHRETHT v E=T ZEINL, T % fEHA
FOEEE L TIEHMETHY, o FrELWMLLEZEMELE L THEIZ
METDZENARETHL. ZHICKVRFAERZPLLELEMEOD D

BIREBRICORND L NZ 5.

1-3 AWFEDO BB & AR

MEET > =0 LAWK TH HEINMZ T, EREBE LToEEEA L

TEY, #EOR s #HESCKIESE LToFEHA»HfHFETCES. LarLl, HIY

=

i DA BT, BEEICBWTIEREN THDL L EbICTOEEELTOR

5
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MO TIERBALRE N L, BRERBREZITLWES (BE- 88

)

PEEB MR A M AE (FW) 2009a, 2010) 1£Z% < 72\,

ShiZ, MRIIBIETH D0 HBrefiik (EiITahE 3 Fiw)
RFEM B L OB EAEE (F 2580, HLE (BI&x0o3mitE2%ET 2
WE) X THIRIND & & biIT, BRI N EIRGEZ O —RERFE, #hr
Mo~ oWk, WHTER EOM BN A+ 27z, B - B
MROENTWDLZENBRETHDLEEZDLND.

COXIRBEEZT, ARmXICBWTEH4>OoR-BREEMT 22 &
R ERRrRo =2tz e L. £, B2 ET X, Wil
WRAHRE I AT LIV BN ZEINREZFEH A xR DB
ol L CHW, EKEZZEZDHZ LICED, Z0EHRZH LML,
WWT, B 3EICBWTIE, BN ZOF B % A oK HiEH T
XDONERFI L. B 4FICE W CIE, B % FEHB C 58 L7
Bz, MBS 228 8O FEICHONT, 4 DDNIRK % 3% T T How it
L7z, #HSHETIX, WolBmR[RRXHEEI S X T L OFRE L 22 D i Al & bt 1
RV Ul LEREBROE TR, RARBROBOIEH 2R L.
B TIE, RAmkomE LT, AR, MR Kz HWT, $2H T
X, KIS RO EEMALLEZ B L L, KIKHE KOO G 5 S AR50
REOLVICEHRZRBINENICHEZLDHBZHONIT LI L2AME L. &
KEIZBWTIE, B OEMAZRTmESCHBESEZEEZ T, REMNREE

AT o 7.
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Figl-1. Prospect of World population and agricultural area per person.
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Changes in the price of ammonium sulfate and urea.



Self-sufficiency rate of feed

(%)
100

80
60
40

20

i
i

B =—>=Beef
=O=Pork
== Chicken
—k—lgg

—&—\ilk and Dairy Products

1965 1985 2001 2003 2005 2007 2009

Year
Figl-3. Change of self-sufficiency rate of feed.
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Figl-4. Changes of the paddy field area and rice consumption.
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Figl-5. Planted area of rice for whole crop silage and feed rice.
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Figl-6. Number of complaints about livestock management.
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Figl-7. Amount of animal waste disposal.
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Fig1-8. Collected ammonium sulfate.
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Raw and crude
compost

Fig1-9. Schematic diagram for the conversion of ammonia to liquid

ammonium sulfate fertilizer.
Sulfuric acid solution (30%) and high concentration of ammonia reacted
in reaction tank , generation of liquid ammonium sulfate fertilizer.
(DAmmonia collecting equipment
@Chemical reaction
( Ammonia and sulfuric acid react chemically to from ammonium sulfate)
(3Reaction tank

@Exhaust
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Figl-10. Ammonia collecting equipment.
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H 2%

F2E KFEXNHEELS X T A TEN LZRERIESFRE A XOEBTB IO
INBICH 2 D

2-1 IFL®IZ

HIEH SR OBRBEYBIIE L FE D L HEE S SN B S AROFAIEKREZ B E LT
[ F& et > O B O E(b3s K OFIH OMRHEIC B3 2158 2356E Sh, 2004 4
11 A BEiifT Sz, ZRUTPEY, SREN S PR SV HERR I T A D 72 7 & 977K
HIZBWTHHHAMES LTV D.

HEREIZFE OBeEt L L TR S D EMS0E /I LY, 2 OB TRk & < R
STHEY, HROEEE CTh D EERFIIN L HE L, 28 LB ORI 2 4
P MG T O MER B DN, HEIER DR AR T S Z L IXAS TIEARY (R
2004) . JERDORFEZ B A TICHEIE T 2 i 5 & TR B ICERI L e, B
PEM D E PN EDIRT, FRCITHI T AKOMBREZERFREHE< AN L H D (il 5
2007, Ji 5 2008). ZD7=w, HEARDIERNRCE ORI Z R U 2 R ALER G AN BE & 72
L. L, TOEHBITES TIEe <, HEARRE &I & OREEMEZ B 62N T 5% <
DIFFEIITONTE 72 (LD 1996, /ML 22k 2001, H4F 2003, #iH 5 2006).
Z D X O (THENE ORI IR (S NERR ) & HIE 9 2 M BN & D (ERER I B TR
CIRRANTIRRZAY (R

AWFFENZ BT DS BRI L > AT 2 B DT B Z 1, HEAE A O &R
DT =T ERiRE OGS T TN D 2 & B HTIRARZE & A AAEELL L T\ D (F
HE52006) . [EUARZ & A FARBHC VD Z E BN FRE L 7pduiE, EFMO bEFHEICEY
BRAGIWCEHETHZ ENTE, ZOEMTOWTHHEIE & Ll U, BIghitnd 0 e 72 1E
PHE B CHRIANFRETH D EEZX DD,
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2%

T 2 TAETIIA FRIFIC BT DAEE O & U TOELAIZL ORI Z B S )
(ZT D7, B 2 A R LOEEA A R OB A, FEIEKYEZ 28 2 TR

BL, AF EINEASRETRBICOWTRA L.
2-2 MR L U5IE

1. a1 3 & s

HEEAA RITE A R bbfE NI E ) LR ERLE [(5S<00E ] B LU
K - FRds B B A R AT X2 hsiX) o 3 Ll L. 22 inoft
R ORI, 2009454 4 14 HiCk R oA VS —L- 2 HZTF )L
BEAl (FF AT vz—A, kT 7a (R, ) ZF s DIy — 2R,
BHEMAICHEEL, AEsICCARE L. TR60OE % 2009 /5 H 20 HICLERTE
FHMBSE 027 4 — L R v & — @RS O RBR B 5.3a ICHE B LTz,

BHERMRILSEM 24cm, FRRE 23ecm & L7z, 1 EEH =0 OBEAREIL 4~5 K &L LT,

2. FEIEMEAEAKHER B & BB X COIB LR F

FIRIT XIS T, FSAMEIE 2t/10a, fLRIEE (FED, BEZmE (€% (N) : U
Vg (P20s) : U (K20) =18% : 18% : 13%), EAA bR (), H) & ZFE (L
T, N 4T bkg/10a 725 Lo IC&EN L. BIRICHWEIERD S 6, EITK
IZOWTIE N iy & R L U C— s & bl d 2 72 0 258 & [RIAR 22 AR 2 i L 72
ARG U7z B2 i, () R - i pE SRR ITR O I SRR &5 7 HE I FE P
(Z TR LERAHEAR L E 55 L VA 7 T 3% [V TR L 72 hRZii At (pH7.3, N &5y
B 7.1%) &MV

BRI XA 2 BUE L L 72k 4 KHEIZERGE L Te. SR SV TR iRl
BEITH ZLIC RV HEERITo. 1) BT - AbAEkHZ AR 25 A 1 [FREE-N

18



o 2 &

%4y 3kg/10a. 2) VAEX : [EILARZ: & HiFH 25 HANZ 1 BEFEAE-N 5% 3kg/10a. 3) H
JELX : [ 2 2 RS 256 A ATES XY HEE 5 AZICEZE 4 N aicsr 8kg/10a % i ft-N
%4y 6kg/10a. 4) ZALX : [ELARZ: & HFH 25, 10 HETR X OHFE 5 BRRICZENEN
N piesr 8kg/10a % fiiht-N fiisr 9kg/10a. HFE B X4 AR D 5 B 80%IZ HHFED HERS
SN B & LTe. BIEFEITEITX ClEA 2O BB HEIC2 5 L O L, B

P23 R, A R ORITICEER T i L7z,

3. WBRIXERGT & AR

AR (1 SFRIC DX 1,440 #F) 13 PVC BIAEPER AR C 12 KEIZX 5 L (1 K
BREL 120 Bk, 1 XEmAT 6.6 nd), FEAEAKYE (EATK, DEX, FIEK, ZEX) 133
XA KHED 2 —F L JFREIEIC TR L7 SRR 1T A Xl o> X 8 L 72 108k & L,

AH LINEOREZITo 7.

4. FATHHE LAk

ABEREIBMEEAD 1 BEiTo7z. FHEBEBIIEL, ¥ JO0¥ER GERHKG
SPAD-502, ===% 3 /L% (#), HH) & L7z, EBEOLEFHRAIT OV TITADY
DERTNCAT 72, A B IR, X5, #6 (SPAD i), MEBIOREEL L.
HEARE BRI TR L OB 6~8 HORICATVY, KRGO 13 £ 72135k EA7 34 ]
W, BEHPIRSE SEEL, ZOWMEET—4 L LT,

I BT O 7= 0 OFRAEMRIL TN, HIBEED DK Sem D5 22X 0 Blo 7. 2 D14,
X Z &1 10 BT oAk E £ &, BT ANTANTKREKRSG (T4 25, /7
v NEHERFZEAT (BK), FR) TOMED 15%FEEIC/2 5 £ CHRER S, ZO®%ME
L, BiSE&EITo7. HAERB I LA, B, WE, bo®E, MIOKE, ZOKTH
HBIOZKMS V28 (DT, ZKCPER) &L, {LESICOVWTIRFEE (B
& #k1971) (2 THIE L7z,
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5. FHATAE RO L Ik & MRt

HEN D ONTZT — X ITHEIEKEDFENT LD B2 b U7, AT A IS HE
HIZH 1T B HEAEKAEZ R & 32— ol O BT 2170, IEFRA LN & fEfEK
HZ R &4 5 T IrEE S O NTIE AT o T T OREIEKE TH B ZENTRD bz
61T Tukey EIC TP X O L H IR E (= 7 B VHEEF 2008, 3 F#— B R (BR),
FOR) R DMRIT AT o 7. BUERS R EHT TIHERE 5%B LY 1%, ZEMRTE
TIE BN ABEKETHEEZHK L, AERENHONTHRIZONTDR, TILT 7
Ny ML EFZEBLOT A2 U 27 %X (Figure) 8L UF# (Table) FITFLR L

7.

2-3 # 3

AR S i BTV, BT O T A X AT —4 (KEIT 2010) 2 HAEK L7Z 2009
LA 10 RO RIR S L OV H BEFM O 2 k% Fig2-1 1IZ7Rx L7z, 2009 413 %
10 ER L iR L, PR TIZ7T A, 8 A, 9 AICBW TSR L, HEREFHIZEW
THT7TH, SHIZBWTURSH#R L.

Table2-1 |ZffEZ &L OAEBMEZ R L2, KRB TOZKGEOAEFRIE NI h
x| L [HS0VE] BAETHY, [RZHBIZ POFTEAY, BAMICE T 12
H, IR T11 BRE, NExhE], [SO0E ) ICHAEFERELS kol

Fig2-2 ICELORANEILZ R LT, WTFNORFEICHEWTS 8 H 19 H (B4# 90
H12) OMA R £ CEMINTHEML, TO®RMELNITHERB L. 8 H 19 B (B4 90 H
%) IZBNT [SCOVE ] TEFREXKEZIERD, [RTHBIE] TIEHFREEN
iz " L7z (p<0.05). HRMHHA R CIIA MM LS B OB X 5 BERENITA D
Nipinote.

Fig2-3 ICEXEORAMZ b Zr LTz, NI ) ZHOBEMMRZE L7120, %

20



92

D%FBERHERE LT, WTINOMEIZBWTY, &R B CIXBEE E VN2 -
72, 8 H19H (B4 90 %) TiE NI WE ] IZBWTHERX & ZEXAMEITXIC
LT, [5KOU0E] & (RIHhBHIT) CTIHHIERKAEITX & ik LT RAF722E
ZarL7o (p<0.05).

Fig2-4 |Z% ¢ (SPAD ) OffHMZE(LZ R L. NTxankx] & [SOUE] O
ETIZITEERICHERE L7z, 7TH 21 H (BAE60 Hi%) & 8 19 H (M 90 AiR) T
X NEARE] & 15SOVE] THEREZEX Mo 2 WX LY EanoTe (p<
0.05). [_ZHBIEX] T8 H 19 A (B 90 AfR) ITBWTHEX & ZIEX THEATX

g L SPAD fER &< e o72 (p<0.05).

B H TIIWTFAOMREICEN TS
ZIEX R &b EWEEZ R L7 (p<0.05).

Table2-2 (ZUNHERs (FERAM) (2I61T D B72 2 Ha B K HERS 2 S FE O A B REIC B 2 D
BN LT, B JOEEIIR K AED G BT E DX CRIRRE & 720, Wi
NDFFEIZIB N TS FEX & ZEX NSRRI REThH o 72, BEZ "7 SPAD
fEIL TR CTOLEKIZB O TCEIERZER DM & & HIT@m< 720, ZIRRKMETRICEAR

EIZEWME L 72 o7 (p<0.05). FREIX 3 e HICHERMHETH D Z &2 BRIV
MTholz. [RIBHBIX] OFRREIL 60cm FRE L7220, BRI CTOBREE G (2
E A BHE PEITEN S5 2009) TH D T0cm [ZHig L TR~ 7. T xdax ], [5 OV
) OREIITIEX TEL 25MMEZ R LR, [RIHBIF] TIEEIE KD ZEHN
ol FERIT NExRE ), IXZHBIE] TITMIEKEIZ LD REREENRRL,

(S OVE ] TEPIERNMEITRIZHENB L2 200K < o7 (p<0.05).

B 70 2 FaAR K HEDS K SR AR DN HERS DI ERIEIZ KT T % Table2-3 (T~ L7z,
i, NIALE] A3 RmHEOPFTHRHE < (p<0.01), FXT 318 A/m2, ZIEX
T 389 A/m2L 720, WEXHDOAETAEAENRNS ODOMORFRIZHK L TRE <2
S [HCOVE ) & IXTHBIT) TIFUEXEIZH T 2 HAIRE NN R o7,

BURFREY, T X TOMEICIB WV TR OEWAHERTE T, 0 &7, H B
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AEE, NExhE ], [5H<0U0E] THIEX E ZEXAMEITX & A BXIZ S 10%F2
FERM L7228, AERETIH o, NExhE ] ORERTIIEEA X TH D 2
P FEIZICECT AN EZ R CE 7. [ RTHBIL) TIREMRZ A A L2 XA, 1817
X &l LT 20%REE L < 72, HIBRX (1,472kg/10a) 2k b %< otz HLZKIL
B, SR A R 2 S NTxahE ) K b£< (p<0.05), BIEEE AT LI
BOAHIIN U7z, FRICEDEHH A ¢ 2 SFE CITERIC X - Tl 750kg/10a LA E DI EN &
olc. BB T RN TIZBWTHIEX & ZIEXPMETTX & D BRITHE~Z < 225 7273,
BAERETII RN, ZORTRER, WHEETHERESHER SN, (R2IHBIT]
WEmoTe (p<0.01). F£7z, Hifll BABXMICKRERBENDR o7, FUNET
L KU & [FRROEA 23 S A, NE & | (2l U TR A 1 2 SO
Lotz (p<0.01). WHXHTIE NIzwx) & [ RCHBIZ OoPEX, 5O
V& OZIEXRP G EL DM E o7, DOIEE, IR ES K ORI & &
B0, NEzhaE) B THECOVE], IRIhBIE] L2 2o7t (p<0.01).
JLPRIX I CIEA MM L R EX & ZIER DN EN L oo 7o)y, AERETIIR)I 5T,
o5 3 MFEOFTIRIHEBIT N 17 ELRD, KbEL2o7 (p<0.01).
NIz, [RZHBIE) CIIUBERBICABERENRPoT. [SOUE] Tk
BRETIHRWHLOOBIEEEZKD ZLI#iNL, SRR CRKERSTZ. XLk
CP &%, NIz, TS OVE ] TIIHEX & ZBEXIMEITX & DRI~
BATRNWEDODEL IeoT- FRIEZIER T 8.0% % A DR L e o7, [IRZHBIX)
TIXEMAEZ & i L7z 8 JLBR X MBI TIX & b TR MiEm 2R U, BRI IR XIZ D0

TIFEERETWVWEDOD 84% L b EmL Ir o Tz,
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ARBRICBIT DEMEOEFTIE, NExhE), [H00& ], IRIHBIE] O

IR — Mg P A ore, hAEOH, BEOER (A 52005, #EF2009) THDH Z L he
b, NIxx) & IXRTHBIX] ORMIFRELZRY, TA5SUOVE ] PibREME
L5 EPBESNTWER, NExnkE] & TS50 VE] ORWINFREIZZRY,
(RZHBIX] BDRBEND E VIR E o7, THIX2009%DT~8 A 12 H FRERFH]
W7 EERIRMEN I D e & (REBRETEANIIFERT2009), MHmTEICENL D T
ZWx ] CArF2009) (ZHE L, MmPEICE 2 T5KOUE], Ix2hBIE] (PiAS
2005) OEBMERICL VB L7-Z EAFREE L TR IR,

FEAEAHE CIIMRHEIRIE DS B <, ZIREEHNCE T2 (B3 - b EHIT R O o Jerkis
(f@) 2009) & SN DEEEHA REFETOZL < OFIEE B IZB WV THIBR Y BAF i
LD —HTERERNRORL DGR E IR o7z,

FLHT I I B EEHH A S O — i 72 N AR J AR 3K FRIEA TR S D 1.6~2 f5 2
B (R - BALEEBANR G TEMME (W) 2009) & ST, AEBRCTIE N By
BT L L7286, ZIEX T 1.84%, TEXT14fFLeo7n, PRRAER
T IBAEEEL OBINTBRA Tl 2 L MR Sz,

Nizmz]), S<OVE ] OVREXEEITX, (RZHBIT) TIETXTOLEX
TT7THOHFERIZEKITS SPAD fE3 A L7z, ZHAUIN BB D ETH -7 Z &I2 X
D IERRE BN D72, N RSBV OLBLX TN L= Z EnE 2 bk,
F7o, [RIHBIFZ) FMAEEMENZ E 0D, 7 A TIEIEREHCBItR 7 < FERAE B
BMAMmH S - LBz bk,

MHNCRIT 22X BEB L OELT NIx & | 8FELWEINZ R4 —FH T, thomflo

N CH-o7=. ZE, BHARMETHS T2 OSFERETH 5 FA
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R SSTE D S (KL 2001) 23BEE LTV 5 ATEME S 8 5.

NEFAEICIBNT, BHARBETH D T 20X ) IZENRZ OB EOEE AN
it EB A EE ASARLEE A R SRR ICPEECS DR R & 2o 7o ARPERISIZ B WD TERIEHH A &
BT %G, BRAFEBEAO U X7 BAEL D720, Tilb B2 Z ik To NI x
x| EEIARZOIERNEIFRFCE 5 ¢EZx bz, —F, flEMGETHH D [5<
OOE ], IRZhBIE] BAKERNSE 2009) 13 NTxRE ) (1T, BIETZ O
BIEEE OB L, B, D OINEOBMA D7 <, PSR LRI &)
HIN32 Z ERHL MRS T,

— RN EEI R O Z R B ERNE WSS L L COMEREWNE ST
W5, BB OERE - T~ =2 TV (B - B EEBITR AT (W)
2009) TiE, SO VE ), IRIHBIT) OLKCPEREIT6.1%EHE SN TND.
ARBROKE R TILBIEEE OB, J bbb N o &oIM 2k CP & &
XN 2B BB, FHIZERICBOTI TR TORET 8% EED,
T a VLT 2l E ol ZDOZENBEK CP G SWiLE ZHRr4 511X
6kg/10a LA E DRI ZE 2B 5 Z & D EELH A X2 ~OF AT E DS LitZeu.

AKREBROFER NG, Z OPEHEBIZEWTHEX EZIEX EOEDDLT N TH T,
O EMBIBIEEG IREREROENEN DR EZET 5 LB A OB
IR GR TH D EEX DL, S HIC, BITX E DX OBICEEE R 2M 7
W ERBEBEE DA FE - T, WEAEI L TWD Z & BRI L 3 L AR D
RBRIERLE L TIEHT&E 5 2 EAVRB STz,
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Air temperature (C)

30
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20

15
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Apr. May

Jun. Jul. Aug. Sep. Oct.

O: Average monthly air temparature in 2010

@ : Average monthly air temparature from 1999 to 2009

0: Accumulated monthly duration of sunshine in 2010

M : Accumulated monthly duration of sunshine from 1999 to 2009

Fig. 2-1 . Meteorological data near the experimental field in
2009 and from 1998 to 2008 drawn from automated
meteorological data acquisition system in Tsuruoka city.
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Table 2-1. Growth stages of each rice varieties.

ol

Haenuki Fukuhibiki Bekoaoba
Panicle formation stage 4 Jul. 4 Jul. 16 dJul.
Heading date 29 Jul. 29 Jul. 10 Aug.
Full-heading stage 31 Jul. 1 Aug. 12 Aug.
Full-ripe stage 22 Sep. 22 Sep. 4 Oct.
Harvest date 24 Sep. 24 Sep. 5 Oct.
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100 f
9 F
80 F ab ns
70 F
60 F
50 F
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Plant length(cm)
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Fukuhibiki a
100 a

® ©
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[=}
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30 60 90 120
Days after transplant
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100 ¢

90 F ab
80 F

60 F
50 F
40 F
30

Plant length (cm)

Days after transplant

Fig2-2. The chronological change of plant length.

CF-@ ; Chemical fertilizertop dressing 1 times-3kg N/10a.

SF-O ; Small amounts of fertilizer ; collected ammonium sulfate-top dressing 1 times-3kg N/10a.
MF-[] ; Moderate amounts of fertilizer ; collected ammonium sulfate-top dressing 2 times- 6kg N/10a.
LF-M ; Large amounts of fertilizer ; collected ammonium sulfate-top dressing 3 times-9kg N/10a.

abc Means different letters were - significant different (p<<0.05).

ns ; not significant.
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Haenuki
= 30
£ a
-~
2 25 a
g
g
< 20 ns
g ab ns
: 15 b
o
~
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g
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f:’ 10 F ns b
g
z 5
30 60 90 120

Days after transplant

Fig2-3. The chronological change of number of stems.

CF-@ ; Chemical fertilizertop dressing 1 times-3kg N/10a.

SF-O ; Small amounts of fertilizer ; collected ammonium sulfate-top dressing 1 times—3kg N/10a.
MF-[] ; Moderate amounts of fertilizer ; collected ammonium sulfate-top dressing 2 times- 6kg N/10a.
LF-M ; Large amounts of fertilizer ; collected ammonium sulfate-top dressing 3 times-9kg N/10a.

abc Means different letters were significant different (p<<0.05).

ns ; not significant.
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Haenuki
45 r a a
40 | 2 ?
a
é 35 F
~ 30 F ns b a
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Fig2-4. The chronological change of leaf color.

CF-@ ; Chemical fertilizertop dressing 1 times-3kg N/10a.

SF-O ; Small amounts of fertilizer ; collected ammonium sulfate-top dressing 1 times-3kg N/10a.
MF-[] ; Moderate amounts of fertilizer ; collected ammonium sulfate-top dressing 2 times- 6kg N/10a.
LF-M ; Large amounts of fertilizer ; collected ammonium sulfate-top dressing 3 times-9kg N/10a.

abc Means different letters were - significant different (p<<0.05).

ns ; not significant.
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2-5 E K

HEAEBRETRAET LT =T 2l CEIL L 72 i (BT %)
ZEEIHA XOBREICHY, EFBLPNEICHEXL2EZEBELRE L. 11X
2WE], THELOW®E], I RIhHbBIX) #HH L, BEKEELLTKD 4
SDEET, ABREIT o, BEATXIZIZ LR R 2 3kgN/10a (GEAE 1 [A]),
AR XA X E Y AR & A2 8kgN/10a (GEAE 1 [A]), =B X AZ 1% B A &2 %
6kgN/10a GEAE 2 [|]), ZAEXICIZEIALZE 2 9kgN/10a (GGEAR 3 [B]) i AR
L7z, ERAEFZIEXPETRICE SR 0% fREEFEWEL /2 >7- (p<0.05).
Flo, B, EEBILIOCREREEIPTEXR EZERPEITX & DBEXICH SN
e 2ol M EHAELSIOHEXKETIEIFREXR EZEXIEITX & D
JEXIZH R 15%RBEZ L oz, LEX D, BFINRZITERHA X OBEE
WHRIHARETH VU, 6kgN/10a DHF X, b A THDH I ERRB I
7.
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FEIE W BEBXIRHEELS AT ALV EDL N ZEIRAR O EEREA 23
ARXRDEFTLENRNEBIZEZD2HE

3-1 LB

ol mR RS 2T JFHEENSFEET LT V=T 2 HBREE T
THREB R S, M7 =0 LFKR (LLF, BUH%EZ) ZERT 5 L0
PHLDOTHD. ZOFETHLNEIRGZIZIRETH D7, KB IHIE
THHEG, KO bBREHT 2 HFERRLHEHTHLZ Lb, b
ZBELEEHEBRA TOATnD (KR &/ 2007). AiE (FRHS 2012)
IRV TH, KFFREZEIZE T 2B Z OBIEIC X 52028602 Lz,
BIETOERZOMARITEIEE LB L TL RN, Ko EFERIC 2T
HICEFEHAEDOZWEIETORIER 2T 52 L84 F L.,

— 05, NRLWE o KEGEBIE (GF 2000), BEZhodE (4B 1994)
HBE L TR R IZ KRR oo HE B AR 1B (2 P2 A 9 2 0 S 0 AR o0 B 0 A 2
HE N2 ooH D (LikD 1986). Ml 5 b i1 FH 3 2 Ak 2 88 13k Al
EX—=ZAPMRBRDHY, BEHEOHS, RECEELZ T RVEM L O FEMR (&5
o 1997), MIMAFTOMKZR EOF A (FEiF 1993) L IRERFE P I
MR COREITDV R 2. 618, RPZKOBHE R 7Z2WIZD, B
KFBDERBEAY L BB A2 lREIE (HES 1986) L Sh, BREER
EMBEELLTEHEFEERIA TV S.

ZIT, ABIZBWVWTERERZO XD AR ZH M SEE~— 2 MEE O
JEURHC [RI AR 22 % B U 72 [ AR 22~ — A b R EE (LA, BT 28 2 — A )
AAERL, RIEMIE L72HG G 0B HA XBIOEHA XOAT L INEIZK
ETHBICOWTHAT LI LEZHEMLE L.
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3-2 MERBIVOFE

) o e e S g

R A X FFERAAS X (500 BXR I RZHBIFE) L&A
A X EhFE TOM ) o 3 M Z ML L 7.

B A R FEIC OV T, Rkt A fkiE#Emch s 2 MEE L, [
R IZHOWTE, B ELZZzBHA 2 ICbHHAT 2wtk L. £h
ENOMER A RO IT~N 7 I VFREA (N b— bKFIA, EEF (B,
RE) CREMBEZFERIC,EARNy FEAICHEREL, 6 L. T 2010 4F
4 H 14, 15 BiZATo72. 20k, BLLZEA (Z2F T2 —X, =i

ST nm (BR), Ha) ZEAL, T b0 %2 20104 5 H 18 HIZILE K

FEFHMESCENTZ 70—V FRZEE X —gRESORBREY 5.3a 12
B L. BHEERBIXSER 0.24m, M 0.24m Tho7-. B L-HEIT 4

~5EOME A, T E 1KkE L. 2055, 35740 21 ik
KA (LLF, Yoy hEwno) &L, R sz RKke L. 7
2y MIAR AR, BIE2FE AREORE 24 0y FRITL. 24 71y
MIHIREEER T 6 7y F 3o 4 3% L, REBRMEICEEXAND 6 S
oA Try PAVEIE, FAEROMBEKRZHREL T, BIL 2 e 2 A ICREL

2. WAAERRBREAEREIT 15T 94%K-56%], A 504 TH o 7=,

2. RBRX ToXRIE LB T 5 ek F

SXIE T, F5HAHEIEE 2t/10a AR L7 ARBR TIXIEEEE & LT,
EATIEE (ENHEH AR 0205, FEF v U v (B, H, EXFFE ;
10%), HIR~N—A K~ (RAX=X 15, FEFT > BV v (), HiX; =
FEE12%), MINFE (EFEE;5.9%w/w, pH; 7.1, EC; 20.2 mS/m,
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GHER

RFEEGE; 0.01%), BIRHZ—A M (BH5 & ; 5.2%w/w, pH ; 5.8,
EC; 18.0mS/m, RFEE & ; 6.3%) D 4 WHX 2% F 7=, B L < — A
MEIBwEE F ok, K, BIRRLZZR/ELT 1:3:5 &5 X2EA LT
AL, EZEDE L0 W (Figd-1). BRI EIHZ, HkL (6
B7re=7, EFEEE;21%) O 20X EZHRELL. EHHAED O b,
EEIEEEEENL VT Y 5kg/10a £ 72D KO BHEERICHA LZ. R—X
MBI R ORBA~STEATLOMMERIEE L, TOMITRBRIEL 2. BE
EhE R % 3 & T 6kg/10a & 2 BN AR L, HFEATE IR X HAEK 14 B Al
TH2T7TH15H, HEZBEITIHMERZS ARICITo2. BREIIWTHLOIE

BESREAICATZE LW X DRI E B T i L7z,

3. MAHHE &AL

HEMEZO 6 H 17TA»S 2 ML ICEORAORI 2T R (B
#3F SPAD-502, = =H I /¥ (¥), ) (LLF, SPAD fii) B L U%
BMEBELAZPE L., SHICHINHERIZIE SPAD i, %%, #ELoEn»
CHRERBLOBEELMIEL . SPAD X, KO IL¥EF i3k LM EEH
WT, BEHPRRESAE SEREL, TOFEYEERD .

WNEMREDTZD, TTAIICHEEDL B5cmDE S TV ERY, HTF Ay
ANTRE LIz, 2D%, KEKGH (T4 2%, 7 v FRZEHFITF (K),
HIL) TOMEPMLIG%E 25D EFTCHAREBRIE, R, WTo Lk, #L
HME, M, WE, boE, W/bbk, HXKE, XARTHREBLRLXK
HLZ X278 (LLF, ZKCPHEE) 2ME L. HZ v X7 HOLZESH
ITAOAC (1990) IZHE VW, 77 v & — L ik (Kjeltec 8100, FOSSY x /8 (#)

WR) #Hwi-.

35



ol
w
i

4. FAAERE R ORI IE &R R LB

FHHX D 5, ORI, BIEAZ1T>72 3 71y FOHAM K (n=3)
MO/ ONTET — X IFEIETIE, B EX—Z2 &G 4 EEOKIEIC
L RBOE N, BIE TR 2 O %8 2 iRt 2 & ik Uiz, Huat st
FEREEBREAERNE T L D olE S OTETITY, LB THEZEZNR
DN AT Tukey I TR KB O L EMREIC L DM 21T o72. M
EREFNL B CEHARE 1%B8 XV 5%, ZEME CTIE 5%FH EKETH
BEZEBRL, ABRRENALLLEMEIZOVWTOR, 777Xy MK
LR SBLIOCTAZ Y X7 % (Figure) I X NEH (Table) IZFEak L

7=.

3-3 M R

MBS R LIV, BETOT 2AX AT —4% (KRIT 2011) 25 A1ERK
L7z 2010 = L i 10 EFM O EHRIER XY B B O &1L % Figd-2
IR L7, 2010 AF (X & 10 AEM S e L, 6 A D 8 A O % B MR K[ 23
<, FHREL RN .

Table3-1IC & MEOAEBMEEZ R L. MEHA X 2EETH L 5D
VCZ BEIO IRZHBIT) oMAEH EEZRAME, B xaETHD T2
R LB LT, TAENI0H &2 BRE RN 7.

Fig3-3 75 3-5 IZA MO E ML RT SPAD i & XHORAME|E X

DA OFRRER L., [H5<00E], I RIbBiIX), [HO060E]
> SPAD i 13 5 AR 12 BAR 22 oMEAT AR BE 2 i F L 72 35 & 12 bl LT e
— A N, FINREZ—A NE2EH LESAICAEFTNM CES R mE R L,

Bz TS OOE] TIEALBNIIELS 2o T,
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XHICBWT, TS OWE ) FEBICHERANA—X N, BEIRHZ— A K
R LGS, EE S OXEEMNEE Th o 0. KB EIC iRk L
EA LSS, EFEFHrLBHCB T bRWVWHEE R LE. TRZIHB
FIEERCHRS =2 N2 AT 2 0o oXEonsks B
i Chotl. LL, BIREX—AX Ma2HLESA, IS oXHRITH
DT, 2B CHmoEEEZmHA LIRS FRICHERZ L., T
R 1L, ERICE2BEREZEEI Db o7, EREICHRN—X k%
A2 oRXE3FEELBRLEWVHEEZRTHEENEL T2,

HLICHOWTIEHAEAFTERAZBELC, BBELEBREICIIBEEREENALN
T, FEOHBE R LE (F—% KiB#).

Table3-2 1C 5 <VOU&E | ONREFHAEOHK KL RLEL. 50T E] O
MR BRI N — 2 N EE A M T D & EAT IR & e LN 5 M
MNAHEBIL, TOEIIAEETERONLEOD 100kg/10a L E L7 o7, —F
TEBICHNMEZEZHBAT 2 EBEICEARRSKLIERVERE o7, K8
W RN AR 22~ — A b, GBS B IR 22 & B U 7 3k T, BRI IEAT IR,
BREICHEBRMZZ AT 2ETRE LR L, AEREOHEENH 72, L
L, BRICHRK_—AM2HAT 256 X0 FERVWEETH 2. HEK
HICOWTHREBROMBEMPAONTENAERETIT o7, ZKCPEE
FOB B B AL L 2 i 92 & il 2e & e LT L 7= (p<0.05) 73,
A ENIN AR 2 £ 72X BN L ~— A M2l -+ 5 k< 2o/, LaL,
EATHEE T 2 LR ICIEITIER, BRICTIRMLEBAT 5 & 7.7%E 720,
FIERETH-T-.

Table3-3 12 T_XZ HBIX] OINERFEDOH R Z A Lo, # B ETAE
CHRS—A bZ2EHA LEREA, MoEEL k&L THWEERT —F T,

FINZ R — A NEHMAT D ERER VWL, D2l ol. L L, B
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B 3 EH

N — A EEATIER A R Loy, BRI IR Z A 32 LN,
B AR [FU AR 2 % B 3 5 & [ SRR & 7 o 7o M 220K B 1 A RS (B A 4
N—Z b, BREICHRMEZEZA LZROEERN KD KE o, &R
BRX & OMICAERZT ol XK CPEHETIE, 4o EE% iM%
W2, BEE LCHRMEZEZmMA T2 &, RIRICEINRLZEZ A LS 0N 5K
b <2y, BRICENMEZS—Z2A r2HLEbOoN KRS Ro/. —FH T
BRI EI AR 2 2 i L7z R, BRI EINREZE N — A N &2l L7e% a8 0 ik
bmm <, EECENmMZEZmHAT 2 LR kol

Table3-4 |2 S O ERAEORKRZ R L. H BEEITBEICTH
BB 22 % i F 3 % & B 22 bl L RSN L7z (p<0.05). H L KE
BRLOWET, BRECHRMEZL T2 &, ERICHR~—A2 MM L
THbONRKELEML, BITHEHEEKL THERERD > (p<0.05). X
K CP & 8 CITEAT RS Chb 2 BB ICIEAT IR, BRI H %2 2 /A L 7=
e BREICHRANA—Z N, BRICERMZZ A LR &N 8.5%L 71,
R e, HEIBICEIIRZX—XA MEH LS, BREICEEZ L,

fih DWLFR L it L CTL K CPEREOEIMIZA LN o 7.
3-4 % £

el RHEE LS 2T L0656 5 B L ORH 2§58 K4 5121
BREZGTEARLS, ZEELTHMAT LI LAEETHD, THLIZKY 1 X%
HEICBI DT NTOMIEZFEEIRLHEBAROREB TENR A D EE X
b o,

[ S it 22 D % S 18]\ 72 AR O AE R 2 6 1F, FmE THifli~— R e 5
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CIZEN AR Z X — A h 2R THMA T2 L AEAFNH O SPADfER &L 2D,
EANBES o7, LML, —HORBETERICHEY, fRX—2 K &EIY
Wi~ —AKFTSPAD [ERX RHICIK T T 2 MmN A b7z, miED (1993)
T Tase V) 2480, BHo A6 —2 MIS B & i %3 i iR
EERLHB LR, BN LIS Do tWELTWVD., 20 b,
pFEIC Koo TIEBEIRAZ X — A2 P A2 LR L L TERT 5451, BIEEK A
WL T REDODEENMLETHDL EEZ AL

AKRBICH OB ORI AN SRIEK L ZN TR R > TN &
MmH, EOEFRFARICONWTERD Y, HLICHEL 522 (LD 1993)
EBZTD, WTHOMBIZE W TSR LB DEWIC X D EEITHER
T&Ehaholz., ZOHBELT, HLICRY, A FOEFBRETOER IR
DEVHEIEBOEDEBOZIZEB N THROICFA —IChoTtZ 8%
HR X0, GFHMEZHALNCT A EITTERNo T2,

XZHIT THESOVE ] & O] IZBWTERBICHERANA—X B X OH
Wi Z_—A b &M LR 0BT IT 2 ZXHOWMBAEETH Y,
Lko (1986) BFIHHMIAENRINLILEWMELTWDL I EnDY, AHXE
BOBRMBERIZORD T EeEZE2 b, TUHAEFOEWE LT, B
ZEEATEBHIRE I CHIE SN2 EER S PR %2 0T TREE CBE
DI TdH D DITHK L, ML Td 5D~ — A N LR ORI E 85 IE S 5
e, ERORNNBEHIZITbhztExohl. %ES (2006) IXTEFE
WL O BWEIZ L0, i o™ RES, S HIE T O LEEXDOERIZNL
BRERVERICBITL, EERREL 22T THEY, ARBRICBWT
LEEEDOHENHE S T

WEICBWTITEREIZH R =R FRORINREN—X M2 H T 252 &
X VIEZ D R 3, h EESCH L KEICREE L2 5 25 & ARBR I3
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H 3 HF
ML W, L2L, AERRE-LZ ERBENIKRT T 5 @M ICEEZIT
STlele®, EATHERZERBICHEHALEZSE ERSEOIEDPHMAR CTE .

— 5T, BB LZEEEICEMA LSS, 2< OREEE ThoOREIE XY
HARWE & 2o 7o KRBT U 72 B 22 1 X i e & HEIE w2 TH AT 5
TrYE=TERGIETERLEZ EOMRME EEELEZIESZ
EEZHbND. E# S (1991) IR LZ A2 KTRICEIEEMA T 2L 6 HE
WE—27 L2, REHRFIAEIL, RE, b0 3HBRELRE LT
WHZ LEBET DL, BINMEZE LR E L THAT S & EFRB D OFR AR
Roh, ENICRRECIKR FIC2R2n s &bk, 202 &b R
AEE, EREAT 20 TiER, N—2 MERB L2k, MEBEIET S 2
CHEFROFMAEOMEIZH LT EREOHRN/BFTELILEZ2ON
7.

AR T, EIEOERR S EE%E 5kg/10a & L TR —ICHiIE L7275, H
EE CIEENA L A2 =2 M LT, EIEEH LEE, il — 2 M
3E5 22600, BT ERERE LR, HXKETIE 50T E ],
(RZHbBIFX OFBFIHEEMLFECCHY, T00kg/10aFREOEENH LI
LI TWa (JBE - BRMEERIARSEEME, 2012). KRBRIZBW
THLEBPICENMZ -2 NEHA L7254, This ER s HZKENED
.

A B % £ T T BN Z X — X2 P2 LIcBE o Xk CP & &I
7.4~85%L 720, ML > TEWMALNYER 3 IZEET 5E (2H#5
2010) #7770 b AT T 6. UL, FEIEABEEIZ W TIEM Rk~
—AMEHIBRLT, ZAKCPEHEEDENKEWVASLHAMN 2B 2 MHRT D
TEBRTERVWAEREND G, ERIEE L LTEBRFTREARZNZ LD

B & 27 o 7.
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5 3 =

LLE, EAR 2 O FEIEF A 2 BEE L7 AR O R0 5%, B L % 2
— A2 MELT, BIEEH LSS, WIHAEE EE S, AHXE0HMIC
BERCE 22, EATIER & ed L C, 2 ol ixdE@n ko7, L L,
B A 22~ — A b T B SO XK E I B W THEAT IR R & [ % o E &5
/BonizZ &iE, #PABRECTHHEISNTWET VE=T ZMEE 9 2 AL
Wi A XK HFHARTHDL L ERBLTWND.

5T, LK CP ZEVBEFIIHNTOIERELGLI N TE RN,
— IR KR O Z Kk CP & &N R WA, FEHMIHE A @ & ST
L. B FFELARWE Z K CP EENMETT 22 & (LA 1999) RfiH
TOERRNEREEODLLELKRCPERENGEDZ L (KD 2005) 7¢
EHLEET D EEBIH A TIE, HATIEE E RIFRE 2 B ICHES RKIE
DIEM b E DB & A2 5%, Rt L TS RERH LI EEZD
iz, S8, BAA X O EAE2 160 17 ha (A KES 2011) TH Y,
A% WCS # & Bt H A D 5.7 77 ha (EMKEA 2011) OB LZ 27
BEREM SN TWDEZ ELEET DL, FINMZ DR IERICITEHA
FIZHBFHT L2 ERPROTHL. BHAXOFETIE, ERMICEFRT
HEK CPEENEEREELL-TWD (A 1974, IIF - A 1974,
JIF B 1996) Z &b, A%IILK CP ERICERLBEHEERE (AED
1997, 2000a, b, 2001, #EH 5 1998, FEH: 2005) T2\ T, [FEIINHE %

MOTHRFLTWSLE DL LEXLLNT.
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A F N p—

Fig3-1. Conventional paste fertilizer (right side) and

collected ammonium sulfate paste fertilizer (left side) .
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Air temperature (°C)

30

25

20

15

10

—' 1
Jun. Jul. Aug. Sep. Oct.

O: Average monthly air temparature in 2010

@ : Average monthly air temparature from 1999 to 2009

0: Accumulated monthly duration of sunshine in 2010

B : Accumulated monthly duration of sunshine from 1999 to 2009

Apr. May

Fig. 3-2 . Meteorological data near the experimental field in
2010 and from 1999 to 2009 drawn from automated
meteorological data acquisition system in Tsuruoka city.
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Table 3-1. Growth stages of each rice varieties.

Fukuhibiki Bekoaoba Tsuyahime

Panicle formation stage 5 Jul. 6 Jul. 16 Jul.
Heading date 30 Jul. 31 Jul. 10 Aug.
Full-heading stage 3 Aug. 2 Aug. 12 Aug.
Full-ripe stage 13 Sep. 13 Sep. 26 Sep.
Harvest date 14 Sep. 14 Sep. 27 Sep.
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% 3 =
) Leaf color Number of stems
Basal dressing Top dressing Basal dressing Top dressing
—0O—CoF —~CoPa —ReAS —0—CoF  —=~CoPa —ReAS
50 ——ReAS —>—RePa 40 7 —<—ReAS —>RePa
45 4
30 1
40 4
9( 35 4 % 20 1
fau 2 T T
9 30 4 g
S 10 1
25 1
20 T T T T T 1 0 T T T T T 1
31 47 62 75 89 104 31 47 62 75 89 104
Basal dressing Top dressing Basal dressing Top dressing
-® -CoF - B -CoPa --- CoAS -0-CoF -m-CoPa --- CoAS
50 7 - -ReAS - 4 -RePa 40 9 - ®-ReAS =& -RePa
45 1
30 1 P === - - L~
40 ‘=——-‘~ ’44/ == - —-- \\:~L
< \\\ ’¢’ = \\\l\ a E I,’/
5 R RN TS I R T
~a&ab £ 10 1 gf
25 b
20 T T T T T 1 0 T T T T T
31 47 62 75 89 104 31 47 62 75 89 104
Days after transplant Days after transplant
<>‘1 BD * ok NS NS NS % NS NS NS NS NS NS
S T NS NS NS NS NS NS * *ok
< BxT NS NS NS NS NS NS NS NS

Fig. 3-3. Relationships between basal dressing and top dressing in leaf color, number of stems

in a rice variety, Fukuhibiki.

O, @; Conventional fertilizer (CoF) and [, l; Conventional paste fertilizer (CoPa) to basal dressing.

<, #; Recovered ammonium sulfate (ReAS) and A, A; Recovered ammonium sulfate paste fertilizer
(RePa) to basal dressing.

0,0,0, A Recovered ammonia sulfate (ReAS) and @,l, ¢, A ; Conventional ammonia sulfate
(CoAS) to top dressing.

BD ; basal dressing TD ; top dressing BxT ; Interaction between BD and TD.

** - p<0.01, *; p<0.05, NS ; not significant (p=0.05). ANOVA ; Two-way Analysis of variance.

a,b,c ; Values with different superscript letters differ (p<0.05).

T, Arrow indicate the day of top dressing.
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Leaf color Number of stems
Basal dressing Top dressing Basal dressing Top dressing
—=0-CoF  =0-CoPa —ReAS —0—-CoF  —0~CoPa —ReAS
50 7 —>—ReAS —>RePa 40 7 —<—ReAS —>RePa
45 1
30 1
40
35 Z
2 i y
o ~
9 30 - g b
210 1 b
25 4
20 T T T T T d 0 T T T T T d
31 47 62 75 89 104 31 47 62 75 89 104
Basal dressing Top dressing Basal dressing Top dressing
- ®-CoF  -m-CoPa --- CoAS -@-CoF -m-CoPa --- CoAS
50 7 —®-ReAS _,— & -RePa 40 7 —® -ReAS - & -RePa
b a
45 A _ - ab _ a
. i: B R 30 - ; .
40 1 e 3N p-~mab ~ _
ab“~+af’—— S :::—ri ab
5 3 ab 1 Y % 20 - a -,’: P ;::%;;&
g abT .-8 ab . :/;r" === - --_
@ 30 1 b g S 2 1
£ 10 A z22- T b b
25 1 - b b
ab
20 T T T T T 1 0 b T T T T T
31 47 62 75 89 104 31 47 62 75 89 104
Days after transplant Days after transplant
§ BD NS *% *% *% NS NS NS NS *k *% *k *%
% TD NS NS NS NS NS NS NS NS
< BxT NS NS NS NS * Hok Kk *

Fig. 3-4. Relationships between basal dressing and top dressing in leaf color, number of stems

in a rice variety, Bekoaoba.

O, @®; Conventional fertilizer (CoF) and 1, M; Conventional paste fertilizer (CoPa) to basal dressing.

<, ®; Recovered ammonium sulfate (ReAS) and A, A; Recovered ammonium sulfate paste fertilizer
(RePa) to basal dressing.

O,0,$,A; Recovered ammonia sulfate (ReAS) and @,H, 4, A; Conventional ammonia sulfate
(CoAS) to top dressing.

BD ; basal dressing TD ; top dressing BxT ; Interaction between BD and TD.

** . p<0.01, *; p<0.05, NS ; not significant (p=0.05). ANOVA ; Two-way Analysis of variance.

a,b,c ; Values with different superscript letters differ (p<0.05).

T; Arrow indicate the day of top dressing.
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Leaf color Number of stems
Basal dressing Top dressing Basal dressing Top dressing
—O0—CoF  —{1~CoPa —ReAS =0—CoF —3~CoPa —ReAS
50 7 —<>=ReAS —»—RePa 40 7 —<—ReAS —x—RePa
45 1
30 1
40 1
a 35 1 % 20 1
& 2
930 1 5
=10 A
25 1
20 0 T T T T T 1
31 47 62 75 89 104 31 47 62 75 89 104
Basal dressing Top dressing Basal dressing Top dressing
- @® -CoF - B - CoPa --- CoAS - @ -CoF - B -CoPa ---CoAS
50 1 = ® —-ReAS - & -RePa 40 i —® -ReAS - & -RePa
a
45 A ab ab a
-== ~ 30 A ab a
40 1 ; == TR ab :b a
NS It O ab
be b yolx = ‘_’:—’3:~-: :}lzizzzi b
A 35 1 c bt W3 E 20 - c b i
< S g ¢ 1 ¢ c b
a 2 ¢ c
30 1 g / ¢ 1
< 10 4 I3
25 - ?
20 0 T T T T T "
31 47 62 75 89 104 31 47 62 75 89 104
Days after transplant Days after transplant
<>C BD  #x *% NS NS NS NS NS NS *% *% *% *%
% TD NS NS NS NS NS NS * *
< BxT NS NS NS NS NS NS NS NS

Fig. 3-5. Relationships between basal dressing and top dressing in leaf color, number of stems

in a rice variety, Tsuyahime.

O, @; Conventional fertilizer (CoF) and 1, M; Conventional paste fertilizer (CoPa) to basal dressing.
<, ®; Recovered ammonium sulfate (ReAS) and A, A; Recovered ammonium sulfate paste fertilizer

(RePa) to basal dressing.

O,0,$,A; Recovered ammonia sulfate (ReAS) and @, l, €, A ; Conventional ammonia sulfate

(CoAS) to top dressing.

BD ; basal dressing TD ; top dressing BXT ; Interaction between BD and TD.

** - n<0.01, * ; p<0.05, NS ; not significant (p=0.05).

ANOVA ; Two-way Analysis of

a,b,c ; Values with different superscript letters differ (p<0.05).
T; Arrow indicate the day of top dressing.
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EUY A Z B 2~ — 2 ML, BB L L TRIEERL 728546 Ok H A %
EERHAARICEZAEEZHE L. HRALEICIT 5 VOVE, R2H
By, oM 2 M, EE (5kgN/10a) &BEAE (6kgN/10a) # il L
T FEREITEATAE R, AR — R b, EUAEZ, EIRLZX— R RO 4 4
BE L, BEIIHRMEZ, BNKREZD 2 W THho7-. ZEM & EXHITARE
WHTRAS— A M EL TR LZ N — A &3 5 &l o KR <N
L7z, # B, ERICHRX—A NERLEFRBRINRREZN—ZX NE2EHT 5
EHMT MM AR L7c. XKk CPE&EIE, ARETIEHRR—X F2AE LA
D, BIETIRAEE ORIV RN, BEDZ NG, dilie—% Mok
RTHELZHOO, FINMELE~N— A MET D2 EICXY, £ 2O LER
IR Z Z1E A RE CTh 2 L R S iz,
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FA4E RKFBRAHEREALS XT L0 EIN SN2 ZHEEOK D A
AXDEFTBIONEICEZDIRE

4-1 FC®HIZ

gl A SHE B L > 2T Ak, T =T 2R L@ R TR, E IR T
HZEMWHHETH D (FIEES 2003, 2003a, 2006, 2006a, 2006b). Z @
VAT LNFHEREN S RAET DT U =T BRI CEE MR S, [IY
MLEERTDHENI SO TH D, = OB ZE % R A %, &R K~
i L 7= kb5 1k, MEREBR A ML L 9 2 AT, TOEKICHHERSFELR T
WL BN A KT E LCTIERT 256, KIEL L CEBREBERT S5
ERBEZLND.

BHERKROBBEKTE~THT 256, A% MR (5 PE B 555 (i b A%
2011) , BRLFR (%P6 5 1984, 1985, 1987a, 1987b, /i 2001, A
fi5 2003, ZHBED 2003) OEARENITONTETCND., &HICEHAET
H (1981) FIFEFRICOVWTIHRAMAE L GO LHMEZIT > TWD. f
RAAEFROPLHEBEKE EBICHASELIRKOBHAPKBHIZASL Z &7
KHEMEAFEETH Y, KEKBEAKHTREN (FELEK 1997) R &b
BB eic o n s (H)D 1995) & &h, BARKEORANLLE
HEnhTnwad., ZOFEL LT, KHL (2009 MiTo7z~ U4y bAK
NE AT #5112 & 2 R J7 E 0w o K B RE i AR A5 A R L 72 HRIE O kS & e
BEE (ARE 1998) RELHITLHZ ENTES.

L2vL, 2ORAEICBT 2K IR L T OFA R & OB ENER S
NTWwa (M 1998) Z &6, KRETE, BINAME Z KA OB L &

LT, I EDNICHEMAIRERKOEHZIT 7610, TOHEHMER IO
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A XDIEIZ DWW TERBETEM L ZEEOREIZHO W THAL .

4-2 MEIRBIXVOFE

1. e O FEF M & AR X
REBIZILERZEZMHBSLEN 7 0 — NV KBS v 2 — N O R B H
Y% 16, 17T B LN 18 F D4 30a /KH (30mX100m) THT o 72, HJEILHEE
% 2t/10a, AL E AR B 2 2 R Ak 4y T 8kg/10a, AR L7z, 31 R IX LB
WIENMIB CTERB I OEEIHA X WCSIZbIHFHINDNITARET L L,
5H 10 FICEBRBICTCBMLE., BIEIX6H30HA257H1H®3A
T, & EFEHATIFEIT I W TR GBS AHE I L & 2T A0 615 & hu 7z [BHIY
Wiz (2F4r, 6.02%, pH 6.97) % i L 7.
AREBRXIT, a) TEMEAX ; KO b EIEZ O A REICITDR D XD
=Y o REHERE (NP308, S8R, Him) IS THESH 10em O %
WAER L7z X (Figd-2), b) TEWEHE ; fEWEMIC T2 /ERE 312Kk
P> O U 2 % JeA L7 X, o) IBATIK ; = > ¥ v B 11 25 28 (DKJ60G-26,
7R K, KR IS CTHlRAZ 21% (B B ARREE (), HR) 2% 8
L7z, d) MEHERK ; 2 B3 A D 30ecmx30cm OFZ V> 7 U > 7 Hi g
5 0.5mLUWNICHEL, EMEKODRAZYE, EEKRDORELZ T 720X
D4R FIZ.HEAKOHEKBIOMHEDOY 7V » 7 #l 5ILH % % &Kl
8> (4% 12.5m M), #il%& 4> (4% 7.6m M) Z% S L, £ORLMA 21
# e L (Figa-3). EaDiZdbfin~ s A, B, C &Eik L, BB\ Tk
KON, 126 TEERLE. ET AT 77Xy N RFEHAEEZLO
X, REROMEZRL, MRAKBLOFAELZIToMAEERL TS, EFM

BERORICNERHEKRIZOWTIEY 7Y U THIADOMED 2 B2 REK
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LT EHEIEXAZOWTIL 2 OB E A2 RO 7.

2. 38 BE R 0> R AE A U d X OVER UK RE X

~ U4y hREERARES (Fig4-1) (KH 2009) % HW\WT 4 BT
100 DB Z N EERBAM I N D X I IZHEL, 10a H7oh WmENEHR
5y T 2kg LD LI T ol BITKICOWTHREARD ML E L Lz,

AKIE 4 W] TR bem &2 b Ko lciEaditfi L, 4 FFAZICKM %
PADHAKDIRAZ & O SAKRKITAKBIZAD Z &7 < RRFFAYIC H MK Z £ B
T 570, MAKRFICHMBERE LYV TAGI LIEEHORRICTEREIL, KHOD
ANBRIRELIC X 2 B2 K/NRICI X /2. BRKFEZANIA KBS 0.5, 2,

4, 24, 48, T2 K12 500m]l Z A& U A ZRIC 100m] FRE A B L 2.

3. #AHEH

AR oy DIEECR L OfRIE E 2 2 BRI EE (LT, EC) & EC it
(HI991300, v F A LAY LAY « Uy Ny (BR), T#EH) I TE
ML, oM EZR L. Btk 2@E&EB LK 7Y 7R
DEDOREEZRET H72® SPAD-502 (=73 /7 v¥ (#), ) 1T
PIE L7z, TR TITHEE2D 5bem O & A0 EY, IXHERIZE T 5 H
EHEEIZOWTHE L. BHEBEONREZZRALNICT H72HIZ, 2007
EDD20114FEETORESFEMD 10adb- OLKINEIZOWTHAEL -
T X IR EEEER O 16, 17 HHEG L, HITK L EHEX O 18
ZWGORFENOEM L.

i

4.

i
G

ol

T AL B
i EHEEIZOWTH LN IE L — Tl & O o s i 217V, A EZED8 R
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%4

DO DIZDONTIE Tukey O HiEIC L » T EEK (=7 2K
2008, fE=fF®MY—v 2 (Bk), W) Z1T-o7. MEMBRIT 5%H BKHE
THEZELZWRL, ABERENALONTEHERIZOVWTOR, TALT7 7y |k
I X 2 BB %% (Table) HIZFR L7z, BHGHE OIEZEIZ DWW TIXEY
ED 7SV T Student D t ME LT o 7. BEMRIL %A BEKETHE
EEHWL, AERENRZONEFRIZONTOR, 7LT7 7y MIED

HP55 %K (Table) HITFEE L 72,

4-3 & BB

Fig4-4 775 Figd-6 ICB 1T 5 ECIcHoWTIE, BMoREE & HIT, % A,
B, CO325D7 T 7HMMPFATHOR —DOEMEICESIFE, B—ITIEERK
SN L TWVWD I EE2FLTWD. Figd-4 ICEHEAXICBIT 5 EC O RKRE;
& E R Lic. EC X ABHAA 0.5 Reff 3 1 OY 2 I [ C i o s oo K il £ 3
TEWLDDOT X TOHEKMATEC OB WMELZRL, KRE ORI & &b IC
BERICIEH L%, IKF L7, Figd-5 IZEIERXIZH 1T 2 EC OBk
Zoar L7z, WABAAG 0.5 BEfE CTIZ KA EIZB W T, T oK E DK
VWEZ R L. ZTOBITEAMAM TOEIZD R, 300~400pS/cm THE
B L, W% EE~YLw L. Figd-6 ICEITXICEK T 5 EC ORI L 2R
L7z By TR X DM AT O 72 0 i ABISA b B K Hh S ) CHEE 7o 2=
AT, BB DI IT 2T

Figd-T IZ&A WM X2 H ) 5 i B #% 2 # [H o SPAD £ & i % 7~ L 7= . SPAD
IR DDA N DIFEERBETRTEIEG 2D FEAX O
AR SIZHB T D SPAD fHIE, ZOENKEL 2D FREAE CRA 18 12
EOEBERIN, ¥ —8AAIIE2RN 5otz (Figd-7). {EHEXIX
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Yaivaxd

g4 =

AKOAHE T SPAD fE2S 48 LA EE 72D, X @EWEEZ R LD, T ZEBRL
&AL R O I A e o 72 (Figd-7-b). BBITR TIE I X ToHHE
HRIZ BT, SPAD OB E 2 21X A b T 2 A IR /> 23 i L 72
(Figd-7). EHEEX 1T, # X TORMEH IV T SPAD L O Efb 8 K =
<, FEAXKEFRBRICEGNTOEARBEETHY, WEICH X 5 ZENK
ashi (Figd-7).

Fig4-8 IZH LB XIZHB T 2 EH A CONFERFIZH T 5 L2 EOE
EaRLE. EEARKIZEAKRE LT 800kg L AW ILENK L, FickD
TOWEN Do 7. FEEX, BITX, BEEXIZET54HHAMAT
DNEDOY]—MEITIKRLS, ZOEPKRENLO AL, FFICEITX & B
JEXIZEBWTIE, RRERELREKEROED 400kg/10a b bH - 7.

Table4-1 K MH XM O EDEWEZ R Lz, 1E#HA X T oL X 2
el LULE DS D 7o 72 (p<0.05). {EHEMEX X, 1,000kg/10a f&JE O UL &
WHdHDOD, FERATEZROBEREX XV bIREN DR o7,

Table4-2 ([C AL E G IZHE 5 FHO L RINEZ R L. FEAKX EE
WX 2 U 2 B 5 XA B 247 9 LAl L 0, i R X & BT KIS L
7o B35 I R LRI E TR T0kg/10a &4 72 < 725 (p<0.05) MG TH -

7=

4-4 % £

AR glARAHEE T 2T L E2E M LT, ZREHELLEET LT E=
T AL EER R L, 5§62 B Z OF HIER 2 2312, [BHY
MZOEHE L TORMEZWHLNICT LI ENEZETH D, BRI Z TR A
THLZEND,KBICHMATDICFKABHBEZTOLERNDD. TDRD,
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%4 =

RETIE, ZOWEEBMEIZOWTHRF L. KBETOKONHAOIEEMEIZ SN
THH S (1991, 1992) IbH 5 (2008) IFHMIE AT N E#HE L T
5. —hHT, BED (1997) FHBELAZZ#EL2EGbHHLE LTS,
ZOZENDHAKANM DR S BEREAAREIIEIC L T 2R S, B
BmaEiT>52 L ThodrEELLND.

EC O fii %~ L 7= Figd-4 7» 5 Figd-6 ICB W T, BITK TIEHI X ToORKM
Kef] C 32D 7 7 Z7HNE—ICR 2%z R~d —5 T, /FIEAR X TILBHHY
HMTOEBHRRKEL, BEICBOWTIHXECOMMAKRGLIET L. EHEEXIT
FHAERIZBWT 32D 7 7 7Mbb —ICR MM A R~ L, HEHZRFITR -
THLECHELSHEB L., Z0Z L b EEOERITE —EEic LT, 2
REITERRNEBZ LN

e (1995) X3 AT, LES (1996) 1% 5 H THGEKITIEE K5
DI T 2 EHRELTWD. 205, MIEHKE A B THE S 72 iRk
T T s b0 RS, UL, T2 BB ETHEL EE L
TeARRBTO EC OMIZEHAR CHAEMAMOZH N KE <, #i#E 3 HH
KWBWTIHECOMRELLIKFLAE., ZoZ LEm)ils (1995), ZHigES
(2003) MfEfMT 2 L2 ICHEMBRMICLDETH Y, BRI E Z B A O B
b A X U BEIHALIR 2 K BACHAT 3 2 B8 0 B A (5 PE 57 55 7% f % 1%
2011) ToH D WAREN /DS, PHEmE IS 2 S EN RN &R EITD
WTFRIAROBLE NS L EE LIt .

SPAD IR A D ERBIREN O BRRKBREL WL > BB ICE AL
L (eks 1986, A4 H 1997), BIE R ol Ko Ra2H#ES 5 2
EMTEL BN 2% O SPAD fE 1%L, EC O 5 R & FARICI/EEA X TiX,
BGBANOFHERMEMOENKEL Ko, —F THEBEKXIX, k0T SPAD

Erm< b0, ks LTHEED SPAD fE4 L, LA ZIED
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%4

Y, BITREREREOMEZ L. BRHA X OB TR L T3

AT RWREICEET S0 (LT 1974), KRGO AEPET Y TR S 5 e
HEIXY — AN AT RER B WEERICLI2EBERA T 5. —F <, fptAA
FIWZOWTIHEZWNAHHNET 0, EREIV EZIEMHTHEIND & &

W, EASEITMEREICERLDS TS, LA T N REICE X D EEITD
eI Tng (a5 2008). Rkl EC & SPAD i @ 5 R 2 & 5t
L7ea, B Z oK AL, FEEEZER LS T —EREOS X
BRI THo72Z b, KOMANAETHY, EHA XITH~N, B—
PE B D BER A D 72 i B A R AR PE S B0 TR B % A R R S R
HZEMARBRTHL ERBINTE. ZHRICEVEFICKEOREEEZETHA D Z
ER, BN REERICORNLAIEBERN D EEZE X BT,

KRB TIT— Ak o 30a B 3 K2 MWW TEEREKAEZ[F—I2L T
Tole., 20D, BREIEXDOINEN KD R RDEHEL TWZR, I
BEHECTITEITREARONENZ o700, EIEEX & HEEEX & o/
I EEN oo 7=, 2L, Table4-2 2R3 3 X 92k 5 F /oI &=
EEETOLEMBREOENNBECEBLLEILAZZAON, BAKKREDH
GRMEICEELEZMHORA N ML ETHL L Z EBRBINT.

UboZ s, BINEEZ KA 2546, BS5S&MELZFANCHEEL
ZETHMT DIk T, W—IEMAFREL 22V, SEH A % Tl
DODRHELT, BRAAT~ORBIERAICHT RPN ERB I,
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Fig4-1. Liquid fertilizer applicator of marriott bottle system.
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Fig4-2. Preparing a shallow ditch with groove cutter.
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Liquid fertilizer applicator

Irrigation water Water inlets
\\hi \\hé
No.18 No.17 No.16
A1"0B1"BC1"0 A1" B1" C1" A1" B1" C1"
A2"FB2"Hce"m A2" B2" cC2" A2" B2" C2"
A3"0B3"0C3"0 A3" B3" C3" A3" B3" (3"
100m A4"O B4"0D Cq"0 A4" B4" C4" A4" B4™ C4"
A5"0B5"0 C5 "0 A5" B5" C5" A5" B5" C5"
A6"D0 Be "0 ce"D A6" B6" Ce6" A6" Be" C6"
A7" B7" C7" A7" B7" C7" T
12.5m
1 Thm o som —[| -

No fertilization spot

Fig4-3. Diagrammatic illustration of paddy field .
The alphanumeric show that coordinate date of each sampling point.
No16 indicate that preparing a shallow ditch using a groove cutter.
Nol7 show that no ditch. Nol8 indicate that conventional

method-chemical fertilizer and no fertilization.
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s Ave= 362.9 SD = 138.5
600
500
400
300
200
100

0

0.5 hour after application

s Ave= 360.1 SD = 80.7
500

400
300
200

100

1]

4 hours after application

e Ave= 101.1 SD = 62.9
500
400
300
200

100

-1

48hours after application

o-:A 0:B -A:C

-1

bl
N
it

wsen  Ave= 374.4 SD = 160.8
500
400
300
200

100

0 L nd

2 hours after application

s Ave= 332.2 SD = 73.6
500
400
300
200

100

0

24 hours after application

o Ave= 63.9 SD = 22.2
500

400
300

200

100 : M

72hours after application

EC49.3uS/cm  (Irrigation water)

Fig4-4. Chronological change in electrical conductivity of preparing a shallow ditch

using a groove cutter-spread a collected ammonium sulfate (CoAS) .

Legend symbol show that coordinate date of each sampling point.

Ave; average. SD; standard deviation.
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s Ave= 217.7 SD = 132.1 s Ave= 350.8 SD = 81.7
500 500
400 400
300 300
200 200
100 100
0 b 0
1 2 3 4 5 6 7 1 2 3 4 5 6 7
0.5 hour after application 2 hours after application
s Ave= 354.5 SD = 67.6 s Ave= 281.4 SD = 37.8
500 500
400 400
300 300
200 200 M
100 100
4] 4]
1 2 3 4 5 6 1 1 2 3 4 5 6 1
4 hours after application 24 hours after application
s Ave= 255.4 SD = 44.3 s Ave= 250.4 SD = 60.9
500 500
400 400
300 300
200 % 200
100 100
4] 4]
1 2 3 4 5 6 1 1 2 3 4 5 6 1
48 hours after application 72 hours after application

-0-:A 0:B -A-:C  EC49.3uS/cm (Irrigation water)
Fig4-5. Chronological change in electrical conductivity of no ditch-spread CoAS
Legend symbol show that coordinate date of each sampling point.

Ave; average. SD; standard deviation.
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Ave=177.3 SD = 49.4 Ave= 289.4 SD =111.9

nsem nsem
500 500
400 400
300 300
200 M 200 ﬁm_/‘/g
100 100
4] 4]
1 2 3 4 5 6 1 1 2 3 4 5 6 1
0.5 hour after application 2 hours after application
s Ave= 342.4 SD = 94.0 s Ave= 264.8 SD = 79.8
500 500
400 k’/‘“/m\ﬂ/ﬂ 400
300 ?;37"‘:"::8:;?/ 300
200 200
100 100
4] 0
1 2 3 4 5 6 T 1 2 3 4 5 6 T
4 hours after application 24 hours after application
usen  Ave= 247.1 SD = 85.8 wsen Ave= 234.4 SD = 60.2
500 500
400 400
300 300
200 200
100 100
4] 4]
1 2 3 4 5 6 7 1 2 3 4 5 6 1
48 hours after application 72 hours after application

-0-:A 0:B -A-:C  EC49.3uS/cm (Irrigation water)
Fig4-6. Chronological change in electrical conductivity of conventional method-chemical
ammonium sulfate.
Legend symbol show that coordinate date of each sampling point.
Ave; average. SD; standard deviation.
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Preparing a shallow ditch using a groove cutter

- \,_——% Ave= 41.1

SD =2.5 ®

Figa-7. T ove cutter.
spread CoAS.

sulfate
Blue arrows indicate that water inlet. The alphanumeric show that coordinate

date of each sampling point. Ave; average. SD; standard deviation.
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(kg/10a)

Preparing a shallow ditch using a groove cutter

1500
1300
1100
900
700

500

(kg/10a) No ditch
1500
1300
1100

900
700
500

(kg/10a) R R .
Conventional method - chemical fertilizer
1500
1300
1100
900
700

500

(kg/10a) No fertilization

1500
1300
1100
900
700
500

Fig4-8. Weight of rice whole tops.
m @A),
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(B), M (C) : Square pillar indicate dry weight yield of each sampling point



Table4-1. Effect of the different application of collected ammonium
sulfate on rice yield.

i

Preparing a . Conventional -
<hallow ditch No ditch method No fertilizer
828.3 + 90.7° 1035.5 + 121.3° 1121.0 + 125.9° 1067.0 + 85.8%

abalues with different superscript letters differ(p <0.05).
Mean+SD (kg dry mattet /10a)

Weight of rice whole tops
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Table4-2. Brown rice yield change of last five years in
experimental paddy field.

Preparing a shallow ditch Conventional method
and no ditch and no fertilizer
408.8 + 83.3" 480.9 + 45.6°

2Pcyalues with different superseript letters differ(p<0.05).
Mean+SD (kg/10a, Brown rice has moisture contents of 16%)
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4-5 E

e gl@ K AHE AL 2T A X0 6 TEIUE Z I (LA, BEIAE %)
DOFMIERZ K 5 720, B L 2~ U A > b 200K ECAm a8 12 TR B i A i
Ik 2BREAZITY, ZOIBERS RICTHESRIZOWVWTHEZIT> 2.
M I E ] ZHVWT, BIEZBRS T XToOME R L OHE;E

COWTIEIEATIE S Lo, ABEXKIEERA X, FEREX, EITIEX, %

W

JEX D 4 DF%T, B0 &I ER X %2R &, 2kgN/10a it L 7. EC I
DOWTIHEIEAXNRHORBIC LS T ARLERMEE LT 25 —FH T, (FlEE
XEBEXEITRTIZZE LR LR L. SPAD T2 W Tl i L X 72 &
CIHEEA R CHESGNTOZNBEE Th o720, EIEEXIIAK D THWEE
AT L OO TOY—BABNIT AT AEITRICO W TR — & 7220 E
A7 IR SN Ao, M EHAE CIHEITRA &KL L, R CTHEE
JEX, IR, EHEAXOIEE 20, H B A2EIC D\ CE ke o g R %
MBI HENTERDpo7. LD Z &0 n, BIURHE Z KO HA L7z
B, IR ZIZWMATHO —HIZBE W THELNL T LR, B—8Am~Dn

REPEDS R S vz,
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EoH5EHE 1

5 E WMHIBIRREEALC AT LAZEATIRFNARGFOFERAB IV
Z ORISR

FHIHRGBRIAEEMI AT ACKRHROBRZ AWV HA O RKIER
B EOCME R Zh R~ D&

5-1-1 XLC®»IZ

Wal@RANHEE L AT L 2L E BB IE, BEREZKRET L LITLD,
Frft I 2 BRI HPE 2 Ef 4 5121, T DORISHNITOW TR T 2 LENH
5. WK AN AL > AT LD DORISHNE T AT Y D BR & BV T
MBS S, MERT D5 Z2En0, RISHIZMETHL ZERLETH L. K

FBEREOT V=T ERIGIEDIIEZEO pHBME WS DI ER RN E V.

BT & (2006) CftEE S (2006) 1%, Wilgxd 2 OKIGAIE LTHIH LT
Wile7 o E=v a2 FRL, fiEC bl LRI LZZH2 2 80U U
ERIGHIELTCHALTY v BT 2= 05285 (EAL 2007, JjE
2010) Z E#HALEMITLTWVWD. LaL, KIGAI & LTHEBEZ A2 54,
B ToHLZ b Z0OMPNVICONTITMODOEEZLILERNH L. Y
YIRIZOWTIE, A FERER L LTOTFEDOREED (BARKES
2009a) 7 H, TOMKIIIFEFICEMAR D LR>TWVWD. EHITY BEO
Y, Wegl@mRAHENAL > X T L& EHS S B D 72 O BUS Al &2 SRS B T
L0, TOLRICEERFONY =2 b oMK (N 2010) (22> TL
EIORRDD D

— 75, BHEICIE, RABRKROBB N O0FIET S . gz H 01 FflH
SN TWVWOHBABRSAMZEEE CTAL D KER, BEY > 32 2 — X
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%5 1

MOAERATRERY CAHEREOARBENH L. S HIZITHMTEEO 1 2Th
DIBIBAKDOPFITITHRBEDOLONFENTBVBEHELREKRKTHY, RED
ZELENSHICHFET D, £ZT, AEF 1HICEWNTIT I NS RABK
D2 W S AHEEL T AT HZIEMRT L2220 E L, RKAKREA R & [

INEhRIZHOWTH G NIT L.

5-1-2 MBEB IOFE

1. HEEH R

R L7 KRR Mk oL, AHERTH 2 BEEALE (CSM Y x Sv (#),
L), WRY v If (IY v 7 r—7 (B, ®r), KERKR (dL#EE D
— AR AR (BE), dbifEE) LR MEIRIRAK Th 2GR E (AbifEE E)IER
oJEET), B LR (FARREFARN), TNHER (kB RAAET), BE
HAR (UERILET) o 7% vz, FIEEKOMRIT Tables-1-1 2R
L7z, Z O, sf & U C e B i s S i X oD R K & 5% g i ik (LA
T, b%hile) L, AF 9O KSR & HE i L 7-.

2. FH R A REE O R KAURE R RIS W T OHGE S

TUE=T HAB0mlAZRY a3yl Y (SS-50ESZ, 7 VE (kK),
WH) CCTHRL, TROT7TVE=T H A2 L. KISEIZOW T,
9z 1ml, 2ml, 10 ml, 20 ml, 100 ml ¥4 L, 500 ml F DK Y
TFLURWIIENENAEAL, RWT, T7UoEFE=7HA50ml #zFEAL,
HRICT1IaMRE S L., 20®%, RERNMICEK TR EET V=T 7
AfHEE (3M, A7 v 7 (KK, ®i) ZMH\»T 100 ml %5l L, &7
YE=TRE (LT, TryE=7TRE) 2lE L (Figh-1-1). S HICH
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Vv

%5 1

s R S N A RIS IE, EERKG, pHE LU= A vV iERELE

WELT-.

3. FHRMHKMNPERK D OB ICKIETHEO N E kL

99.9% KL T v E =7 (WFMEL (BK), Hx) 50 kg A > R EFHEAN
V7 (YS-51, ¥~ hEHE (KK, KK ##F L, vV arF2—7 (¢7 mm)
EHWTN—=Y 2 —Zfi&it (P530-L04CR3, HATaHEE (BR), #ag) L
fif L, WAL 00 mlBEDON T ZARBOIERIBIZE N, T E=T O &
X 10 ml/B & L7z (Figh-1-2). U Lo EZ W T, & KISHK 250ml &2 4
TARIBRICAN, ElF LT =T H A%k 50, EfEi&E T 3,000
ml K S ERMREBICLEZ. TO®%, RISEOEFRZR DB L O pH, =41
U EREERE L. — 5, MRKICOWTIE, TrE=7KIEHICK
B g Lzl (Figh-1-4), kM & LA XX ORAHIZHOW

THOERKD OO 21T > T2

4. i 7k

- BOGHEI1X 90°C T 30 43 [#, THIRMEN THE L, WERED T € =7 & f# 3
SHE, RO AT, EFmnawE (LT, ZHM5) 13 AOAC
(1990) (Zftvy, 7 & — Lk (Kjeltec 8100, FOSS ¥ v /8 (#k), &
) W TCHIEL, pH 1347 7 2&EME (D-51AC, HORIBA (#), »#h),
=F A iR E (XP-329 MR, #r= A€ 2EHK (), Kk) 3TEER
DIMEZEREE LT UARDS 2007) BIET 2720, HENHID L&,
200 ml ZOEFHICH L, 20 BHEESIHEZITY, EExHEME L.
BRAKDT V=T KISHRIZECTLLEDIT OV TIEIENR R K L K EIR
RAKIZOWTDOH, FEKEGT 7 XA~vEHEE&pHE (ICP-MS) ([ZXL bV 7=
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=T LA FRE GBI E Eir 2004) 2HIE L 2.

5. Mt Ak ALBR

BoONTET — 2 ORFHLHITA IS 2 KHE L T 5 — R & O 55 8o i
ATV, BEENED LI HDIZHOWTIE Tukey ® HEIC L > TL&EL
B (=7 BVHEEE 2008, BRI —E R (KK), ") #1T7-o7. HERM
RIT %A EKRECTCHBEALZLRL, AERENZONTZRE ROV TO R,

THNT 77Xy MZEDEG S #F (Table) Wizl L 7=.

5-1-3 & R

1. BFERIKHREE D R KAR R R R T T R

FIIGE O BRZARBARDOENEZH L NICT H2DICETNZENOR 1 ml,
2ml, 10 ml, 20 ml, 100 ml 7 > E=7% 50 ml, WESE-%DOEE
NI T =T RE (ppm) OH#E % Figh-1-3 [T L7-. T
DRI T, 1ml, 2mliZ7 v ET=T2WETHRENDEBEBLZTCLE- .
20ml IZISE S ELHATIE, AR CIEI T XRTOBTTY v E=T RENK
TLE. FFITU VI TORDBBEE T2, IRBAKTIEHEJNRR &G
BRTT UV E=TREOBADNA LN, 100 ml IZRIGSE 256, T
TOBTT vy E=TRECIK FMAA LN, Tables-1-2 IZKISK DR KK
W REWK T 5720 20mlBLR100mlOT v E=TRE, =4 A&
VIR, BHEKOBLO pHIZHOWTHRLE. 20ml TO 7 & = 7 B JE
IEEBTIZY IR RL T VESTEEOEMNMEL o IR KT
FENERPHE D220 BXUERBH R A A 67, 100 ml (IZ 20\ TiET
NTORIZEWT, 7UVE=TREOCEKRTRALN, NGERZR, £<
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BH5EE 1

O CTHTFAKEY HIEME (p<0.05) /- L7, =4 A & F R ML 20 ml
& 100 ml O FG THMEEED @ W EZ R L, RIRAKH FKITME &7 E
E oo FRIZ E)NRR TR VE 2 77 U7z, R AL 20 ml CTIdss B 5L g
EENBREPFHBNMEELZRL, TRXTOBTHTARKEY &HL 2 -7(p<0.05).
100 m]l TIZREEILEE & A Lo LV B WEZ R L7z (p<0.05). pH
D 20ml TIXTAKEBE O 3FITEZLPN/EL<, pH &Moo 7=, EJHRR % B
<, 3HDIRBRAIZTT X THTKEFRBEER>7. 100 ml T, ¥ XToD

e CHIF KIS WEAEZRL (p<0.05), 7 E=T ORBIIDRhoT0.

2. A FE RSN R EE Y 2 F R4y O [BILAR 1 3 3 8

RS RO % (control) &2 D7 =T SO =4 A & o VR 1H,
EHERMTE L pH % Table5-1-3 (Z/- L7-. JFI#K (control) =4 A &
TR REIXA#EEO S CTEWHEZ 7~ U, IR AKIZINGIRIR & BT 5 R N
HTARKELVIKLS, ENHRR EBERRE CIESHWELAR L., —F, ff
%I, KEERE YV v IEECEWEZ R L7y, BELBIZT X TORINK
OHFTRLEWEEZ R LZ (p<0.05). 4 FOERAKITH FKERRELE 2R
D, 4 LY 5%ME L VIKWELE o7z (p<0.05). UKD EFRRTILT
NTOMBEEMTATENVEZ R L. — 0, 8R% T+~ ToRIKE T
TAREDEWEZ R L. FRICHRBELBES 2% REOEFK D Z - L, 5%
Be b SRR L oo, BIRAK 4 L, SAFIRIICHNEZR SN EL 2o
Db EWENRR TR 0.2%E 720, 5% 0EED 1 HIFRE L KELZ xR L.
R O pH I FAKZERLS, §XTOET3.0LLTOEETHY, AR
TIEHEAREDS, BRKTEEIRR KD pHNKRLS ote. —F, 7T
E=T MBI EBELBEZRE, T XTOXICHE T pH 2B 9.0 L EO@WT
N MER LT,
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TUOERE=THEMBICAECTCLEDIZOWTIRE L Figh-1-4 IZRL, £0O
G % Table5-1-4 IZ/R L7, WTFNOIRRIZOWTE EEAREILEY, R
BDZIODEHFIZHONT, FRICERR I OEVITHRB SN RLo T,

BRI DT =T fAMATE % OKRIEIZ DWW T Figh-1-5 B L W

Figs-1-6 {2/~ L 7=

5-1-4 # £

ARBICH W IR RKLAHBEBRIT I FIC RSB &S TRRy, K
BSAVBAROT VE=T LHRRICHEET OBEMBE L THWEZ &2
DEWBRED SRR RIED ~ORERIEE & U THEROATREMENIE I L
TEY, LRV EREEE LT, SBOMEOERIC K > TIEH =M
filfifill & A= A H 320 b LivZe v, KiE R (Table5-1-3) 705, i R K (3 % 58 Ak
S 0.2%HIE E D, HHTFKEEKLEINEBRTAEICHS ko7 (p<
0.05). L22LZds, B LTERLLS, TRKIEL KL, T0%E
FR IR R o 7.

IR MBS 38 0T D B IR o0 BRI, M IR & Z S0 I BkBE O 72 & o fit IE R 5 & S
TDICHEEHIPOETHICHARLCHEAT 2720, KBEOHSIIMRO
BN, TOZLEEBEETLHLEARARRTHEL LR EKIT 0.2%FRE O
RETHY, TNLIIEBIRENTHLLI BN, LAERKH &
EEZTGA, RBETCHIEOZEORICHRBIREEHKT HLENELD.
TR, HBaAXFOHRPBETHDLEBELDLN.

K, FEIC R B OK A E CILB IR AR 12 & o JE K2 R4 iR o 4k iE 8l
ENoHLEBIET 5720, ZEOEXRERZLEL LRV, 602, &R
CHEE S O H BB IEE 2 e H 32 2%, B oFEHEAEH L <, RS EH
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SIZED, MHRICERREE A UL EIER (ZRRIER) ©EE
ABRLELRD. 20X G6, AREEDR IR KO EFERY TIX
EFEE TR WVWERZBIEE R RO LN TND. 2D EEFEET DH LR
WAKERIEESHE T, ERSNTIRIEEOIEK S TH->ThH, il TORE
PIRREENIITFI L RICO RN D = L NHELR ST,

AREOHFT, 50 ml D7 »E=7T12 20 ml DK KISK & Kt S 7%
FHBBO 3L ENMNBRTHEFII TS VE=TRENEADL, T AKLID HIK
WE & 72D, %ML MEREL o7, ZNIIRARBKOBOFITIE 5%
ilig L [AERE, 7V0E=T7TREZETIE, BXzEBT & LI
TV LEEAERTORNEZET L EN LRI, L L, KHEHRED
P, A SN v E=VLEHOMKEH LG NICT L2 ETIEES>TH
iz, EERFHORNPL LA EBEAENITLHIILENLETHD.

Bl AR AL > AT A TT =T BT 512 1358 B M O IR
ThHIZENEE LW, BKHRENRRIEZE OREENED 72 DI~ O B # Kk
S EEL < PREALER M ER 2wk 0, TR HIRM O AR RFESREMN KD
RAELIHEAKDO S (HIZ®E 2010) EHA»T CTHMAEEZIT> TN 5.
HTFERIZZ LW EIC W T H & K OVRE 2 E R 2 E G 7T Re 72
BERAKZFMAT D EnAfEE eniE, RRMEOMRO B2 LT RERS
REWFRAFEO —BIZ/ 595, LaL, WEMSICIE Tables-1-1 12 bR T

JIWER IR EIC LA DLI E ROV FI VLR EOESENGENTE
O, IEERIAICIEHFABEUTICT2LE L. KB THWERREOF T
EJHEROERZRRLN FIVLATHBMEUTTHLHOD, RREWETH -
el ek L TOFERICIFERNSLENS LIV,

— 0, RIKHROBGHEETH 2 LM ITFEE ~OFEHRMA & L T il
L, AT H2ZLNAEETHSH (Purac 2011). HEMEOFFE KW (B
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H 2007) DD, K ZDOHMENHHF N TWD (RIS 2005) KREFK D
ENAPERIT 2,323k0ICDIEY, 20 ) bAtiEE & Kb TOEER DK
50%% f D (JRARKEA 2011b) B Y, SUGHI MR IZ 31 2 HE B 72 38 1T
irnwEEBZ LGRS Y CIARFXY AV 2 — R AEFEORIED L L THEN S
N2V T ERE (LT, VrramM) 2EAR (55 2011) L, 7
A — LEREISER, FREZIRNE, BEISELZ LICXV) RFHER
MOERTHZENARETHLL. FHRROY IMBEEREIT, BF 1.5~2
HtHEAL, RBETEIOIERERAT I EHESN (B 5 2008)
TV, 2oV ryIMOFHFANAREER2IEES L2 5 BIRMEICORN
HEBEZOLND.

L2L, 2o AR 3EITERLEIRT 2N E L, IERFH~DF
BRENHFTCEL2L00, TNHRKIZHEADODRIADR LY, FiltrBQFE L
TORBHEEZON, ST OFEHRBIIHERT DD BEARLER 2 X
FRABMEDLILENDBPESN, TROLHREDIREVWEEZEZ L.

Table5-1-4 PO 7 Y E=T RISHRICECLREME L LB A O FEK
FIZENR N ERWEL NI o, — NI A ELREET V=T
ERISSELEYG, SrkopaltEk cd s Al (OH) soWLEM»A AL D
(b R FMmEZ B AW 1981) Z &5, RKRBRICHR LZERAKFIC
GEND, AI¥DOWWBETH L LMEI N, TAI =T XIROMEDHE
(Parker & 1989) XV 72 EOWIL A2 Ml 32 (BRI & 2006) Z &b,
WEWIREL AT IR FE LW EEBS XN, — 0, BRERKETT
VE=T LK SEDANIC I EAFZHOWRK (Figh-1-5) Th dH 0, 7 %E
ST ERIBSEDEZORBEICEIVREQRESHBALEBENAZ D T
(Figh-1-6) NAHI OHF CTIIHOL NI T L2 xTEaholr.

bz &nt, RABKROBOT CIIAEBO L IICTHAEORI N D72
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<, BHREEADE L Lo T2 EJNRRAKITRLEKXHEE S 2T L ORISR
ThomEEREAMETHY, BEREERE L TORRBENRHAL IR -T2,
Tk, BEE AW Wk SEKAHE L AT AN AR E D, T
ERICEOIPMERBEBOMRESLEE PO DORXMELZZLRERSIZL DR
MWDHZENRBINT.

LML, WalmR RS AT DBV THERRKERNBT 284, SIE
B LERMEOMOEBEHEIL T LbEHEL TELT, ERBETOER LK% K
ANLEGA, BB RETCOmEIIRIEO LBV EaI X Mo EARNBRESH
L. Fl, WolBRAAHEEL AT ATIE, REDODRLVAL URBET LD
RIGEBERETHNIE, 2 ORZMEVEKE 2 El2 2208 0 R FHRIZE L
THHETHD. 207D, FINKZ RN S, @ik = X MMEJRE O W] 6E 2%
RTVE=ZT EORIGHIZOWTHLNZLTWS MERD L. 5 2 Hiick
WTZENLOREEMIRT D E2HME LT, ERIRRE B LIZBEOE

BZOoVTHRATDI L L.
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Table5-1-1. Contents of strong acidic hot spring water.

Sampling point Hokkaido® Aomori? Akita® Yamagata“
hot spring water Kawayu Sukayu Tamagawa Zao
H* 16 17.5 89.52 15.7
Na* 557.6 65.2 66.2 47.3
K 84.4 13.3 34.7 114
NH. 1.5 2.7 0.3 -
Mg* 55 60.7 52.9 58.3
Cation Ca 109.2 191 157.5 55.6
Al* 29.4 141 275.1 38.1
Mn? 11 1 2.5 3.3
Fe* 21.4 14.2 - -
Fe®* 10.2 15.6 161.5 8
Li* 0.2 0 <0.1 0.03
Zn* 1 - 1.7 0.2
F- 6.4 3.3 86.7 8.9
Clr 876.8 408.3 4166 247
Br- 2.2 0 13 0.9
I 0.2 4.4 0.1
SO 1336 1549 372.2 819.6
Anion HSO. 713.1 906.6 1117 437.5
HS 0 0 - -
S - 0
S:04% 0.4 4.1
HCOs 0 0
COs* 0 0
S04 221.8 261.8 388.6 224.7
Liberation  HBO, 35.7 5.1 201.9 4.9
component  HsPO. - 2.5 4 0.6
H.SO. 28.5 39.8 251.6 17.5
T-As 0.053 0.046 3.5 0.01
Cu* 0.082 <0.01 — -
Minor Pb* 0.034 <0.01 2.7
component  Cd* 0.045 <0.005 0.059
T-Hg - <0.0005 <0.0005
Cr* 0.019 - -
Dissolved liberation CO. 0 - 3160 499.3
gas liberation H.S 5.6 - 1.1 10.8
residue on 3.921 3615 4140 1986
evaporation
Nature of 1.76 1.76 1.05 1.8
spring etc. temperature 44.2 48.1 98 56.9
EC(nS/em) - 8120 -

The unit is a mg/kg excluding pH,temperature and EC

"Hokkaido, cf Hokukan analysis center, hot spring water , No.0561015
2 Aomori prefecture, cf Aoyakukenon -17031

¥ Akita prefecture, cf Akita-No.2

YYamagata prefecture, cf Yamagata-No.3
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NH3(gas)

~

1. Suctioning of
NH; at 50ml

Reactant

2. NH; was injected after 3. Shaking at 60sec
reactant was put into the bottle.

Reactant is 1ml, 2ml, 10ml,

20ml, 100ml.

Figure5-1-1. Mmeasurements for odor reduction.
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4. Internal gas was
gathered by ammonia gas
detector tube at 100ml



10ml/sec X 300sec Flow meter

—_— = ‘ﬁ

N

Ammonia gas cylinder
99.9% The reactant

was saturated
(250ml))

Fig5-1-2. Figure showmeasurement procedures for the effect of the recovery efficiency.
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Groundwater and Sulfuric

acid
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& 500 1 B - B DGrounfiwater
= | Sulfuric(control)
-2 400
g 300
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= 100 4
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-2 400 |
g 300
5
& 200 A
(=}
<100 |-|
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Iml 2ml 10ml 20ml 100ml
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. Kawayu and Sulfuric acid
g
& 500 1 B B DKaWaylu
= | Sulfuric(control)
-2 400
g 300
5
& 200 A
(=}
<100
)
A ol i . |_|-_|
Iml 2ml  10ml 20ml 100ml
Amountofreactant
- Tamagawa and Sulfuric acid
g
& 500 1 B - DTamaglawa
= | Sulfuric(control)
-2 400
g 300
5
& 200 A
(=}
2100 4 H
A ol i HEl B
Iml 2ml  10ml 20ml 100ml

Amountofreactant

NH, Concentration(ppm) NH, Concentration(ppm) NH, Concentration(ppm)

NH, Concentration(ppm)

500 -
400
300 -
200 -
100 A

o
i

500 -
400
300 -
200 -
100 A

o
'

500 -
400
300 -
200 -
100 A

%5 EE 1H

Lactic acid and Sulfuric acid

1ml

Ll

OLA
® Sulfuric(control)

.H-—.

2ml  10ml  20ml

Amountofreactant

100ml

Apple Vinegar and Sulfuric acid

1ml

o
'

500 -
400
300 -
200 -
100 A

1ml

o
'

1ml

- OApple Vinegar
| ® Sulfuric(control)
: 1 I —0 =
2ml 10ml 20ml 100ml
Amountofreactant
Sukayu and Sulfuric acid
B - ~ DOSukayu
® Sulfuric(control)
| |_| -

2ml  10ml  20ml 100ml

Amountofreactant

Zao and Sulfuric acid

OZao
W Sulfuric(control)

B[l

2ml 10ml  20ml 100ml

Amountofreactant

Fig5h-1-3. Difference of odor reduction with ammonia of various acids.

NH3 at 50ml was injected after reactant was poured over the bottle.

Reactant is 1ml, 2ml, 10ml, 20ml, 100ml. Internal gas was gathered by

ammonia gas detector tube at 100m
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After three hours

Figh-1-4. The formation of a precipitate after reaction of ammonia to hot spring water.
Al; mixture A2; supernatant AS3; precipitate

After three hours of reaction
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Table5-1-4. Nitrogen contents of the supernatant, precipitate and the
mixture after saturated with ammonia gas for each hot spring water.

Kawayu Sukayu Tamagawa Zao
Supernatant  0.09 = 0.0 0.09 £ 0.0 0.17 £ 0.0 0.07 = 0.0
N% Precipitate 0.09 = 0.0 0.08 = 0.0 0.17 = 0.0 0.08 = 0.0
Mixture 0.08 = 0.0 0.08 = 0.0 0.17 = 0.0 0.08 = 0.0
mean £+ SD
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Figh-1-5. Differences color state in each acidic solution before reaction
with ammonia.
From the left side to the order of ground water, fermented lactic acid,
pyroligneous acid, apple vinegar, kawayu hot spring water, sukayu hot

spring water, tamagawa hot spring water and zao hot spring water.
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Figh-1-6. State of different color and precipitation in each acidic solution
after reaction with ammonium.

From the left side to the order of ground water, fermented lactic acid,

pyroligneous acid, apple vinegar, kawayu hot spring water, sukayu hot

spring water, tamagawa hot spring water and zao hot spring water.
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5-1-5 B £

HPE\WBECTRAET LT E=T 2RglBRNHEEIL S 2T 22T, il s
KIEEET7 v E=0 AERE LTHEHINT 2 2 L IXRAIKE S L OVE JRAE R
COBRNYEETHD. KB TIEIBRBEWICEELZET DM EART -
DICRKHBAKROBE T V=T ERIESE, 20 RKRIER R I L O R
FIZOWTHEZITo 7o BT, AEEBE CTH o RBEEALE, NEEK, V
vAEE, BRAKTHDINGIRR, BrigEx, EJNNRR, MEIRRB I OH
TKE %MD 9 Th o 7c. RAARBARIZT =T RE, EHF M7,
pH IZ oW T, BN RIZEMEOERZNK S, pH, =4 A & VR HE %
L. BREBARICOWTITAEBRTIZY) v IaFERARLEVIIRE AL
L (p<0.05), 6%l L RIERETH 7D, =41 v HERENH K
RciEm< oo, ENERIE, BRKOFTCHELDRAZEBMES T, K
JEHR D FIFIRE D ZE B 7 XA CIIRBARA Kb ®m< 20, RIRAKTIE
FIERPEDE SR oTe. 2606 RARH KO A B CIR R KT R I

REWMETHL Z ERRBINT.
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EHFEE2H WIHBRAHEAS AT LICEMLEZXKRBEROBEZ AWV
FEADRRERB LI CEIIRMR~DEE

5-2-1 XL ®IZ

RI~OT7 Y E=THBOI L, REEICHDDIEEOH AT 60%L

o THEY (ME 2001), ZOHEMEIXFHE TR WK TH 5. Martins &
Dewes (1992) [ZHEIELICBIT 2 EBHFRROZDIF LA LI T v E=T
BIZLD2bDEHELTEBY, ZALOERZ AZIEM L #illN o ERER
EFF LR t A AR S ERRANERL TS ZEREETH D
(°F- % 2008).

TrE=TERIEL, BEL L CIZEIT 2120%, B2 L O PR SA HE
Thd. ZOLDMBICRDY, BIFEEE ST IRFEWE S 2 KK H ko
ERIGEIEDLZENAIRERNIE, KV EZRICT VE=TEIREZM#H T 5 Z
ENTFREE 0D Z LIRS W TR 2 L7c. A EICHEET 2 KAk
OEIE, T FTERD 1 ODTHDIRRAKNHD. ZOHITITREBEDO L ONE
FRNTBYVEHELERRETHY, RELLZELEHNEHICHFET D. £
OMIZ S, KEEHK, BEY IR ERNH L. LarL, EREKETOE K% HE
L7256, B o F F TIHE@E a2 2 b0 RS iR 0O 28 B N 72 £ o ffE 23
D, 22T, AfficizIn o KRB RoBLEMRL, B E, il
WAL AT AICEHAT O EEZBELELRICRETEEZDL VIZRA
I RE /) & BN A RIS O W THIA L 7.
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5-2-2 MERB X OFE

1. BEFA B

R L2 RRmkomiL, AEBchLIHRY v IFE (I T —F
(BR), WH), AFeH (bW ELI—FRF A X (FF), LiEE) &mmiRER
KTh DGR (s EIEE FIEET), B BiRE (FRREHRT),
EJIRE (BRERAET), WERSR QUBRILES) © 6 iz Hwnic. K
JS R O PR 1E Tableb-1-1 ® LB Tholo. T OM, R E L TILERE
e 717 v S i X o0 M R K & B% BRI (LR, b%Mile) Ak L, &5k 8 ff

D G 2 B fig L 7.

2. KR OG IR O M G IE L BSARBE R RIS W T oMlE F ik

2,000 ml HORNIE T 7 232 8EOMIGHKZEZ TN ENIEANE, v~ b
bt —%— (HF-2000T, 7 X7 > (#)) ICTMEALTKGEZREOL L, RE
W 2fE, 5%, 1051272 L O\M Lz, Fo, MBEURHM L 2 WK (L
T, 0f%) oW THHR LA, WMBIZOWV TIREMHKEES, T 5%
MW, RIS 8 FIZ S W T, A &AM, £ Z£ 1 20 ml Z 500 ml
KEORYZF L UORHFITHIZEAL, RWT, KUy oy
(8S-50ES8Z, 7 /v (#£), HE) T THIM L ZEEDT VE =7 H A 50 ml
AEASHE, 1 HBELEI LTT 2T HRAEFORIGNSER. 2Dk,
BRERABICEST-RE2T7 v E=T T ABME (3M, #x57 v 7 (), ®
) T100ml sl L, BT vE=TREZMNE (LT, 7TVyE=TRE)
L., BRBEPICESRESAEMSHKEZ 100 ml BROFR/ICB L, BHEKD,

pHE LU= 1Mt VHEr-ELZHELL.
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3. BAEKRHEBENERKS ORIULEE IS RIETEEOHE HIE

ATIE & RIS, 99.9% b7 =7 (BFfEL (&)) 50 kg A v X2k
NNV T (YS-51, v~ hEE (BE), Kk) 2¥%%FL, vVarFa
—7 (@7 mm) [ZTR—Y A —Zi&Est (P530-L04CR3, HAEFHEE (#F),
W) CoMAEME L. MEHFO=— RNV ALT CHRELHEH LT VE=
THAEE 10 ml/BICTED, HEiiF L 7.

KSR E 500 ml BEDOH 7 ARKEM|IC 250 ml A, ¥ LEZT =T
A % EE 5y, EFEVEE T 3,000 ml @B S HAEFRAEIC L2, ARERIC
DWW TIHEME T, BRMMBERICT v E=T WA 2SS E. D%,

ERRTBLO =AU HHEREIZOWTOSHREE L L.

4. AT Ik

BRI 90°C T 30 4y, TEHIEMANTINA L, WO T v E =T & %%
SHIB, WONHEITo 7. ZFSIE AOAC (1990) ([ZHEVy, 74
—/vik (Kjeltec 8100, FOSS ¥ v /3> (%), HAl) IZTHIEL, pHITA
7 A% Mk (D-51AC, HORIBA (%), w=#), =4 4 & ¥ ~E (XP-329
MR, FraAERAEH (KK, KK FESGROBEZERELE LTER (1L
Kb 2007) LD, FEMLOEROVHLHE, 200 ml BRE—T—IZB L,

20 I I E 24TV, mmfEz WEMm & L.

5. LAl E

BoONTET — 2 ORI ITS KIS 2 KE L T 5 — B & O 5 8o
ATV, BEENREDOLNLTEZ S DICOWTIEL Tukey ® FiEIC k> TEHEL
(=7 G 2008, A ERY—E R (BR), HR) Z217-o72. BRIE

RIS AEEKRETCHEEZZREBR L, ARERENALNTEEIZONTO A,
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TNT7 7Ny MK DEFF S A2FK (Table) HICiiak L 7=.

5-2-3 & B

1. BESSEERABKRBORZRIKBDRICE 2 5 HE

FIISTE DO BRI L D2 RFIEBHREOENEHLNICT DO, &Kk
HoREEZZTLLN 0%, 2/, 5%, 10fFIC#M L T, 20 ml Z#EfH L,
TNICT v E=T 2 50mlEAL, MSSELBRORGRNIZK T E=
THE (ppm) OHEMB E Figh-2-1, EX KD OHEMK % Figh-2-2 IZ /R L 7.
AEERITIAE I L2 BICHAB 2B b2 2 <, U IFFIXRMET 212/
REARBA R DKL e oo EJIHRFIZRMEICE D LT, & » R KK H
WHBNTZ., ZOMOERAKIT, BFET 22XV T UVE=TRENETL
o, BERDTEHET R TORISK TH TR LY BIF2ME%Z 5 L7z, FFICAKREE
T, BEEICL YV ZBERDOBMR A DTN, T OMITEMEIC L 2EE
FR 5T DG DS 7 & 2078 s o 7z
BREICED2EXIGHB O =44 v HfrE, pH, 7o =T7TEEB X
OCEFKTIZ DOV T Tables-2-1 IZ/R L. =4 A & HIERMETIE, B
LW, ABEmnEEZRL, BRAKIENEZRLEZ, LL, B
T2 LIl BZGHEHREBERR CRISSEDIAMO=4 1 &t
RENEEEZ R THERER o7, SDICEMBL RIS ERSE, E)ER
WZOWThEmWHEEZ RS LD, JNGRRICOWTITRMEICL D2 EZERD 2L
%Ml & ML CTh o7, pH IZNGIER TRMEIZ K D2EMNH LT,
ZOMOBMRITEEZEREZRTIHL MR o7. 7T VE =7 REIXREM
LaWiga, AR 2fE EINRRTH%MEE RASREORERTNADL
N, BT 222k, HiFTKEY CIREL KL T, ZOMOEET
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FBHE IR T35 2L (p<0.05) DAL MNITR 7. ERRDITARNERKZ

frE, T RXRTOMRTRMICEIDERERRNTICHGALDRZEPER SN RN T.

2. JRME L 724 TR R AR R IE & o0 R AR R R o B4R

WAL WRIRKR (0 f5) LM LARKISK (10 ) o7 v E=7T %1
MEEREGEO=A At VIERE, EFk % Tables-2-2 2R L7, 0
fECfMmLELE, =4 A VHRRETIE, RR 4N AR 3L 5%
WREEIC KW E 28 L (p<0.05), i FAKERAIZERETH 7. 10 fFIC
R LBAMLESGETH, BIGIERRZRE, OfFCRM LSS EHEL
TR brole., BHERSTIE, O FTRMIETLSGA, b%MEEICIELIX
WL ODOEKE 2ECIIRERA4ABEEM I KR LEWHEE 2o (p<
0.05). —J7, 10 f5ICiEM L CafmaEGa, offcafmLzaa s ®Ei
HRER LY, AHBEAKL, BRAKBELS 2o, FICEJNRRTIX, 5%
Witz EE Y, BEFEICHMLEZ (p<0.05).

3. RAARB N R & B 2= o B4R

RSARM AN R L B R & ORR A B S 2T D 70 DI & G A D
WT 0%, 21%, 5 1%, 10 1%, O fFfafn, 10 fFfafkeD T v =T RER
FOEHERSOBEBEICHOWT Figh-2-3 - L. Tod T, EJIEREZ 10

R SRS TS a, 5% s LR 22EFRL D ERFREDORK
KRB AH iz, DWT, 0 fFRED Y » THE, KEEHK, 10 f58aFn o2
THDIETH 7=, BRAKITEHMIE o546, EINERZEBRE, BX
BN R EBREEBMNT I2NTIELS Rofe. TRTORKBKRDOBEIZE W
T, WIFAKRELD & RAURBR R & B Z) A LE - 7.
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4. RISHOEMENERE T OHIMIZE 2 508

BERRICOWTOL, fAfMZICRESEEHG6 L RERICAT IS
DEFK Y % Tables-2-4 2R Lz, fAfMBEOERMDIL 0.12% & 720,
ITNE I0MFICEMLEGAD 0.13% Bl AN hoT-. —F, 10 f%
B LEBICBEIMSEEZEEA, 023% &R0 ABICEHEWEEZ R LE (p<

0.05).
5-2-4 #% £

TR TIRER L (ERIESFRESR 1996) THElS L 2HE O
—OThY, WERAEENMLEEZITo CHHPEOREDS EH T 208 (—&
) ICIZTERBILEM ORI E L 72T V=7 NHEIO L it % 5 K&z
FAETDH CHE 2010, AF & FERF 2010). & b o R I IEF IR
JETRML, LML &N TE S (AARLFER 1976) 720, ARERRY
RR{RAEFELESERVWEARBEHEINNSEEIIKRDOEN TS (Hagal998).
ZOHFFELT, RESARTO Y L7 —VIiGME 2 I 5 84 mE Mo &K
A (Kuroda 5 2004) R KALEM O A (JEE 5 2005), KAV @#HEO G5
(2 K5 2010), P OERGREEZWMDL TIKY v 7 B OKYE (5F
M5 1998, £k 2001). HEE o pH % (L 5 2005) 72 &£ < OHIFR
B EHAVWTRIOERBEARA DT X,

ZO—2L LTHBSY VBBEREFAWTT VE=T 2 REMPRT 2T
LA OHEE D (2006) ORTHEL S (2003, 2003a, 2006) 2L 0 BR S, %
HBETORBRPKEDLY, EREFOEBE LTS, L, RISHKDE
MTHDLIMBEFHT2RCEMTHL Y vBEHVD A, SHICHELNTE
TR AERR TR OZM R RLE Y R RER R SE L, R
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KTHDLHRE, B VICHER S ZOFHRE~DRBEL > T
S, TEMRFIETHBU VEBERERINDZENL, 2L E AW
A, AREBEDICB T EEEROBEOEBE LTIEMNT 22 LIXTE
2 (B AR S 2003) 728, RDRGEZ O @) )8 % % I~ T
— G ~OFHITIREN TH - 72,

— 0, RRBRICHWRIRRAKSCH BB IIL PRI AR S Bk e TR
D, ZFESIVHKROT vE=T L ARRICHFET 2BAMEE L THWEZZ
ED D AR E Y O R B AR R EY ~ O R R B R & L T OB Bk o AT RE I 3 7R
ENTHEY, L WERERE LT, SB%OHFREOERIZE > TIEH 2
fOImE 2 AA T 2rb L., 22T, KEHTE, KnRZEMT 22
CICRD D OB ORN DN EREF L.

RIGH T HrEMBEORMENS 5 2 5 ¥ 8% 8 L7 Figh2-1 8 X W
Fig5-2-2 706, U v AFEZ MBRME L7256, RN EDICHON TRAIK
BWARNE LB T THZERHONCR-TZ. ZOZENDLRRTIEREZE
2T%E, VU AREOMBUC X 2 RMEITRTOIVNENHLZ ERHEEINT.
— 5, WRKIZRMEINELICON TRARBRZE < 20, RN 2R
Tholo. 6T, %ML L7y a, T XTOMT 5% & [F5R
Erzhng ERIDFERE 207N, BREEDSZWMESE L9 RITRENTH
o7z, Table2-2-1 1278 L7- 8 #E L 7 & FE KR Rk@E & o BRI %R o B
RAEHR T, WMICLVES RN AR LV TR LOOBFEITHMT 5%
W oTlo., THIEFEHRABETRGIBRRNHERI AT L E2EH] LSS, ik
RESWE L CHREERIARERNSG DD, AR ITRAME L BT L,
BB ELZENLEEF L WEEBZX N, TUVE=TRETIE, Vo af%x
fr<, ZOMODOEET 6%MiME L FRFEREDRIBBMB RN -T2, ZDZ L
TR T 22KV T v E=TREAZKRNIEDIRABZ M EL, 5%
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%5

HERELRSTZZILEEZRLTEBY, 5%MEE ORBE~O A HEM Z R
TAOMB LR T,

Table5-2-2 (2 0% & 10 fFICIRME L2 Cfafn S E o EHR ik O R %R
L7eh, TORTEIRREZ 10 fFICRMEL, a2 b DN 5% 4%
FEZZENRH NIRRT, KEORENS, Mol @KAHLEI S 2T A

IO ERKIGHE L TIEMA L, IBERHZHE L2EE, Figh-1-1
WKWHRTEOCEJNRRIZE RORENFTIETIC 3.5mg/kg A SN THY
10 fFICIEME LS AL 86mg &2 2 L2 bRiEi CHEE L, EEHE
HECLI2TRMMEZEB L CHEHETOILERH L. SHICERFBREP NS
BAEELZBLTCRBEINRZVE ) ICHBAORMY 7 0 REMO LE L
bivl (BWKESL 2007) ZthlaxBET2L, BAICL-,TIE, LE
BFE (MES 2003) XV EOHERSREZRELCHEN T2 L0
BIZRDhb L., 2O, B2 R, BE S 5L 79023 m
DL ENL, AEREEDSRNRE KO AESR S To, (LFEREETEZRW
EFRERE L TIERTAICEBEENELI EEZE X LN,

SoNTISHIZIERE L THERT 256, RRtE I E2ITITREL S
<L, REENSLKTDHHXEND D, Tableb-2-4 [ZH R L7z L HICfafX
HloE ERREKE 10 FICNBARKESIEHEG, EEHELIEX10HEO 1.2%IC 7%
LEHEL TV, B OERKE S OMEAFEREZTHRE SN R T.
ZORKE LT, AHiOFT T 10 FI2RMLZEE, 2,000m]l 2K 6 K #H7
JCHRME L. BT ' = U AE—RIVIZ 120C 0 B R 2 M, il R K
BT UVEZULAELET VEZULIZAET L E SN TWD (HEESE &SEE
WFERT 2001) Z & h, RO T T, MM I kxS HSH,
fERL, E2FEROIVEKTFTLEZbOLHREIN. VY IFECRGSED IO
NTEREBDEMME T LZZ 20, BREZED CRBRRELZEET S
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%5 W 2 Hi

ICIEZMBVRAEIC L DR WFEORRBGE LV EEZLONTL. EDHEL L
T, WREGEE (P 5 1995) B BIE (8RS & AR 2001), B 2
Bk (S 2004) 28O FEEERTIE, ARH THWIZ BRI X
HREFRERDDIEENHFELN DS LAV, FFIC, REWN THE L 724k
X, EEmam, AFKATCRLI2MATORRTHL Z &G, BB X
CRIBEZDREISEHNT L, BMICED2H I ax b2z 22 &R TE
HEBbhi.

— 77 T Figh-2-1, Figh-2-2 3 L O® Figh-2-3 1T~ L 7= B KRB 2h & & [HUY
MBROEBPO LN I, BMICEVRIEL 2D, BAED AT
BT, RAMMBARLEEROEINZENE S, BERENDRWIINEGIR RSB
TR, MERRE PR FELHETICANL, SHICRMIEDLZ &R
ERNIE, TNHDOMBIZOWNWT, 5%MEEEREFREIZR DN LivRu.

Dbz &nt, RABROBOPTTIIREMICLIEBRRDL DL OO,
BB R EBRZR DD E L o7 10 5N L 72 E)INHE R AKX %58
KA AT LORKIGE TH 5 5% L ERICREATETHY, EFR

JEEE UL TORBEENIIAG NITR -T2,
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ppm O Ground water ppm O Apple vinegar
500 - B Sulfic acid 500 ¢ B Sulfic acid
400 400 |
300 [ 300
200 200 |
100 } 100
. . . . NN Tl B .
x0 X2 x5 X 10 X0 X2 x5 X 10
ppm O Pyro.ligef)us acid ppm O Kawayu
500 - M Sulfic acid 500 M Sulfic acid
400 F 400 f
300 t 300
200 [ 200
100 100 }
0 h . . [ o . . . L
x0 X2 x5 X 10 X0 X2 X5 X 10
ppm O Sukayu ppm O Tamagawa
500 - B Sulfic acid 500 M Sulfic acid
400 F 400
300 F 300 F
200 | 200 F
100 F 100
0 . . , 0 L . . L [
x0 X2 X5 X 10 X0 X2 X5 x10
ppm O Zao

M Sulfic acid

500
400 } B : ppm (Salfuric acid)
300 F
200 | O : ppm (X0, X2, X5, X10)
100
i . . .
x5 X 10

X0 X2

Figh-2-1. Relationship between concentration rate and density of ammonia in each
acids.
NH3 at 50ml was injected after reactant was poured over the bottle.
Reactant was concentrated using a 20ml. Internal gas was gathered by
ammonia gas detector tube at 100ml.
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%5 EHE 2 H

O Ground water [ Pyroligeous acid
% W Sulfic acid % W Sulfic acid
05 05
04 | 04 |
03 F 03 F
02 02
0 0 L
X0 X2 x5 X 10 X0 X2 X5 X 10
O Apple vinegar O Kawayu
% W Sulfic acid % W Sulfic acid
05 05
04 04
03 F 03 |
02 02
0 . . . 0 . . .
X0 X2 x5 X 10 X0 X2 X5 X 10
O Sukayu O Tamagawa
% W Sulfic acid % W Sulfic acid
05 05
04 F 04 F
03 | 03 |
02 02
Mis BN Wi BN FEsis Bl NE §E §
0 : : : 0 . . .
X0 X2 x5 x 10 X0 X2 X5 X 10
O Zao
% M Sulfic acid
05
04 F
03 B : N% (Salfuric acid)
02
Hin NN Nim DU Uil
0 . . .
X0 X2 x5 X 10

Figh-2-2. Relationship between concentration rate and nitrogen contents in various
acids.
NHs at 50ml was injected after reactant was poured over the bottle.
Reactant was concentrated using a 20ml. Internal gas was gathered by
ammonia gas detector tube at 100ml
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25 [ T; satux 10
@
Sul; satu x 10 ~
o
27 Px2 5 P x 10,P; satu x 10
§ Kx0,2 5 10 Ax0 2
Z Kisatux0,Tx2  Su; satux0, 10 A satu X0
215 | Sux5b T x 10,
S Gx0, 2, 5, 10 Zx10
o) G;satux0, 10 Z; satux0, 10 Px0
> AXx5, 10, Sul X0 x
é;.) 1 F A;satux10 \ i
o Suxo0, 2 ®
ot 7Zx0, 2,5 Px0,
2=t Z:satux0 K; satux 10
05 } \ TxO0, 5 \. (]
[ i ¢ '
) s o ‘o o8 , ocop o
0 - 1 1 1 1 J
600 500 400 300 200 100

Odor reduction (ppm)

Figh-2-3. Relationship between recovery effect and odor reduction in each solution.
G; ground water, P; pyroligneous acid, A; apple vinegar.
K; kawayu hot spring water, Su; sukayu hot spring water, T; tamagawa hot
spring water, Z; zao hot spring water, Sul; sulfuric acid.
X0, X2, X5, x10; concentration.

Satu x0, X2, x5, x10; after tenfold concentrated , saturated with ammonia.

103



Table5-2-4. Difference in concentration of nitrogen content before
heating and after heating.

) Concentrated ten Saturated after ten
Saturaiton .
fold after saturation fold concentrated
Zao hot
a0 ho 0.12 + (.00 0.13 = 0.01° 0.23 + (.00

spring water
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5-2-5 EH £

AEHCTHEBRBDVICEREZ BT 50EBERET L72DICRME L2 RXRAHK
DfET v E=T ERIESE, TO R R L OEIZRIZ SV TR
wEAITo . BRI, AHEECH D5 KRERKR, Vv TEHE, RRAKTH D)
GiR, Brgiig, EIRRER, BRERRB IO TKE 5%MEED 8 F T
bolo. Zhbz 245 5/, 10 FICRMEL, RIGH & L. RKUKREZ)
RIT7ovrE=TRE, BERY, =44 HERMEE pHIZHOWT, [HI
BARITETEE O = A A & o VIR E, SRS 2 E Lz, R &R
MRICEZDEEDOI L, TUE=TREIXY VIFZ2RE, BT 22L&
WWED T v E=TRENMILS Roo. 0, TRITRMICL D20 R 1TV 7% <,
TRTORICH T 5% L RIERETHY, M FTRKIDES 2o, [HIX
BETIX, 10 fFICRME LN AlE i S, =4 A B R E
TR A S AHERE 2 fE & 5%MMICH N, AEICKS 2RV (p<0.05),
TAKRERBEE R, RS T, EJNERD 5%MEE XD & WEE 72
D (p<0.05), NGRRAZDLPIZB®7HBERAbEWELZRLZ. 26156
RARHKROBITIRMT D22 LKLY 5%MEBICRBEARETH L Z L HAREX
.
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BeE KMEEE

6-1 HEEROEH

e gl E AR HE R L & 27 A 015D L2 BUEE 22 O FFfe 69 7206 X, AT X
TAEZEMNICEMNT S ETARARTHL. T 2bb, BEUGZ O RS
NRTHNIZEETH 2RI EZOIFEENIERIELL, PR TRV AT LDEH
BFhEERERSINDZEIIRD. ZRIFERMBROEHZER L, ERXE
ELTHBIBRAHE S AT L2 BEANLCAEERIZE > TIIREZR Y6 ICE
M3 22&ed. RVATLAEFRABEINTUR, ZEOKXRLHIMAREL
Bl & L7 BRAF 28 23 B8 A lZAT oL T & 72 (BT & 2003, 2003a, 2006, 20064,
b, f®E S 2004, FIE D 2006, AH 2009). —FH T AT AN HHE DT ENY
Mzt e LTHWERERABRIILT L o iEs52aR2 0y (B¥E - BWE
TR A B e A (FW) 2009a, 2010). EIRERZ ORI HZMET7=0ICiE, %
kR BED AR Lok LrER, Z<0MAEHBLIZLITLY, £
DODHMHEERELERDEEENPCOEEREGLI I EPLELEZOND. TOYD
ABFFRITEN R L OB 2 A B2 MY, EIRMEEREOER & v o 7 IRRB I 2
B VWEOEEBIHA rERLE LSRR EKRRNICIT) Z &2 HEFL
7.

BN A ORI 2T 5 72O IXER & L ToRMES LT ORME, fi 1757
BIZOWTHLNZTARLERS L. TOD, £, F—-L LT, BIRMKE
DHEEOEEE LCHRHAARERTHL20E W) REMPA T 0L ERNH D Z LD
B, 2BV CIXEIATE R O M B K& 4 %, hIRIEE & R L CRIA T
L2 EMAREMNEN) REZBREMBAIC THRB L. RWT, HiE&ENZ VR
WWHFMHAEEE RN iT A 2 HBICBT LT XTOMEEZBIINEEZ TENRZD
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bz, TOMMDOEZILT 2 Z L NARERDLTED, FI3IETITEREICDH
EHEZBRBRIT oo RBEE2ITo7. B 4= TIE, EEICHEEICTAEES DM
THIEEMELELAIL, BAbDNBEL MM T 5720128 — 2 Hchm Fi1k
COWTHRALE., TOFHELELTERETO, H—BMICMOMAL. KHE
W28 b TIEW sl BRI 2T 2O H E LTHW LB TH D ik
RmfiZze ) v BRTERLS, BRERLRABROBREGAE LTEMNTL 2 L%

HEgL UABER & mMERKE WV TRHERZIT - 2.

6-2 AMXDBEERLEASROHKRE

F2EMNLE 5 EE T, WalERANXNHELE S AT L0645 6 L7z BT %
R A RICHEA LB o R B L RISA & L TREKHRROmE iz b
FAAT o o R X O B R RHH A 2B D B % O Fl LK % B
BT richboiz.

KU DORERNG, F 2 EIZBWTIT o LEEH A 2 OB EIZ DV T,
[ U A 22 O Jits AR K HE % | 6D B 2 &I , IWERL LK CPERICB WV T #
MHLNIEHDOATEEICOWTHR T 22 A TER. LL, & 2 8T/,
B TORERBR Cho7cicd, ERENOZE S TIESL XK CP & &
MEDIIBREELEZTLINBHERETIOILENDD EEZ XN,

FHIETIT 4O EHEM LN, T0 9 LEIHE 2T L3RV Tl
A2 FEEBRTICH T T2 kel oln. 2N b/ LRI EE LR
ERLIZEGE, BINMEZOREDPN BRI TH D EMmff T2 RN TE o

CBUE, TR STV D X — 2 N EEHT 3G U 7o S i R # (Fige-1) 1%,
R L 7o TWD . Z OISR BB TR B O R VIR IR b R L, HER
WIBICEEBHA T2 2 ERAETHD. 2O b, EPICMBANTLE
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N—=2 MEMAT 20 TERL, BIRE %2 FIKRO E EMSEMETE, K
WMXORRERRIEEEEON TN LW, 20D, MEAMLTO T
BREAMTHATEDICHLEBITIEZNODOBBRBNILETHDLI EEZE LN,

EUN A% 2 X — 2 ML L, MEBUCESEBH L7256, 25 HEOM R
LUMABTNLEINDI OO, BB LR WVE W FRENE S Ik
S, KETOBIEEEIZ 2E Th-7Z &b, 3EICHHE LIZHEIE
EhBFEfE L, EEPNEICOWTRGREREEZGE NN LR W, L
MU, 3ENZDE 20 iE, BEIREZOERICIEZ 2R 600, EI1EE
ZIER RNV LD, MEDREE AT —VICHE LS DY il ok
AR IER DRFRENS DR S D HEREF OBLR e &2 AT, AR L BIE O M b
77 —=F L TW ZENEBETHD LHLEINT.

B4 T TIT o T EBUE T oM RER CIX, BS o ARN D72 <, ok
HZgd2 2 &Iicky, MGmIHE Rz hd nEl <, BIRZ %2 %) —
W CTBAMARETH DL Z LR LN o7z, LL, F4mTHRHL
TeAXMBITEHA XL LTERLHIOLNRTWVD HEAWE] Tholt 2T &
O, S%ITEEHA XITONWTHEHRENSZ N SEMETRA ZITV, £ Ol
BEIGICEDEBERNEICHAT IR BCIOVWTHETLIZERLETH D
EFEZ bR

o5 mECHMALAEESEBRRHEEI T AT LAORIGH E L TRAB KD
BrERWTgHa, AEBIZO VT, TORAOREKENET A NEBET
5L, MEBERRKPGFEND. BEREERKT, RESHERILZEL TR
D, REEORLHZ —FH L TIRET 22 ENATETH 2 BNIRIFAKOHFITIE
BERBEELLORLDL. AMEICEVWTLT VE=T ERIGT HZ EICX

O, KEBEAEMOLREE L THBERREREEA T IIREE 267200, R
SEEL Ve RIZHOWTE, MIRBIZCEENRDAREELZHVRBEL 2500
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LivZewn, JEREEEEO P CTHE SN 7ZRE TH D 35ppm L F T v b
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Fig6-1. Application of side dressing rice planter.
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Fig6-2. Two years after installation of corrosion turbofan.
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SUMMARY

SUMMARY

1. Background

In the future, securing a stable supply of Japanese livestock feed is
predicted to be difficult due to factors such as global population growth and
extreme weather conditions. Considering this scenario, forage rice has
recently been attracting attention in Japan. The cultivation of forage rice
can both produce livestock feed and maintain paddy function. Consequently,
the cultivated area of this crop has been increasing rapidly in Japan.
Ammonia generated from livestock waste can be a major source of pollution.
Therefore, livestock management stability i1s important to reduce
environmental pollution. Recently, techniques have been developed to solve
the problem of livestock-generated ammonia. One such technique involves
the use of ammonia-collecting equipment. When using this technique, the
ammonia that is released in the process of composting is reacted with
sulfuric acid, which stabilizes the ammonia as ammonium sulfate and
reduces the unpleasant odor.

In this study, I applied liquid ammonia sulfate liquid fertilizer, produced
using the aforementioned ammonia-collecting equipment, to cultivated
forage rice. In section 2, I verify the amounts of liquid ammonium sulfate
fertilizer (LASF) required for the cultivation of forage rice. In the three
sections that follow, I consider how to increase the benefits of liquid
ammonium sulfate fertilizer, and in section 4, I investigate how to minimize

the variation in fertilizer dispersal. Sections 5-1 and 5-2 examine the use of
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naturally occurring reactants as alternatives to sulfuric acid in stabilizing

the recovered ammonia and increasing the safety of the system’s operation.

2. Influence of ammonium sulfate fertilizer, recovered through the

ammonia-collecting equipment, on the growth and yield of forage rice

The study presented in this section investigated the effectiveness of LASF
topdressing for forage rice cultivation. The rice varieties tested included
Haenuki, Fukuhibiki, and Bekoaoba. I assigned four different topdressing
treatments to each variety: 1) conventional method chemical fertilizer, 3
kgN/10a (CF); 2) Small amounts of fertilizer-LASF, 3 kgN/10a (SF); 3)
Moderate fertilizer-LASF, 6 kgN/10a (MF); and 4) Large amounts of
fertilizer-LASF, 9 kgN/10a (LF). The leaf color in the LF group was
approximately 50% brighter than that of the CF group (p<0.05). Plant
length, stem number, and culm length in the MF and LF groups tended to be
higher than those in the CF and SF groups. Moreover, in terms of top dry
weight and crude brown rice production, MF and LF groups had a yield
approximately 15% higher than those of the CF and SF groups. Therefore,
LASF 1is a suitable topdressing treatment for forage rice, and MF is

suggested to be the most effective rate of application.

3. The effect of ammonium sulfate paste fertilizer on the growth and yield of

forage and edible rice

This section describes ammonium sulfate (ReAS) that was recovered from
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livestock manure compost using ammonia-collecting equipment and used as
fertilizer for forage and edible rice. We produced ReAS paste fertilizer
(RePa) from ReAS and examined the effects on rice crops. The fertilizer was
applied both into the side row soil as a basal dressing and as a topdressing.
The cultivation trial involved the rice varieties Fukuhibiki, Bekoaoba, and
Tsuyahime, which received the basal dressing at an application rate of 5
kgN/10a and a topdressing at an application rate of 6 kg N/10a. We
compared four types of basal dressing, each containing one of the following:
conventional chemical fertilizer(CoF), conventional paste fertilizer(CoPa),
ReAS, or RePa. The topdressing was composed of either ReAS or
conventional ammonium sulfate. The application of CoPa or RePa fertilizer
as a basal dressing resulted in an increase in leaf color and in the number of
stems compared when compared with the other two treatments. When CoPa
or ReAS was added as basal dressing, the whole top weight of the stalks
increased. Of the four basal dressing treatments, that containing RePa
improved the crude protein content of the brown rice; however, the
differences were not significant among topdressing treatments. These
results indicate the benefits of applying RePa as a basal dressing, and ReAS
as a topdressing, suggesting that these treatments can be used in specific
amounts and at specific times during crop planting to enhance rice growth

and yields when used as a component of fertilizer.

4. Application of recovered liquid ammonium sulfate fertilizer at the paddy

water inlet and its influence on forage rice growth and yield
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The study described in this section examined the effect of liquid ammonium
sulfate fertilizer (LASF) applied as a top-dressing to forage rice following
application at the paddy water inlet. The tested rice variety was Haenuki
and fertilizer was sprayed at a rate of 2 kg/10a. I assessed four types of
topdressing treatments: (1) after preparing a shallow ditch using a ditching
machine, LASF was applied as a spray at the paddy water inlet (DI); (2) no
ditch, LASF was applied as a spray at the paddy water inlet (ND); (3)
conventional chemical fertilizer was power-sprayed (PS); and (4) no
fertilization (NF). Using these treatments, the electrical conductivity (EC),
PS and ND remained stable. However, DI made the transition unstable. In
leaf color, the SPAD value was highest in the ND water inlet treatment
because LASF was dispersed evenly in this treatment. However, the change
in leaf color was greater in the DI and NF treatments. Uniform fertilization
was achieved in the PS treatment. The whole top weight was highest for the
PS treatment, followed in decreasing order by the NF, ND, and DI
treatments; however, the differences were not significant. These results
indicate that when the LASF is applied at the paddy water inlet uniform

fertilization can be achieved.

5-1. Effect of wusing naturally occurring acids on the deodorization

capability and recovery efficiency of ammonia-collecting equipment

Using the ammonia-collecting equipment, ammonia discharged from
livestock manure is reacted with sulfuric acid and what would otherwise be

pollution 1is collected. This procedure therefore represents an important
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means of recycling wastes. To enhance the safety of the procedure, I reacted
ammonia with naturally occurring compounds instead of sulfuric acid and
investigated the effects on odor and recovery. The naturally occurring
reactants investigated were as follows: lactic acid, pyroligneous acid and
apple vinegar (organic acids); hot springs water from Kawayu, Sukayu,
Tamagawa and Zao; and controls using groundwater or 5% sulfuric acid.
With respect to odor reduction, apple vinegar performed the best among the
organic acids (p<0.05) and produced an effect comparable to that of 5%
sulfuric acid. Among the hot springs waters, Tamagawa water had the
greatest effect on odor reduction. In terms of ammonia recovery, lactic acid
(of the organic acids) and Tamagawa water (of the hot springs waters) were
associated with the highest recoveries. However, a large reduction in odor
levels occurred when using each of the organic acids. These results indicate
that naturally occurring acids provide effective alternatives to sulfuric acid

when using the ammonia-collecting equipment.

5-2. Deodorization using concentrated naturally occurring acids and their

effect on ammonia recovery

In this section, I present the results of using concentrated preparations of
naturally occurring compounds instead of sulfuric acid to react with
ammonia, and [ investigated the effects on odor reduction and ammonia
recovery. I used pyroligneous acid and apple vinegar as organic acids, and
hot springs waters from Kawayu, Sukayu, Tamagawa, and Zao as reactants.

As controls, I used groundwater and 5% sulfuric acid. These solutions
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were used at 2, 5, and 10 times concentrations. With the exception of apple
cider vinegar, increasing the concentration of the reactant decreased the
concentration of recovered ammonia. In each case, the effect of increasing
the reactant concentration on the nitrogen content of the reaction product
was small. The effect of all the reactants was equivalent to that of 5%
sulfuric acid and was superior to that of groundwater. In terms of odor
index, the effect was maximal at 10 times concentration. The effect of the
hot springs waters on the odor index was significantly less than that of
either the organic acids or 5% sulfuric acid. Hot springs water had an
approximately equivalent effect on odor as groundwater. In terms of
nitrogen content, the effect of hot springs water from Tamagawa was higher
than that of 5% sulfuric acid. These results indicate that concentrated
naturally occurring acids provide effective alternatives to 5% sulfuric acid

in the stabilization of collected ammonia.
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