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AT OKRFEOHRITE, TRAER K UER TR
MR OO 72 KR OBERERNT R EE T
BGRREREE 2o T\wWA., TARIRLEKIZHAKE LT,
PRSP EOKEAKE LTHIA S h EROERE %2 B
ERDLZ LRI > THWE DD, LELREFEAEZ
DLDOEWINT B L EIL> T RWY, £22TH
REKRMEATEERKO—EEZREL, £HICE-
BERKE EAOEKE LTHERTS 2 ERES
nNTnz (B 1982). AKFEEE IZMEMRIEICH
RCFEAKEPEDOTREVI L, EEAKEEXD
BEEMR SN TEEEMENT £ 5 (Feigen et
al., 1991), MBREZKMHEKE LTHET S Z L2°
RLLEND, BEROICISISICKEOREINE
RMBARSFIHEND LD ETFRENSLD, BEIT
FMFKRENGR LT L EDPRENTH S, #oho
HHOR SN HIROKATIEH 575, T TITRML
BRAEH EN TV,
ZRBEKIZER SNLBA O TKRBOET K

LEETHHIDORERE S THS (HE 1986). =
DBERSZICT v E7THEZ EWBEEE,S
528, ENENOLERLREITMEIERFH, KiE,
RANCEDELT 5 2 P ERTH S, KREHERE
HomREz, ThbbERERIIAEOS T ORI
BICLEBLERTZ2OEATRTH S, LT
BREFEOBHTRUEK BT ISR OER
PEREBRIIMZATHI2BE LTiRz6 2 itk
5. JUMNHIRIZ BT B BEDFEAMRGTES 2Ry
FRERIZBWT, ZTRABEKOBRBEICHYT LB
BEOT v EZTERERVIINBESFZ L EUERKEY
FERETRAIS0 0 (BeBsa ) 1Mk L7 & & 1338 EK
CHRIBAHEMUNER L 2 o7 (#H52001). —F
HIEERZ A LSRN I ERBEOR VERK
BRI B E, DNEICHT2RITENIETIEREIE
BOWIHEREBENEL o/, DT &k, B
FHE P E T2 EEREHORFICB W TRICESE
THh o7z (Ikeda and Watanabe, 2002). #LT7
VEZTHEBROMREIHEBRREEZOMELIYKEY
TEARENT:, EETIEHWOBREEIE kL L
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IADEERPBET T A LIk bLEns (HbH
1994, Fgd 1998). oo RESERAR L EE
L, BREILEOSHERELTHZ 5 Z & ERS N
5, BIGEAHE M LREELRE(TH0ICR e
T ENTERY (KIS 1986). £ T, AW
TRERABEE B CERKIEINE T v ES
THEESERUHBESROMEZBEEZOHEL L
L2, Zhickh, BEARERESEHMIIBT S
ERKICEINET v EoTHRERZ L MBESZEOF
HEX2/LILNTE, BREEORWERKEL R
THKEREIC BT AHMEERMHBL AR T 2720
WLERERIBEONS.

Loy S
KEOIE

1 em O &8 L= Bt (1 RE A%

BokHoOKEEB T, % BEL, £8FE= .
0.95gNkg ™, CEC : 8.3cmol (+) kg™) 9L % /8
LEEKODORF 722000530 1 7 — V7 7 ARy M2
FEol, HorULOBHICES0g 2B L LE
TEAWMOB L, BEOEFRII0.8gN, Y EE A
131.5gP,05 £ 1.5gK,0 M2 K CRELADE, K
FRLAEEY FTELXOLCRLELICEALL. %
EERICHEBET v Eo Yok, YVBEAYIZIE) v
Eeh) v aefER L. 199946 Bl60 (FEEO 3 H
#%) AEHOBI AT 1/RE LRy M4720 2% 8
L7z, 4% (Oryza sativa L.) ®&fEiZe /e
HYThHhol:. BRAKVERHBIZHEEISRY P2 E
%, WRBIIIBEREZEITE7:0Ky P2 FHTAEA
RE L. FELHET ARy M2k, S—EEED
0.25gN % 8 A5 HIZ, HZHTHLD0.15gN % 8 A
LHIZWThSERTHE L7z, 8 A24HICHEREL10
R 1HICHEE2X DA -7,

ALK

HOTEET 5 F CIEENKRERAK L7z, WEAEM
AKELT, ZRK (EK), HIE7 2= 4X
ZREEEF P v A% TmegNL™' (i) R U714
mgNL™"' (BigE) OBETEMNKIZERML 2K
(FENENT ¥ EZ T AGIIK & FEBRIERIK & IF.5)
R L7 ZRAOKEL, SHEREAR IR
1D BEICHE SN T4 (Buhiyan et al., 1998).
ERKLBEIROLEBYTHL., BEKEHO T1 XK
UHBEREHAO T2 XK CiieliM 2 @8 CTENK LR
AR L7z, Tn K CIHMEREBEIERNAK, Ta KT
IR T V= LMK, TN XTIl REHIKE

WhK, TARCEHFmBET v E= T ARMAE, 8
B5H»59A30HFT (56HHOBLHM) #hz
WAL, TAaXTIX6 8247258 H4H (42
HEOREHMN) T THRET ¥ E= 7 25Nk, 8
BS5HD»S9A308 F HRIEET v =7 ARk %E
WKL, TNn XKTiZ6 HUHE»S8H4HET
(RT=RHIM) BiBEERSERER Nk, 8 A5 H»59A
30H T (BHiH) (KIBEMBRERIIKERK L.
HEX L b IREONEE LRBFAKOERIZ L > TH
L7, AHOBEERK LBKERESHELZ. TNn
K& TAa XEBRRTHE, fEBIcBnCTiZ1 8
Bz 2 Bk L7, MMERAZHAK L2 HICHERO
LREKEBIRICEDIKELRHE L. 9 A16H M
BITHEAM 2K E2 L 9 Ik L7,
RIE R O

TEOB(ILETEN L IET A72010, BILETE
& (RIEE M T PTS-2019C) % %W ERAT 8 em D
ERICHRD L ICHEEL Eh 5 (EHEEETE RM-
12P) iCERL7. REEFREOES L EGEST
(X% SPAD-502) TRl L7z, IEH % H I X
ETRKHEBEL-OBT0COIRBEEE T2 ~ 3 B
BLC, ZELBOGBRERBYHEL:. Bz
EOVNEBRERLAE L. MWEEESERER
DAHDIT, EELEEYA 707y 7 BEE TR
L7 RBAB 2 VY —VDRLA Y R 72—
Rl RFECL VEDREZREER L (Cataldo
et al., 1974).
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1999 DFIEHIM o HIREEEIL, 9 A LB T CTIXF
FEDKB60% LR DAL, IRFTHIFELAT
Hot:. BMHPEHERIZLALNFTAETIT>
7o. iR 7T BHRE T TIERREL, I ARH LR
RREOICHB LA, TEOENRT AREE TIC
—100mV LTz, #0% 9 BFaGE Tid—200
mV UFTHR Lz, WBRIERmMAKET v E=7 4
WIKDOMIZ L8 Eh OZEd o7z,

ALIEERRE s O HEMER L, T2 X T1.8cm/H &
/N T, MOXTIZ2.0~2.2cm/HTHo7z. EREK
DFERITOB~46%THo72. EBED/PNE VT2
X, Tn X, Ta RTlE, BREEINNEIWIDRER
BMOX & HRTEL o, EBHKE»SEIEL
EEKICHE T 2EZERWE S Table 112737, &
KD DEZEFEIZOVTERREOR TR,
olz., Tn KR Ta RCRBEEERMELE, TN
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Table 1. Forms and concentrations of supplemental nitrogen in irriga-
tion water and nitrogen loaded from irrigation water.
Preatment TOI.) Nitrogen Concentration of nitrogen Nitrogen
dressing form Early period Later period loaded
mg per L mg per L g per pot
T1 + - 0 0 0
T2 - - 0 0 0
Tn - NO; 0 7 0.399
Ta - NH, 0 7 0.403
N - NO;, 0 14 0.863
TA NH, 0 14 0.860
TNn - NO; 14 7 1.026
TAa - NH, 14 7 1.051

Early period: June 24 through August 4 (42 days)
Later period: August 5 through September 30 (56 days)

Table 2. Effect of nitrogen in irrigation water and topdresséd nitrogen
on dry matter production and harvest index of rice.

Dry matter production

Harvest
Treatment .
Ear Straw Total index
g/pot
T1 60.6 be 69.2 be 129.8 cd 0.47
T2. 44.2 a 60.2 a 104.5 a 0.42
Tn 46.1 a 60.7 a 106.8 a 0.43
Ta 47.7 a 65.0 ab 112.7 b 0.42
TN 56.4 b 67.0 b 123.4 ¢ 0.46
TA 60.9 ¢ 72.8 cd 133.7 de 0.46
TNn 62.2 ¢ 76.8 d 139.0 e 0.45
TAa 71.5 d 87.2 e 168.7 £ 0.45

Values with the same letter are not significantly different at 5 % level

by DMRT analysis.

XEVUTARCRERZZHYE, TAaRED
TNn X CIIEREHZHLEL LOZRIF KBS S iz
Ckiikd. TAaX RO TNn RIZBWTERED
55% TSI RTL LT, 45% (HEEHLEL DR
RE) ERBEHBICHES SN,

EHL, TAaXTEP oMM RXE TIEENZ
ot BEXiE, TIKER~RZE TNn RE U TAa
XTIREETH Y, oRTidEd -7, ERERE
3, TINERUPTAXTIATAEFTEHCHERL, &
FEREST VES T LBEROL EEPo .

Table 2 IZIVES D EEEZRT. BE, %
EEHIZTORTRO/PEL, TnK=TaR<TN K
<TA X=TNn E<TAa XDMEIZKEro7. 7T

Ty AEEFZORGSKREVERTH 72, TN X
& TA ROIERED TL RO L DRV, oK
DOIFERREIT TI R & ) RRefEh o7z,
NETHAIMERIHEEL D b/ E DS, FA
HHEELEHTH L. KFONEHRRER% Table 3
WZaRY. T2X, Tn X, Ta X, TN Kof#E#Hix T1
RobDE 047 TNn K& TAa RTid T1 X &
DHEEDSS P, —FERBIET2IXK L Tn RSO
XTI TIRObOEREEUEE R o7, BRI,
TNn K& TAa R TTI R%#BAZEPEL2TTIR
P FEbo/z, BITHRHEE, TNnXE TAa RO
bDPBANT, TNRE TARD D DPRATH 72
WEREERIL, TNRE: TARTRRERD,
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Table 3. Effect of nitrogen in irrigation water and topdressed nitrogen
on yield components of rice.

Treatment G?aln No. of ears No. of grains 1,000 grams
yield weight
g per pot per pot per ear per pot g
T1 57.9 ¢ 32D 76 be 2432 ¢ 235 ¢
T2 42.3 a 2 a 69 ab 1794 a 23.4 be
Tn 43.4 a 28 a 65 a 1820 a 236 ¢
Ta 45.8 a 27 a 73 abe 1971 ab 23.2 be
TN 538 b 28 a 77 be 2156 ab 24.7 d
TA 58.3 ¢ 32 b 73 abe 2336 be 24.7 d
TNn 59.5 ¢ 34b 9 ¢ 2686 cd 22.2 a
TAa 68.7 d 3% ¢ 79 ¢ 3081 d 22.5 ab

Values with the same letter are not significantly different at 5 % level

by DMRT analysis.

Table 4. Effect of nitrogen in irrigation water and
topdressed nitrogen on nitrogen concentra-

tions of grain and straw of rice plants.

Nitrogen content

Treatment
Grain Straw
g per kg

T1 10.2 a 5.4 ¢
T2 10.3 a 44 a
Tn 11.2 b 54 ¢
Ta 113 b 5.5 ¢
TN 12.0 ¢ 5.8 ¢
TA 13.0 d 6.8 d
TNn 113 b 49 b
TAa 12.0 ¢ 5.5 ¢

Values with the same letter are not significantly dif-
ferent at 5 % level by DMRT analysis.

TnlX, TalX, TNnlX, TAaXTIZTIX & T2 X
LD LB ko7 (Table 4). BRHELST ¥
EoULABEROL AVWEREEEIEL 2 HEMDP
Boohil, EESREAEE, T2XTHRETHY,
TN K& TA RIZBWTERo72. FRI, BREHE
BT VELYLEEROL XEREESEEFEIRBL L
AEMDRD SN,

WEEEOEREREY Table 51TRT. T2XT
TEBEXIIRDTH Y, EEK»OHEHLYOER
EPES AN Tn XK TaRTOWMEBEBEEITIX
DHDLEY bMEdposk, TNREE TNa REI O
TAR & TAa R TClREAFRSEOEEETH o 72,

F—2&FRE CH—OMERE T, EFERENFT Y
TV LABBEOL EEMENE holz. BEOIX
I EIZ60~65% & 72 ) BHRIRIENT Ty LREE
FOL EbTFPIE,L o7,

EDIEIC & ) ERUKICHRT 2 EEOREWIC L B F
HE#RDL (Fig. 1). BERBEST7 £y A8
BEOLXIHBERIE, -7 BEEREHIIBVE
BEoRFELECREEAE ZNARSEho7. &
W OEBERIEDSEKICHRT 2EZE0EE
(HH5R) IHEEREOMAEE ML TT? v E=
T ABERTE, o
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Table 5. Effect of nitrogen in irrigation water and topdressed nitrogen
on nitrogen accumulation in rice plants.

Nitrogen accumulation

N harvest
Treatment .
Grain Straw Total index
mg per pot

T1 619 ¢ 371 bed 990 ¢ 0.62
T2 457 a 265 a 722 a 0.63
Tn 518 b 327 b 846 b 0.61
Ta 540 b 355 be 894 b 0.60
TN 678 cd 390 d 1,068 d 0.63
TA 789 e 497 e 1,287 e 0.61
TNn 702 d 380 cd 1,081 d 0.65
TAa 895 f 483 e 1,338 e 0.64

Values with the same letter are not significantly different at 5 % level

by DMRT analysis.

Plant Recovery (%)

Tn Ta TN TA TNn TAa

Treatment

Fig. 1. Plant recovery rates of ammo-
nium- and nitrate-nitrogen from
irrigation water supplied to
paddy rice. For abbreviation of
treatment see the text. Values
that columns with the same letter
indicate are not significantly dif-
ferent at 5 % level by DMRT.
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BERFHMOBEKIIETINIERIREL LT
EOREOMRE S OPTMA O, HELEML
TR T B2y ABRER R UHEREEZZ AL
ToEEOR BSR4 BRI
BT, TYEZY ARIVKOIEIIN T 55 FIZ
HEERIAKORRL Y KE Dol TV EZTLRE
SRIIHERICL VERICEL L2 EHES R
Ve, FHERERZERIE, HEAKFH L LEOETEICE

895 EHEERICE > THEWICFHIETE 2 WEED
EFR L5 (PH1978, B - JIIT1978). T Z LS,
SRR OENBENER E ZE L 515,

MRS FIT HFE20H ~25H 8N fiA & AR B
DMK CHEEL LR T 5 L ABICHERO LA

AREEOMEFHC DRI (Filis  1986) oT, HAF

ECIEATRE SNS. FRABROFE, HEEBHIZX
DILEIZST% 72T WmM L7z, L LIRREEESHK
BHEEHAYEOER LR LTS REITLTH
3~8 %D LR bhhol. o TRKIEBESE
FEAKCRIEERBEOBREIIP DL TZOERI
BEEZEORBIZIZORVE VR LS. BEEREER
EHEKROBETIE, BEESETII2T%OEMTH S
B, TR LEERTIII8%OMIM R L
BIFRSOMEIB LN, BEOBATIREEE
DIEBDERIMEIBEN T WL D TERZOHEESE
BHREOEFEALREINE, BREEREEKOEE
3, BB LTRAELFREIIEMLZ0T, &
DEFR TP OWR L A BBEEORERFIC RO E
Abhs, HESZRRLELRSZ L EHMICERET
BEARTE DS, HEAD D DEZRIEVEE CRITH
hio THICRINS N5, F-REROTBICE
TBAITEI D BRB R L7255 . BEIEYIIRINE
LIFH L BRIEFEDENIZL D, BEAI S DEEMR
HREIFHEZZED 2L 2o TELHTHRZDOINE
PEBOENDLILIZho-bDEHEEINSD.
BEAEHRCERESREAKE, BFHEICE
BESEREEKEPEE L L &L, BIEER RS
LTORENRZ LN, Tk XIIEEE, £EWED
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BFECHEMLZ. fEECEREEREAKEER
FTHEFTOBERPLTEEEME R LRI S
(IS 2001). ZO-0BEEIHEEIHZ 2RBE
Elrotz, BPEHRIMERBEERNSZ ON720%
BRBHROHERICEEREI T THTH o720 T, T
HWEIINEL oD EEREINS,
EREAKOERIL, WERSHFRLHRICHEMNS
¥, BREOBER, thTOT UV EZTLARERD
RENEECH -2, BEMKARE TORLYMORE
BESREAKOEBRIVERRELHNS S/
(Ikeda and Watanabe, 2002). X o CHEHEHD
HEZDHb S THEAKSD SO, #HHEHICRIIS
BRRERMIHERL LRSI EIZR S,
KEEOER, TNOWBEERLEFTLRTHN
EHEBH OB L > THEBREFELZNIILEE
DFIHEHTEL).
HIREF0.8g DAES 2 & 21k (T2R), %M
EEEONBHLBOEZFEZYICERNEI N, D
ERIVIEBBERLIEERIEIN TS, TIEX
ETROBEEREFHOEIETEROEY~O
FIRRAZENT 2 L HEEROFHERIIET% ThHo 7.
COENRE, MEESWTWEEL ZIZEAKETH S
(Craswell and Vlek, 1979; Murayama, 1979;
Prasad and De Datta, 1979). #E@EKIZE TIN5
BRPTVEZYLBEROL E, FIAREFEERY
Bl ol ZOBVWREEY, EFBEST €S
YLABEBRONEIBIIAEMEE /-6 L-EEX
LNd, HEHRICRBESEREAKEERLAL S
12, IO BBEEREEKEERLAZLOT
MAEFBVOR, KEREHOLFTVERETRFEH
BICAETENKRE P> 72720 BFRORINEET I3 L
LkickrEEZLNS, BEMBCBRESRE
BXEEBRLZDOTRAHEIRLEL Bofz, TD
FA®RIE, BEEHCRREERSAKEERLLD
D& WEDPo7: (Ikeda and Watanabe, 2002). &
SERCHH LT H IR IR A58  TTHRRE
BREEONSVTETH L, ZOOFEHRPHREIC
BHEISDEROMINIIFZEA LR, TLEAES
NEBEOPRLERTVEEL LN, HEhPH
BV THRERR O & I HEPICERRER
BEELZV., 200, HEWIERIBIKLTICS
20O THEHEBEDOEIKARBEOALIRL CRIIL
RERECAREREY L0 LTRSS 5.
BHAKEEDEDEE (KIF) AKEEOSER
BEE1ImgL'THY), FERRAERBEEOERIZ

EEFEETSmgL™, TYEZTLABEHTS
mgL ' CH 5 (BB 1977). ThdbRA2ITH %
{, BHIROEHERFIEE TIRAKD OEZRE IR,
Fliw, L2 LEBREEORVAKEERSRIER
LRVIRIREEEL CT—EORBYToTX7. L7
Mo THAPEFEEISVE X IHEEES LR
FRIERORVORILRTHS. BE - MT (1997)
i3, WEMESERREOB (PR THmgNL™) #
TAREEST EKEOBVKET, EELBNESE
HHAEL WThOHEEHARO I SO 1ICEET 52
LREDAR (A ) KALEEEZL/256E
HTWERENTRTHLZ L ZHME L TVE., e DR
BEEEND, ) T RSy AREROMEILE
DT, TYEZTHEZREOB VK TIE—BORAE
PUHETHL, ERREOBVKEZERTAIBIZED
MBI 2501, BREORSHEE L IBEORERTH
5y, IR LTREZHAE RO S Z LR
BTHHOT, RELIKEDTFRIKLEK % K
R T B2 RdoND. T2, TATRAEK
I EBERENE TN O TH A BB % 1 L 725
TADEE L,

E #

TRAGHEE LB ORI E TN B BRI
FRLURTEOREOHREL O OPEMAIDIL, K
B 2Ry M REECRIIEZE R % AN L kN
(GfEe /e h ) IIT7 Y ES Y LRERER Y BELAE
EFEE TN LB S BRI B L R
AERLL. REBESEE (TmgNL™Y) 5HKZER
Lk &3, BMEEZMHIBOEZEIHAINDUL
BEOWMMI/NSLABEERIIEOMRE o7, &
EEEE (4mgNL™) BFKEERLZE &3,
WG RIZHEREEROLD LV KEL oLV ERS
BHEFEEICRIML. IXAORKREZET SER 0w
B2, BEEERHOFEI,I»D & TR %L
MICHBEEEREEKREERTAZ LEET 2Tl
5w, BRI EIREERRINK L B LR
ERECHPHMICREESRRNAK T ERT L L, %
BREVERL-ONENERE 2 VEFSERIE
FHEE LR L d ol WThOBA D, BELE
BT DT AEEZRO L MEMKBEREEZOFER
D S WIGHEPKE L Bo .

p'e #ik
WA - JIOEZRER 1978 KHEICB Bis/ER.
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Summary

A pot experiment was conducted to evaluate the efficiency of ammonium- and nitrate-

nitrogen contained in irrigation water during the reproductive growth period of paddy

rice (Oryza sativa L. cv. Hinohikari) that did not receive topdressed nitrogen at

the panicle formation stage. Irrigation of water containing a low level of nitrogen (7

mgNL™) did not increase yields so much compared to topdressed nitrogen. Irrigation

of water containing a high level of nitrogen (14mgNL™') caused substantial increases in

yields with higher concentrations of grain nitrogen. To prevent the accumulation of ni-

trogen in grains, irrigation of water containing high levels of nitrogen during the repro-

ductive growth period is not recommended whether topdressed nitrogen is applied at the
panicle formation stage or not. Irrigation of water containing the high level of nitrogen
during the early cultivation period and water containing the low level of nitrogen during

the reproductive growth period resulted in the greatest yields of grains with acceptable

nitrogen concentrations owing to larger vegetative growth. Because ammonium-nitrogen

was recovered effectively both in grains and straws compared to nitrate-nitrogen,

ammonium-nitrogen showed greater effects on grain yields and nitrogen content than

nitrate-nitrogen.



