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BERUCHAT OB IR I DL S Thot, &
SLER X DfEfE & 75 b O R 0 B R R S D EIS B E 2 105
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~—A MEE (8-4-6), @P 100 R i3 EHEEZEE S 100%
BEELEE~—2 PR 4-4-3) &L, FhFh3E
R &SI E % 20%H18 L 7o B CEIZ IR 21T - 7=,
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AV Y EANRDIIRES Vo A THHEL, £NMK L 45
EDZDFAE Lic, FEHZ 1R B 3SKEL L,
9HA 15 Hiciltlis X O (148E) 217\, KEHR
I BB, = v T 7 B 108 (GRIEZE 83.3
PRm™) i s X 5icl5 & 27T\, 10 429 H (EER%
45 H) w—FHIEHIT 5 7=,

(2) TE¥3s X O HEE D EREY

TED R INERY (BERER 45 H) » 10 H 29 H izl L
7oo BRELU 7o 30BHE 105°CC 1 HRRY o> B2 38 42 yE AL TE % 17
W, ZDE60°CT 72 I oA X e e, Ao 3
TR L THOMTICE L 7,

THEIH 1 wwRT X5, FRUEYHEOE T2 H0)
WERL R (i 6cm, Bi6em, WS 6cm) ZITHIAAT
BOHL, O~®D 7 v v 7 ST TEI L7, 723:56),
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*1 Rt EoE(bEE
Truog- TR
RILE pH EC T-C T-D C/N NH,-N NO;-N P,0; (mg kg™)
(gmL™) (H,0) (dScm™)  (gkg™ (gkg™ (mg kg™ (mgkg™) (mgkg™) K,0 CaO MgO
0.74 7.33 0.49 22.1 1.4 15.36 24.7 82.5 302.8 180.8 2,080 19.8

22 AvryvyvoavFrRRCEFLEUEROERES G R L OHLE

ZRpaEE (%)

MR (gm™)

JLEE [ EPSR

WK e ArpE N+ REBEN 7ve=7HEN WHEREN N P.Os K,O
=R A A V(154 — — 40.0 60.0 12.0 12.0 12.0
P1* REEE<—AT 0.2 99.8 — — 9.6 9.6 9.6
P 50% B~ — A b 50.0 50.0 — — 9.6 9.6 9.6
P100*  ARE~<—A b 100.0 — — — 9.6 9.6 9.6

BRI LT 20%BIECHER, MG BREGIER 5 om, BE2.5cm & 7.5 cm AL AR 2 BUEAC.

e BT 3Y YRZE S ) (N-P,0,-K,0=16-10-14), P1RIRFEEE (N-P,0:-K,0=10-10-10), P50 K3HHEER
50%EE S (N-P,0s-K,0=8-4-6), P 100 K iZEHELER 100%E (N-P,0;-K.0=4-4-3) B & LhLThEM. V¥
BRRSIRY VEEEIK, » v ARES B ) v A THRE.

o RRIE IR  BHBEROERRS KB, €4 1y, FE7 S BIEE, RAHRPLK, P50K, P100KE bR

_ 18 .
5 5 | R e
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6 = i
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ee“’,\ 12
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@ q) © I AR SR
9 -3 | 3 GEHEAB#Scm, B&2.5cméT.5em)

(B4L:cm)

M1 &virvvvoavFraRcsd s ERRT w2
@B AR O, E 5 X 5 KRE L, &
B L7 H3E B I 2 mm OFi Va8 L CatTiefi Lz,

(3) B X CLHEOSHT
W%%wﬁﬁ,éﬁ?%iﬁ%ﬁﬂ7x:»EVE%w
== Ut VEMIR T O RYER B R BUR 0.5 g I EE K
50 mL %fi%, 1ERIEL 5%ABL, BN iclbiEz
Cataldo 2 TEE L1, £RZERHAFER % C/N
7+ 54— (FEkyr I H A8, NC-80 Auto) =X b
=g U, BIEE T 2 2 € v AREEER 10 2 12 10%
AR Y VEREMZ CERLT, KIREBEN% LMD LD
kG 200mL WEEBRABL, AR ERENFZLE
st (Merck #8!, RQ 7 v » 7 =) THIE L™, 1
DiEEEzeF T AT 10 g 2 M LS U v A% 100 mL

P2 CIEEERE 5% ABLY, KEKEFEY X
DINBERRER IO VE=TREERYEE L,

2) EBR2 HFHEBICBIIBBHKOERES L X—

Z bt EEBHE O & DRER

(1) Faffss X oAk OFEL

~— 2 b IEEL o FigEh e D ER LR R (L O HER
I B I, BHAKOUFEERAR AT - o, Uk
FOHEARES LM 2 R LT, EA LERE 1R X
ORMEBRIEER]L LRETH S, 1/5,000a 7 7 F v
Ky b tER 3 0kg FTEL, UV VIHEH YV 2 BB
BAIUCHA LBTR E = — & FEEE A LD
BE5cm, HEX5em {UBEcHIRcERE L P1K, P50
K LOP100 RA&HE L, @NEX L MEERER
400 mg N pot™? (20gm™2) & L7, MEfEE, £» + EH
I 0 25°CI i U AR AR Ule, BEZKITREEARBHIRD D 2
B2 C, Ay b FEOBH OB T 28 HAKED
100mL icic® X 5 I L e bAT- fo, BHIAKZ R
L Ey bid, EbIc 25°COERHRN THERIT-»
Fo, BRI IMER o 3REE L, 40 HEITWY, %
D oBHAES B L icEE 9 E (900 mL) AL T
IIFTCHE L T2,

(2) BHAKDERINT

B H kR O RSEREEZE 2 13 Cataldo B2, 7 v E = 7 &
BEIA VT = AR ICI ) ZRERHEERTT -
fo. EleadF v TR Y v ASRIED L ) eE

%3 BHKOYEEBRRBIC KT 5K B X Ol E

. - . filNEEE  ERES
ALK BERE ki Wyapes (mg Npot-) (kg pot=?)
V=T G 2y (4157 TR 400 3.0
P1 REEE~—AL ISRy 400 3.0
P50 Hig~— A b R A 400 3.0
P 100 B~ — A b R RrHEAT 400 3.0
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B3 RiEEHEASR

REHUEL, 2ERPDEBEERL 7 v e THEEZES
BREL-BELEREER L L,

(3) ~—=x b ikl RER

=2 bR ORI, BAORMEEEE & L CER R
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LRS00 g 7 7 v R AR (B wART, T
T L& 2R (B30 oREh s, A ciX
SIINT 7 7 Y ANFEHREA T, ~—2 b JEE 500 g 25
T Ui B BRER A E L7220,

3. #& R
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2T F BT ) ORREIE 10 8k, NS 13 5%KECHEEN o

Z &%T (Tukey's test, n=3).

ERBD LI hs» 1o, INHER DIEYHE DRSS B & BT
TAaANEVBEEEXRIS KLY, BTM72arey
BREBIETKIDPIK, P50K, P100 XAE< o5
TERZ R Lies, WERENCEEZ 35D bhich - 1,
77, HEREEES -2 NIRRT LXK ETR X
D &<, PIR>P50R>P100 R Th ot * 1-18FF
X% 100 & LB ADERIIREES < — 2 R 2 iHE
L7 P1IRT89 (11%EA), Bh~—= Rl 2 5Em L
72 P50 R T79 (21%%k 4), P100 K <69 (31%i 4)
E7eh, P10 KOMBRERIIETRCH L CEBERET
L7,

(2) TEhoEkEEs

IR Iz 35\ T, Bt 2T BA A T L 2R 7 »
7 B TIEOMBERS X 07 v E = TEEREOSH VY
6 nlic, BETROWEBREZRIIO~@nL 7 ny 2T
100mg kg™ LIETHH, Dk L U®12i 350 mg kg™ L
EEELI, —F, PIK, P50 K& LU PI100 X o g
BRERE, O~@®ne 7 rvvr7 L 34 PIK>P50 K>
PHOR &Y, REEEG~—2 MER P1R) & Hik
LT, B~—2 MER (P50 X, P100 R) &< 7o
o, EIEBEN - FEEREN I EREREORSES
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M5 =v5rRBesdsEUERoAy vy Yy vORBEER I OETHET A2 EVREE
B s T A7 7Ny PEICIKSUKECHEEEN DS LR T. NS S%KETHEREENN

Z L #wRd (Tukey s test, n=3).

NEWE S EREEZOFEARIMET L, Ebhie~—A

R R TR L FhoRic kT d, HABEG, ©
A DD~@ (EEHFEEN) o, HEEREE R RIE
BECTD bt &b, FEFIEALE DB~
B aEEE R L, 7Y E = TRERIETROON
P1R, P50 K, P100 K X »{EWHFIZH 57z DD,
SRR S RNEX S L 0E T R v 2 TRERERIT
E“E&b';)?}’bfiﬁ>o 7.

D~@D7 v & =THER I HBEEROBELRD,
SR O EKEERE LR 4 R L, EITKOE
BEEEZEIEE~—2A VERNEBERLP0RKS
P100 KX hig<, EBITFRCEFD 93%LL L HEREESR
TE® bR T, P50KE X 0P 100 Ko MEREER
BIHETRKE LT, FRERZUFITH8%THD,
AHEERORMEEHAGNE L b EEEL T, — T,
PIK, P50, PIO0RickH5s7 vE=T7EERED
R I TNTH D, WL X AR NE o T,

2) EBR2

(1) BHKROMmEEEER X VERBEROHR

VRSB I 1) A B AR 0B K OTHIRRRZER
BERIOTvE=T7THEERBEOHEBE LN T ITRLE,
BARONBEZEZIIEEERC 400mg L B EERL
T EF L, 20 HELE@X100mg L Bife CHEB L
7o, —F, PIR® X O'P50 ROMBEERIEER 10
AE%<c, PIOORKITISEEETRGEEAELERDDR
Mote, ERBEHBEOWMBEERBEEIPIR>P0
X>P 100 R CHER L 7=,

7 v = 7 BEERETRAMEEERZRIC 50mg L Ak
Thotohd, DREED TEWETHER L, £7P50
Ki35 HEE 80 mg L' Th - fe LA EIRE L, P1K
B EOP100 X & EREIC 30~40mg L THEB L, 7V
= 7THEEEINBEER L HKRLC, SUEKEOER
WK <, EREESEoEHIEBEERYERLL T
7z,

EHFX DB H KR OEHREERBEE O ¥ 8 1R
L. PIKE P100 KizkEE S HEZ R b <, Lk
ETF L. Po0 REEEEE, ROE S, DBRET L.
+7-20 HE* CoOBHEIT P50 K3 X 0V P 100 X & Hig
LT, PIRGES CEWETHRE L P1K, P50
X, PI00 R & % 20 HEREEOBEHTZE A LR DR
Teinoto, BT EIE 28 L CERRBEROEHIL
B TH, BIS—EDETHERL -

(2) BHAFOEERSOBRBEHE L ~— 2 I

DR

~— 2 b EEOEERSOBEHEDE I, RO
ENREEI NSO TRV EHERE L Iclcd, -2 ME
Bz v rfE 500gs™) FREELAEZAS, P11
X 2.84 7, P50 RXA5.90 #, P 100 X2215.96 B TH
n, REEEG~—AMEE P1X) 2385 dHERE,
AR — 2 MER (P50 X, P100 K) I EHEESR
DEEEHENE B EREREP -, BHT7TR8IOK8 I
R U RRE S R s L OVERRRE RO BRI HE 2R,
YRR & OBE AR 9 1R L, EREERR L ORKEE
FELHMENEL B EEHEMMET T 3HEA 2R L
. EAKESEZCOWTRPIREHLT, P5OK
X OVP 100 1% 100 mg pot™! BLEHEWER TR LT,

FHIEX BT BB AR OERES O RTHEHER X
DeEEFoEEERYE S IR L, HBEERIETRS
143.3mgNpot ' THELE L, PIXD2.91, P50 K
D371, PIOORD6.5ETHoTe., 7V E=THERER
2P 50 KRS Eh o iehd, SAUEKECHEREERIE
FOERITDONIShoTe, —ATEEEBERIPIX
2 148.4mg Npot TH & & <, P50 X » 3.5,
PIORDS.0ETH T, £z, EERBILIOCEERD
BHELE TS L, PIR>ETR>PS0X>P 100 X
Thote. P1REMEEEZD SEL EABEHL, BHL
TR TEREE Y D ERBTE o e, EROE
CIREECEE Lo LRI S,
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] 1817 P1 P50 E P100
400 | 400 |
ﬁsoo Q;g'soo ‘
"w 200 "w 200
£ 100 | £100 |

o

g

§¢0

(mgke™ E1)
8

8

o

g 8

(mg kg™ BE)
N
8

o 8

TET7OE-TRERSE

M6 +wvivvyvoays @Rkt s S0l R ot f5o S oo
N — R R, O~@BR BRI = v 7 BT

R4 Avvvyooay T FRBRC TS AEK OB 8 o EEE

ERB=E

. TEisREE R 7 v E=THES EARREEER
JLHE X
A (mg kg1) (mg kg™) (mg kg™")
H 1T 1,541.9 113.6 1,655.5 (100)*
P1 1,478.8 167.1 1,645.9 ( 99)*
P50 1,167.7 192.8 1,360.5 ( 82)*
P 100 772.0 187.5 959.5 ( 58)*

Ay aNOBFETR OEMEEE S 100 & L8,
FEREERBRERIERE 7 = v 7 O~@%NE L -l Y =T,
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-o— {877 —~—P1 P50 -==P100 —o— 81T —-P1 = P50 -o-P100

500 [ 500

400 7 400
.Ii\ -t
- £
E00 gﬁ 300
5 S
=5 200 i 200
- ]
=3 Al

100 f~ 100

, w b : :
0 10 20 30 40 0 10 20 30 40
ERARK ERRH

7 HREEEERBBIC BT 5 B X 0B AR O EEREREE OHEY

‘ 4. & =
800 r

KR 1R\ T, ERMERORRS < — 2 Bk %AW
TGRS 21T, &Y vy Y v OMBREEIC TS
FECOWTRE Lia, < — A M ER R AISHEE CHEM L

TAGOO F

g 72P1K, P50 R X O0°P 100 XX, BT R LTt
k 400 N N ;
8 B3 X CBRRNESRETH - e bbb T, Bk
- HRMETF B EASTD bR (4, 5). <=2 MB

Bl A HaHER S A, 1BTTHEAE © 20% 38 © & [NE 2 ¥
LT b, BMBEREEIRSH -7 i onTikv
2 AR E LICHTER? EEKTH Y, AEBICR T
FEFSIRAER S e,

o 10 20 30 40
HEEY

] VSRS BT A FUHE X DB DEHREER e 1 Ll e L
HS R R0 S SRAROBIAEOREEER e cusmolpe e U CHARERS LT, R
R R AR REE AT L, TRREREErRE FEE— A MO REBTIP1RICHY) X9,
LB a R Hete T OREIC L D, VA ADWBSEMETT S
CERWELL., XbrFO—RE LT, ichmadik
MR OEROEHCBEMENAREES < — 2 MER X b
BEDS o Totedd, RIBREEEOWRINAEI S hs 2 & &8
T: 160 ":: 160 P
2 2 L
- 120 & 120
é P1 PBO é
80 80
ﬁ Noo ﬁ °s0 P100
g 40 & 40
0 . (] I} w 0 1 i
0 5 10 15 0 5 10 15 20
HEBE(500g s ™) #ERE(500g s7)
9 PRSI 351 B < — & b ALK 0 Hik R o SRR EE R
BRI ORISR LEE L OB
SEMARLE R 3 T O IIBER RN A v b bic ) O RFVEHE YT
£5  YREERBICE TSI R OB HIKROSERNS O B HE I X OWHER
2REEHE (mg Npot™)*
LB X SEEEYHE (%)
R HREER 7o - 7EEE  HREEE 5% =i (o
18 17 143.5 13.5 22.4 179.2 44 .8
P1 49.9 19.0 148 .4 217.3 54.3
P50 38.4 28.8 42.1 109.3 27.3
P 100 22.1 19.1 29.9 71.1 17.8

KO REERS O BEEE (mgL™!) CBHARE (900 mL) ZRELHEZRT.
w32y b Bie b OFENZEEE (100 mg N pot™) 3 528 ROBEMHELRT,

| . NI -El ectronic Library Service:;



Japanese Society of Soil Science and Plant Nutrition

=0 K - A QISR TR T 5 < — 2 M EROZRELOB AT LY Y v ORBE B IS EE 85

L7, —H, ZRBICB T, <— 2 MER%HEAELE
BB OEBEERP1IX>P50R>PI00 R &7 D,
IREBERYERS L THIREFES -2 MER (P1
X) Xb, -2 EE P50 K, P100K) »fEH
L= A0 EBERIIMEL, FE#~<— 2 b ERNEKES
EROIAFEIE CEEEBEEIMET T 2 EE LR L
o, R=2 FERoOBEOE T IO T, HED RN
<=2+ O FBRTEAE & KRRIEE o 22 fE IR A 1T -
TeEG D D U le TR OMBEER Y TEL, ~—
A BRI BT R OE R 7.5 cm B BETTEIE L -5
&, BALE 2 H®E 156 em (8 o LK OB E %
B, s 40 Hc, ReRIERo2m2ERHIT & ik
LTELLEL - (W1/3FBRIET) CE2WmELT
W5, AEBRICRTh, EER 2 TBHAKkToRBERS
DEHREEYRET LI oA, ~—2 MER AL %
P1KX, P50 Rk X0 P100 KoMBEEZR IETR
HLUTELEL, SBOMELFAETH-72 (E5),
—77, BREEFRFEIPHOXPLPI00XRLEELTCPI
RKixfad i<, IRBBEER» O HEE CARLE
ofel &b (RS, X8), PLRICBWTIRRERESE
ROMEME» O DOBEHNEZECH oo EF 2 b5,
B~ — A MERHIRFES < — 2 MER & HEL T,
WEET v o — v is EOFRBEIEY OEE 1 E L, EEOKE
b B TWBY, Foicw, BHANSEHELLE
BREREZEBICEREN D> EOWTIE, ~— 2 g
DREDOHEL b FRTHLERD D EFE2bRD, Eii
2B T, R—AMEHOKEIIPIR L D) P50 KT
m<, ETHIPI00 XKFFEZBCE -7, FofEERNE -
FEBHKFOEEEEZRCEHREZZORHEET T
HHEMEFRDI (K9, ThabbREBEES<—A R
i, RPEEME S, MABICHEIEAIE S SEE LS 0 - o
%, BHBOEBIEMEEI NI DEELZbRS, —
77, S -2 ERHIEREREROEAEE N BV E
Rt DS <, AR 2SHEARALRE 2 SEEH LT < o foicd,
REEE~— 2 FER X D MBI ENEBR IS 0 LR X
5, FIHELUAOERE LT, <— 2 MERoZEER
BOBNC L BHELEZ LN, REEES~— 2 M EE
DEFJBEDELDOREDIRERTH S, REIKBETH
D, ¥LIEEMECWETHL 0D, MAKRT R
TERAEMEBCRE ShIZ Wied, BHELE o2 &
BEzZOLh3B®, —/T, B¥—2 MEEIL7 3 B
BRI B EDHEY S OBERSEFERET L &0
b, HEBEHIBCREIhE L, ZODEHLIEL vy
TebDEFEZ LR B, EEE2TPLK E P50 KD,
HDZEFHINE o lcb 0D, FHEEREOEHE T
P50 RAOBEE R oTcZ &b (MK, Bhsres
FHRTH ol Z E SEHBEOENCEHEL RIS LD &
Bhns,

R— 2 b ERORBEIEIC O T, JIE - SEHTO
MERBER A RS &35 < — =+ JUR 2 2 (B

Motk X OB AHKLS) cRIEEEL, SEgEEED
BEMELRHE L ER, MA%2~63 HH,»3 T, I
REMIE A S BT - BEAFICREE Lic & L, % -Riress
DB NERREROBBIC KM I i 2 L2 HEL T
L, KBTS \Ch, -2 MERERHE LAY L v
VUSRI B OMBEERE R, HIEMCEG, ©F
vy 2 bEGAA~NOBE R L (M6), - gHO
R L FAROEAEZ T TEDOTH Tz, SHEETr v 2
~BELCEBREESEE, WFRLPIR>PSIR>
P10 KTh oz, Tihbb, AIEMEIERE KT, &
B — 2 P ERHIRBES < — A MER S BT, B
BEROMROBE IR E R ORE B o, Fifles
ROBEHCBE N7, FDbME(bE & ORSERLE
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Effects of Differences in the Nitrogen Composition of Paste-Like Fertilizer Applied as Side Dressing on
Growth and the Nitrate Concentration of Spinach (Spinacia oleracea L. var. crispa)

Yasuhiro Mishiro, Katsumi Ohta* and Shingo Matsumoto*
(Grad. Sch. Agric. Sci., Tottori Univ., *Fac. Agric., Shimane Univ.)

To evaluate the effects of differences in nitrogen composition in paste-like fertilizers applied as side
dressing, growth and nitrate concentration of spinach (Spinacia olevacea L. var. ¢rispa) grown in containers
were examined and compared to standard fertilization using a compound fertilizer (standard, N, P,0s and
K,O applied to the soil at a rate of 120 mg kg™'). Three kinds of paste-like fertilizer, which differ in nitrogen
source, i. €. urea, a 1: 1 mixture of urea and residual liquid with fermented molasses (RLFM) and RLFM,
were applied to the soil as side dressing at a rate that was 20% below the standard. Dry matter production
and N uptake in spinach treated with paste-like fertilizers was comparable to that treated with standard
fertilizer, while the nitrate concentration in spinach treated with paste-like fertilizers was lower than that
treated with standard fertilizer. Among the paste-like fertilizers, the nitrate concentration in spinach
decreased with the increasing rate of RLFM, in which the major N sources were composed of proteins and
amino acids.

To understand the possible explanation for better growth and low nitrate concentration in spinach
treated with paste-like fertilizer despite the lower application rate, N concentrations of ammonium, nitrate
and organic N were assessed temporally by leaching water from fallow plots. At the initial time of incubation,
the nitrate concentration in the leaching water from the standard fertilizer was higher than that from
paste-like fertilizer treatments. The paste-like fertilizer composed of urea, however, showed a higher
concentration of organic N which was supposed to be urea. The fertilized-N of the standard and paste-like
fertilizer composed of urea might be immediately eluviated by irrigation. However, N concentration in the
leaching water after treatments with paste-like fertilizer composed of RLFM was lower than that of the
former treatments, suggesting that fertilized-N might remain localized. The amount of N eluviated during
incubation showed a negative correlation with the viscosity of the paste-like fertilizer. The highest viscosity
was observed in the paste-like fertilizer composed of RLFM, followed by a 1: 1 mixture of urea and RLFM,
and the paste-like fertilizer composed of urea was the lowest in viscosity. Therefore, it was suggested that
the paste-like fertilizer composed of RLFM or a 1: 1 mixture of urea and RLFM showed limited N leaching
due to the high viscosity. Therefore, spinach could take up N efficiently.

Key words nitrate, nitrogen composition of paste-like fertilizer, side dressing, spinach
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