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DEEERL, ICCOBRTOHMEMSHEYT A2 &, 10CIKS i 2 BHE, OEHEMER:
BZEWIZETHED, 20CTHRRE L 7 v 37 BOEE RS <, 100CTRT »* = 7E{LlE s
20CE DI ST { HBP ORI LB 2 S bIC AT R B), J DR,
BAEE (BEH csuTHEHEMROBMAGK L BECEI AL LI BERETIL D
DThH 2

HROBEE - LIBMEY 7 0 7 OBBICEL TIRER S A-ABBORL 2 RNLES2ER
EERT VYRR Mo THARR 7 2 TEBNTHOA, EREHMELSE -ThHs GEHEIR
B2y RA S 2E) hheb s THBREREDRG, RECREAERBEL, »2, #
EMPOER LA L b, EREBAEITRD 22 R M1 36%0HTH 2 IRHEESC I
BRZELFTED 500 I, HERRK & b ECHOEFNBERSEZ 2 2 Lo nican G
X9,

SEOBELTREROBEELS 2 EB c 2 ENBHRC RSN, LEMEmEmHATLsA
Twnd, FREABLUTOLEBTERBRAOCEENERL T30 RMEARBZHK < B(15-20 cm)
DHETHD, TOFwHiF s EEEECHER G, S8 HRRARTESHS 2B
<, 22, TRUTOROBERL DS CEAETH 72, ERROFRHSKOEE N0
BOSME, 0L ROER 7 CORRE, [IRUA OO RRE, B0y v/ 0 BaHEE
7 vEZTRIHHE, RERRs LoaEfElE o T R ek, ToFRE, oh
SOMEMOEF L 2 2HRTOMESEFERERESS Z0B (15-20cm) WBH LI L FR
HLTwa (EXe6),

BRMAAH BB 5 LEBMEY 7 0 7 DEBSRMBLAKER, RELEFTHEREY
LSS FHEREMEH L AREARET 4 ¥ A= — B TE S b, FREMEDEIT A
ERIASRE LG AL £ bICHA L, Kb o TERAMEMEY MRS TERUBES) s
ML, BASEHBRRGEERRE RAXERZ ISP ENT GH5).

FRBROMAMNLHE RO/ S 2 2 BECHL TE, FA0BEEECFERTHZ Y
vAERATEYF 27 EREE L TTAREROMA & 8HEORERROMESRELTIKE
EHEATTHASBELABROGER 7 MEBc B THESR, TAHROMAIZERESEE
EOHAMGEHREE oz I ERUEETORERCHEORE 512 I L b ERTE
mwns sz E N (B 100,




HREOBE

4. BRSEHAECBIAEHNOLET

(1)

TAGRORIER LB B 2 MO EBTREBOEEFXB o piIC T 5 HCREE R 7 LI
BB RIECEKBELEA L TR FEE Lz, BIFiF X, &g BfEL 7 ARG
RIDAENHRLECIZBOE 2 RAAK AR 7.5t/ha/BD) KB 2 [NBIEROEEY
%5 EHEAIEHOXE GEA 6 @EEMAE 45t/ha) £ TR ELEIEHE O 80-99% O ULE % 5
Ltet, 4 EBOEMF (THE) TR 0% LRI L2, £ 1H 15 t/ha/ERX TR 3ER
(MBHEFH 45t/ha) 3 TR LDINE LR L 248, 4EA TR, B%FRE k-7, Z0OEE
LOEENOEAMOBETE S SEVWEEERTCHENMET T2 I L 85RBH o TS, &t
B, IhoDBEREDWTEREEBCEIFIELTFa N T LWL, 478, AREFEL
T3,

MRS A —7 —CHREHERE L A-0RNEOKERY & CHA @50t/
ha/[E, E£2EMAL Ty FE2RBL, 2OEFIREME s, 3~ Y rOETINERE
BEFCELAZU BV LI R EZ T LER o MBEFEY LTIF c e st Gh
X 11),

KRS THEREERI Y FA bOMYEFTCHT 5 BEOBOIBEEEs + FEFL %%
TALINEIZ A v A= —2AOTRERER T Y F 2 NSEM L L TR h, 2858
HD SMBEEROHEORWIER IV RA L (68%) HAK K BIT 2 RELRAHSOEWE
HER (16%) XvEvIesBorcant G Y. IOBBRCE Y 2ABREDO LIRS
MREEIFRAETHY, EFRMARENESEE L 6% %,

(2) & i ,

R ERIKFEE R Lkl BIc B 2 O 4ET 2 RBNICBREBE LT A v A -5 —
FRAVWTHEL, KEOLTR, HREFROEINGCE > TBEEIHOM LRoME L 400
P Es N LS, EFRECEEREL, SO, bAE: b ERERSCISUTHEMNT 2 2
L RUHRG RO MR T L EFEE & BIZRFOIRINEHBE S h, BBk s L TofM
Ex b2l LBz ah/: (PMRES, WX 19 FRIEAOBEICE T 2 KROFIEES
OIMMEFEEE DV TRBX S TREANTV 3 LI KRR ETREO#ETR L300 THES 3,

CDEBRIEEOWTRNCHREA WL AKERARES 1 v A —F —2HuT SEEDBER (FHElk
AKER, KBEEAFER BEEATHER OKE LB 2 ERAERN B EEH,» S ER
Eht, CORBTREBRIESERN)ELT160ke/ha L2225 AL, sERIzE
2hEkt (100 kgN/ha) S s iz, EHA 2 EHE B 2 KAMOEFT N TIEELERDL A
IRETHET 3 &, RIEEGKEE (4.9t/ha) RUABEESFHR (4.6t/ha) Rid(b2AEH
X (4.5t/ha) &Y EIE L% o788, EEERK (3.8t/ha) IHEIR: %2 2L, ZTHAENLT
HEFINE R EERRRSREE 25 2 e aHo il s hi, JhsOERE, RBLERKT



RHEF

L ADEENIRKCITOAL Z EA#TRL TS GEYS5),

(FRER2) BRADO LR IC 513 5 258

1. BREFENSOBEL LSBT B3 2 BT

RAEWR (UBEEKDEG) PRABFEZRET 2 6 BRCOLCTEDOEBNAER L WELH
Bah, ERYESERICE2-UB L AZ BB 2 00 F 0RO FR LAY Vo2 B, Y
FE2VvRUBRBEOCEHESB VO =R, ~1vru—X, KEHEOBESIUE 6 m o 118
KHAZ AT AEHREN L R 20K B TRELROESHS 2 LB iz S ht, o
NOOERSIHCBAS W L 2 OHRN L EROBEEEEOBOMER, LT@Ehirsit2
AREULEOEHR TR TRORSOBAELE L, MMECEUEBRTI/II W L, i
REDIEEZEENE V72 03B F%50L 0 PEOCHEANTED o h, EEOER{CEEE
R 2 BDEIGDRWERTRWI LSS HICS NS, 3510, SHEOMELE UBEEE
R 2EELS OHRO G (RERVSERD) CRBEREETS 707 7 — B0 s
LTws i e amiBRSMEONLEN12), £, ThoDBRIEDWTIEENG Y v Ol
BLIBIC B0 2ZEAR/EESR, 2V 2EE0HRMEISRECESRELAS BV
B, 2 T AEREY COFESOERMER 15-T0% - XS 2 EME TR -k, Bt s
G AREE L OBRBIIERTOHK (Fe) 71 izvn (A OB E-TELESh, Fe&f
BOBWERTE Fe ) »OBEHNE G AlROE LD T AlBOEEHME L & &, FRE
VY BBRRTH - IBEREHRMU & LE TR ESEY) »aMEinL, SRhalEY » 0 50%
DBIEEILL 72, MOBROESRE LA SERLL L L &, BEEY COBRERRIE b
ThlrZIshnIleBHsmizahy (X 13),

FRHLAGKERZ OV TERFS NI BSBOBEREE S, w4y (Mn) i, REE>H
RS> R > BEE > BRE, E (In) o, SRE>EERESE> B> BEE> B
fafk, @ (Cw) i, BEE=REE> REE>BRESESHRATHZ 2L, BRFOTEYL
EEEROEEE Mn R U Zn 28 1%EDTA, 0.1 N EEET LN B 7 > £ =7 AAHSHE,
Culd 1%EDTA RUKAEREATELBETHL L, COBERAEHL- 118 (BaBERs
1) OFBLABERESBORER, Zn, Mn, Cut b 1%EDTA, 0.2M ol VEF LY
LABRUOINEBAEETH 2 Z s iz s (B 14),

HiREALECE T 35RO MEFE LI HCT 2D BEREEROR L 2 £ FL <
REEEKBREEML TREO SR L EXEOERESHE 3, RERVEZRO S ERL)
HE LR (BRE) SIRBRcs T 25REBARCEEL SEF—FETh 3 2 &, MBS
AR Rz ERL BB R ORI A hD 2, A > THEpH 88,5 %8
2 B THIERCRTRSEN, KEFET7 Yy Eo 70T 2 bl s pic sy (PH
WESE, M2 BRFEFTICEY 2HRENERE CRIMEB T THR) OBEE LR, 7



WSEDRE

vz TALRRERICE  ERRERBMEE T TR a 1, LEdcy v e S TEERNEI
bl:->THRESALZETHDL (WYB),

K CAKFROMERIC L » TLEDO SO TR 525, 09 BAEEER
ik, FEF 30 A EICHED U, L BRI RE 3 ows LTIRE & R
Bid 1 =B EMALEL ) SRCEET S 2 L AMRAEE 7 LIFB BT AL HL»
Eht (PRRESE, w4V

SEHEOBERAMALLBRRAERARS A vV A—F— BT 2 BBEEEDHE2EML
R o RMEER (FXKGRRUBAFER) BEETRT e 7HER (NH-N) 29758
FEE®SED (BA%4EE) FTHEMNT A, EERERR TR BRI SRR & L TR
WA+ 5 e, WHERE (NO;-N) B RE Tk s Ry Lzl TF
LG IRE TR KRS & BB L2 T 0 SRS S RO RITAME A 0D 2 L HEAS S
waEh: G5,

2. ERERLECEEIPEOHEE

FKELEKERSER s 0 GER (Bih) oXRBHE (0-5cm) B3 NO,-N oi&Es
BEFS L7 (BROC15), EERX BT S NO,-N i, JIWEUIEDLE L LI5RRERAEREC,»ic
AL, 8AIMIBPRESBRSEIOEL, 0% 1-4 BOBRN (36-331 mm/d) & & ik
Uiz AF (HROMAR, 11 Aha) KBwTiRER 7L 12 AT, 2 Ada, 4 B
AEFNFRBEELERNED N, R RV 2 HOoERY, Thrh20BoBRIc L -TET
Lie CHIEHNLTEBRZ T TR IBTESY— 27 L L TESHAERLE 2R, SHEGE
B) S 3 £ X 0B o f, BIEHCER S M ERIERKIC 515 NO-N OBELELFNR
RZ T EBROWTHREER LEBOMEEESTT I Lo,

FEEBKERSER L EATRESC W IRER IRV A SHOBBESTOKENEE
VOFRAERIGES s, SREIEOFZORIE FHEERCERERMNE (R 2 2k, NO,-N Bk
BT AERMBANKCHARCEGRE ZOECRBEICITIZEF L TERT S 2 L, £/RE
O NO;-N BOEFZEW LI > TEEY, THICHEROSF — okl Twa 2k, £ pH
BABRONO-NHREYTE e LR T A Z e o ani (PRRES, HLIY,

FREEEIKFERE & CHA L EAAR S 1 & A7~ 0+ BEHENE (10-105cm) i,
0, BRI S b, DEERHARS N S v (FREREE, w50 BRERKOLE
(10-55cm) TixFERRERORMUBMLL D HER (0,) BEHME ZBEER (CO,) BEITF
Wk, HREARD 10-30 cm B TRGROBERE O, RESRRL, FRIC CO, BEIHEL <
HEDI L, HYRE (2ev) TR COMBRVBNTAUTOBTRENOR UBA L v IFR
ISR TWE Z EMBHS M SRS, 512, HRHEAR0-10cm) K55 4 AR (N,
0, CO,) & THOIJUMAYH & OBESFEE S L, BRERERD CO.BEO LA L O, BE

_ 9 p—




FRRET S

OB BHOERIRHEROTEBH LTI T2 2L, +BHOCO, BELMAEYMR -0
BEME O FRAR RS R 2 & PR (SMEE « BB LHEKOR(Ly & HBEAHR O CO,
BESFRTESILSHsICsNE, JOEREEAL THEBREPROAMNFHEATY
HPEOERTREOMECOWTFHARA LTV S (PHEEESE, WX 6,

3. HEMNC X 2RI

FIEEGRFBERBSFCER (%950 t/ha/B) SREMHEAES 4 &2 —5 —DRARR
b S R 2TV F I L BERESOBNESHES b, EH (N) 12%, EF (Cl) 5%,
AU A (K) 219%, + U w4 (Na) 66%, w274 7a (Mg) 5%, #ava (Ca) 4%
THAZ LB ENIZERN16). &/, Z0aVYFOREERCET 2H/EE R 6T
#MoS&HERIAMIZ, C, Ca, N, K, Mg, Na, P, Fe, Al, Sr, Zn, Mn, Cu, B, Cd T& b,
BRIIRE (C) D 30%, CAEERR 0.5ppm THE 2 k&, BREARD 2 vy F3BEAKOD
## LY Na, P, Mg, N, Ca, Zn3E< Sr, K, Cd, Mn, B, C28E 2 &, HEOEE
kTP, Sr, Mn, K, Zn, CdOEEEXFEL T2 2L, BREBROH 1{FEBOERENTG
REMRA CEMAI 72, 3ERIVHS M EEWIEER Na 2t KThY, EnTEizC, Ca, Sr
THDHIEAEohE s G I,

4. KE~OBIT

TEh e REABITHE T29EOEREET I -0 ERCBRET 2 EEB(F v 2v-)
HHRYR, FURI-oTHESN 7227 (NH,), CO,, HEBEE#H (N,0), O, k#
(Ho)y A% v (CH,) @&ttt s, MEShi: NH, (NH-N) @ Bk L0,
DR R F 72 1237 T - BME R (TCD) & BT RN 2 (ECD) &l A& b ¥ 12
HIEREE § DX AT 0 b 75 74—l X DPET 5 2 & THFEERMORs T L v o7z,
DY AT AEERL CHREBER URHTE - RZSEoWEOESSER e GRI 17,
R EKEROSSEIEM T8 (EMAKE F 4 v A —F —, HRHERREY 50 t/ha/E)
L REM@O NH;, N0, CO,, O, DEEHER S, NHs, N,O, CO0 Ll sFAEL, 0, 28
BN ARG ez BN, HREAE 2 M0 NH, 0BFER13 719 E 180, 8
615 120 gN/ha BBETH D, AR ALERD 0.01% LT TH -z, 5ok 8 13 S oS
BB AR LN, FORLHAKT LML, NH, 0R4ER 11800 NH, oL
g i A R L (EMsE), SRR 2 8McRAE L N,O 8125 EF 360, 7EE,
120, 8EE 140gN/ha BETH D, BRIEMAEOK 10 DR B8 5 384 B < DB
WAL BREEHE TR LAREAL S N0 2BUINT 2 A S - -, 5REA®RO CO, &
Hotp i NaO EIT B0, HiB% 2 BRIO3EER L 160-220 keC/ha BETH D, 7 Hidh
BERORZRD 1.5-1.7% YU, HREEASE & #DEH X, 400kg0/ha/d A EDE




AROEE

LIEAKRE,S 0 FWRILL T/ (3R 18),

SHMOEE GRELGIKER, RBLEESTER, HEEITFER) 2HA L kEBKE S 1
YA =L BWTLES S5O NH,, N,O, CO, OFRAEBHE N, WTFROH R & L EARD
ERBARKCB REFBIEBAROFNL D IF 20 E L BEREARO 5 b THERBELEKX
BRI B3 RERVBKRTHE £, & OXCRIEFAH 5k To 1B 948 keC/ha
@ CO,, 489 gN/ha @ N,0, 3.5gN/ha @ NH #5432 2 &, NH;, OFREIIEKERYL CH
AU, BABECENL, £ K BKEHAEC 0 BRERRORERNERTX
EDHNT L, NNOOFEEREKT L > TELLEY L, BRIEATS S HERA~OBETHED
sh3Zk, MEBRRTR—HHEEDO N0 ORESLI LI, BAkE 10 ABORE R
FAAK 12, REEEIKERK 9, REEESTEREK 55, HLBERE 141gN/ha TH Y, Ak
OB E L3 2 e, CO, OREHREABRIMH S 1, RHEESFHRRUNTIIASZD
& BEKZ CO, BRI SN, MER1»AMORERIHERK 34, RN EAKERR-30, &
HILE S TIERX 73, BEEREX-16kgC/ha TH A Z b, HREAKEH - EL S RET L HAO
HEAY, Rul, R¥FHEKETOEHMcr s Z ESBHs s 0t GRX19),

AL NOOHREC VW TGABERE FOIBICB T2 REBRIBEOMREL D S0,
AREAREREFBET €, GRERABHE T 25> 0 OREBECEIFRERLERHL-BR
L0E <, BRIEFAROEINEZ DML I Fe B 2 RIS &, BROEAC - TRER
FELF 2MEECHD, RED/NY — 3 HERO—ER2 S 10 BROREESHCEH L, 20
BEEAL, PRl L EERRER—ELVLTHERT 2 2 el s piza b (32200,

5. HTF~OBE BN CEEdkAoER

HFE D ST A EL KORETHAREITRESOBE ML TEELRERES &2
LAY, THEBHTALOCEMAAN T A A -5 - EBRELRES AW TEBMNTD
N7z, &t LB T 18 12 66 mm/h OBEFGEEORS 1 B#ME L, TH» 5 0&ESSE
NEVWRETH S, JOEBICL »TEF% LEFOLSh o 0RBEA RIS ZENE RS
5k, BERHREORMEBIEL» L STFHRELVBERE 2 R 1 BRS0REROYN
50%%%, 5 BB W% MWEET 2 2 L, EROBRELAFR - THIBNE 1 BMoRER
BIERELC, TENSBCS U 22K ZIZEBE CHL Z &, LEBWIC L 2 5KkHD
BEZELRERS»S Sem OB THA, JOFLRBBIEEVEEREVI L, ImMTO+
BB saRkhiC@ IBRC L 2B LRELArRED oWk, T4 A—F—ADKH
IhsBEeWLBsn2 tRET D L RACESLWHAEE (Z0HBE1E 230 cm) 0B L R%E
KEUTHHT 2 E T 2080 55 EI 2 5 2 EHIE SIS i,
REFRFFNERAICH 2 10.6 ha OFM UK CBEET 5 18 255 & L TRER 2 LB %
KB 2K3 - HHEOBEMNE s b, BTRKOAKEIE DL TE—ROMTROTWENCR 5115



RREF S

CEIKEBEHCNLTHAEMEN SR 2o IFR—(HETER L T Y, ERRREIE
1.63m, S/ME 0.13m TH B &, NO-N BEF & il ok EHit S T BK 7 me/l, FEEEE
B 3mg/l R0, M TRAEC LR L, THREBBENSCESS D, HENORARE
i 92me/!, FHEBAEERYG 30mg/! L XKEWI &, FI3HACBEORMISEDENE O
RERERE, Cl, SO, Ca, Mg Thh, BrESESHIMER T 0m cHEETLHEA
Bo FEHTEBWE L2 2 &, PO,-P, SO, 3BEO LREAESH &LEH, Na, KIZiz#b
SHEFEENED S I EHNF S E N GAX 2. - OFERFE & BSEKEER2 SR
SHRFERBRCE SO TH L DD TFAMREEIN, ENEFUMMICEG 3K EME
WEDY :2v—vardfibi, BEOETANRD ST, Ik 3 2 iBEREL I
mm/y, NO;-N BFE 279kg/ha/y &40, MEE (507.5 kg/haly) OB & Z LB TK
EHERBLTVS CEMFEERS o N GAX 22), Ak, 0 F A ERER
LT 6,

FTARERER IR 517 2ERESOMTRBEDER X, KHELORERLERL-HERE
HHAARZ A v A —F —2 20 TiThhTw b, HERCERE & REbaIKER (5R
WY E 7.5 t/ha/[A), F 2 RIER) A2 A FASETEAS L TED, L b HRBTH 3,
HFHEEROREKRIZEREN S L (PRREE, gH2)'2, #%KkPD NO,-N, Cl, Ca, Mg,
K, Na, NH,-N, PO,, NO,-N 0#ig s pH 3 1-14 AR T a A TH ) (PRMESE, &
ﬂwm,:@f—ﬁwvmfﬁamﬁﬁﬁaéanfw%c

IDF—F 20 TREBEEER & AR EHRAREER I3 ThN, £18 7L okFl
P EERROBFHERTEEL L TERSFAMNC BB 1 ERS 03 E 2 TR0 EHT
HH(BERSONERESTERUVEK TRE S5 EaRT NH,-N, PO, K@itz
PEEO Cl, Mg, BEEED NO,-N, Cl, 2f 7 +WXO PO, & THE &, Kbt
EERY L TRCEEMX BB O BESHESEL s h 2 AN L BEER 2 L TIRE
ELHENASNT, 10 2HHE £ BSINCEHE L 22 m 83N 2 LB B 1 3 HEROBELIAE
Vs I BSHETE & vt (RRITRE S, R 8 ). I e BEAT R A CEREELIC D TiE NH-N,
NOQ,-N, PQ,, Cl, Mg iz tEHoBRVAB (R TS 2 &, /I TRERED PO, BIEH
LR LN BRTER TS 2 L, REE o K &/i0 Mg 4 BBEREFEEEIR 2 &
DEWERIIESD 2L, ClLEMROBRTROBVWIR L5 LA 0N BN ERELEII D Th
515k, NO;-N EKEEMLECREERK>EEEARTHD, Z0ERBIC R 2BERT 3
85, OEHETRASSS 5\ I CEIBRE S E G - L R L7 G 23), 270, BEARD
LREATD NO-NEUVKBED T4 (W8 — v B3 ~%~D & 7o 1 BEH] 56 4
8-12 B 7) 9okt NO-N BU K O8I o THERE, 58 & iR X
Aya s h, MERRR CHEENEER - OBRcOVWTRAREEFRHERMELIRD o h
T EREE R E C EE MR BORRL L D OREE OB »lIW>RkEER7 1>K



RO HE

EM =27+ THR 2+ FEP SORMBEHRERLE L L AR LRI L, 1EOKE
M4l b oMb EOE LI BHEEERE 2 d, —EOBEESETEHIZ 2L, BENERLT:
9-10 A TN e KEBthticBd 2 | AOBRLL D DHRHEO Y — 2 OEAGHVAS, KL
KB TREFAETrTHL 2L, IORFEIBROBHEK L -T2y 3R, LHEEORH
EECENMrAsRE L, BNRD A SMERBOELEFHT 27 A MERE R, B
FEElC IR ERETE S 2k, 8-12 RO NOy-N OEEBEIZEX 2 > > KaE -+ =5
BEAZEDETH L, BEHOIF -V ERS 3 IETHEENSEREER—-ZwE N

B HBRBIBEKE L FZHOERCH L I, I TRFEEICAZ ZBEL -2 511
BLULBABT A0 R0 K s BRI 3 2k, HRERwEIT S NO,-N 0B ER
ERBRELAT (EREN TR EBRR L v # (2 2, KOBRE >V TIRNDE
BRAEEERARE VEr o @ndEE TESNEL oW I R R E R (BBX
24), 252, B FEEEOERMAREBHIHEINZIAPSBRBRT LI LAL SRS 57
FIHETONO-NBELEEAELSRHE (N) OBRENTHHE LN, FTREAR TRHRARE
7L< =KBEH+<BERs LOEFTHY, BIREIZ 39-61%THL I LNFan G
X 15), BB, INSOLBREMTH - CERE=FRMTEROERLERLEL 5N 3,

BRI BT AHERESOFELERNL, RELARERESEE (&% 50 t/ha/[E) E#HF S
NIMMEAAR S A v A =9 (LB 25 om MR THEEBE SR E—F A5 v FIC L Y gL
& 30-205 cm OO LIBALHERTEE) 2HEVWT—EHRT—EROBREES (31mm, H1
B) ObETEHFENRTS X116, a7V FRERKICEIAWHEOBEHEE I NO,-N 69,
Cl170, Mz68, Ca70, NaTlem/y TEIFRI—THYD, tEDICET3XKDEE Lib~T IS
DEBEEFFFEIGREO I, EWEE L 105em UTFOBTHBESRL I LR L 2 BEH)
FL, ZO\BEE NO,-N 150-180, Cl40-60, Ca144-170, Mg 25-27mg/I TH 3 Z &, Lk
PR & RS EA R D S HE L EERIC B U 2 ME 0 E (BB |k N 38, C172, K8,
Nal75, Mg22, Cal2% Th2I L, MYUOHEZIMEOEBE BR) 2E L {ET&€54,
IHTEP B L 2 EOBRNOMISZEKESEMOKSRINC L > THEL WL T 5128
THL I ENELMTE R (R 16),

HROBVWERSOBBEC 2O TRENCERBL LIRS A v A—y —CREE R TELE
HTALBE 5om) LTRELESFEREFRIRAM2HERAL T -EHR—ERFO b
ETERBRSOBERELBLI (BFRT 15, 25, 35cm RUESHEATL 45 cm KA 15
AREIT 5 2 Bl & o GEIFS b, MEREAX & b 45 cm OB %2 W8 L 725 NO,.-N,
NO;-N, Cl, Ca, Mg, NaTHb, Biga KA MK Tit NH,-N 0BE#TEHohn b 2k,
NHfNaNofN®§EHMEm%L%$u£ 22k, MERE L H NOy-N OEZFZTEH
Whi> THEHL, TOBEE 20me/lfitk 52 Zenlspica i @X 9.

HRRSOBRECS 2 2REOREL, ROBRRZ ARFTTASALERNZ A A-F—



WRETs

RS FHREH L, KR % 10 RU 20CCKRE L THRE S ., 10 cm B (5 RIGRE
BTED) Wi NH-N BEQ WCTH BEK (EFHATLHHA) BE B CHBE L
ok, BEKPD NO-N B 200CTRERRGBEH» s LR L 20N L T 10°CTH
118 2D, BUERNENLEZ Z L, NaBERBEFCEEs hzws, Ca b Mg 0BEHE
BR2CHREw I el nric st GRY8) . CheDF A v A—F —-EROKRIZ, LBE
HEVBSIE NH, N 2 NO, N 0BR4EIDIZ L 2FBRL T3,
FBARKEREER L -EERO LEOBMBMII L > TY v e ESROEEMER 2 I
fzo N EREERR Y L TREREABCHE (15-20cm) 02 Y »EFREIZZHLT (20cm
EIF) LS EARETSED, VroRENFEDONS I L, BRYZ 2 TLEBOERLD
ZIEHMFopIcEn R 25), i, EEELEOBMISMOBRIZTESR (28) 296/
BICHE< /B (15-20cm) &2, TEMDOTEENL 20-25cm BETBEL TWHEI X 2R L T1d (3
L 26). BEMNA Y v EESBRHBIRESABH LAV ESRTWLEY, HRTO Y
YERUVEESBE DO TITREAOEBEOREELTR I NZERSBO N, |

6. KHEEEANOEH

IEOER (RIBLEKEGER, RKHELESTFEE BEESTHER) s okHBARE S
A A=Y — (WRUKHLBEETA) OBHEAFTOEFEL ) v oflEsn, TOER (N) BEF
id, WAEBTE{RANH-N2.45mg/l, NO,+NO,-N8.93mg/l # =¥+ 2k, UV (P)ik
BAT0.054mg/l THY, BRICHATEBETHLH, N, P L AR 2> A EMEAK
EFDEWwI LMz ERE BRI 2D, :

(R3] BROLEET L EARAERE

1. GREBEISEOREKSEROETICSLIEE

FE(CERIER &b IR s B A & i BB (SREYMAR 7.5t/ha/E, &2 BHH L
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B, HWEEASTFER) SHE AR N 2 L7 160kg/ha) 3 kBERARS A v A—F—0




HROHRE
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¥ rEh A INHRER Ry (RILE 0,632, 189 ZnBIF 97 mg/kg %120, BiRE
BHRGL 0-15 cm) MIEHZ DT R TRESRE (8 2Xo 5 - T-Zn8E 1.390 mg/kg ¥
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(&R RV LATPRESK ., ABOMEE, HERTOREER 7 LrsuitsRosh
TWaEE, ZOZ:EREENOETCFEL tEpH 0 LERb s NVIIRAMEELHEL 3
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REERCEST 2hpkEr oBBEINE 2 b 2 FB LTV, Lirl, ZOBRIESRNE
HOBEOHDOTHD, FRCFHET 2 CIEPHRES ofE+BRET 24088555,

Llb, 2Bzt 2 REERVKERE~OPELRE T L ICHETL 7228, KRR UK
BAOBEECELTE, BEAR - OBES+SBES LT s TRIBESZERLTwS, Ly
L, EYOEELERE ¢ LHBERE L BRI RAMEAREE L 5 LW & L T 45 t/ha(fd
BERARELT) SEBIFRCBLTEE LTHR e LARHERREROREGR R 7 1814
BT ARAMARTH 25, TORBTHIAUTATCARBRCEEALFEL RIZE2wHDL



WROBME

BB L, IR & ) KB O HRRE S RET e S S W I FREREYEE AT
VLB, LicktoT, EHEHERERTNIRARMAR 16t/ha 222,

4 Bhhiz

Bt X 5 iR ITT R A 50 EETHKRT L, TABROHERETCET 2HE
B, B0+ B4R S 2 A EHRRENORECET I 7Y 2 7 Vs oA N, TE
Mizhico THEEs N, ZOM, 85 OREABLAI EEL TwEY, Ban - RAEH
L&, 1EBRECIET 2ERRIgER, B, o EYEIIC L A FAAFERMEBEN E RBITL .
Lichio T, FROLEETCET ORI N FECRSASET LI Lick3, &8, —
WRIFHORFFECEEVRORE L LTIRD FTREL TIT{FETH 3,

AR, KRELEREREY Y ud s b =5 — & LRFTAFRER (£ D) Ao
ERUEE (BEF056 FE 154, STHEE 164€, S8 HEE 214, SOEE 204, £2) RUHKFRD
FBo 55 EMIC L - THEMS N,

#1 FRESEHE - K4

o & |3 #
i % REFISSERE BRSO
KELEB L | E| & ® B | & m i
BWOo% B OW ) OB E M
B ORRED | B B RIKE
A3 %A &
2o
TRRBFREE | nn @ | agse #
B oSz | ES s 2
B A ® & | E K ® B
OB % — | H K B —
B R OR BB # KNS
‘ & Kk B & | % A % &
BABREFAE | B H X F | B B % E
R OEF|mE K E
@B OFE ¥ |8 B T ¥
AU -3 - S S T - S A
HOmoEE | K@
MEBEHETSE K N E JE | kK B2 H W
“ M B | ¥ m @& F
- S B - T G - B - I - B 1 =4
5 i W spmmeEs L oo R M| WO R H




mRET S

#2 EHEROEAAE - X4

i E

A =

BFRISS R BB FISOER

KEEAZETEE s % g — |5 g®EE -
ERBEAY W O£ K B R O£ R OE
(BINAE T i - R I ST
AR T O OE W | T % A B
HEAFEEN M | RE &
HEAEGREDLER X B #®
MEKE TR W | | ® om #
BUEAF RS E | 2 B B
s || L AR w oA om O
BlARTES OB % X
BURUAY 4 AT ST $£ Kk #
HRERNAFBTES WOF oWz
FHBAZIEY o e o
REAEEER wmOmORE - | &8s —
FIFAF BEY E R o#% BN O
HE AT HIRBIF R H o E
AR TS o f O | it oA #Fom
FEAZTER mom R A
BlR Py T HEE B fr | BKSH KB N
BHAEYBSRERNFET | B L & &8
A A MRS WOl OE W | B O R B
Bk S B B FE T GE R B w17
RUEBRS L5 # F E R
Bk BEES - T O A
HHAZECR LR ¥ HEE|EHE B
HEAYREH HERE| BEFE

"SHFERIRRAF IER

E I

FEFMROFRTC L > TH L OAR2OEHN LR E 2w, BhThH, FRTA
BELRTEBEES HEEEZRSHERE, AR/BRELRSHSR, RERREFES, I
MRE%REE, KOBRBREN v Y —, RFRESREFBROBREMCIMERERD
EERERUSEET— ¥ OHRUSEOMAB 2w L b RERTERRE LW, &
72, BETAHEES, TASEREENMAGSS, BIm, BFEH, IEFEmAU R HRREEE
WrEfic RBEROAF UL DHET iiho TP ui, The0F2 OB, HEcEi
MUERLLET,




o

WROIE

5B X M

1) B - LA  IRERRS S - ISR - AR - RERIETE - BEEE - WDRA] - KAES -
e — « SMERE - GHER (1984) : BRO BRI L TOREREIC T L 5. BN Epse
FiEReEm S, Mes B, 1-197.

2) EEFFEM (1960) : HROTEGRT - £ OREREIC T 2T B AFWRR= 2 — 4, 3 (No. 6),
3-5.

3y BHEE - AR T - RBTH - HEEE - AR - AT - B A SHES -
EHE— RS - SRERRER - M W EHEE - FERIE - R - & DEE(1980): H
ik AREBLSY, ELESOLBERRC R TER Lt 2% BRAERR
e, 5 14 5, 246p.

4) AU - MRS » AR - BEEEE - WO - &l # - SEE— - RIEEN - SIB{C
MESHE « B - BEEE (1983): FHEEY SHESLEY BRSO LEERERCIUE
THE L BEEY 2B BRI AERRIIRGEE, & 46 2, 21p.

5) FRARIESE - s 8- KERENE « SRR HREE— - HAHEE - SRR - #HHEZ - SRS -

FEEIE - FoREE - BHEE - pE-R-mH B -NEEE -0 #-08 &N %

RN - K- SHER - 3K 1§ SRERRES - /R - ShARHE - BHEE - BFE OB

HERIT » IO#-— - MiRET (1983): HEFEEY, SHE8BILEY BEEBFOLBEERCRIEZ

TE L LI B 2 TTgE. BRI ENTERTITeEE, 5547 5, 265p.

AR - A (1984) . FoRBRAAFBC B 2 KO EE R MEMER S BErAEEm

THocinss, &% o8 £ 17-29.

RRERM < - BESEERIE (1984) : 8T & 3 TAFEROME—EROBE— E SRR, &

68 B, 31-42.

FiFE - BREREZ (1984): TABROEAXLEOSRE, BEBREC 71 3B R TEE.

IAERERMEEE, B 685, 55-66.

FRARTE 2 - BEE BT (1984) . TABRBAEA L - 3HEE A7 117 2 BgESRORNEL 38

KEE— ELAETHRFTHFERSY, 5 68 5, 43-53

10) AGRHAL - [RARRRE « BB (1984): TABROME S L HBEROMEKICS 2 5 HE. B EN

KFETRTREY, 5 68 5, 67-81.

AARFERY « AR - IREBIE - AR (1984) 1 TABERMB I8 5105 DEESAR L HIER

AL OBF. EiASTRRTIERE, & o8 7, 83-91,

12) BRAERIE - \WORA (1984) : B#HF 4 v A — 5 —ORFkE. ErAEREIERS, 8685, 133
-168.

13) BEHEME » FOREME « (WDEA] - $ERED (1984): BH-T 1 & 4 — ¥ —BBARBH ORISR,
L A ER TR, 568 5, 169-197.

14) BHILZ HHEE (1984): 54 2 X —5 —BEAOSWHEE 20 TOHSRIBI—8 B LB s
2ALFEIEE & TG RO hE-— B AEMIEMERS. 5682, 105-116.

15y tTEE - B (1984) Kok R EIIAHTISHTIIGEERS, 5 68 |, 129-132.

16) FARET - HHEHE - RAGE - FHE— (1984): TAGREATSEEKO AGP (BEHEDOR
TEEE). B AEWHETVRRS, 5 8 5, 9104

17) BB (1985) : BRBEEOBREHMN. BT WSRO LEET L 2 0 REEEICHE Y 2 7
¥RV Y LS EGAETRR, 63-75

18) BAEEHH S (1977): IEEIENE 2T BHRIEESEOIEE. #y v MEEEE (B HREER
E5{E) -1977-, 241-243.

6

—

7

—

8

—

9

—

1t

—




RRETs

19) BB ARRSRE (1984): BRENC BT 5 BB EBEOERYTLICE 2 EaEEron T
BARt 1495, BM594E 1 FRA.

20) BEARBEESFTIEEREs GRRER)  EaEmplMizgo - HEEER.

2 F Az BHEE - EHEH (1980): TAGRO LERTIC & 3 FREMASOME BFHIBIRES
sk 51, 435-440.

22) hREFe (1972): TABEROARE - 8595 X UH B BT 2 e, 1B 46 FERES, 1-321.

23) B AAERERIHEBEE (KRR FRELERETHERE

24) I & (1979) BURLAEHE. HAGHERR, Bigo g 7 OBISwE— 1138, 8291

25y HALEERES (1983) 3% 57 FEAEEHERAEHEREGS KE e SHERED b~
=270 () — 77-80.

26) FEREREA LA E BN B (1984): BROSBEFACET PR E ), BiRERc: 21
Brh—l o L UESRORS. B LEPRESHEE S, 8 304, 287



§

2)

3

4)

5)

6)

7

8)

9)

10)

1)

12)

13)

14)

)]

2}

k)]

HROBE

BRERE—E

(BBRRER)

FRER M2 « IEAERAD - AR IS - TABRO LSRR TSR RIPTHE (B 28 %)
GREEA L BOBEREYE, HELBENESEEL IR, B, 589

SARH e ARSI TAFRRODBERES SR Iz TS (F#) #HRAER
CEfEL TV FOET EEMMEOE L, BRIEINrSMEESAS, F, 589
AR » GRS BIREE - EHELS - WESZ - BHEE - 1BIEEN | TRERO LIERERL
TEBRSCAEITREE (E0E) FRERACHTEE (£03) 474 VEOEE, BARIEER
oW EiAcS, Hal, 589

HEHFZ BHES  TAEROIRERS LEBECRIETRE (W) BEkrs it
AORRA £ OB D W T o EM R, BRSO SlET S, HE, 589
AR IS Z - - BHEE  TARBROLEHASTERECRIZTEE FER2H)  HREOF
BHAL & R EP T RN, BERDEMEESEM 50 EEINE RS, IE, 598
AR - EHEM . TARRO LIBHAN HERECRIETES (3338 BAERGTFICET2
SR &R RO, BELEIENESIBA 59 EElERSR, s, 598
AAFH AR BRI | TABRO LB L SEE R T &% (EXWHR) KBS/
VA—F B IBRRLEROHEE LRI, BALEEEE S EEUSAS. (G, 98
Il OB « g H I - RBAEE BRI C TABRO LSRG SRS RIF T BEE (B 35H)
HEATBICBY 2 Mn, Zn, Cu OTFHES & RIS, HA - EIEEESEH 50 FES S,
g, 59.8.

FEHEE . TABROIBHANLIERECEZTREE(FEICH HEIECBT28EME0RE
{153, BERELHEERESEN S EFLERS, e, 59.8.

B IRERRE 2 AR | TSRO L ERE M LSRRI Rz TS (HITH EHLEA
HLEBERCS 2 58, BATIRIEEESIER 50 EEEHEE AL, B, 59.10.

RHA TR HHEN . TABREOLSEHRASTERBERZTEE (ERR) HEEXR
L&Y OMA R B 2 REEL, HXRLSEEEYAE0 59 £EMEREAS, B, 59.10
BEACHENEYE  TREROIERHN DSBS TP EYH) SRS surg
HAPTREEOEETLOSE, BRSPS, BSY EEMEXTAR, B, 5910
BREEE S -HHEE . TABEROLIERAN HERHCRETEY B4R BRbo) voRE
£ B s A EE L, ARLBIRRESITR 60 EFSRAS, iR, 604

FEEE FHET - 20 & Auffsom T RkoAEE S, 818 EERassilEe, 15,
59.3.

(ENkRIFEZR)

FARIET « A 5 - AEE—-(1984) | BEBEAOBELEOBTERS. Ak ebk, 26 (4); 30
-57.

T. Kuboi and K. Fujii (1984) : Toxicity of cationic polymer flocculants to higher plants 1. Seedling
assay. Soil Sci. Plant Nutr., 30, 311-320.

BRI (1984) © TSRO BHMAR 2L EBEMTE 2 2 88, BRI, 13, 7146-751




ENLEFRATRAESE H£938 (R-93-86)
Res. Rep. Natl. Inst. Enviren. Stud., Jpn., No. 93, 1986.

II-1
BIRERSLREOYBOME CRIZTRE

Affection of Continuous Application of
Limed Sludge on Physical Soil Properties

ARTEENE - P e

Kuninori OTSUBO' and Kohji MURAOKA!
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Abstract

The purpose of this study is to investigate the effect of continuous sludge application
to the field on the physical properties of the field seil. The items of physical soil test are:
moisture content, specific gravity, grainsize, liquid and plastic limit, moisture-density
relation by rammer, permeability, pF by centrifuge method and aggregate structure,

Domestic sewage sludge has been applied to three plots of experimentatl field at the rate
of 3.75,7.5 and 15 dry metric t/ha for six years. A plot of non-fertilized field and another
plot with chemical fertilizer have been also set up for the same period. Once a year the eight
kinds of basic soil tests have been performed for the soil samples collected from above five
plots from 1981 to 1984. The eight physical soil parameters show no significant difference
either among the five different plots or among the four different years.

All soils used here contain sand more than 70%. Clay and silt are easily affected by
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phsico-chemical action in the sludge, however, sand is hardly affected. This is the reason
why no available difference was found in physical properties of five soils.
Key words : Sewage sludge, Soil test, Physical soil property, Moisture content, Grain size
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# 1 +EFBECFR (1981 F, TARGRERFK 3 EH)
Table 1 Results of physical soil test in 1981 (3rd year from onset of sewage sludge
application)

H B No. I " 1l v vi
A S 1 W (%) 64.48 64.64 66.12 66.61 65.11
e #= Gs 2.638 2.553 2,682 2.553 2.559
B (kgL fit y:(t/m?) 1.09 1.10 0.98 .07 1.01
MW s ¢ 3.00 2.80 2.68 2.98 319
T REE ralt/m?) 0.66 0.67 0.59 0.64 0.61
k374 Jic4 dso{mm) 0.17 0.20 0.22 0.17 0.18
i i (>0.074mm) 75.9 73.8 76.0 771 77.2
¥ oA b 4 (0.074~0.005mm) 18.8 23.7 20.5 18.9 18.3
# O & {<0.005mm) 55 2.5 3.5 40 a5
wHmRE Wil%) 78.20 71.15 68.10 73.20 71.40
HMHER We(%) NP NP NP NP NP
MR I %) NP NP NP NP NP
#2 H » Yamax{t/m?) 0.994 1.014 1.012 1010 1.017

. Word%) 58.0 553 56.3 55.9 55.2
¥ o p/(EE100g Y0 6.0 18.4 13.7 8.6 8.9
E KRB (em/s) (Bl gbd&priE k@i fEgEce )
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# 2 LEEBOER (1982 &, TABRERMG45E)
Table 2 Results of physical soil test in 1982 (4th year from onset of sewage sludge

application)
No.
5 A — 1 | it v Vi
% Kk H W%} 56.5 $8.6 55.2 54.6 539
i & Gs 2.63 2.63 2.64 2.64 2.63
R E B rl1/m3) 0.98 0.99 101 0.93 092
Mo ox H e 317 327 3.06 3.40 338
%Ol EE ra(t/m?) 0.63 0.62 0.65 0.60 0.60
¥ Jic3 dsolmm) 0.23 0.23 0.21 0.26 0.28
o 5 {>0.074mm) 68.9 69.0 70.7 65.9 68.0
¥ b 4y (0.074~~0.005mm) 28.1 26.5 . 253 30.1 25.0
o+ &2 (< 0.005mm) 30 45 40 40 7.0
W R R WL(%) 73.2 718 72.0 72.8 71.3
WH R R "(%) 55.9 61.0 58.3 61.2 60.0
ot R I-(%) 17.3 10.8 137 1.6 11.3
¥ OB » Famax(t/m®) 1.020 1.032 1.004 1.028 1.022
Won(%) 55.9 536 54.8 56.7 53.6
M R & g/(F R 00gEnn) 12.3 9.5 10.8 8.8 11.5
pF ;%ﬁ%ﬁjﬁ; 58,9 580 60.1 59.9 58.3
pF=23.732(%) 54.5 55.4 57.4 56.6 56.3
pF =4.160(%) 514 51.7 522 53.1 51.9
’ﬁ(g_f{%)ﬁ fem/s) | 13X107%  99x10™  43x107*  16XI07  62X10*
i 3 LERBOSE (198348, FRERERRS S €8)
Table 3 Results of physical soil test in 1983 (5th year from onset of sewage sludge
application)
5 = No. 1 n i v Vi

g K I W (%) 53.65 54.37 53.37 5223 48.77
L &H Gs 2.52 2.54 2.50 2.53 261
HiiEgER yt/m?) 1.06 0.99 1.01. 1.00 1.02
B & e 265 297 2.78 2.89 2.83
R EE yalt/m?) 0.69 0.64 0.66 0.65 0.68
Hr i3 dso{mmy) 0.24 0.26 0.21 022 0.22
i Fas (>0.074mm) 7.9 84.0 7.6 67.5 68.8
¥ o koA (D.074~0.005mm) 214 9.8 17.6 23.6 239
¥ o+ & {<0.005mm) 5.7 6.2 108 89 7.3
iR R W.(%) 742 7h4 69.8 70.0 67.7
e R A We(%) 65.2 602 58.1 60.5 57.7
AR O I:(%) 9.0 11.2 11.7 9.5 10.0
# E » Yamax{t/m®) 0.995 1.041 1.019 0.998 1.018
Wop %) © 542 52.3 49.6 56.8 542
Bl & i g/EH100g %00 8.2 46 32 ) 10 5.9
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- 4 TEHBROMEK (1984 F, TAGRBEHRLE6FEE)
Table 4 Resulis of physical soil test in 1984 (6th year from onset of sewage sludge
application)

- No- t 1 n v v
& & Lk W (%) 50.8 50.7 54.0 545 53.2
e i} Gs 2.66 2.68 2.69 2.67 2.68
B{yiATET r{t/m¥) 1.00 0.98 1.02 1.00 1M
Mo & e 3.03 3.12 3.07 3.10 306
BT ya{t/m?) 0.66 0.65 0.66 0.65 0.66
b7} & dso(mm) 0.18 0.26 0.19 0.20 0.18
b 3 {>0.074mm) 67.0 68.0 69.0 720 69.0
¥ o b 4 (0.074~0.005mm) 27.0 27.0 26.0 24.0 25.0
o+ 4 (<0.005mm) 6.0 5.0 6.0 4.0 50
MR R Wi(%) 67.2 69.8 67.3 68.1 64.5
Wt E R Wel(%) 54.8 63.0 57.7 60.5 56.5
BHEE K I+(%) 12.4 6.8 9.6 76 80
B OB » Yamaz(t/m?) 1013 1.007 1.014 1.025 1.040
Wor{%) 54 55 56 54 52
B # & g/EH100g%:0) 8.2 10.1 6.9 11.6 13.5
ﬁ(%‘%‘%)& {cm/s) 35x 1078 3.5%1072 44x1073 1.9%1073 2.3%107°
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Effect of Sewage Sludge Treatment on the Moisture Condition

and Air Permeability of Surface Soil

RARR - ARFH

Mikiya HIROKI' and Toru KUBOI'

® B

TR ERABH L L TROLTAGREENIESIHZ 1 v A —F D@ OBR R 7 118
WHE (@50 t/ha)iEH L, TEMEREOELC DO THAR, UTOBREE,

BREARTR/NEOER (0.1 mm LUF) 2584 L AR O R0 mm) 3 Bl 72,
BEROMAZTS KT s hmnotzs, pF LI UTOEEOBHAAY & 2w
oo BRIKSHGBERE, BREROMTE LA YENTEN -T2,

s R A, SHEECT TN U ERKICEL k. BT e S48
RORFREZELEG S AR, ZOTRORIRVLIIK L >TREZ -0, HFROMBERE
WELThot,

EREAR TR T ERESF L <EHRL, JhiE, BROMBAC L DERESE A,
TEROBEEBSH N, ERCES TEr OGO LRSMI SRR O EE 2,

Abstract

Limed sewage sludge was applied to a light-colored andosol in lysimeters under
environmentally controlled conditions. Repeated application of sludge altered some of the
physical properties at the surface layer as follows.

Water-stable aggregates with sizes of more than 0.5 mm were increased in the studge-
applied layer (top 10cm} relative to those in the corresponding layer of the control plot.

Although total porosity and total available water in the surface layer were similar
between sludge-treated and control plots, the pF-moisture curves indicated that sludge
incorporation increased the number of large coarse pores.

Relative diffusivity of 0, was linearly related to the air volume percentage. 1ne
diffusivity was not affected by the sludge incorporation but it decreased with increasing soil
depth.

I EAEWTeRr KELEEEE T 305 BN S mERAT ] 1638 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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The surface 0-2cm of the sludge-treated soil became extremely desiccated. The
preponderance of large aggregates would cause the upward capillary movement of soil water
to become depresed, leading to the drying out of surface soil.

Key words ; Sewage sludge, Scil water content, Three phases distribution, pF value,
Apgregate, Relative diffusivity of oxygen
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Fig. 1 Side-view of the gas diffusion vessel
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Fig. 2 Distribution of soil water content within top 0-3 cm of soil
sludge (+), ———sludge (—)

The spil samples were collected 6 days after trrigation
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Fig. 3 Fluctuation of water volume percentage at 0-0.5 and 4.5-5cm layers as
affected by irrigation
——sludge (+) 0-0.5¢m, —C—sludge (—) 0-0.5¢em
—-&--sludge (+) 4.5-5¢em,  ---O---sludge (—) 4.5-5¢cm
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Fig. 5 pF-moisture relationship in top 0-5 cm layer of soil

FESem OLIBORRMIOBREH Lich L, EHAK TRE 0.1 mm L FOBES5H
23% THotzdl, BEETEHEO 1mm LIFOESZ 15% c®AP L, F0.5~1.0mm OEDH
16% 25 239% w8l 2 ¥, HROMHC & D /B oMk 2B L AMOBRRESEINL 2. -
BoIpkshFiRtk-T, EAREENFLIFERECEEISNS,

TEOASGERET T 2 ityy, LEKEERNTMCERYAERL, Z0L 3 2RETHE,
REOBEBEGNEOEEEE L - THR AN S, —A, BRECHAILT Z0EmI N
OOBEEEE RIS S 0, KSOBBUMETT 2, C0& 5, BRI S Lk
HOHELRE, LERKOEETHEOHEIICL2hkTOBEMEOETICL 2 cHRTE S,

ek, HROSBMBTICETAMAEEL L TR, BETWOESRBR EFEREOHEN IS
BlLshbhTal, LLSEE, HEBOBERLFTEBED 20 ETHEIRE TS 58
A EOMERCRIFTEESCE ST, MRAOBAR?HRLLLELHS D,



A - ARFR

) 1 RE+ o
Table 1 Aggregate-size distribution in top ¢-5 cm layer of soil

Diameter of aggregate sludge applied soil soil without sludge
<. lmm 18.09 29.4%
0. 1 mm<0.25mm ' 22.0% 21.1%
0.25 mm<Q. 5mm 15.5% 14.49%
0. 5mm<1. 0 mm 27.7% 20.49%
1. 0mm<2. 0mm 17.0 % 14.7%
3.3 Ask
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DBE (L) B L2 VAR L > TIThhaBE L nbs, — M RFEEBCL360LD,
BEOTVFEBKEn b T, 200, BEEHSHEEL L TERERLEOBEY
KoL THE L,

BFLRRRNEEEND O, 57F P #RENIZHIEL 12 &, log[Po/(Po— P)] {EIXBFRTZ
ot LTI IZERRE AL Tz (r>0.996), B 6A REBOR WES, M6BRIEa7 4%
BLABEOBTH 3, O(DA/LC) DT BOEEIC 55 KM I 0.05740, HHEIRE
0.001629, ZEFLIL 2.83% ThH>7z, 28, HEAHUREBE BT HEBAD O, B G
FHEML (6’ =0.0001835£0.0000663, #=10), FIEOWE KX BV TLTL b BELELVWBE
bHED, TNOZ, TBITERWLEBTERE SN 0, BELL 77 7R E LI TE
Hl i,
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Fig. 6 Changes in values oflog [P,/(F,-P)] in a gas diffusion vessel without {A)
and with (B) a soil core
An undisturbed spil core was sampled from 5-10 cm layer of the sludge-amended

bare plot, and set at various air volume percentage (Va).
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Table 2 Relationship between air volume percentage and relative diffffusivity of
oxygen at each layer of soil

treatment
1 * L)
ap;]l?fa%?un planting di’-‘;llh " ’ ’ b
+ - 0— 3 8 0.994 0.00772 —007(1
+ — 5—10 8 0.993 0.00868 —0.09%9
+ + 0— § [} 0.985 0.00622 —0.0057
+ + 5—10 6 0973 0.00871 —0.1059
- + 0— 5 8 1986 0.00677 —0.0381
- + 5—10 3 0.955 0.00483 0.0437
+ - 15—20 8 0.991 0.00561 0.0130
+ — 25—130 [ (.965 0.00514 0.0401
+ - 35—40 6 0.971 0.00594 0.0199
-+ + £5—20 6 0.997 0.00520 0.0479
- + 15—20 5 0.961 0.00525 0.0374
+ - 45—50 6 0.963 0.00531 0.0687
+ 0—10 16 0.993 0.00802 —0.0809
+ + 0—10 12 0.970 0.00725 ~0.0500
- + 0—10 26 0957 0.00566 0.0088
T+ +— 0—10 28 0.987 0.00777 —-0.0718
+ = + - 0—10 44 0.969 0.00698 —0.0423
+ - 15—40 20 0.964 0.00540 0.0284
+* +— 15—40 26 0.958 0.00545 0.0299
+ + = 15—40 31 0.959 0.00542 0.0309

*{(D/Do)=a+(Av}t+b
** Data obtained from sludge applied plots were pooled for the calculation
*** Data obtained from all of plots were pooled for the calculation
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Effect of Continuous Application of Sewage Sludge
on the Three-Phase Distribution of Seils

A

Takenori YAMAGUCHI!

g 5

WEt, #EEEs L, WRERCERS LT TAL, HERE S U B ERSE
EROT, GIRESEREASROEAFES 3 EMERL, 0k, 3 EMEER TEAE
Lz 2o BARI0-10, 10-20, 20-30, 30-40, 40-60, 60-80, 80-100cm @ 7 [8)D =1
DHEME L, £OBR, BEL, PEIRVER 7L RBI 2 ERESEE 1 U2
B ERBE IR T, EEROEELELRRD s nits ok, BHERMETL, &
SR S = R Wl e R A B

Abstract

Three-phase distribution of soils was determined in seven soil layers (0-10, 10-20, 20
-30, 30-40, 40-60, 60-80 and 80-100 cm) in out-doorlysimeters. The lysimeters were made
to simulate field conditions by filling then with sandy soil, light-colored andosol, alluvial
so0il, aad humic andosol, and were used for experiments invalving continuous application of
limed domestic sewage sludge over three years, followed by three years with no sludge
application.

The results showed that in the sludge-mixed layers (the first and second layers) and the
subsequent layer (the third layer) of sandy soil, alluvial soil, and humic andosol, the solid
phase did not significantly change, while the liquid phase decreased and the gaseous phase
increased as a result of the continuous application of sewage sludge.

Key words: Three-phase distribution, Sludge continuous applicatioh, Soil physical
propetty
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305, Japan.
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CRIZTRELHAN, SLBUBUAEREAK & {L¥FEMAR O, HBoRE, HIHE,
EFHEE, WHEE, S, LFsEomERCEL TEEESTED SR L I L ERE L,
T, MR OBERI, 250 1 EMEROEH (BiRA 6 E) t#kL-0s, 3
FMERA TEAL A BEO LB L THRBIC S HAMFLHEE LD TH B,

2 E£BAE

2.1 HERSS

FE, BTV ISRUAL 90, BELE RENNBTRE), RaRZRsr+ (Kilkt, T8
1), Wit CGKETEL) RUER7 £ (KUKt £L) 2R TAL-EES (BAINEE 4mX
dm, BELBE2 1.2m) FEHELL,

AIREO—HHO T3 2 ROBERICHTA S, —LFIER, 7R R S n,
LEBEO AR RARE (8-8-5) 1.5kg(105kg/10a), AR Y v 2kg (140kg/10a),
EETK 2kg (140kg/10a) TH D, HHBROMHR L, K5 70% BETI6.1kg 2.5t/
10a, #EYWHAE 750ke/10a) TH o7,

EREIEIE, MEEEHE S EEREALESRORA -3 2 XAMEBEELSOE FF?2
), EfFEis &EENCHER L, 19798 L 1980 £OEFZ Tk, 1979 F B L 2SR EEA
U, 1980 SEA(ELIREN, 1980 RIIHMULBREAERAL L (TAFROKSER, £ 1),

*® 1 FAREROD B HER

Table | Chemical compositions of sludge used in this experiment

Sludge Sludge

1979 1980 1979 1980
pH (H,0) 10.1 10.1 T-Ti (%) 0.11 0.02
pH(KCI) , 10.0 - T-Mn (%) 0.07 0.08
T-C (%) 27.3 21.2 T-Zn(xg/e) 1390 530
T-N (%) 3.7 2.7 T-Culgg/e) 262 151
NH,-N{zg/g) 1660 4.9 T-Criug/g) 88 —
NO,-N{ug/g} 1.7 1.1 T-Ni{ug/g) 37 ND
NO,-N(xg/g) 2.4 2.3 T-pd{ug/g) 88 44
T-P,0; {mg/g) 19.7 1.1 T-As(ug/g) - —
T-K (%!} 0.3 0.9 T-Cd{gp/p) 2 -
T-Ca (%) 15.3 21.3 C/N 7.38 7.85
T-Fe (%) 6.5 5.0 T-Mg(mg/g) 7.95
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1979 :
Year
Month 1 27314 5 6.7 8,9 10 11 12
Application i ’
Cropping Eggplant, ‘Wheat
Year 1980
Month 1. 2:3. 47 5:6 7 819 10,11 12
Application ' [ ) |
Cropping Wheat ;
Year 1981 ]
Month T 273 4 5. 67 8 910 11 12 |
Application ®
Cropping
Year 1982
Month 1: 273 4i5.6.7 8,9 10 11]12
“Application
"Cropping [Sorghum - ISpinach
Year 1983
Month 1 2731!4,5:-6:7 B.9110 11 12
Application
Crepping Soinach | : Sorghum |
Year 1984
Month 12,3745 & 7 8]9,10 11 12
Application e
Cropping

B 1 ABX:EOARE

Fig. 1 Treatments and their content in experiment
Compoud fertilizer; 1t/ha (8-8-5) Ground dolomitic lime ston; lt/ha  Fused phos-
phate; 0.6/ha  Domestic sewage sludge; 25/ha as 70% water content Application of
Chemical fertilizer or Sewage studge ; Before summer-and winter-croppings
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Fig. 3 Effect of domestic sewage sludge application on three-phase distribution of sandy soil
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Fig. 4 Effect of domestic sewage sludge application on three-phase distribution of seil in a
Lysimeter
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Fig. 6 Effect of domestic sewage sludge application on three-phase distribution of alluvial soil
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Fig. 7 Effect of domestic sewage sludge application on three-phase distribution of humic andosol
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Effect of Successive Application of Sewage Sludge on Soil pH

B - RERIE! - (LOEH

Kunihiro FUNI“?, Hiroyuki HATTORI! and Takenori Y AMAGUCHI?

2 B

EROHEAES B pH oF b2 RaR A £, 282 4, BEHEHL R UK AES+
TRELUR, 2B oH BHEAKERAER L LTRBREVALVOI N YT LESLER
CERICE>TERL, BALy v A3 HRROBERAICL>TETFLE, WAOBS LY
TEpH BHEHOEB R s s TIHFE LA BBV L ER ST, BV YL SHEROME
Ak > THERR 2 L, K@Eid, B&7 2R TELD pH B LB L,

Abstract

Studies were conducted by using soil samples collected from sludge-amended Light-
colored Andosol, Humic Andosol, Brown Forest Soil and Gray Lowland Seils. Values of
soil pH were raised by successive applications of high calcium sewage sludges dehydrated
with lime, and decreased by applications of low calcium sludges dehydrated with synthetic
higher molecular coagulasts. In both cases, soil pH values came to the undesirable levels for
plant growth. Values of pH in subsoils of Light-colored Andosol, Gray Lowland Soil,
Humic Andosol and river sand were raised by the successive applications of the high calcium
sludge to the soil surface, respectively. -
Key words : Sewage sludge, Soil pH value, Successive applications, Subsoil.
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BAEN - iRy - IULRE

ERALTEICET 5 pH OB LB L R fldiE s hTuky, TndiksE R ENERRER
BT okt THH, L8 pH RIAMOLEE & 2 hickk > £ie o 0BFORIL £
BHTRIZEMORIG L VCEL 0hb-TEY, IHREET 3 it Bong0E s
M2 Th<, HE-HYR, 1E- TR, HE-REREBUTOWEOEEH +HAT
BLDIZBAARTH 2, ARE CEFMOFRHRIGICES & iz 820> T pH DR
ZACEER L R - BEREEHEROER LB o0 TES R pH 2 8E L THELE~D
HROMRIC L5 TELO pH 2 2 3% L R BRYBET 5,

2 RBREE
2.1 LTEEK

BROFNER LIS 5 pH OB(LEEMT 5 1 0O BRI, BRI AEPRR, KSR

BERN v >y —, WORR U EERBEABRIBOREIIIE, o 5L 7o, BRI ORIIEE i 0-5
em &L, 1B 6-9FHHH 6B TR LI T « LAY —ADITBRAAI L » TRIL 72,
RARBERM Ly — (FEH 0BERBAGEKIERKE TS, HRK-HLE H*
BEABIA L 4 2 BM T ABREHAK EREET NV 2 =7 A2 BKBH L 4500 7 TIBEAML
ERRESE 2 E (EFRUAEMO ) BEsATw s, IWDREBERERE (L0 o
R KR+ R B THEH & BRI S RE S TEER % BUKBIA & T 2 R THEAL
Y5 & BAKBIRIERINO SRR RLE TR0 BARUEER TH 5, LERBEFARSE (HRT)
O 133 PR A L W CHEE SR IR LIRS gk AR & 7 2 T T AGR 4
EREATEIE (W# & bELER) & BRBARINO KETBRABRTH S, IWNRUTHEE
HAKELETHY, BREZEW AP V73475 oEilicoaAshTns, 3K
BRi3 i & b IBROMMMERTIN 54 75 1, HIRE W L EEEESHRCEE S h TV, 3
FIOREUIIER 55 ELIRBFERE (2, 3R) icfTo7. THELEWORIEIERM S T/RE S M1k
HThz, REEOATOHEMIIC D CREIICHEG LA,
HROERNTEOLED pH 05 2 2 BEoHT0 o 0RE, HOK HLE #ek
RETE & 3 3 RIBEIRAT I (RIECREEKER & A=) 5 R S - EANOBN 7 1 v A —
¥ — (UTHERCET) 2o BB U L, HERAOHEROMMIIIEN 54 £LRE 26
BFig6 mA Ik iiThh, BYRARE 7.5t/ha/BTH 57z, A FEREFEH L LTH A, &FH
ELT/NEBERBINIA, 55 MU 6 EEIIHM - 3n, 2Dk, 5THESS 58 & % THBME
M T OFESTON ., EINORMEREEKOBREAD S 2FBOREIL A
HIEM L b 3B OIT > 72, IR 0-5, 5-10, 10-15, 15-20, 20-30, 30-40, 40-60, 60-80,
80-100 cm D B L L1, BEBSBOFHIC OV TR ERE L -0, BEEROME & &
SRR R R VTR LT, BB, BRI EICERL BRI, MED 2EKRTL5 50 1 BEKHE
Aan, 55F2EELEORAICIEL Tl 55 SFERBAL s,

—.54 —



HROERLE pH 5 2 28

* 1 SEATHEROME & Bk
Table 1 Properties and chemical compositions of sludges applied to lysimeters of
National Institute for Environmental Studies

Sludge Studge

A (1979) B{1980) A (1979) B(1980)
pH (H,0} 10.1 10.1 T-Ti (%) 0.11 0.02
pH(KCL) 10.0 - T-Mn (%) 6.07 0.08
T-C (%) 27.3 21.2 T-Zn(ug/g) 1390 530
T-N (%) 3.7 2.7 T-Culug/g) 262 151
NH,-N (yg/g) 1660 4.9 T-Cr(ug/s) 88
NQ,-N(pg/e) 7.7 1.1 T-Nilpg/g) 37 ND
NO,-N(ug/g) 324 23 T-Pd(ug/e) 88 44
T-P,Q; (mg/g) 9.7 1.1 T-As(uzg/2) — —
T-K (%) 0.3 0.9 T-Cd(ug/2) 2 —
T-Ca (%} 15.3 21.3 C/N 7.38 7.85
T-Fe (%) 6.5 5.0 T-Mg(mg/g) 7.95

Sludge A was applied to the summer and winier crops of 1979 and the summer crops of 1980. Sludge B was applied
after winter croping in 1980.

2.2 BEoBY L

KRB R L 2EE, 1AERKO2LES 2mm G550 THD L cEEEE R
VXFLrr7 s bABOBCAR, BCBREANTES 28R RV B, BESORE,
AHEMUB L ES KU L300 BRBC ANRRCEE L, JOXI L TRYEL
o R EBREE OWTEEY WH o TAB (LB k=1:2.5) @0 pH 25EI L1, FECEa—=
AHBEMIZS B pH A - - REHL 2,

3 BRERUEE

RABBEEFN >y —, EHERRCIIDREEHBEOEBIIBCHF S W HROMEE L
FRATHRRE 25 2 1R L™, BIERERKO 8 pH OFHIRRER 3R L,

Ak (Ca0) SEROZWIER (K 8 P05, K/ 30 PR CEEREAGR, L
O REEAER OBARC W TA2E, B pH cBRAKEEELRBML TR EAEDRTH
B ULFREME) L D@ pH &2 8, »D, SEARKE SERAEOEMEFE>TER L L
L, chonHBcs e TEHoEAc k> THEpH @@e»C LALTL 2w EOKREH
RGO T LEE R EASES AT, PR T LOLE LGNS, 28, RAWHTTKER
R UILIRBEEAS B K (7222 L, 5-20 t/ha/EIX) T, MEHEHERER URFEAK (Ca0)
x +i8 pH ORI EOABMBIES TS & hic, EEO 2 B TRAEFEARIE (, T0RES
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Table 2

[iSfmly=y:

Koy, ERERCIUDEELESESBOERIIB RSN BREOES &

I5ag ila

Properties and chemical compositions of sewage sludges applied to
experimental fields of Oita, Hyogo and Yamaguchi prefectural agri-

cultura) research stations

Fild and Soil Sludge Year Acpf;}fd e TN N 0 eH

Season (%) (%) (%) (H,O»

1979 121 231 52 33 129

1980 179 1% 51 296 110

Municipal 1981 | Winter 259 304 85 239 123

1982 236 348 68 298 123

1983 251 305 82 154 8.2

Hyogo 1979 126 257 49 266 8.8

Gray 1980 291 377 77 271 109

Domestic 1981 | Winter 25.5 3.01 8.5 289 12.4

Lowland 1982 226 10 70 35 128

Soil 1983 245 251 98 255 118

1979 06 550 5.6 9.0 9.0

1980 386 540 7 - 8.2

Tanning 1981 | Winter 40.8 5.36 7.8 — 8.1

1982 — &M - - 9.2

1883 — - — — —

1979 464 8.0 53 16 6.0

1980 165 121 136 208 104

Y . Fermentation 1981 | Winter 22.5 2.81 8.0 11.7 10.4
amaguchi

1982 214 255 84 152 9.9

Gray 1983 224 2.63 8.5 13.0 10.3

Lowland 1979 423 770 55 38 6.9

, _ 1950 541 793 6.8 34 5.5

Soil i"“,thmc 1981 | Winter 472 134 64 .36 54

esin 1982 467 908 54 8T 52

1983 503 966 52 28 438

lg7g | Summer 290 346 84 137 2.8

Winter 71 299 91 271 89

Logp | Summer 96 277 107 296 113

Winter 292 308 95 292 9.5

- Summer 273 336 81 273 79

Municipal 1981} winter 242 276 B8 242 79

loga | Summer 268 317 85 268 78

ita Winter 31.4 3.4 8.4 314 80

' logs | Summer 06 314 97 306 93

Brown Winter 33 25 125 313 9.3

Forest 1979 Summer 329 0.64 554 3.4 1.7

_ Winter B2 074 449 4.5 75

Soil logg | Summer 35 071 444 6 8.1

Winter 397 085 467 36 7.8

Paper 1981 Summer 34.6 0.49 76 2.1 7.8

Mill Winter 339 058 54 2.1 7.6

’ 1982 Summer 36.8 0.86 428 22 1.7

Winter 338 068 497 18 77

gy | Summer 04 103 295 5.6 7.8

e Winter 249 098 252 1p2 7.8

—: Not measured.
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Table 3 pH of soils applied with sewage sludges. Soil samples were collected from
experimental fields in Qita, Hyogo and Yamaguchi prefectural agri-
cultural research stations

Application pH (H,0)
Soil Sludge rate
(t/ha) 1980 1981 1982 1983 1984
Control(Fertilizers) 4.4 4.8 4.5 50 7.1
Oita 5 5.1 5.9 5.2 6.0 59
B Municipal 10 7.2 6.9 7.5 7.6 7.3
TOwWn
20 8.0 7.2 8.2 83 8.2
Forest
R 5 44 4.6 43 4.6 4.4
Soil Paper
. 10 4.7 50 49 5.4 4.8
Mil 20 61 54 48 58 47
Control{Fertilizers) 5.1 5.7 52 5.5 53
5 6.9 6.4 5.8 6.4 5.9
Municipal 10 73 6.6 6.7 72 6.3
Hyogo 20 7.5 7.3 7.4 g1 7.2
Gray 5 64 6.0 5.6 6.5 59
Lowland Domestic 10 6.8 6.3 6.1 7.5 6.3
. 20 80 1.6 7.4 8.0 76
Soil
5 5.9 5.8 54 5.7 55
Tanning 10 7.4 59 6.0 6.3 5.9
20 7.2 6.5 6.5 73 6.7
Control{Fertilizers) 4.6 6.2 5.7 52 55
5 4.7 6.9 6.9 6.5 6.6
; 10 4 6.7 7.8 7.5 78
Yamaguchi Fermentation 5
20 5.7 7.5 89 84 8.5
Gray
30 58 8.3 8.8 8.5 8.5
Lowland
. 5 46 5.9 55 4.7 5.2
Soil )
Synthetic 10 5.2 55 5.1 50 49
Résin 20 5.6 3.1 52 4.9 4.9
30 — — 5.1 5.1 4.9

Soil samples were collected at the early spring during winter crop season from the 1op 5 cm of soils,

YOEBIPELOOER—ETERLY COTHE TR 55 £ 5 BFICAKRSHEINLTED
EAREN TS pH #—FRHE B2 A2 RLL b0 EE L o3  OIKSHEROBEWGR (KT !
2T IGREAKENR | B EETBFAER . LD . SRR TEREASRE) OFEHRKIEDL
T&5E, OB TEERREO pH EEMAR 2RV THBEE L DECGER L L T
BCBETLTOEAEH -7, REEETHBERERS OVIER 20 t/haXTHFEROEAM
WES 433 pH GETHEBESEDS S i, KoL 7 TEEREFILO-ERBELZERE CE
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I BEAS AEEO pH @aBE L VETFTL T, KEEETHERED pH @ 5 t/ha K29E
R GEEZTHY, 10 R 20t/ha KIEWNBR L Y Edh o7, AKHERRO LS & ERIFER
“HBAF, 20t/ha KO pH REAKERD 10 t/ha K 2 EIERAETH o1, IOHROAKESR
Bi—FLHAES TR, BRO pH BEKBREL VEL AV IRUERBRTIEERLD
BORBSICIOLYRERE o EELbRS, IO iR TETII LB pH 2R IR
59 AHEROMERSHDZLETRL TR EELD, IOMACELTRESCRHPLET
H5,

#= 4 ERMATECB S pH OBEST

Table 4 Vertical distribution of pH values in soils applied with domestic sewage

sludge
1. Sludge-amended plots
(pH, H.Gj

Depth Sand coioned Lowiand Humic
{cm) Andosol Soit Andosot
-3 2.10 773 g7 787
5-10 917 7.70 827 7.82
10-15 9.17 7.63 8.10 7.72
15-20 923 7.37 7.90 6.98
20-30 8.26 6.90 7.47 6.38
30-40 8.17 6.90 7.07 6.30
40-60 810 6.77 6.67 6.18
60-80 773 6.70 6.47 6.13
80-100 7.43 6.67 6.50 6.17
ylevel 0.01 0.01 001 0.01

LSD (0.05) 0.27 0.14 0.41 0.i6

2. Fertilizer-amended plots
pH, H,0)
Depth Light- Gray Humie
Sand colored Lowland

{cm) Andosol Soil Andosol
0-35 7.90 753 .00 751
5-10 8.20 7.57 8.00 7.70
10-15 8.30 7.40 7.80 747
15-20 7.83 7.30 7.53 6.83
20-30 7.83 6.70 7.30 6.40
30-40 7.57 6.67 6.33 6.10
40-60 7.23 6.40 6.80 6.10
60-80 6.50 6.40 6.07 6.03
80-100 6,20 6.33 6.30 6.03
ylevel 0.01 0.01 0.01 0.01

LSD (0.05) 0.26 0.15 0.27 0.21

Soil samples were collected at two years after the final application of sludge or fertilizers
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BFEERAEALLEESAOLBOERR pH OMEHER LR AR L, ZTheOBREY
B (0-15cm) 10613 2 1 pH B REDERRARD 5 2 ExERL, 7 oREhsREmsh
Wik bhrbsTERABLELTEL, IR TILE, Kafht sl KaBEfrLt 8
R7ETTOMESERE UL, BEMNCHS L, MR TCHERRBEREESE L L ETT 2 ER
EEEFIOR L2, HhES S 60-80 cm DB pH 1T, 2 DROB 80-100cm DB L N & ITE
W EBELSPIEANT, T, KOBRZ LTI 0-40cm Bo, KEBtr 28y ik
20-30cm BO pH B2 AL TORB I VEL BBV I EAHL M s, CO LTRSS
HOZWEROERHIZ, SRMEASNABOLEIINY TR FNUTOEOLE (TRL)
DpHIHEEEE52 TREL2E, L, 7OREBREROMEASEILL Ths 27 s
WTLFEEL oA ZEMHe M ENT, INEOERE, FRPOLE pH 2T (L3 ¥ KD
(Ca, Mg 2z E)BERESE» S TRABH T2 TML T2, 3/, BRESED pH
P2 ERBEAL THRABLL TRV L 3EAKEEBFROER CL > T ER L pH 2ETF &
A AN CEYORELAOFRICL eSS 5L I LERL TS,

Linl, FELOpH OECEFHRIEABEOBEK T2 ELERABA L LBETLRAD
st (F4 EFEHROHEESH,

oo

AR ERT 20U D BEEFAKEREE HEEEROERS G HRELERTEER
ﬁmﬁﬁﬁéntj{ﬁ}@%ﬁﬁfﬁt ¥ —, EERECUORSESRBSEOERIZBCODWTLE
ﬁﬂ@ﬁﬂ@#T%m%Lmtat£3%@ﬁﬁ%ﬁkﬁﬁﬂ@%ﬂkét@ﬁ&@@ﬁ@,@
BHECELEBEHEORBE PO TEELHTER 2P, REEBEHRENS
RO ST STE R W 2 P v, BATEEAOEE RN LERB ORI M - T
NEBBO A2 DRV, £, —HREOHERIN T2 FRC L > TR ENI,
s O, ERECERORERLET,

51 B X #

1) BRI - A - R - AR (1983): 5 HFE MBI 188 00 PR BT 4 ERT SR
Figeshd:, &5 46 &, 103-119.

2) B IRERE 2 - AR JRFIE (1983) : FABREE L BOMED 7 o 7 BT 2FERWV),
TG U TBRE K FER K H - B OB e, B ASHIemmIie, 5 46 5, 77-102

3) EARED - BHEY - RINES - AEER (1983): FREREREIEOMEY 7 U5 BT 25
(I, THOBE EMEVEOZER. B AEHETHLHRE,. 46 5, 39-55.
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TARBEOEAL KBALROELFH,
WEMBRUCKBOLEB I RIZTES
Effect of Sewage Sludge Application on Chemical Properties,
Microbial Numbers and Rice Plant Growth in Flooding Soil
' LA - BRI
Mikiya HIROKTI' and Kunihiro FUIJIT'2
g B

TAEROKBLBE~DEAN LERECRITTREEFHOHIC T 22010, HmiRtE

ERTALLEEAKRES A v A—F—wBEORYAIBEOTABREHEAL
{163kgN/ha SR, +BOBEALSEY, MEMBROECRUAROEE 2T RESHR
~, UToRE8:.

BRE Tl REERE R {EFRER i L T Eh 2MET L7248, FrcEERR LD
EHERETEETE» T, _

NH,-N 3 ESERE T S EE Bk 48E) 2 T&RSHagmL 208, #EE
BETIR, BB LEEEREMELE LT, BEEEd L.

THEGOEEEY VEREE, Bogiheaoiginli, 2oRRER L IBRIE
(4220 VYREID LSO, 2hiE, TEOBTCHGREROY U EREY iz
FhT2dkEL,

W% AR AL -4, 2oRFAEIERBES L, fb-T, g
BILH, MEHY Y, BEEESEOL L, FALEHERIEREMTEXRD 5h, £
R B} HEIEIRE L D Em oz,

AROAEE, | EERTHESE DBRESRIFTH o8, BRBEEFRU 2EHO
eI, P, LEREKMEBEFTH -,

Abstract

Three types of sewage sludge were applied to alluvial soil in a lysimeter, and some

I EAEWARN AELEBEEE T 05 FHMERFESEHIERNE 16%2
Water and Soil Environment Division, the National Institute for Environmental Studies, Y atabe-machi,
Tsukuba, Ibaraki 305, Japan.

2 B BEBRIEATIIER BUSRHRSE T 305 SRR EBAESIETS 3-1-1
Present Address : Department of Natural Resources, Natural Institute of Agro-Environmental Sciences.
Yatabe-machi, Tsukuba, Ibaraki 305, Japan.
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chemical properties, microbial numbers, rice plant growth and yield were investigated.

Eh was lower in sludge-applied soil than in soil without sludge. The reduction was
more remarkable in raw sludge-applied soil than in digested sludge-applied soil.

NH,-N concentration in soil treated with raw sludge was gradually increased within
5 weeks after sludge application, but in soil treated with digested sludge, NH,-N
concentration reached maximum within one week after sludge application, and then
decreased.

Available phosphate content in each type of treated soil was increased in the flooding
pen'od.'

The amount of available phosphate was greater than the amount of total phosphate in
the sludge applied to soil.

The number of aerobic bacteria increased within a week after sludge application and
then anerobic bacteria (nitrate reducing bacteria, denitrifying bacteria} increased. There
were differences between the numbers of acrobic bacteria in each type of sludge-applied soil,
the number being larger in soil treated with raw sludge than in soil treated with digested
sludge.

Growth of rice plants was better in soil treated with D-sludge than in sail treated with
L and P-sludge within 5 weeks after the 1st sludge application, but 9 weeks after sludge
application and after the 2 nd sludge application rice plant growth in P and L~sl&dge-trcated
soil was better than in soil treated with D-sludge.

Key words: Sewage sludge, Flooding soil, Chemical property, Microbial number, Rice
plant growth

1 iwic

SEELRERHEATE L PHANGTARERLESMCEAL, 20PE 0 3 LS
REMCHAL LS 3284, Be—TOMBRTHEROBRCHZ. LirL, KEZRMHM
DEBYESBIIANDL LD TR, ERSAE N, Thi2FEL LT, LBPTHERY
DEBUI AT 2L LAERTOME L, EXAED LT RSOBRMSEOMELRY, W
THeRET ARG LR R o MEERECATENE D 20 TH B, BIF IR, SHEOTRER
B H,S g ERERL TKBOERTICEERS 2L, B2, BEE, AR, SROBLLLE
RIS I T, TAERE, 2 0XRAVHENEERELZ Y KHRT 2HMEEOBRVWERYTHD.
@R, Vrn ORISR B0 s, KHAAOKACE+AREENLETHS, 1B
W FAGREEA L /8, LS hTidE e L TBNRET O EL Dt L, AHEIHE
thtid, BLNRET CHESER S, TREROFEE, TEREYCST 2E8ERES
Mtz RBasrrEiIohd, Lal, DEPCBI2EROMES, ZhlEsd 5MEY
BT AR, ZOHERAOHAESBEELLZLOTHY, KHTEPw BT 6D
SICE T PR, AREICHEL T awnt, KRRz s, RIKeEEA L LERE
FEkBIREAKHAZ A v A —F —HAL, oK 2BEEBAercLTERY. L,
TAEROLBRTOMEL, ZhiCr b2 MAEYHC OWTRREBED L ETH- 1, £72,
kBRI FOBRERY, BANBREOERCLY, FOKS, RUCLEHATOSEEEIER



SRmAKHLIROBEEE, BEPMBRUKBOEY

WHRZ2Y, 220, FHETHENRBHEKAS £ v A~ —CEEORY £ 35850 FAE
EEMAL, TOLBEICORBCHES LEEEEN L MEMBEOEERE AFo 4TI RIZT
B ST hERT 5,

2 ERHE

2.1 EHEE, st

ERAEHRRE, DEREERENCRABRBEES A v A -8 —@E) EM i, 54 v A—
¥ —izid, RERREE L DML B IEDS T TA SR, 1982 £ 3 ERE T — R
HAEERTTo T, LEOBIEY, 574 v A—Y —~DLBORTAHE, ZoMMEBEOIE
3, BRSO LENTHS,

2.2 $EISE

BRI THOTALESEL D FERLLAERK S 25D - LR EERARBR
(L75¥8), HOTKLES L DL - B TEER & HARR L TRV EERRRE
HI (P ER), RU MO TFALES L 0L B TEER & BKBHR - U TRV HLE
e (DER) O3@EXRVL, chdsizuTid, BEXOEEL v#Hahi b0 rASE,
A VAR TR L TIFRBL b O R E L, BERORIEH LISHE L B5R

- DCERIZB%HS 4B LR, C/NIHEWThOBERE 758 DM TH -7,

7 1 BT IR OB HLER
Table | Chemical composition of sewage sludge used in the
experiment {g/100g matter)

L-sludge® P-sludge® D-sludge”

C 28.6 4.2 32.2

N 3.56 5.62 4.51

P 0.08 1.18 1.57

Cl 0.46 0.11 0.16
K 0.066 0.346 0.147
Na 0.027 0.066 0.073
Mg 1.33 0.11 0.36
Ca 10.4 0.11 0.45
Fe 1.40 0.32 .32

a) limed raw studge
b) raw sludge with organic flocurant
¢} digested sludge with organic flocurant
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2.3 HRiEt, SBAR

HRFERRRI 1983, 1984 D 2 EMIT o ABDS A ¥ A—F—DI B IRIZhZNR
ZoREEOBEEREL, BOO I BE2HBEEE L, BREETRA—ERBLERLL, 2ER
R ATRRIER CERO & 2 A L, (LEEEOBMAIZITh R 5, FEREOMMAEIR N 2
BEL CE—& (163kg/ha) L L2/, WHMAARE LT LERKE5.0t/ha, PEREE
3.0t/ha, DBIERKIE 3.7t/ha k& o7, RHERGE, 1983 £ ERHERA & L, 1984 i, b2
FEkt (RiiR7 > €=~ A4 476 kg/ha, 3B EEIK 300 kg/ha, H#{ka U 7 4 191 kg/ha F4E)
FHEA L,

BEX L HHEARELAKEEDEL, | BRCBKRELL, o FefTol, 35 3%
WARRRHL 220 AKFBIE =R o OB 30 HR OB EBEL 72, WEEEI, 4.4 K/ m?

(15em>30cm [HR8, 2 8482) & L7,

74 v A= —ih FERO [IRL R 25°C, &H 200C BE L7, 7278, 1983 EEDREMHE 15
HE~20:8H % ¢, BEL b 25°C, 1984 SFEORF% 9 8H55 17HHE £ Ti3B 30°C,  25°C
WBEL, 74 Y A=Y —THBLOMBR 1SCTRE L. 7, 1983513, KRBHEE
HE2Z20HFTH -7, Ciid, AECORFOMMEH Lo TH 5, REHMS, TEH
AT Bk & HICHARB E L, BIREITh R 5%, AMBBAEE 23 BE ML 72, 2 0MEEH
HOFHRRY - RRHBIC U TITo 2.

2.4 HHKHE

Eh 3BRMEENC LD RIELY, BSBBRE 7 A v A -7 -0 2~3 A2kt L8R
E&L DB 3em DESICHLAA, kg TEEIBECTHIEL .
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Fig. 6 Fluctuation of available phosphate content in surface soil
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Fig. 7 Fluctuation of aerobic bacterial number in surface soil
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Fig. 8 Fluctuation of dye tolerant bacterial number in surface soil
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Fig. 9 Fluctuation of fungi number in surface soil

g+
(B)

3 3
1] 0
N S
O L]
Fa] 0
E E
3 =
c c
[ g
0 Fa)
[o] O
S 9
E E |
o 2]
e °
a + -+ + -+ + ) + + y —t 1

B 2 8 12 16 28 24 2} 4 8 12 16 28 24

WEEKS WEEKS

10 FRELTOWMBETEROZEL (A) 1983 (B) 1984
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Fig. 11 Fluctuation of denitrifying bacteriai number in surface soil
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Fig 12 Changes in plant height and number of tillers of rice plant
(A) 1983 (B) 1984

NE<, L, PHRBK LERBIC X7 MIHOETEHRBEOABERETH - 08, HHILIEE
BIEFREAROTNEFRIR -0 b vi 2, HREDOZATY, BESTOHO%E -7 PE
RBETHEHESENEL, FHMT 20BN LERHSLVREEEHR 3R -7z 2 &
i, PHBROEBEMIECR > Tl L 25T,

3.7 DERE

F2, JICATEREREORE LT 72, 1983 I BB EMNER & bHFEED -7, 1983 4
&, B 14EE S 158 O AW, BTEL o, SEEREs s AMORE
20~25°C) RUKE (#720°C) HEARBIHARTEV D, ThAXNKERREEL &
Zho IDIIENBRECOL LT, bd, FLRELKNE+NEXETHET 2 13 H
FOR®H LV, FIT, bbb baESbE M EOGRE > AROEWEER a2 LT
HEgET 5, LARRRUPHBRROLERSE LR L, DBERR MO >OBRRK L &<,
EEFERAK AR S Eh otz 1984 £ 0 LERER T, AER, P, LBRESE, DERERK



LS - BIFEIS

DERR LD {Erol, Lirl, REFRR L b FFERRATE S L -, EFRERROM
WEAE, DERBEKEIDEL, P, LSRR EEZEICTH -1,

1984 O ZFHAGIL, BEX 9345 98% LIEE R E» 7z, ZRIIBHE 98,5 16:8BD
K% 30°C (BH) ~25°C (&R) Eweie, SHBERICTbh: o515, 1984 F
@%ﬁuowf,b&ﬂﬁ%%@?%t,L,Rﬁﬁgm%%%<,D%%Eﬁ%bﬁ<,m$%
HrEzowfTh-7, thbFERICHD 2BEDEE R, DHEK 39%, PIEEX 43%, L
IR 4496, LEEEIK 372% T&H 0, HREKEEEKICHEL T, EWEICHT 5 b ANE
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Table 2 Result of yield survey (1983)

D-Sludge P-Sludge L-Sludge Control
(no fertilizer)
Plant height (em} 97.3 101.7 102.9 68.0
Dry weight of straws (g} 32.8 36.0 36.1 8.8
Number of panicles 9.3 10.1 10.2 2.1
Panicle weight of a plant - 7.1 11.6 11.%9 1.2
Dry weigt of a panicle 0.74 1.09 1.15 0.58
Number of glumous flowers per panicle 49.7 60.1 63.1 325
Number of winnowed grains per panice 22.8 35.8 40,1 18.8
Percentage of ripened grains 45.8 59.6 63.6 57.9
Dry weight of winnowed grains (g) 0.52 0.86 0.92 0.44
Thousand-grain-weight (g) 22,7 24.1 23.0 236
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Table 3 Result of yield survey (1984)

Control
D-Sludge P-Sludge L-Sludge ( che_m‘ical )

fertilizers
Plant height (cm) 107.5 111.7 110.9 117.5
Dry weight of straws (g) 27.0 3.4 30.3 4.1
Number of panicles 8.8 10.4 10.6 10.1
Panicle weight of a plant 17.2 23.8 24.0 19.7
Dry wight of a panicle 2.06 2.14 2.31 2.13
Number of glumous flowers per panicle 75.5 80.6 88.9 79.3
Number of winnowed grains per panicle 72.8 76.8 82.7 77.3
Percentage of ripened grains 96.4 95.2 93.0 97.5
Dry weight of winnowed grains (g) 1.92 1.97 2.09 2.00
Thousand-grain-weight (g) 26.5 25.7 25.3 25.9
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Changes in Microbial Population in Soeils
Amended with Domestic Sewage Sludge*
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Abstract

Studies on the Auctuation and vertical distribution of microorganisms in soils (Light
-colored and Humic Andosol, Gray Lowland Soil and river Sand) applied successively with
a sludge were conducted using lysimeters under the field conditions. The sludge, dehydrated
with lime, obtained from a domestic sewage treatment plant was applied in June and
November 198! (5th and 6th application). Soil samples for the study on microbial
Auctuation were collected at ten different time intervals after each sludge application and
samples for the study on the vertical distribution of microorganisms collected two years after
the final application. In the summer season, fluctuations of gram-negative bacteria in all
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Water and Soil Environment Division, the Nationat Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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Present Address: Department of Natural Resources, National Institute of Agro-Environmental Sciences,
Yatabe-machi, Tsukuba, Ibaraki 305, Japan.
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surface soils were recorded only in the early periods after sludge application and its number
reached a maxinum at one week afier sludge application. In the winter season, number of
nitrite-oxidizing bacteria in all the soils reached & maxinum in the midle of February, but
fuctwations of fungi wer¢ not observed in all the soils. Other microorganisms showed the
different fluctuation patterns in each soil and season. The number of heterotrophes in the
subsoil of Light-colored Andosol was increased by the application of sludge to surface soil.
Similar phenomena were also .recognized on actinomycetes, gram-negative bacteria and
proteolytic bacteria in river sand and total bacteria in Gray Lowland Soil and Humic
Andosol.

Key words: Fluctuation of microorganisms, Vertical distribution, Gram-negative bacteria,

Nitrite-oxidizing bacteria
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Fig. 1 Fluctuation patterns of microbial population in sludge-amended soils
Soil samples were collected from the top 5cm of soil.
Summer : After the 5th application of sludge.
Winter: After the 6th application of sludge.
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Fig 2 Fluctuation patterns of microbial population in fertilizer-amended soils

Soil samples were collected from the top 5 cm of soil.
Summer : After the 5th application of fertilizers,

Winter : After the 6th applicatfon of fertilizers.
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Table 1 Vertical distribution of microbial population in soils applied with sludge

(No./g dry soil)

Depth

Total Bacteria (107%/g dry soid)

Actinomycetes (10-%/g dry soil)

Fungi {10-*/g dry soil)

Proteclytic Bacteria (107%/g dry soil)

{cm) Sand cléil%];g:l L(?wr?gnd Humic Sand cléil%};;i ngg?aynd Humic Sand cE;Jil%]:gi LEJ?;nd Humic Sand cl(‘)ll%}tl'fa:i Lr?wrgnd Humic
Andosol Seil Andosol Andosol Soil Andosol Andosol Soit Andosel Andasol Soil Andosol
0-5 15.2 59.3 204 173 16.2 58.6 50.5 92.7 | 223 8.1 88.3 101 25.2 37.4 4.9 146
5-10 1.1 80.1 157 159 42.3 8.9 34.6 799 (122 3.6 93.0 93.7 | 28.8 49.9 42.2 132
10-15 15.9 85.6 114 109 26.7 67.1 22.6 64.8 9.2 04,8 67.5 745 | 324 48.1 26.5 78.9
15-20 12.9 62.5 49.5 85.2 15.2  50.1 12.8 425 5.4 680 24.6 40.8 | 155 3.0 13.8 7.8
26-30 7.4 28.2 0.6 65.9 3.9 27.9 8.7 30.0 7.2 26.6 13.5 24.8 5.6 245 11.9 3.5
30-40 5.4 15.2 4.4 69.7 2.0 17.2 5.1 22.0 4.9 12.1 21.4 7.5 3.1 22.8 1.6 27.7
40-60 4.8 16.2 16.5 57.4 1.1 18.8 2.5 26.4 2.6 15.4 20.6 21.5 2.0 17.1 7.6 30.2
60-80 5.5 16.2 12.6 58.9 6.7 16.4 2.8 26.7 1.1 10.4 15.3 26.9 1.4 18.2 4.3 29.7
$6-100 7.1 10.2 10.4 66.8 6.7 1.2 2.5 23.3 1.4 5.0 5.5 29.3 1.4 5.3 2.8 30.5
ylevel 0.01 0.01 0.01 0.01 | 0.01 0.1 0.01 001 | 0.0 0.01 0.01 0.01 | 0.01 0.01 0.01 0.01
LSD(0.05) | 5.8 10.4 13.9 12.6 8.5 7.6 5.7 12.6 6.2 13.5 17.5 16.4 4.9 6.1 7.6 10.8
Depth Gram-negative Bacteria (10-5/% dry soil) Ammonium-oxidizing Bact. (10-%/g dry soil) Nitrite-oxidizing Bact. (10*/g dry soil)
{cm) Sand  colomed Loming  Humic oy S Lowna Humic | e Logiong  Humic
Andosol Soil Andosol Andosol Soil Andosol Andosol Soil Andosol
0-5 1.6 24.9 77.3 48.3 3.88  33.4 125 a1.7 | 13.9 25.1 69.0 41.7
5-10 4.5 45.7 69.7 54.7. | 4.88  £6.% 148 33.3 | 199 55.8 40.3 417
10-15 5.0 45.0 6.7 43.6 580 688 77.0 70.7 6.22  28.0 40.7 6.4
15-20 6.6 27.9 11.8 22.6 6.21 51.0 9.5 21.3 3.67 8.7 1.1 6.9 Soil samples were collected at two years
20-30 5.6 11.4 13.8 2.9 | 063 54l 7.8 01 | 035 1.2 0.5 3.5  after the last sludge application.
30-40 3.5 10.4 12.1 14.8 0.21  41.7 5.1 3.8 0.23 1.4 0.5 4.1
10-60 2.3 10.5 10.5 20.0 0.05  27.2 1.7 8.5 0.38 0.7 0.9 1.1
f0-80 2.2 8.3 3.1 19.6 0.02  22.5 1.0 1.1 0.09 0.7 0.6 1.0
80-100 5.9 4.2 3.9 17.9 0.04 3.0 1.6 13.9 0.11 2.1 0.4 1.6
ylevel 0.01 .01 0.0 0.0 | o.01 0.01 0.01 0.01 | 9.01 0.01 9.01 0.01
LSD{.05) | 1.1 6.6 14.8 8.9 3.03  31.2 31.4 15.4 7.00 155 24.7 8.7
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Table 2 Vertical distribution of microbial population in soils applied with chemical fertilizers

{No./g dry soil)

Total Bacteria (1075/g dry soil}

Actinomycetes (10-%/g dry soil)

Fungi {10-3/g dry soil)

Proteclytic Bacteria {10~*/g dry soil)

Depth -
(cm) Sand Ly omay Humic | o Liht o Oy Humic oo Lt Siva Humic | o DENG Lowiga  Humic
Andosol Soil Andosol Andosol Soil Andosol Andosol Soil Andosol Andosol Soil Andosol
0-5 1.0 4.8 203 134 0,6 33.0 36.7 79.4 2.3 47,9 75.9 76.1 1.5 M5 . 57.2 87.0
5-10 2.1 35.2 118 127 1.8 478 30.2 69.6 3.7 3.5 48.7 66.0 3.0 42.6 37.9 103
10-15 3.0 24.3 69.1 116 2.2 40.0 21.4 47.3 2.4 34.8 44.3 53.2 2.5 36.4 23.7 62.1
15-20 3.1 20.9 56.6 89.9. | 1.1 7.4 14.9 31.8 2.6 38.9 19.6 26.1 2.2 34.7 18.0 34.9
20-30 4.5 7.5 37.7 57.4 0.8 14.9 1.7 29.4 3.7 22.2 13.0 22.8 2.4 15.8 12.8 30.9
30-40 2.9 6.4 26.7 51.0 0.9 14.1 6.5 26.3 2.4 22.1 8.2 12.3 2.1 14.9 6.3 25.6
40-60 4.2 10.6 17.6 50.6 9.5 16.4 3.2 4.1 1.1 7.2 6.2 9.9 1.9 23.2 3.4 0.8
60-80 2.6 14.3 15.3 51.9 0.5 20.3 2.8 25.8 0.9 49.1 7.3 10.9 1.5 23.8 3.2 29.3
80-100 {. 3.7 6.9 11.2 49.6 0.4 11.7 2.0 21.3 0.6 8.7 6.8 11.6 2.0 12.0 1.9 26.4
ylevel | F.05 0.01 0.01 c.01 | 0.0 0.01 0.01 0.01 - 0.01 0.01 0.01 — 0.01 0.01 0.01
LSD(0.05) 1.91 3.2 17.3 11.4 0.7 6.7 2.3 10.3 3.5 12.4 6.0 6.9 1.2 5.8 1.9 13.6
Depth Gram-negative Bacteria (10-%/g dry soil) Ammonium-oxidizing Bact. (10-*/g dry soil) Nitrite-oxidizing Bact. (10-/g dry scil}
{cm) Sand c[éilﬁﬁte;i Lé; t::la as:ld Humic Sand cﬂ%&gj Lc?wrlagnd Humic Sand clailgol;ga Lgvﬁl ;33;111 Humic
Andoso) Soil Andesol Andosal Soil Andosol Andosol Soil Andosol
0-5 0.2 7.9 76.0 61.1 0.9 30.7 198 20.3 | 16.0 3.4 55.3 23.3
5-10 0.3 6.9 39.6 67.2 3.0 70.2 271 38.7 | 42.7 4.7 47.9 20.5
10-15 1.2 9.0 22.9 42.7 4.3 167 230 42.7 | 229 20.4 20.0 25.5
15-20 1.3 8.4 14.9 32.0 3.9 59.7 11.8 43.7 12.1 4.0 2.2 6.9 Soil samples were collected at two years
20-30 2.8 4.9 1.5 9.0 1 1.5 4L.9 1.0 9.6 | 0.2 1.2 0.7 g.g  2fter the last fertiliger application.
30-40 1.8 4.6 1.9 10.8 0.4 27.7 2.5 6.6 0.3 1.2 0.3 3.2
40-60 2.4 6.3 5.4 17.6 £.2 38.6 0.6 B.7 0.1 1.4 9.3 1.6
60-80 2.0 9.4 6.7 17.7 0.1 77.5 1.5 18.6 0.1 1.4 0.4 3.9
80-100 2.8 2.8 4.0 13.3 0.05 4.3 0.5 13.2 0.08 0.7 0.2 1.9
ylevel 0.05 0.01 0.91 0.01 | 0.01 0.01 6.01 0.01 | .01 0.01 0.01 0.01
LSD(0.05) 1.5 1.8 1.1 7.9 1.3 12.5 92.0 13.2 | 1.7 1.5 16.7 17.5
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Effect of Successive Applications of Sewage Sludges
to Soils on Microflora

REHEE - BREREEZ « [LAREHE

Kunihiro FUJII'2, Hiroyuki HATTORI' and Mikiya HIROKD
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Abstract

Studies were conducted by using soil samples collected from the control and sludge-
amended plots in the experimental fields of Oita (Brown Forest Soil), Hyogo and Yamaguchi
{Gray Lowland Soils) Agricultural Research Stations to which sludges had been applied for
five years since 1979, Sludge was applied twice a year before sowing of the summer and
winter crops to Oita soil, and once a year before the winter crops to Hyogo and Yamaguchi
soils. Soil samples were collected at the early spring time every year. Soil microorganisms
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| ETAEFEEFR AEDEBELN T 05 FRENEHSOSENFI6E2

Water and Soil Environment Division, the National I[nstitute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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Present Address: Department of Natural Resources, National Institute of Agro-Environmental Sciences,
Yatabe-machi, Tsukuba, Ibaraki 305, Japan.
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in sludge-amended plots of Hyogo and Yamaguchi fields, applied with municipal, domestic,
tanning and fermentation sewage sludges, were shown to be higher in population than those
in the contro} plots after successive applications for five years. But the number of nitrite
-oxidizing bacteria in Qita field applied with a sludge from a paper mill factory was
decreased to a lower level than that in the control plot. Bacteria {total, gram-negative and
nitrite~oxdizing bacteria) in sludge-amended plots in each soil were increased in number by
successive applications of sludges during the 3 or 4 years after the first application and then
decreased. Actinomycetes and fungi in many sludge-amended plots showed to be at their
maximums in number after the first application and decreased with successive applications.
These results suggested that there were the microbial limits for the successive applications of
sewage sludges to soils.

Key words: Scil microorgamisms, Continuous applications, Bacteria, Fungi, Actinomycet-

es.
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Table 1 Microbial population in soils applied with sewage sludges.
Soil samples were collected from surface soil (0-5cm depth) at the early spring time
during witer crop season from 1979 to 1983, Sluges had been applied before sowing or
transplanting the summer and winter crops to Oita soil, and applied before sowing the
winter crop to Hyogo and Yamaguchi soil respectively,
Total Bacteria Actinomycetes Fungi
Applica- - . .
Soil Sludge  tiontate (107/g d.s.) (10-%/g d.s.) (10-*/g dry soil)
t/ha
1980 981 1982 1983 1984 (980 (981 [982 (963 [984 |[980 I98[ 1982 1983 (984
Control(Fertilizersy | 5.0 4.5 14.8 2.3 8.7 26.1 9. 8.9 14.0 8.6 26.4 36.0 37.8 36.5 36.2
5 0.3 7.8 10.5 9.1 6.4/ 17.7 17.7 17.1 43.7 11.4| 32.4 57.2 43,7 61.7 54,9
M o1
pa';mm 10 15.8 20,7 14.9 13.0 11.6] 33.8 26.5 26.6 89.0 13,7 28.4 65.2 48.6 82.0 56.8
Oita 20 22.6 22.7 13.8 20.0 11.5) 42.6 40.4 27.8 75.2 26.3| 44.9 455 45.0 80.6 60.4
B
Fr::s‘: 5 4.2 7.2 9.2 3.4 1.6/ 12.9 14.2 11.7 19.6 3.7 27.8 35.4 53.0 56.5 83.9
Soil Papermill 10 8.6 6.8 9.8 51 40 183 163 19.6 19.8 8.4[ 39.6 419 42,1 $.1 52.0
20 7.4 132 9.2 7.3 7.0/ 17.5 15.0 8.8 38.2 16.6| 37.1 43.9 45.3 92.9 71.2
y level 0.01 ©.61 9.01 ¢.01 0.01] 0.01 0.01 ©.01 ¢.01 6.01] 0.01 0.04 0.01 0.¢1 0.01
LSD(0.05) 2.9 2.8 3.5 2.6 1.0/ 69 6.5 2.0 1.6 2.8 (1.3 (1.1 7.5 136 8.6
Control(Feniilizersy| 5.4 8.3 68 2.0 1.6 7.4 3.7 1.4 49 0.7 32 7.1 63 2.8 5.2
5 10.8 15.0 6.9 10.8 6.3 3.9 13.8 2.3 10.0 6.5 9.3 84 7.8 6.5 7.4
Munici-
pa‘:“‘c‘ 10 12.8 17.8 7.4 7.0 3.727.6 143 2.4 8.7 4.6 158 69 7.4 7.2 5.8
20 24.0 7.4 10.2 10.8 4.3/ 11.8 9.4 3.1 18.6 4.9/ 208 8.0 11.2 82 7.5
Hyogo 5 8.2 19.1 10.0 7.1 5.7 9.8 12.6 2.7 11.0 5.0013.7 7.5 6.8 7.1 5.5
G
™ Domestic 10 10.5 22.0 8.9 13.8 5.8/ 1.7 23.2 3.5 10.7 6.7 13.2 9.4 B.1 8.9 85
Lowland
Soil 20 156 25.6 14.9 6.7 9.1]154 195 3.8 11,7 4.1 17.0 10,4 25,0 ID.6 12.3
5 17.4 11.8 8.2 7.0 4.6/ 31.3 12.7 4.6 14.1 5.5/ 27.0 11.9 10.7 154 3.8
Tanning L0 18.6 20,1 15.2 6.4 5.8/ 455 21.5 5.4 58.9 10.9) 32.1 18.8 13.0 15.2 3.8
20 34,3 40.9 26.4 9.4 4.6/ 52,8 31.4 9.9 50.5 12.6) 47.5 24.5 15,1 22.4 8.1
y level 0.01 0.01 0.01 0.0 0.01/ 0.01 0.0l 0.0l 0.0l ©.05 0.01 0.01 0.01 0.01 0.0l
LSD(0.05) 5.1 3.2 29 2.0 1.0f 7.3 6.2 1.3 95 1 41 1.3 1.6 1.5 1.1
Control(Fertilizers) | 5.¢ 9.8 5.2 1.1 2.8 9.7 44 48 [.4 1.9 63 46 9.1 4.2 35
5 9.4 18.6 8.3 2.4 5.5 42.5 24.8 10.5 1+.1 8.5 21.2 12.4 153 5.4 7.7
Fementa- 10 27.8 20.7 10.3 2.5 4.2/ 93.0 16.7 7.6 8.2 7.1/ 56.3 12.0 18.0 7.8 i0D.2
tion 20 4.7 247 14.8 3.5 2.0/ 27.2 6.8 4.5 5.4 5.4 7.7 11.5 4.3 13.4 12.7
Yamagu- 30 32,2 520 11,7 3.4 1.8 7.8 7.8 2.1 4.4 4.4/951 455 53.4 19.4 16.3
chi
Gray 5 6.1 21.8 5.3 2.9 4.4 185 11,9 3.9 2.2 25296 87 12,6 11.7 20.9
Lowland Synthetic 10 10.6 24.8 18.9 6.3 4.6 29.4 10.8 4.6 1.3 3.1142.6 131 43.% 18.6 44.1
Soi .
0il resin 20 19.6 34.5 24.1 7.9 0.5 51.8 87 48 1.4 39 80.3 6.2 117 82.1 99,4
30 - = 12,0 48 730 - — 1% 23 44— — 15713 9.6
¥ levet 0.1 0.0 0.0t 0.01 0.0/ 0.61 0.01 0.01 0.01 0.01] 0.01 0.01 5.0 0.0 0.0
LSD(D.05) 319 88 3.4 1.0 0.7 7.0 63 1.3 1.4 131 1006 12.1 10.2 10.4
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Table 1 continued
Proteolytic Bact. Gram-nega. Bact. Ammoium-oxidizing Bacteria | Nitrite-oxidizing Bacteria
(16-%/g d.s.) (10-*/g d.s.) (10-*/g dry soil) (10~4/g dry soil)

1980 1981 1982 1983 1984| 1980 1981 1982 1983 1984 | 1980 1981 1982 1983 1984 [1980 1981 1982 1983 1984
— — 20.7 37.8 31.0] 7.1 11.2 7.5 4.6 157} 21.6 1.0 2.2 3.1 29.0] 6.9 0.2 46.0 1.0 66.0
— — 57.9 64.3 31.3 16.9 21.1 {2.5 18.2 9.5 10.0 17.7 30.%102 29.0( 13.9 42.0206 102 113

— 3.2 75.5 35.4| 31.6 41.8 31.0 31.7 26.3| 69.6101 122 223 114 (45,1217 122 236 298
—  — T6.4 540 435 38.8 54.7 31.0 26.3 14.4] 45.9308 731322 115 31,5692 217 242 68.0
- — 22.1 245 8.4 6.7 168 6.3 9.6 0.5 14.2 43 1.7 43 2.6 1.0 06 310 0.3 0.3
- — 39.2 458 13.0{ 10.6 17.8 14.7 10.2 0.8209 5% 17.3 31 9.8 17.0 2.9 32.0 1.7 13.6
— — 21.6 45.4 36.7 13.2 32.8 12,3 21,1 I1.1) 29.1 17.3 1.8 10.9 21,7 4.6 2.8 2.0 3.3 59
— — 0.01 0.01 0.01 0.0l 0.01 0.0t €.01 0.01
— — 18.1 16.z 7.2 6.4 2.4 20 3.3 1.2
— — 165 4.7 11.0) 2.0 147 6.1 54 52 1.8 29 1.2 2. 003 2.7 03 650 &4 0.3
— — 25.7 44.0 18,5/ 15.4 33.2 13.5 17.5 3.0] 55.2114 46,0 17.6 0.6| 27.6 34.8316 32.6 14.3
— — 19.4 31.2 15.4] 24.8 30.3 6.1 17.9 3.4 19.0 66.0207 106 29.6| B.7 32.5698 106 66.6
— — 15,7 53.2 10,2 §7.1 40.0 18.3 21.8 4.3| 86.5174 458 67.0 44.4] 18.9174 210 384 305
- — 24.4 41.5 18.1] 26.1 40,2 20,4 23,0 2.3 27.3 48.0 71.0 23.3 45,3 18,7 48,0712 453 31.0
- — §3.2 425 12.3| 14.0 34,6 22,1 32, 4.5 87.6485 311 32.1 44.1( 42,6109 285 294 139
- — 27.4 306 11,8135 66.2 20.4 18.5 6.5 70,9172 142 51 137 |131 317 362 179 273
— — 22.4 36.9 9.7/ 15.3 21.1 24.0 14.8 0.8 71.9 43.0 17.0 32.9 7.2] 4.2 4.346l 6.7 4.7

— 38.4 33.4 15.6/32.7 258 39.1 59 1.2/ 859 10.8 46.0 46.3 7.3| 5.4 19.2703 68.7 6.3
— — 8.2 33.3 18.8| 113 84.1 72,8 12,7 3.5/194 65,0118 108 19,2, 9.7 31.7 20,6108 23.3
— — .01 001 0.01] 0.01 0.01 0.0t 0.01 Q.01
— - 85 7.8 37 81 32 55 319 0.6
— — 149 9.6 95 2.9 16.3 11.7 3.0 12.7, 424 2.3 7.5 47 48 29 1.1 33 05 1.3
— — 34.2 20.9 27.3| 16.8 27.8 16.4 10.8 24.1 32,4 24,3 23,7 18,5 74.0] 7.3 34.4 12.8 14.2 48.0
— — 4RT 218.3 23.4} 36.0 36.7 17.3 12.4 25.9) 11.0 340133 183 128 154 7.0 34.6 71.2 340
- — 48.4 39.4 30.8[ 48.6 71.0 26.6 8.8 10.2|343 4.7228  49.4 305 3.4113 313  66.5 24.0
— — 33.5 22.4 19.4| 13.7 131 40.4 4.4 9.8/136 11,1307 505 332 0.2 99.0488 504 222

— 19.3 18.8 19.1| 6.4 46.3 11.1 18.1 17.5; 12.4 9.8 7.6 13.5 7.4 47 6.8 0.7 1.9 3.3
— — 27.5 22.4 20.5/ 30.0 76.6 31.2 42,2 17.0/ 38,8 15,8 77.0 244 4.9/ 14.8 1.6 0.7 4.7 3.3
- — 47.4 294 3991 29.4 131 49.9 18.0 42.8/136 18.9 13.4 47.3 2421 23.7 1.2 0.7 0.5

— — 498 31.5 46.8 — — 433 149 M9 — — 243 16.5 6.7 — — 26 3.6 0.4
— — 0.0l 0.01 0.01j 0.0 0.0 0.01 0.01 0.01

— 8.9 47 6.7 5.2 62 8.5 4,4 29
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Effect of Sewage Sludge Components on Chemical
and Microbiological Properties of Soils and Compositions of Soil
Water under Low Temperature

FREE#E « BEEE?S - MR ZRA

Hiroaki SUMIDA!, Kunihiro FUJII2? and Yasuaki MATSUZAKA*

E 5

20°C, 10°C SRR T TOTRGRMR I X 2 58 AiEst 10, 15, 20, 25cm O&
FE3 OLFEROMR L RB O HEESE, MEcE L ABEC W TIRERE)
B v A= — 2O THRNLEBRCDOVTERT L LUTOEEY TH S,

1) 200C AR D 10 cm O HBHEO pH BEBY ToMBREROER +FH L 10
CRBRCEATECETHERLZ, Lo LERTBOBHESEN - o EBRETH I
pH iz LR L,

2) Wem THANLY T L, w72 v AOE LR LBEED pHIET 2RI L, 188
BioHWREEAV Y DL, KB~ 32 v ADBB L LS T — 2 2R L, 220
HED TR S &SR EBETERE & SR LR L,

3) BE, AVVA, TRV YA WCHARR TR TEAORESED 1 3 TlAe o
fohs, 200CABRE TH 10 cm 2811 2 BEEROBEOE Yy, TROBEIFRN
WWEHELL,

L BRSO #E EuoEWRRHRATFAE (HARFBRMEYRAIEER T 154 HEBHESRTE3
-34-1)
Research Collaborator of the National Institute for Environmental Studies. Present Address: College of
Agriculture and Veterinary Medicine, Nihon Univ,, 3-34-1 Shimouma, Setagaya-ku, Tokyo 154, Japan.

2 EHuNEMER ARELEREE T 305 REEHEESHIRT/NE 16 % 2
Water and Soil Epvirenment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

3. RTE BREESEMTERN BREEHEE TI05 ANRNENcHMEEREE -1
Present Address : Department of Natural Resources, National Institute of Agro-Environmental Sciences.
Y atabe-machi, Tsukuba, Ibaraki 303, Japan.

4 BN Se-59EE EVAFWRAMEAFREE (HEAZAESESFHBRZFR T 154 HEHHESET
B 3-34-1)
Visiting Fellow of the National Institute for Environmental Studies. Present Address : College of Agriculture
and Veterinary Medicine, Nihon Univ., 3-34-1 Shimouma, Setagaya-ku, Tokyo 154, Japan.

— 101 —



R « BHETY - g%

4) +HEBO 7 T o 7, EEEESEEE 20C AR TR ©— 7 # 7 Uz,
WCABK TEME CRBEL R L. $AMEEBEECHRI 0C AR THRIFE
THEL TED LT,

5) TP OIFTIEME, 720 SEE, AETHEE 20CABRTYEo Y —2 %

L7, WCAERTH BB TEVWER T RL, BSOS SHEE L Twa el
sz,

6) Tre27RBEECELE 20C MBS 10C BRI\ ->THE D, 100C BT
FHEEBEEROANS BRI O TMBRILEC Y — 7 BAL b O EE L LT,

7) RETOBENZZOWHE» SERETAMEE, BERs 4 {EFTT2 2 L8
=% (1

8) THEIEBOME, HELEYE, BREPNOBRL D EREET oG TSRO S
BRI 200C TORRRIC BRI HET T 2 2 L8 Bh s htn,

Abstract

HITACHI sewage sludge was applied to the subsoil of light-colord Andosol having
a low humus content, and then periodical changes in the contents of inorganic nitrogen,
the 50il microbial population and the components of soil water collected from soil depths of
10 em, 15 em, 20 cm, and 25 cm, respectively, were investigated for 22 weeks., Cultivation was
carried out under controlled water regimes and two different temperature conditions ; one of
them is 20°C and the other is 10°C. The sa:waée sludge was apptied to the upper 15 em of
soils at the rate of 2 ton/ha. pH and base saturation of the soil were adjusted by application
of CaCO,, Mg{(OH), and KCl. The results obtained are summarized as follows.

1) pH values of soil water at 10 cm depth in the 20°C treatment plot were lower than
these at the same depth in the 10°C treatment plot during the whole period of cultivation,
because of the preferential formation of nitrate-nitrogen in the 20°C treatment ploL.
However pH values of soil water rose during the late period of cultivation due to low
buffering action of the examined soil.

2) Concentration of Ca and Mg in soil water at 10 cm depth in both plots showed
maximum values because of the dissociation of CaCQ, and Mg(OH), by low pH values in
the soil water.

3) Leaching of Cl, K and Na in 10°C the treatment plot was not noticeably evident. In
the 20°C treatment plot, however these concentrations of these ions in soil solution at lower
depth gradually rose during cultivation accompanied by a decrease of theis concentrations
at 10 cm depth,

4) Concentrations of ammonium-and nitrite-nitrogen in soil in the 20°C treatment
plot showed a peak during the initial period of cultivation, but the porresponding
concentrations in the 10°C treatment plot maintained the in peaks until the middle period
of cultivation. Formation of nitrate-nitrogen in the soil of the 10°C rreatment plot was
observed to continue until the late period of cultivation.

5) In soil of the 20°C treatment plot, populations of aerobic bacteria, proteolytic
bacteria and dye-resistant bacteria showed a peak during the initial period of cultivation.
On the other hand in the 10 °C treatment plot, a high level of these populations continued
until the 9 the week of cuitivation, reflecting the prolonged decomposition of organic matter.

6) Ammonium-oxidizing bacteria in the 20°C treatment plot were more active
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compared with those in the 10°C treatment piot.

7} From the periodical changes of various forms of nitrogen in the soil during
cultivation, it was clarified that the rote and the level of nitrification were lower ai low
temperatures.

8) From the above-mentioned results, it was concluded that the process of decomposi-
tion of sewage sludge under low temperature conditions was definitely slow compared with
that at rather high temperatures.

Key words: Sewage sludge, Low temperature, Field condition, Soil property, Microflora,
Soil solution
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Table 1 Chemical, physical and microbiological properties of soil

pH EC T-C T-N C/N CEC Ca Mg K Na  Base st. Clay  Texture Aerobic  Actino- Fungi Proteolytic

Dye resistant

(H,0) us/em % % meq/ 100g % minerals Bacteria  mycetes Bacteria Bacteria
K=V>
6.4 59.2 161 013 124 171 7.1 0.5 1.0 0.1 50.6 A L 22%10F 650105 2.2*10¢ 2.8*10° 5.2=10°
mor
* K ; Kaoling
¥V ; Vermiculite
| Amor ; amorophous material
p=
=
|
® 2 HiaBROEFR
Table 2 Chmical properties of HITACHI sewage sludge.
Sludge name pH EC T-C T-N C/N NH,-N  NO;-N P,O; CaQ MgO K.O Na,O
(H,0) ms/cm % % mg/100g mg/100g % % % % %
HITACHI 6.2 3.62 45.43 5.35 3.49 619.6 2204 3.61 1.64 051 0.47 0.04
SAGAMI 5.5 2.24 22.05 3.51 6.28 188.1 220 3.51 1.58 0.60 0.33 0.16
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8 8 -
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o w
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-8 - \C‘!‘I—t / R R, Y
o, it g o T
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8f 6r T
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D2 4 B B 0 12 14 16 18 20 weds 3002 4 5 8 10 12 14 16 18 20 weeks
| RB&EMFE T2 TREROEALSTIRERD pH 252 5%
Fig. 1 Effect of pH values in soil water with application of sewage sludge

3D means 3 days after application of sewage sludge. ® 10cm, ® 15cm, O 20cm

and ® 25cm are indicate sampling depth of soil water from surface, respectivery.
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30
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' n//\
\ \ A\
20r 20r \
L]

30

™7 L OF B W 7 ie 6 18 20 wesis Mz o4 5 B IG 12 L 16 I8 20 wesks

B 2 BE&FGFCETE TKEROBHENLEFROT7 v T 7T RERRECS
25 GEERE 1 2H)

Fig. 2 Effect of ammonium nitrogen concentrations in soil water with application
of sewage sludge under low temperature conditions
For legends, see Fig, 1.

NQ7-N peo NO7-N peo
1500 500
10°C Tysimeter 20°C lysimeter
400
1000
3001
2001
500
100f
i © DG P

ol B ’ =4 |
2 45 8 10 12 14 18 18 20 weeks

® 3 EELEFCET I FAEROMHE, LIBHERO BENREERAEICS2 5
BE (ERRK &R

Fig. 3 Effect of nitrite nitrogen concentrations in soil water with application of
sewage sludge under low temperature conditions
For legends, see Fig. 1.
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Fig. 4 Effect of nitrate nitrogen concentrations of soil water with application of
sewage sludge under low temperature conditions
For legends, see Fig. 1.
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Cl pom Cl ppm
35 30

10°C lysimeter .4\ 20°C lysimeter

251

T T WU T SO T N S R S WSS S S T R W T W |

P U W T T W1

. 8]
B2 o4 B B W 2 L 8 8 20 weeks B 2 4 8 8 W 12 16 18 20 weeks

5 BERERMCBUITABROBESLBEROERBEICELIFE (B
TR ER)

Fig. 5 FEffect of chloride concentrations in soil water with application of sewage
sludge under low temperature conditions
For legends, see Fig. }.

Mg pom
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Gr— 50
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10 12 1416 18 20 weeks 3z 4 5 8 10 2 14 16 18 20 weeks
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Effect of calcium cocentrations in soil water with application of sewage
sludge under low temperature conditions

For legends, see Fig. 1.
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Fig. 7 Effect of magnesium concentratios in soil water with application of sewage
sludge under low temperature conditions
For legends, see Fig. 1.
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180F 8or
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Fig. 8 Effect of potassium concentrations in soil water with application of sewage

sludge under low temperature conditions
For legends, see Fig. 1.
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Fig. 9 Effect of sodium concentrations in soil water with application of sewage
sludge under low temperature conditions
For legends, see Fig. 1.
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Fig. 10 Changes in ammonium, nitrite and nitrate nitrogen in surface soils applied
with sewage sludge under low temperature conditions

Legends indicate as followes; O ammonium nitrogen, ® nitrite niirogen, =
nitrate nitrogen
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Fig. i1 Changes in microbiological populations in surface soils under low
temperature conditions
Legends indicate as followes; @ 10°C treatment, ® 20°C treatment
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Abstract

Sub-soil of light colored Andosol, having a wich has low humus content, was added
to a small-sized lysimeter (75 cm X 76 cmx 50 cm) and treated with two different kinds of
sewage sludge; one was HITACHI sewage sludge and the other, SAGAMI sewage sludge.
These sewage sludges were applied to a soil depth of 15 cm from the surface at a rate of 2
ton/ha. Cultivation was carried out during 22 weeks under eontrolled soil water regimes and
environmental conditions (25°C, 60%). Periodical changes of chemical properties and
microbiological populations in surface soils and components of soil water collected from 15
cm, 25 em, 35 cm and 45 cm, respectively, were traced by definitive methods. The results
obtained are summarized as follows :

1} pH values of soil water increased with decomposition of applied sewage studge,
Concentrations of varions froms of nitrogen and cations in soil water treated with sewage
sludge were increased compared with these in non-treated soil water.

2} The inorganic components of examined soil were leached out afier 6 weeks of
cultivation due to low cation exchange capacity of the soil.

3) Concentrations of nitrate nitrogen in soil water treated with sewage sludge were
markedly high compared with non treated soil water during the whole period of culutivation.

4) Ammonium and nitrite nitrogen in soil water disappered afier 4 weeks of
cultivation. On the other hand, nitrate nitrogen remained in the soil until the end of
cultivation.

5) The order of the poulations of acrobic bacteria, (ungi, proteolytic bactria and dye-
resistant bacteria during cultivation were HITACHI sewage sludge>SAGAMI sewage
sludge>>non treated sewage sludge. Periodic variation of microbial populations in
HITACHI sewage sludge was markedly predominant because of the low maturity of this
sewage sludge.

6) Members of ammonium oxidizing bacteria in the sail treated with sewage increased
during the initial period of cultivation, but nitrite-oxidizing bacteria increased during the
period of cultivation.

Key words: Sewage sludge, Field condition, Soil property, Microflora, Soil solution
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BFRESO T ERIBEDCOERI DT

AN HEOBRC LYV RRIRCERT I EBBELLICAATLEY, Lo LEBEDLER B
32 FABROSER, LBER HFA SEEETRCENSEARIZTHEY FEOIER
HEZRL >0, BB T > LARRLTL R L LA BRETIE R,

EHFR T, TESARSOERDOBESED TOZVEEI N RBER 7 L0 TR L
ZRv, BEBAEZECT 5 THEHOTASRERAL T, L8HES, LEBER, tEmsy 7
O wHGZAREIOCTRENCHEL, 3> TTABREAO I BLERCRIZTRESH
it &I el

2 REAL

2.1 REBRER

FIHFERT LR BRI b 5 KR 25°C A 60%, ERMAEEACHEL 2 75ecmXT5
cmxmmnﬁﬁﬁszQXfyvxﬂmﬂﬁ4vx—;—ﬁg%mmto

2.2 HHEtE

FHEFHEN L OBRIRL - REER 7 DO TR L 2RAEE S MM O35 2 EALL LD %
AL 7z, HEIEOBRMEELR 1AL, ABOBLERE T-C, T-N &k b itEHTo
<, CEC % 17.1meq/100 g ¥ 1 BH 7, FEARFHAL LBO TERWAETH L,

2.3 THoOBELETA

FGAVA—F—BTFBCEBEL-EERE S cam ORI CRE, 0L 0o GE S CREL
190kg #RIEBE0.6~0.TELELZLIEKETAL, ES5RXEXLELTHem OES AL T 76.2
kg #{RICE 0.5 OH—I %2 &5 KEEC L O HIEL 2858 R 2 TR TA L, 2BR
TAdE, TEBETMED 15cm, 25cm, 35cm OFEIRR—F AL » 7ORLHL L1 0.8
mm ¥4 TFa—FEEHEL, ThEnORsSOTBCI@ET 'L,

HE TR, RO FBSFCEST L, TMEEESRRC pH 0RB 2T o7, Thb
B L0 Ca, Mg, K &85 CEC @ 50, 20, 10% &% 5 X 9z CaCO,, Mg(OH),, KCI
DLEELENL, BALLY R TABOKBHIEpH BB S v A—F —r b pH# 6.5 %
LTz,

2.4 BERTHKFBR KA

MR TGRS R EETE, HEERES 2mm RTRERL- b0 RERL 2, HIER
RAREEERTE Y, FAREY, FREER ML, BAkLivoThrs, —7, BEERZ
Hit, EREERI 2N, 40 AMBRALE O TH S, ThoDEBSHEROBLEMRIC
KL THED, T-C, T-NSHIAERSE VOO0, HEBERIFRAOBBIZLIV Y v
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Table 1 Chemical, physical and biological properties of soil
pH EC T-C T-N C/N CEC Ca Mg K Na  Base st. Clay  Texture Aercbic  Actino- pungi Proteolytic Dye resisiant
(H:Q)ms/cm % % meq/100g % minerals Bacteria mycetes Bacteria Bacteria
K=Vz>
64 592 141 013 124 171 7} 0.5 1.0 01 50.6 A L 22410 6.5%10° 2.2%10° 28108 52108
mor
* K ; Kaoline
V, Vermiculite
Amor; amorophous material
* 2 ERBROES
Table 2 <Chemical properties of sewage sludge
Sludge name pH EC T-C T-N C/N NH,-N  NO,-N PO, Ca0 MgO K.0 Na, O
(H,0) ms/cm % % mg/100g mg/100g % % % % %
HITACHI 6.5 3.62 4543 5.35 8.49 619.6 2204 3.61 1.64 0.51 0.47 0.04
SAGAMI 55 2.24 22.05 3.51 6.28 188.1 220 351 1.58 0.60 0.33 0.16
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DTS RMEAE 2 B L o, FABROHE I, TAGRESRAEEEDM 4 v A—F —
BHERTATBEOMARHT 22T 200, 43 A— ¥ —BEHICZ > T 5cm I8
DERKEBAT 0L LI I 6EXE5X10ecm DEBEWMOEHL, BT E5 L ESLTD
LEERTA LY, &5 IEPRIEEITI 2D BREMAONEE Tz N, PO, K,O:LT
10kg, 12kg, 10kg/10 a B SEERE, V&, Sy VT ko THAL, —F, BRIERK T
RKRZVEZ oot KO DA% 12kg/10 a ¥ 2 Eiky ) & 0 BREHRCHERL
2o MEBTFREROMEFEEER 2R LI,

2.5 HREomE
PR & L TIHMEEEMO A 2 A U L HEK, BEISREAK, HRSEERKO 3 X 2 H#
%IJ GME%%i‘ijD

2.6 HETEIR BRI
PAKCREFKEHGABZE R L35I E D 1KY 0 4.8 2 AK LT, 2O
EMERRE 1500mm™  : LTHEL L D TH 2, ERIFERISIETA 6 HroREI12R
14 B0 2 BT 72, COMORE, MEGHRO L 5D Th 3, R, L850
T 6MAHE TEEE, 20RIEBAC A v A -9 —OEID 4 FHEOR S 6EFF LD 5em
DESETHERL, Y 2F v rBPTI CRER, BB, #EY7 o0 0HRc#RL 1,
B8 A KB T RE S 15 cm, 25cm, 35cm DES O IEFOF—F A v Fi
& o THINL 72 TSI R REH, MR8 UT, &bk, FTHHEHTLC X DL L 3B Ak b b
S BRI ST L e, |

2.7 wYEREES

TEIER S S EEBHAR T o T2 MR U T 3EREL 2, RSB SFL o BERTH
HicHE[ & 24T, BERZIZ1»B o0, B3, £, #HEH8 MTHRoFEmks, &
WE I LTRBEL T,
ﬁ%ﬁaaﬂm%1¢%7ﬁlsaﬁﬁ,8%185@@,%2W&9ﬁloaﬁﬁ 108 15H
HE, #3E% 10 H 25 HIBRE, 11 A 26 CYUEL 72,

2.8 B KE
TERIRRE L O BT pHH,0) 12 1: 5 KBHAFZ ABEBEWC LD, NH,: 1NKCI(1:
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10) B, NO,, NOidA L YRR DWT, 7 =2 vH#ld — 7+ 5 4 F—AA 1R
X DHEL A,

TEEECOWTR pH 245 AFEEEIC LD, NH, 24 > 7 2/ — A RMEEED, NO %
7V AR X ZWAEEY, NOJEZEF I Y rBRREERY, Cl 254 ¥ 7 »E kil
WEDOEBESY, Troar 8L - 7 FIAF—AA B L DBIE LT, Ca, Mg, K,
Na iz BiRBFRT AA-640-12 RIR FIRCHBEET 2 H W TR L 1,

TEMAEYRRFIEHE, EE, ARE, 7o SR, AEREE L TERER
B D9, 7res Tt EREBEEHEAERCABERC LD, BEY LR, F—
Fc X 0EHAIL 7z,

IR

31 EMBHODWER

R 3HE L0 21 BRETO REDHEBREFAE LW RTEUTOLEBD TH b,
28, UTOEMw 15cm, 25¢cm, 35cm, £ 7503 ZNTHOESOLBCERL 2R —
ZAHy T DR LEERERL, $4245m EHDZDETA ¥ A—F - TEHOPELTL
DEREBEKRERLIGDTHS,

3.1.1 pH %1tk

pPHOZELEH LR Lz, S0EKE L pH X 5.8~7TDRTHBEL -, FNERK L 15
cm, 45cm TOEBDNRED /2, 2O EFBREEZOBATERRED W~21 88 TH -7
oi, MEERER CRfoKL, Tz a2 rot,

3.1.2 EHARRoEl

BEHNSEROEE®E2, 3, 4TI,

TrESTHREROFCIENBESEROR L L ZZFAEEmERL, EBEERK TOWH
BEDED TH <, FE~OBEHLHOX & B > 7448 % 7L, 35cm, 45cm 5 EEH I E—
7%RL, B5cmTOHEET, HSem TSBREETIOE— i, SX L b 10:8EHZT
TrEZ7REESBHEINLY, FOREScn TOLBHY L, BRI LAYRES
n{, EEEEE~ELLLbOEEZ o,

HUER, AEEHRo 7 Y E T BESREERIBA VB RSEESEREO 5~6 552 RLTWED
b e T, FEEETORERESERRE CEHEWEETRLTWA, JRIBEIIERIEEREL
BERTHLOEHL, EEGEZ4PHEEHRA 2T o T30 ERYETORECEND
D, HBEREHR CRIEA®T > =7 BRROEEIES 72 Hit 20 X 3 BERAET
LizkE2L6ND, £, MALLHBEROBY L DBEELOFEFICENET L I ENTHE
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Fig. | Effect of pH values in soil water with application sewage sludge
3D means 3days after application of sewage sludge. ® 15¢m, ®w 25¢m, O 35cm,

0 45 cm are indicate sampling depth of soil water from surface, respectively.
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Fig. 2 Effect of ammonium nitrogen in soil water with application of sewage sludge
For legends, see Fig. 1.
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Fig. 3 Effect of nitrite nitrogen in soil water with application of sewage sludge
For legends, see Fig. 1.
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Fig. 4 Effect of nitrate nitrogen in soil water with application of sewage sludge

For legends, see Fig. 1.
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ni:

FREHEEROVO ©— 7 BEREBRER > BB REE > #REOIEEZTR L, 35cm £ Tolt
FHE S L WITERHEC L 2 BERIMEBR i 358 2 T, HIYERE Tk 488, B85
T 6 M8 % THRA, 46 cm TRHIGREE R THEWHA O B HA, R ERGRET
315 8E & TRBECHR UL, ENBREZEROTEAOBEN, HERE TR, SBEI 50
KwtL, HEERR TR TEASHT 2Em 2R LI,

MBS RN &R L RN FTEABH T 2 A ZRL, bon THRRIIMBERDIEF 2
FOBEERL, MERTE 5 EEREEFEA O IBEWRE & 10 ppm L TFOBRETHB L7, H
MERREO 15em TR ABEEICY— 2 %KL, 13EBCLT TR L, 0% 20 ppm
EBEORECHEREL, 25cm, 35cm, 45cm TRELACERL, TEErEWEEZRL A, 18
BUHRE T, 15em OYABE BV L OO, 5 EERR 35 cm THIBE 2T L, 25cm D8
ERo R LE I EAFENTH - 1,

eI E LY, FRERISEIHALLCEMOEENAE(RELTEY, HERCHELE
RETRMRSFHLL, FRECLEROBEOEL LD TRAOBESEE W ELNH D T L1
IR (W

3.1.3 HFROEL

BFEEOELEE IR L.

BEE b IAEETHIEORENTD o, 3L CHREFR CRERYAMOEECLIN 15
em T 7EE ETEBED Cl o S i, MBERR T 3EE L THEBIZ P T35 om T
EREETLY, ERELABOEBE L 15 OBESEL 2D TFTEIEY C#BEsSE
AT 2 EAMED SN, BRI TEANOBENHPLHIIRI 5 I LFB s R,

3.1.4 ANy Aok

ANy ABEOELER 6 KRL,

B b BRELEO pH BAROOH WL REAI N Y LOBERED b h, HERTE 458
B vEmBErrL, SBEHKE I 2 TORESEL Shiz, OB 15em TFBIRILLE
CERECHBELLY, GEANETEACBERI R LASTED N o, BB RE TIHER
Viowd#c k) 4EE THERBEYRL LS, MERO LS 2PHOREIZED ST, haw
BETAHEAERL, i TEEHDE 5 om ~A0BESTD SN I RN TH - 7, IR
HFRK CatO Kbl 15em i35 3 Ca iBENEDH THEL, FORR o BT OE~DR
FEHEAD 3@ o, EBIAMD O Ca @B MoKt L @SBE THREL 2,
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5 Effect of chloride concentration in soil water with application of sewage

sludge
For legends, see Fig. 1.
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Effect of calsium concentrations in soil water with application of sewage

sludge
For legends, see Fig. L.
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3.1.5 X2 v ADE
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Fig. 7 Effect of magnesium concentrations in soil water with application of sewage sludge
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Fig. 8 Effect of potassium concentrations in soil water with application of sewage
sludge
For legends, see Fig. 1.
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. SN

0 5 10 15 70 werks
TABEROMA EERO - ) 7 ABECE 2 2 BE (ETE, B EF)
Effect of sodium concentrations in soil water with application of sewage

sludge
For legends, see Fig. 1.
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Fig. 10 Changes in chemical properties of surface soils applied with sewage sludge
For legends, see Fig. 1.
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B 11 TABREREBLBOFANME, RRERVY vy BAEEOEL
(=i, B1 2§
Fig. 11 Changes in the populations of dye aerobic bacteria, actinomycetes, fungi and
protein degraders in surface soils applied with sewage sludge.
For legends, see Fig. 1.
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Fig. 12 Changes of the populations of dye resistant bacteria, ammonium oxiziding
bacteria and nitrite oxiziding bacteria.
For legends, see Fig. 1.
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Effect of Sewage Sludge Application on Eggplant Root-knot
Nematode Disease

JEARE - AR B - R

Mikiya HIROKI*, Toru KUBOI' and Kunihiro FUJII'?

2 7

TARERO I BHEMACEAEORECRIZTEELH T 220, OREETHE
FBHEADREBIIRICE LT, PYTA TR T LY F2V L7 A0BREORER L,
TETOEREEREE L,

T OFER, A2 7R, HEYOBREE b, BRI NEERO T Y K
&, MERICHBESEMIZED s kot HIBNOREEDHERDSHER VR
HEOHMOBEEE» 3L 7, SROEBNTO RO BTN &/ RER S EH
ALK LI ER, 02Uy bizbLiceEioni, BEh Y, Y
WHEBEHBEAZEBCBW TR, AEKERI TRBOBEFENSHEBC S D, 1L
ko TRIFROEAMEREL(EET 2l s+ R L 72,

Abstract

Effect of limed sewage sludge on the galling of eggplants by root-knot nematode
(Meloidogyne incognita) was investigated in a field experiment, with the following results.

The root-knot index of eggplants and the number of nematode larvae in surface soil
ftuctuated between plots treated with the same rate of sludge application, so no significant
difference was recognized between treatments. Distribution of plants with galling and the
correlation between root-knot index of two plants adjacent to each other suggested that lack
of uniformity in the distribution of the nematode and reduced movement into the plot cause
this large fluctuation. In manure-treated fields, the root-knot index tended to be larger in

1. EEZAEFSERT KELEBREE T 305 FRESH A maREER 16 % 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, ibaraki 303, Japan.

1L REE REREEETAN BEEET T30S FERIAKNSOSEESEE -3

Present Address: Department of Natural Resources, Natural Institute of Agro-Environmental Sciences.
Yatabe-machi, Tsukuba, Ibaraki 305, Japan.
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plots treated with sewage sludge than that outside the plots, suggesting that there is a
possibility that sludge application increases nematode disease under certain soil conditions.
Key words : Sewage sludge, Root-knot, Nematode, Eggplant
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2 BEHE

2.1 HEIIH

E N AFUFERTRMIEE RBRRARSGHEITAERS) RO TARERERERRX 2E (Al,
Bl) #3HE L, MiEHe b, 1977 EFHiclm s n-%, 1979 F 5 REARER Mk
BNDETOM, ALBETRILE, Vo, BLESTRILF, ©v7Y, VK LsFE
a1, BHOY (bt ani, OB, ALEETRAEREED, BLERTREERE L H#IE
DR ER, ZORE, BLEEOAN ALEBIVEEROBIZB L ko, BREAZRZ
POzt 7, EIBAIIZE lm OEER2 BV T 2m A O/NXEH 24 X, $%E 3 iz, F/0
R D MEAE R BROMER R R CHRED T 4 8, ML L TR K R Uk 2R K
OEGHE(FEDNTHE, U2XADI S 1I8XE X 1979F 7T BLE6 oMM (C, FC, S, M1,
M2, L) #3/ hEEFREEZNTYS, Flo 3 KEik 1980 £4 BLER IEOMAE (8, M,
L)# 1 XE$ 28 ehTws, o SEREETH 2, WIFHTE 1979 £LRESE, + 2
(FHRI2B)-VYAA L-2 LAXOIETHESNTWVS, 1, 2ERNBROEBRRVEREFZAD
EFI B 2R Uiz, BIESHORE, LHOWE, RETHELZFOFEME, ARFEL™DEED
THb,

F= | WHEEEZ2ORE

Table 1 Treatments and their contents in the experiment

weamen  chemilfenli® e ofsewage - anpliaon
C _ —_— —

FC + S\ wW
5§ - 3.751/ha 5 W
MI - 7.51/ha S

M2, M’ - 7.5t/ha S, W

L, L’ - 15 t/ha 5

a) compound fertilizer (8-8-5), 1 t/ha
ground dolomitic lime stone, 1 t/ha
fused phosphate, 0.6 t/ha
b) §: before summer-cropping W before winter-cropping

2.2 BEFE
EEOF AR Y IA TRy F a7 T L322 7OBENTED o 1982 B UF 1983 @
WE, 22 7DBERR, RUIEG0r a7 e rF a2 v RERELS
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Table 2 Root-knot index and number of nematode larvae at small plots in Al field (1982)

number of nematodes (/20 g soil)

root-knot index %

frequency in each class

plot No.

treatment

mean

mean
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Fig. 4 Distribution of plants with galling in Al field (1983)
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Fig. 5 Distribution of plants with galling in Bl field (1983)
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Table 3 Root-knot index and number of nematode larvae at small plots in Al field (1983)

frequency in each class root-knot index % number of nematodes (/ 208 soil)
treatment  plot No.

1t 2 3 4 isplot()® outplot (@) (H—{0) mean® mean
5 303 3 3 37.5 26.8 10.7 54.0

C ? 9 2 | 10.4 38.5 —28.1 38.9 0.0 63.5
20 1 5 4 68.8 76.8 —8.0 136.5
2 8 3 1 10.4 21.4 —11.0 4.0

FC 8 9 i 2 14,6 3.3 —16.7 16.0 0.0 6.3
15 7 1 3 1 22.9 51.8 —28.9 105.0
10 11 1 6.3 42.9 —36.6 48.0

5 12 2 02 2 4 2 54.2 39.3 14.9 M1 505.5 291.5
13 4 1 3 3 1 41.7 25.0 16.7 21.0
1 6 3 1 2 2.9 42.9 -21.0 156.0

Ml 11 1 1 3 5 2 62.5 39.6 2.9 497 1746.0 959.0
19 1 1 3 3 3 63.6 65.4 —1.8 975.0
4 3 1 6 2 39.6 7.1 —37.5 150.0

‘M2 6 6 2 3 1 229 339 —11.0 333 94.5 111.5
14 5 1 2 3 1 37.5 57.1 —19.6 90.0
3 23 3 4 43.8 30.4 13,4 57.0

L 9 g 1 1 i 12,5 9.6 —7.1 23.3 J.0 19.0
1] T 3 1 13.6 42.9 —-29.3 0.0
s 18 2 10 95.8 94.6 1.2 1176.0
: i7 2 1 1 6 60.4 42.9 17.5 885.0
L 21 1 4 4 3 68.8 73.2 —4.4 405.0

a) root-knot index by 12 plants in the plot
b} root-knot index by 14 plants cutside the plot
¢} mean value of root-knot index by plants in the plots

*= 4 BlIHBII B L3 0 758, ROLBhOMRHEE (1983)

Table 4 Root-knot index and number of nematode farvae at small plots in Bl field (1983)

frequency in each class root-knot index % number of nematodes {/20g soil)
treatment  plot No.

12 3 4 inplot{I® outplat {0 (1)—(O) mean® mean
12 8 13 1 12.5 25. —12.5 0.5

C 13 g8 2 1 1 14.6 0.0 0.0 14.6 3.0 2.7
22 8 1 2 I 4 6.7 15.6 1.1 4.5
9 8 4 1 8.3 9.4 =1.1 0.0

FC 18 121 2 0.0 0.0 0.0 18.8 0.0 5.0
24 3 05 3 1 1 29.2 21.9 7.3 15.0
5 6 4 2 20.8 12.5 8.3 0.0

S 11 7 5 10.4 9.4 1.0 17.3 0.0 2.2
20 5 4 3 20.8 3.1 17.7 6.5
10 6 4 1 1 18.8 9.4 9.4 2.5

MI 19 6 3 1 2 22.9 3.1 19.8 18.1 5.0 2.8
21 9 1 1 1 12.5 15.6 -3.1 1.0
6 9 1 2 0.4 9.4 1.0 0.0

M2 15 4 5 1 2 27.1 9.4 17.7 20.8 1.5 27.8
23 4 5 2 1 25.0 12.5 12.5 §2.0
14 8 3 1 12.5 6.3 6.2 0.0

L 16 12 0.0 9.4 —-9.4 5.6 0.0 0.0
17 n 1 4.2 9.4 -5.2 0.0
§ 7 g8 2 1 9.1 12.5 —-3.4 0.5
M 8 10 2 4.2 15.6 —1II.4 0.0
L 4 1 1 1 6.3 £.3 0.0 0.0

a} root-knat index by 12 plants in the plot
b) root-knot index by 8 plants outside the plot
¢) mean value of root-knot index by plants in the plots
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REGHBELZEY, £/, 1983 FHRE 4 DFELOREEEZ T80 83% i, MiFEc b
EORBEELZI MBI EESALBETH -7 (FH), Eo»ig, 19B2FChFHTHERD
WEORED SN MECEBES L ERE, 1983 Eiid, BTEL D S5 HESREIE -y
b, 2T i, BEOMATOREEY, MEOFEL D LAFORERRCHIELFENS
ZEETRT,

B4 7424, 1982 F /e U 1983 FOA/NKERNOREHOBFRERL L. MEOBR R E LT 5
E, BOKEE S 1983 S REGHEML 7243, FHEOB A O oM 2 HBEREE (r=
0.5809) »FH S, LRFTOREBLAEDORARCEESNL I LERLTV S,
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Fig. 6 Relationship between root-knot index in 1982 and 1983 for each plot of Al
field of each treatment
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NUMBER OF NEMATODES / 20 & solL

= 5 ALIZBERRD 1982, 1983 HED 4 3 7HHEOME

Table 5 Relation between root-knot index of eggplants in the
Al field in 1982 and one in 1983
{1982)
lost* 0 \ 2 3 4 total
lost | g 1 2
0 96 1 97
1
(1983) ! 3!
2 39 1 40
3 35 16 1 1 53
4 5 12 6 4 2 29
total| 0 207 30 7 5 3 252
* missing plant
** number of plants
10"
[s]
103 =
oMl
102+ o8
olt? © oM
05
e
10r +c
+C
(o]
M @M1
l 1 1 1
1 10 10 10°

NUMBER OF WEMATODES /20 & soIL
7 AVFES/NEEICH T S 1982, 1983 WED BT OBHHOBRK

(1933

10t

Fig. 7 Relationship between number of nematode larvae in 1982 and 1983 for each

plots of Al field of each treatment
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TARBERORBASNTADI I 7+ 2 v B RIS TRE

41 £ =

M B AR T 2 itk -0, EEEENMNIGL L RMEsh b 5id, BREHE
BLULARETER, REREEY E-E8ML, 22efgshicr 2032 7K HBE &
BREZZITTHB, Lol, 182 FToRBETH, LBhoGhlE &5%o» 2 7k E
D HERTED SO0, ThA5KNT2SNEOBERARCREL -7, BR
D& 5 BEFEORDE I TBPOEH{EELE O, FRBAOBABKC L >TEYFA
TRCHELENE, 2040, I—AB2HEI R IEEDORIL, T0OL3 537V #0& 0
EEISND,

183 EDOBHEMBRUB LT H, FIFECRHEORD SN LR THESKE ot, 20X
ZREC T2 RERAO L £ TAROBEAHE» T 5, &R I L ERERIOME
EXATTORERF LT L2008 B/UTHD D, TORD, F/NKEO/ICET 28R (A 1 1EH
Tid 144k BLIEBTREH OF a7 HEeRDL (£, 49, LeL, BEOAEILL T
FCREAOA 3 RS RERLTL V& 52 0RKREES LLIAARES T, KE
WHO R 2 7HBOE, b JUBORE TR T2 2 Lk Takno T,

BHO LS 2 BERMORAEETE, H2HROBRFORERIE, ABCEHET 2HOBHE
ORERASEELRIZL TR EELZOND, 20T, H2H0RPEOEESBEET 254D
FEECCOREBESRIIL TV 22 BNCHL 20, ALEBCSW THET 2RO &
27 EEOEBMREELTO L J ok,

BT 2 2HB0A 3 7ORRMEOEAGHEIEZSX5=20FD THY, hZhOfEsdb T
BT o8katlH 2 e W, 20 162 HFE &/NRENTREILFEICBHET 28088 %
FOIWRLI, ZORP S, 2O X T 7ORREOCHEBGEE (0.617) 233515, REDHE
T, EitARICEE T 35S, ElRARCBERTIEE TR OV, AKEROERDOM,
RENOBROM, RUKENOHK L KEAOEOBOE 6 D i ou» THEBEREERD (R D,

# 6 & oD 2 THRBOBR

Table 6 Relation between root-knot index of eggplants adjacent to

each other

Class of root-knot (northside plant}
0 i 2 3 4
0 47 13 4 7 0
Class of 1 12 0 5 1
root-knot 2 9 6 10 2
(southside plant) 3 5 4 10 14 6
4 I 1 [ 8 i
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Table 7 Correlation between root-knot index of eggplants adjacent to each other

samples number mean value correlation
west-east® in-in® 165 1.57 0.430
out-out™ 530 2.27 0.551
in-out® 161 1.76 0.270
north-south® in-in 187 1.53 0.617
out-out 550 233 0.647
in-out 123 1,65 0.506

a) correlation between plants adjacent to west and east

b) correlation between plants in plots

¢} correlation between plants outside plots

d) correlation between plants in plets and one cutwside plots
e) correlation between plants adjacent to north and south

CHBEARICEET 25, BRSR TR S6HRH D, MR 0.42 Thot, TDI B,
K@ O#OEBFESIZ, 0.551 (n=530), REAOHROEOHEBEFEE 0.430 (n=165) Tho
7o, RKEIOSMElOKE L ARIOBROHOEBREIZ 0.270 (n=161) L{E» 7z, i, FEitAR
WEHE T 2 5O O MHBIE ST, EHESETH 0.641m=860), Bl U < KEH-DOMD T, 0.647
(n=550), KEWNOHOKITI 0.617 (n=187), KEH L KENDOHEDOR Tt 0.506 (n=123)
Thole TOL I, BLAMICEEET 25 (50 cm) OMBIEELS, HEHRICEET 2%
fl (75 cm) OMEBAMRE L O BV C ki, FEAML Y &R0 EROECEIL A0 B
BrBPRTOIEERLTWEEELS, £, REHNOHOBOMEFRESEHE L, &KW
TREAOHEDRELE <, Kl & KESfOkOM CORBERES RN Eno7z, ThoOE
R, BBOEFED AR AMVBET T A XENI LT, BAOGENRLERTHED
XL, HEPBRROBEEEINZ TR IREOHE :NEOMTE, BRABEILInwE
EERLTWD EEZ 2, BlALI L 2, PMEREOBEOK: REOBOMO A 2 TIEROE
WAL & B EOMEASRD S ikt - L BEO—21I, AEEAANOERDEEEHE Z
EREEZLOTHS S, MREAOBEROBARBSH—Tr I &, AFERC TV F
Phi-oLkeE2 3, BROBHZLET COBROMMCRITTEE L, ZBERTHL»
WLEH ET2BE, EROMDICHS L UoRs SRECH s w2 0E8b 2,
FOHCENT, SEOFEONE L L2 EBEER0RBsENE LTuhnkol, Thd
D¥— it TEs ¥, KEMELBRICRTHLYTH - LLVWAE,
RERNTCOBBREDGEEES S AT, ESHHIBAL-EHEEEAOCECRECERD, 1
BN X OBEIO L NRERRICBALIC W, —ERENCBEALRER,
AR KBNS > L £ 613, 0BG, KENCKRREROK LD BAED
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Res. Rep. Natl, Inst. Environ. Stud., Jpn,, No. 93, 1986.

IT-11
BRFROZBERICL 327 Y04 & HSHERMEL

Changes in the Yield and Elemental Composition of Rape Grown
on Soil Repeatedly Treated with Sewage Sludge

AR Y - EoReR R

Toru KUBOI' and Mikiya HIROKI!

2 5

Mo EARIREE - HNR - A ROFET IS 274 v A —F — (B 17 m 2 23m- %@
BRI LEFTTANC, AR ZEER L T2 TAFBIREEH (50 t/ha/EEXSE) L, 2 [BE
HRERLOE20 8, a=v+2@EL 2 BOBRALNS-D 3E, BRAFAEDL 218, &
fES LI ERIFC, Ca, N, K, Mg, Na, P, Fe, Al, Sr, Zn, Mn, Cu, B, Cd 0=
wWEREELLER, DTFoZ el miciot,

D I 3B 6O, BEIZEDLZ, TRLEREL L AL TR AR D
WL, BRAAE®EFCEWERCH -7,

2) FEHEA GREARCET L2y F (B B O 20 - T Na,
P, Mg, N, Ca, Zn#'E<, Sr, K, Cd, Mn, B, C#{Kd =7, P, Sr, Mn, K, Zn,
CdERERIE-> THATAHEMIZS Y, FERICE~NTK & SrSROETHEY
iofoe, £/ Na SERHZHARE | FEOESRY L,3EBICHATHL MIE o T GIK
HRbc B2 K O L Ca 083, PHETRD Na & Sr 3z & 0 Siguic RBa LT
Wiz,

Abstract

A lysimeter experiment was performed in which limed sewage sludge was repeatedly
incorporated (8 times at a rate of 50t/ha) into. a light-colored andosol and rape plants
(Brassica rapa L. cv. Komatsuna) were successively cultured (20 times) during the 2 nd to 8
th applicaton regimes. The yield of the plants showed a linear decrease in the first 6
cultivations, and then fluctuated at lower levels depending on the season. The tops of the
plants grown on the sludge-applied plot contained higher Na, P, Mg, N, Ca and Zn, and
Tower Sr, K, Cd, Mn, B and C, as compared with the plant tops in a control plot.

L ERIAERERF kELERESE T 305 RNBHEISDEE N 16 E 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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[ decrease with the sequence of cultivation. No trend for K and Sr was found in the contrel
plants. The plants which were cultured just after sludge incorporation contained more than
0.9% (w/w) Na. Thus K, Na and Sr could be used as indicator elements for the
incorporation management of limed sewage sludge.

Key words : Sewage sludge, Brassica rapa, Repeated application, Yield, Elemental
composition, K, Na, Sr

/Concentrations of P, 8r, Mn, K, Zn and Cd in the plants on the applied plot tended to

1 Uiz
FABROBAIZL -, HPOEF LERTESREE LTS, BEOXH» G0N I1HE

ORBEW 2L EY), 2) LB HOBEFE IS, ) BLRE, FEIROBEWWA
sy L L, AU REER, #0EL THRERAHGER) LABEIKBE 27—
HEAEE MY, k- @BTHREP S S HOTNEMHREH T b D,
BEROERIZ, BetBA0nR0ARNEEOMEDAL ST, HEORME R cELS
3 ERE o THPOAT EBMHIRCEELRITRITHS, 72, FHOTRETAET
BIEid T, BULDTHEMORBEREZIEET LI LNTED,

o, ORPBEN T 5 5ERARTAGRY 4 58, 8 Bichi: > TRARKR 7 1108
AL, a=°Y+%£ 20 EEFEL TS, FEOEESERLT, FHETR IV FIOEF LRSS
HEROEB RN 2,

2 MECHE

2.1 1 FE - #H5

AER G EAURIEEE - BE - MIESBIE ST A v A —Y —(RERE T A v A= —,
B 17mES 2.3m) P B 2 TREREAFERO—HE LTUThbR bOTHY, HE|EF
BOMET, KOO TESE™Y, E@ROBBEMSF KOV TERBF LY, LT, B0 A
h s,

2.1.1 THEEEFROME

HurHEgmEs s 2% [pH (H0) 6.3, ¥ SIL, RELE0.60] THD, TAERE
FIR e G 28 2 IARE & T2 EBERARORBEEFRTH 2. HROKAy—+ (pH
(H,0) 10.0] i, REGHSREHFEL CIFEL, ZBERPRC L 02Avi, JORKERIEZ
4w A—F—DEL 10cm &M 50 t/ha DETEE L, DBEHROBGTEARER LI, &2
+38 pH O ER 1 R T,
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E 1 HeicHiR e 8o THEHERE
Table 1 Elemental composition of sewage sludge and soil used in
this experiment

N P K Ca Mg Na Cl
g'ke

Sludge 37.0 8.0 0.91 90.6 8.1 0,66 5.9
S0il 2.6 1.00 0.43 2.12 0.17 0.092
Conc. ratio 14.2 8.6 2.2 42.7 47.6 7.2

Fe Mn Zn Cu Sr Cd

g/kg
Sludge 69.2 0.726 1.39 0.262 0.054 0.00199
Soil 76.2 1.551 0.120 0.125 0.128 0.00014
Conc. ratio 0.90 0.47 i1.5 2.1 0.42 14,2
/._.______—.
- L ]
8 /./ *+Sludge
L ]
I
a7r
- e O~ ——~ 0O
—0—°
6 - © -Sludge
1 1 ] 1 1 : 1

12 345678

Repetition of the application

I HKERCHERICHE S 138 pH 01k
Fig. 1 Changes in soil pH as affecied by repeated application of limed sewage

sludge
2.1.2 HEYIOHLT
oY (Brassica rapa L. cv. Komatsuna) 87 % 3V L /288, ARG mm tH4) E#
DIA A —F—(FRERX 1 &, oHEEMEK 1) B 7 BEZ 1EHEL0 3k,

F 4 v A—F —57- 0 45 AT (15 cm FHRRE) OBE TV, BEHFF S o LT 1ERT L ARG
g, BES B~2ABEEL, SEET L b L HTHOREYER ZIEYE
BGBrC, 3AM +ELURE» o BRRERFR:T) +EH-BEMENVBOFHORX) 2 HE
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* 2 HROMF L 3=y FOREHR

Table 2 Time table for sludge application and rape cultivation

Sludge application Rape cultivation
Repetition Date Repetition Duration
1 47 979
2 6/ 5/°80 1 13/ 5/°80~28/ 6/°80
7 B/ 7/°80~23/ 8/°80
3 26/ %/°%0~11/10/80
3 14/10/'80 4 21/10/°80~ 6/12/°80
5 16/12/80~30/ 1/'8!
6 3/ 2/81~20/ 3781
4 217 4/°81 7 28/ 47°81~13/ 6/°8)
8 30/ 6/'81~15/ 8/'81
9 1/ $/'81~16/10/81
5 10/11/°81 10 2471181~ 8/ 1,82
1 19/ 1/°82~ 5/ 3/'82
12 16/ 3/'82~30/ 4/°82
6 1/ 57782 13 18/ 5/82~ 2/ 1/°82
14 13/ 1/82~ 3/ 9482
15 14/ 9/'82~29/10/'82
7 16/11/°82 16 30/11/82~14/ 17783
17 25/ 1/°83~11/ 3/°83
15 26/ 4/'83~10/ 6/'83
8 22/ 6/'83 19 12/ 7/°83~26/ 8/°83
20 6/.9/'83~21/10/"83

L7z, BRROBALAB[OABRR20EEDTH S,

2.1.3 fEYMEST

BIATA—F —DPRE O MR E L, EREHE AR, B s, ¥
Fe(orn 7 o8y 4 707 2) e LT UL, %8, 12, 13, 16~20 155 o - 2R e
PR WHEEL, FRUT. 23 FB S b RO FETETE LR L 2,

C'N: BERE L EEBTEME (A0 A ) T LT, EREAIEEMS E L THY
A

P-K-Ca-Mg-Na-Fe+Al-Mn-Zn+B+Sr-Cd-Cu-~Ti: 2K 200 mg 2B 5 A%l
¥ 7 A (50ml ) IZ AN, HNO,-HCIO, B (1: D2mi £mz TEAKE L7, BET
iz 19 (v/v) HNO, ¥ 20 ml %002, S E L7z, BIUERETY a 7 7HEHREHD & 9
L, 777 v 7 &ER LIz,

Cd i 7 v—AVARTEE L - TMIL, #otocHid MREE 4~6 g, 7
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AFRBEROSREHI LS 37 Y+ DET L AR

FATHENGNEACP | P+ — VA7 v v 2 8) TRBEAYI L. 28 ICP i & 2 SridAmse
AETHIER S T S L e, RS L BB L - 2 s, 28 SRR TRT 2HETIT-
720

Cl: —FoaEhc 20 TR A FBHHEL Y, B % Na,CO, THER®E, &/ HNO, B THE»
L, ¥4 7 v BE2KEBRTERLL,

3 F—zZo{EHE%E

3.1 B8R FBROERE

CEN, ClEBR{MOTRCDWTE, SHERALHE. FIEOEAEY 2 3 7 7 HHER
HOE»SFHEL 5 2. U a7 7REORHE (—HomREEEE) £ SEOSTHE & & ey
B (F3), WHIIBELTEY, SO MIHBERTARTORRC DO TELETHS
E#E 2T,

Ty WEFEF)RPOEREIL Cad.1~0.2, Mg 0.02~0.04, Na 0.1~0.3, Fe 0.02~0.05,
Al0.01~0.06mg/l TH Y, HOTRCHERTEI 0%, 2L T, Y a v 7@l#Ho Ca,
Mg, Fe CD‘?%JE#H%}&:‘.%w@’(‘i%}%%fﬁ.tﬁu‘ﬁ%b:ffitr 570t Naid 0.4~0.5mg/l T &%
WOTHIEBEICSEZ 2FENRE{L-7, B CuOAFEOFEE I AT ORERBR (VT
1y 0.03mg/{BE) Iicdy, 779 7HEOELNSWAEHTHDL, Vav btz
vy +ERTE P, K, Ca, Mg, Naf@3E»E <, Al, Zn, Cd L5 Mn OEEsEY, 20

# 30 a3 v 7S EORALE & S E
Table 3 Comparison between certified and analysed values of elements for
pepperbush standard material

P K Ca Mg Na Mn
g/kg
Certified 1.10* 15.1 13.8 4.08 0111 2.030
value +0.6 +0.7 +0.2 +0,018 +0.170
Analysed Mean 1.018 14.69 14.40 3.84 0.098 1.890
value Sp 0.044 0.94 0.50 0.15 0.047 0.098
CV{%) 4.36 6.41 3.5 3.82 47,57 5.22
Fe Al Zn B Sr Cd Cu Ti
g/ke
Certified 205 513+ 340 48 36 6.7* i2* 4.3
value +17 +137 +20 +4 . x0.7 +1
Analysed Mean 195.4 367.4 346.1 24.2 36.4 6.1 12.9 6.8
value SD 13.7 30.5 13.7 6.2 1.1 0.9 3.4 1.0
CV (%) 7.03 8.30 3.94 25.5 3.1 15.1 25.9 14,2

* ; Reference value

— 153 —




ARK B Lkt

BEEETLE, 2TV FOSERY s v 7OFRE D Na TREBFR S, #i2 Al & Zn OHF]
EHEREL TV i3, CARBEDRWT L — AL ABEREETH > T W ADT,
FHOHERECKEREERVEALNS, Vs Y 7HRHMOBEVELME  SHFCB I 58T
FMOMEBEEREE A2 &, 0.1%KEL L TEETH» A S bk 12 #1(P-Ca, P-Zn, P-Sr,
K-Cd*, Ca-Mg*, Ca-Zn*, Ca-Sr*, Mg-Zn*, Mg-Sr, Na-Al, Al-B, Zn-Sr) b H 57, B
HETDAtE 0.8 LI EOMHBRE (K-CdwDwTids, fMiRE) 26 oTwnt, Lirl, 34
RFENHEESEL TR, BLAXrOTROBERREY LE—FArcEbT a0 T, BwikE
O ER 2RI THD, TNV E, FAVEPHES VL HER, RUAHEER EHLET
DE3FV7 FPHREITBHEL TH20TH 25, Cu-P, Fe-Al, Cu-Zn DA SHEIC D
THERBTHBEID 5 50, SEOBECRFESHEBEREL B o7, Ca-SriconT
HRRAEMEORELEZ 6N DY, ZOMOEABADLERDLTESEDIOELRS, RHTHE
DY IERT AN EETH2 5, 2 FoRMETTEENEOREME 4 558,
Ja v 7EEE T HEOE DS - LHAS DRI DL THARKOMEE PAEMEOEHE » fuig
LTBLLEBEHRHS,

3.2 BEBREORSEDH

TEEHFIEMOETEELGT 2RI TR, BHBFHOTEIRB I bRER252 2, TS
EOEBRDGS b, HROER LEFOOEFC L 28R 2 mdl T 500, B-RHE$TT
HELLEENOLESROEH E AR EHECHFREHL L L TELEN DL, 22T,
MARC B S 3~y A BSOS EE & NE S ER T LBl .,

FEHHOHEECEHFR L ERBREAHI 2L R2 20T, TEOFATES-E
DEE LY, RIOEEEAL(FLY, avYF LY s 7OSEMNEEFE L (GEE0.5~2)
THHTRE PV TIHMEFORB P EBEEANZ 2 M TEL, ZOHRTHLE, K& Mg, Fe,
SrEROFEHIY av 7L R AEL, ooy EEEcHs b SREOEVSH S, L
»l, B & Cu FROEHIIAERECH D BEOHEHEANTH 2, —H, IV +hDSROAH
B (SR 2 D) TR TE, WERECH BEsREEL o EBEREES L, FREIRK
E{RDBFTHE, LELPLCaDEBREILIZ 1L B2 o TED, cho6DERLASH
OREGHE#HE L TWEL3TH 5,

BFEOEFROES D& b W0%EE 21~80%) £2, SHOLFRLEC (HFEHEELT)
R H 2 LFE L, EEPHBROERUANOEE TEFTRIEM L L sty B8 L 5 2,
¥ 1 E—{FHNOEBER CHET 2 TRERH D, COFEHC > wTLRERETHNE, Fhb
DTHE b EEPEHAE M T 2 L THEET & TH 2,

EOFRIIc DN Ty, SEEE %LU LEDOAETHEIS s TRE— Db ot (HL
Mnit 12/EH & 17fEED 2 &, EOHEM . —F, &EHLEC TEELHEBO & 5 iz wgst
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b3 4 2=V IrOESERENBEORERERRTY 2 v 75 Lo
Table 4 Variation of elemental contents and yield among rape plants, and the
comparison between rape and pepperbush samples

C N P K Ca Mg Na Fe Al
Rape CV (%) 3.9 7.29 15.5 18.8 9.15 12.3 239 549 81.9
Range 42.2 13.1 2.64 11.6 16.5 2.38 3.95 0.336 0.171
(g/kg)
Rape/Pepperbush CV 1,67 2.92 2.60 k3| 0.50  7.80 2.86
Content 5.08 1.57 3.95 1.53  60.1 0.86 0.26
Range 15.9 2.85 8.47 394 155 5.21 1.00
Mn Zn B Sr Cd Cu Ti Fr.Wt. Dy wT.
Rape CV{%) -16.8 18.6 28.5 11.6 2%.9 26.3 6.7 409 39.4
Range 17.8 37.3 20.7 3.8 0.44 16.8 6.31
(mg/kg)
Rape/Pepperbush  CV 3.21 4.71 1.11 3.74 1.91 1.01 4.00
Content 0.02 0.21 0.85 1.99 0.08 1.62 0.43
Range 0.05 0.71 0.82 6.25 0.18 1.14 1.70

i Fe-Al (»=0.67~0.92) ©H -7, £ Ti-Fe, Ti-AlBEITEE5 EF oW TIEOMERHEE
Honiz, Fe, Al, TiD 3INHE R, A ENFF LWL LSBAREMLS 5708,
REBER2ET 2, LlL, FOMMOTETc W TEHs»REREED BP0/,

4 BUMRULEHHOBVICLIITEIREOEH

4.1 EAREH

A—EETH-Th, EroBRT 2RI L (07 Y TRLEREZ SYEy, BEPHEAORE
HrH~s LT, BUMOTRSEOB S M- TE 2 ekdfiifEisd s, ¥LFREAECRE
(1, 2, 7, BfEE) KBCEOREHIEFEL odt, 2 OEBAHET 5701 b ERIFIO 547
BULETHL, TFH A TEHFREBOCEHOE 1E) OFRREUNER S 1HFT>Lh, &
IMT LI ERSE2 THE, 2 BERFCBBELAEGLECE) B 1EL L TH S,
HRERKOKTIE, 3EFE THECHEE - HELTWLOTA4EE»SHEL. Hu (FEROK
EVEFIFSENTOITRELP L InThH Y, EBwAHEiL Ca, Mg, Mn, Sr Thok, P, Zn
R EBHESECES L T2, BFLEOFEAEVI LIWETE:, KEahiioEog
BRFE o T, s OEAREAR t EHAR K HETH > 7.—F Na FRIZFRE T
BEWEEF P2 CRBETRBEOHEEICH o7, Fe 5HE, BFRETEEHWREEIE 2-T
Wiz, FREOKTEEIEGL D EWEC FEOREARED i, B T8 EUMTEROE
e REL > TFEILCat Mg Th o1, SEA SN L I HERK Ca REERICHE
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Fig. 2 Effect of leaf position on elemental concentrations at the 7th cultivation

BL T2, Ca REFRFBPW Cai FAFEL TWTHRHRBE T2 2455 (Fric NBE
B2 ¢, ARBRERADIC CanRET 220 NEBE LI LTy, Ll NaBEE
P BREIEOAEEEL DY, SEOER»SRFRFHET S R TEL, 27

4.2 £FRHCL 5BV

S EEGEEE AR c NERE B ERosROELE AR B L, HRERICE
W TINHEO FAEOTRCE K, Na, Fe, Alats D, EoRFWE Ca, N, P, Mg, Znt
Hot, THLOERINBR TLEED &, Na, Znico0nTRESENTH- 1, Sra
EENBEOAEHIET L2

5 HfEr FROEANFATVFOEBTERARBICEL 5 KE

51 BEErHBEOEL

ATVFOAEREREOTANBRIDB IR o (D), BRECSY 2 EHO
EHEanEd 22. 1 tVha YT 20 L, HEEOENE 1.7t/haic s Ehroiz, L
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BEEROSFTERBI L3237 04T EESEROEL

B LBEBREZEIAS {, HRECSOIToBESLOEBHNIRELILETRL T2,
EIARE - SERic BT 0BT LR, 2o Y OB M TROTHESESHICE
B2, A I5RBOIETR, BV SEDEVCA»5BRE0 C 2T 10 EHU LOBEESEY
BB Enbns, FLABKEORREATROSRBNAAECELS bOTERLT L b
s THB,

# 5 a=VrOVHNE :
Table 5 Growth of rape plants grown on the soil with or without sludge
application

Treatment . Tops .o Roots

Fresh weight  Dry weight  Plant height Number of  Fresh weight  Dry weight
(cm) leaves

{(g/plant) (g/plam)
+Sludge 86.92 5.28 43.89 9.36 1.55 0.13
(62,16)* . (3.04) { 9.73) (.17 (1.39) (0.10)
—Sludge 6.60 0.55 17.56 5.59 0.27 0.03
{ 6.90) (0.41) { 5.56) {0.65) (0.24) 0.03)

Values are averaged from the results of 20 sequential cultivations

* refers to standard deviation.

EENOHI L ERE EHBROTESEDOLE L 2 XD, HEOBWEPRIORT
ZENTED (H4), LM 1 THhIIHROMEREw I itk sl, 1Lkt
BREKOANRSENEVI LTG5, MEHTIE, Na, P, Mg, N, Ca, Zn SBIERROH
DS ZE <, Sr, K, Cd, Mn, BEMBROFGHE Y, RITFHTLHEMECLEETH -
font, LR S OEBSRE ot BRROHNSVIEFRCIE Na, P, N, Zn, Phvii#u
it Cd, N, Zn, »RwEFRICECd, K, Srb ok, 4iRE%E  CCEREOR KL 2R
LTHD, EFHOIMCERT 213 ML L0’ NaB 3 Th o7z, BEHRROM LD
CQAERRET, 8 IEHDEFRFNIZDWTS.6, 5.7, 3.3g/kg# o57,

B, Ca, Mg, Mn, PiZ2WTiza~xv+0ORYT 37 77 oM 2w TRE « iff - 1
FIRFOMWE AT AT W A2, ZA6DEICIL, SEDEIICRZ 2w UREE L3 &7
BELBWE Lo,
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Fig. 3 Summary of elemental composition of rape plants sequentially

cultured for 20 times
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[ a 3 | '3 a‘E
}gz rucO& CLZrS 80\ H
f L e [T
c‘g 1 + :t:l??zu:c_' i »lf+;, Ox &
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A 0.015 1
4 axVIHPTEREBROEER/ BRI

Fig. 4 Ratio of elemental contents in rape plants grown on the sludge
applied plot to those in the plants grown on the control plot
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FKEROSEEMAC L 537V + 04T £ RAHEROE
5.2 EHMARNZEAL
NEDEBTROERIEL ODENTELT 3, SEOT—Yid, BVELOSZVWABRX TES

WEEBE B30 THZOT, INSORFIF—F A SBUMITREETE Y, avas

FLBR L THITTRETH D, Lo LARNSEREIOBEED, FHRE CileRiy

BNy — v REEHOREEAPSRREFATHLIER TS, 0Fcbi2avYr0EERE

TREROELEE - T, B R bR e THROEmEORE, $-H6 i bE

OLFEROEMETT. T BHFEWINE - B - EROTH /5 — > 5 LT, ULk

LEL EERD» A GBROETE, NG (GERY « \ifgl) i, BECS - TRACET
T AEBNC B - 72,

15 'r— Application

Tops

101

Lol =Sludge

‘---o--o--...._ﬁ:,‘__,---._o.

-1-..4“""--1‘

Dry weight (g/plant)
. . o

4 8 12 1B 20
Gulture sequence

B 5 ERE - SRS s~y rEmREoZl
Fig. 5 Changes in dry matter yield of rape plants during successive cultivations and
repeated application of sewage sludge
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Fig. 6 Changes in elemental concentrations of rape plants during successive
cultivations and repeated application of sewage sludge

5.2.1 [HFRIZES L DLvss

AR 2 BEE (5 4) T K ¥ Na, Sr &5 (FERIRKA.EH) O R i & E54E
B 2MEBLERE < BoTihey 272G, N, Ca, Mg, Mn, B&ROLE S HHIAE <, 2h
5D 10 TR HEOM ([T 5 PO EBER LI L EX D, Cut PEROEBEZbT I AE
Brotent, Fe, Al, Cd 12\ T IHEMBIEBIO F 2 EEER L D& ote, 060 57HD
SREBI—ECHERS L GERYD, BRONEICEL S 20,

5.2.2 HERRHOR
EHSERE~E(BHREE sk GEHRER O 2H, AL TV, dBEIC 8T 2 TR (5%
WARER)IE 5, 10, 15, 16, 20 fEHSFES B o Tz, 5 DORIBRHIE I bR~
YhaTwdIers, AFHBOFHINRCEEL Cwi Laked, UL, MAREIER
B OBROBNECTESBIES 2 2HEE, RSP0 0A5BDFRIEEAE RN,
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BXEROSRERC L2 27y TOEF MR OTL

ERD,
TEHD S B TiE Mn (BRE & MBEORLR), Zn (GREHSEE) SRSKEECEL, C
(FHRE# LS SsRERRECEERNSH 72,

5.2.3 HR&OIEM T EHOR .

HEDOHRBARICI Y Fi2 30 (BRIEOH 2 E) ST 5, BHAEGRRIERO SR
DEBCER, FAREEESOEEERVIETIEICLD, BERS RIS i ) RE
DT & TEMST 5, 207D, HHEEOEMITEREEHOEECRIA/SBCEELSE LS b,

g (&5 @MARCHEL1FEEH 2, 3FE L VHEs»RBWHEEICS » 7z, 7EHEMRARIC
B 1FEREFC»r > T3 0ESMEL 1O TH S, BETEDOI B TII NaZE
PN LARLELERL, HEROF IFHEEL(E 2> Twk (R6), 20MOTHKzD
WTIE Na i@ YD x> RBERED s Eh oz, FER®HOE L, 2, IEEHF R Fho T
SWTMHEWK L~ E, B EERTCI N, P, K, Na SENKREBECHAL, C, Ca, SralkEicl
My 28EARAETL TWwiz, REETIX P, Na s Em, Ca, CusihnfEie & -7z,

5.2.4 8 - EBEOR .

EROBRR 2 vy OEFICEL, —E0EATETEL 2RIELLTHErELE,
VAt L = O FEBER B S B L CHIE Lz F6(A) IR ETRT,

TR O 156 » T FERD ¥ AIc 2T HEBL TV 2 0l Mn 2ROBETHEATH - oo
—RTHENSRS Ao bOD, P L Al Zn, FRWE b SRACIET T 2 MEEICH -
2o FAF-ERA b ST, MBS ICHEL TR ETOMIZ Cd (BT) 59, R
HETHoTHICR N, Fe (BF) vid o/, MARTOARED SRR K OET (it
B HTFE) & C ORI HTE Thot. PORBPRBCERFR CER TH o7, RbIE
HanzoxSrtiah, BRETRBRIVER T > 0L, NRBETREIMERIE -T2,
2wy FHBRO Sr SR, BERERNOEBRE SRR LSS Wb T 59,

IRAORERREYT AL, WRHARCHEEL 2=V FORMROBHER L LET
FREKESrThLEERTIHE I LHTE D,

B EEC L 3 WROETRENID Shton, LTRSS - oRBERE R~ (&
6(B)), 2EDOMERIZIFIZRGCA) - HERRCH w3, JITEELLVWI LR, B—F&
T CEEE 2R L 7AES (3.2), NE:BIcEBT2CRE b oA TH L, THOZ
F 6 TR L EBRIRENLIREOEHOFOLEH 6B D TH S, F72 Na & Ca izt
FEP-ELERC RS0, o138, IN6OINENGIKEREREBOET T B4 L BEAE
HEEEIET 2, :
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Table 6 Correlation coefficients between elemental concentrations and

(A) times of sequential cultivation or (B) fresh weight of rape plants

(A}
Plant  Sewage
parts sludge C N P K Ca Mg Na Fe
Tops + 0.131 —0.193 —0.404 —0.620** 0.165 0.180 0.088 —0.207
- 0.036 —0.35] —0.693*** —0.364 0.243 —G.198 —G.041 —0.033
Roots + 0.705%** —0.827*** —0.328 —0.619** —0.350 —0.281 0.143 —0.461*
- 0.675** —0.819*** —0.708*** —0.416 0.393 0.068 0.105 —0.613**
Al Mn Zn B Sr Cd Cu Fresh
Tops +  —0.706*** —0.727*** —0.606** 0.259 —0.693*** —0.578** —0.222 —0.452*
- —0.142 —0.614** —0.476* 0.084 0.564** —0.732*** —0.292 —0.5%6*
Roots + —0.469* —0.404* —0.667** —0.182 —0.636** 0.565 0.329 —0.414
—  —0.680** —0.529* —0.397 —0.284 0.529* 0.615* G.744*** —0,380*
(B)
Plant Sewage
parts  sludge C N P K Ca Mg Na Fe
Tops +  —0.5547 0.697**+  0.694***  (.828*** —0.314 —0.156 ¢.123 0.494~
—  —0.482* 0.555* 0.851*++  0.166 0.039 0.483* 0.142  —0.090
Roots +  —0.642** 0.514* 0.724%*+  (.650** 0.474~ 0.233 0.092 0.643**
- —D.838*" 0,586** 0.792**= 0,105 0.053 0,181 a.107 (.282
Al Mn Zn B Sr Cd Cu
Tops + 0.708***  0.650** 0.561** —0.223 0.238 0.131 0.150
- —=0.101 0.697***  0.684*** —0.194 —0.497* 0.523* 0.488*
Roots + 0.640** 0.648** 0.803*** 0.636*" 0.800*** —0.356 —0.238
- 0.379 0.494* 0.786**+  0.501* —0.368 —0.314 —0.235

*, ** and *** refer to significant at the 5, 1, and 0.1% levels, respectively

5.3 BEHARIRIES I A ERSEEENHE
AR EWMBERENEFACET 3 a3y FOTESENOMEEE S FEic D W iHE
LTz (27, SHARELETERTH o TMHEMIRE S 25N 225, OB L Fe = Al %
BE, poERRCERL (EROMES TG HAsbyid,
#oHE ; C-Mn*

IE@FERE ; N-Mn*, P—Sr*" K‘Mn“,

K-Sr*, Mn-5r*, Zn-Sr**, Sr-Cd*

(%, 5% ; * * 1% KETHE) TH >N, Mn, Sr, KOGESHAEICEE L TELLTWD
Eabind. Na B8 (BRAAGOENFEECRIET %) &, CORHe bHEEL TWED»-
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Table 7 Correlation matrix for elemental contents of rape tops
C N P K Ca Mg Na Fe Al Mn Zn B Sr Cd Cu

C ~0.2350  -0.3350  -0.1019  -0.5048* -0.4606* -0.5032*  0.0171  -0.0237  -0.3278  -D.5722**  -0.1838 -0.0165  -0.1167 0.1937
N -0.5818"" 0.6190°= G.2649  0.2803  (.6826*** 0.3648  0,1971 0.3023  0.5815  D,499%0° 0.0347 -0.0595 0.3628 0.2535
P -0.4300  0.7468%*+ 0.4952¢  0.1873  0.6536** 0.2625  —0.0794  -0.0140  0.7128*** 0_6968°**  -0.1069 -0.3103 0.6144%%  0.477a*
K -0.4397  0.7402%+ 0. 7236%** 0.4370 04249  0,2366 -0.2430  -0.036%  ©.,3192  0.2589 0.3414 0.2288 0.3721 -0.0548
Ca  -0.0097 0.0087  0.2415  -0.252) 0.7376*** 0.3972  0.1361 0,133 0.3827  0.4450 0.4778° .7416***  0.0167  -0.2543
Mg -0.1552 0.1382 0,242  -0,2570  0.8152*** 0.5172*  0.1039 01220 0.6093*+ O.6778**  0,2319 0.2823 0.3182 0.0302
Na  -0.4966* 0.3816  0.0614  0.0555 -0.0616  0.3492 -0.143 01184 0.1138  0.1625 0.1262 -0,0206 ¢.0711 -0.2517
Fe ~0.2317 0.3530  0.3407  0.5208* -0.2461  -0.2080  -0.0764 0.8672°* 0.2370 01377 -0.1546  0.2583 0.1924 0.1266
Al -0.2780  0.4158  0.4915*  0.7996*<* -0.2952  -0.2955  -0.0992  0.7109*"" 0.2666  ©.1152 -0,0406  0.2003 0.1573  -0.0004
Mn  -D.5174* 0.4755*  ©.5785** 0.6695*¢ 0.0298  0.0403 0.0680  0.4803*  0.7032°** 0.7376***  0.0272 -0.1329 0.6177**  0.3393
Zn  -0.4514*  0.3441  0.5103  0.4412  ¢.2431 0.2701 -0.0257  0.2082  0.5257*  0.838ax 0.1943 -0.0344 0.3481 0.0925
B -0.0981 0.2379  0.3692 -0.0770  ©.7828%** (.5514*  -0.0279 -0.2161  -0.2696  -0.0251 0.0429 0.5042*  -0.1343 0,423
St -0.1437  0.2615  0.5638*  0.5128°  0.4855*  0.218 -0.2518  0.0677  0.4475°  0,5800%* 0.5626**  0.3320 -0.2754  -0.3043
Cd  0.053 -0.0975  0.2755  0.1672  0.1289 00405  -0.2788  0.2624  0.3476  0.4569  0.3878 -0.0235  0.4522¢ 0.5295
Cu  0.3547 -0.1042 -G.0853  0.3510 -G.4108 -0.4428  -0.4054  0.5367* ©.5140° 0.1017 0,113 -0.4240 -0.0465 0.1611

*, *, and *** refer to significant at the 5, I, and 0. |% levels, respectively.

Upper right-hand side ; control plot

Lower lefi-hand side ; sludge applied plot
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2o P-8r, Zn-Sr iz V) 2 v 7R T HEOFEVHARDE ThH o728, VavTih~5b L
TS OEHBELEL L pKE LD, HF - HTARICE T 3 R EoBETE RV,
2L, 40 OTFEGEEREOEMCEE S THEM (C) & L RS (ox#) T2 EHks
HHOT, FCHLBEHREBRMEL 2w,

6 HAYERAH L A-REEROKER

6.1 EH#Em oy

SRRV ERE, AR LS ERAL LTV TwAH Ca k Fe 543, pHS
v, SR K&ENRPH L, Na, Mn, Zn 2FALUv~<LihHd (1),
ABARPCLBCAN SN ST ROR Lo <Y+ (MERLHTE »RNLL-ES (&
B)athrBd L, BEAYOARBBRINEL D 20 MBrAERIN TV S, K72
WREBO LGP DE EoTW2, BIEBCER 2 KOREETT 5 189kg/ha o ZL TH
D, THETO 2 EOHEREAI L 28T 91kg/ha £ 9 100 kg/ha $H (R 7), HEXIZ
BESawv+ro KREE QEOCEE) R 0.6kg/ha 0 £5w»07, BROMA LT
Bho K 2B e obrd, ZOER»S AT, TAHR (e K SE»MED) OfA
Lo TREE (Pe{ £d 100ke/ha) @ K £ 5 BE»H 3, BRBEREMALIBEII,
HEOFROBE L D —BiEE+FO KA ETa 439 0T+ ET 5,
B2OMESIIEpHO LR (M) ThH2, AFRTH pH 84 ETEELTED, &
R - BRI EYER O Mn, Zn, B Cu%% (Fe, Al, Cd) O&BOETIR, heonHk
DR T 2 AREDETICL2 £ 2602, pHOERIZL D, CdEHETHOBRIN S
MHlahTes (M) OT, ARERE2EALTCEER 7L U HcR-RBEI0R, E2ED
gL ZhBCERLZ TbLvz titn s,

M2 ER AT S L5000 K 28, pH 2MET 2088524, FOBSC3ES
BIIEBERHILERS L,

*® 8 BROERCL»TERCAWMIEARORRE o~ Y+
Wk B IR '

Table 8 Total loading of elements by sludge application and total
uptake of them by rape plants cultured for 20 times

N P K Ca Mg Na Cl
Loading (kg/ha} 14,800 3,360 364 36,240 3,240 264 295
Uptake  {kg/ha) 1,625 149.8 743.9 1,507 158.0  172.3 (96.3)
Fe Mn Zn Cu Sr cd
Loading (kg/ha) 27,680 290.4 554 104.8 21.6 0,796
Uptake  (kg/ha) 5.45 1.19 2.09 0.434 2.0l 0.011
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Fig. 7 Relative content of soil K as affected by repeated application of sewage
sludge and by successive cultivations of rape plants
Potassium content of the soil before the first sludge application was set to 0. The
relative K levels were estimated from input (application) and output {uptake) of K.
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Pyt (K/Na) 213 QEEOHMKE.2EC) Thh, Nald KO BRRKELTWE, &
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=4, SrikCa LALEMHESERC L UTE D, £ O Ca & Sr 2 K8l L TRIRT
ERLEShbhTws, 20700, BEWERO Ca/Sr thid LB [#Es] Ca/Sr b Fuk+
5%, Ca & SrDEAMEEIEED 1130 55 20 FFE @ 2330 & TREBIEIMNL T D, L8P
EITD Ca DAFEHEMIT 2,
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% Na b Sr Of#ET S RICERCEA T 2, BEPEAC L AP FEINRET S
BHTELIDY, 2ORECEOSBCEFIHNLLE2 LS,

SEHE LIRS, BROSEEA—EER LV IBERILMCELDT, BohERE
BEHi Bt EA T2 LR TERY, LL, R s ERYTO K RECMERERs
T 500, FELHRE LAYy, ZOMBERED, BROESWERCET 2 7-5i3
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Fig. 8 Relationships between Sr and Na contents {A), and between molar ratio of
Ca/Sr and K/Na in the aerial ipart of rape plants during successive
cultivations
Numbers in the figure refer to the repetition of the sludge application.(, A, and
(J ; Ist, Znd, and 3rd cultivation after each time of the application.
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I-12
BIROBEMERR UL B P OMEWEN & FROS MM
Decomposition of Sewage Sludges in Relation to Their Organie
Matter Composition and Soil Microbial Activities
RREfTEZ - | B
Hiroyuki HATTORI' and Satoshi MUKAT
® B

TEhToFROSERNS, FOBECL s TREZsERsHebicT A LEENE
LT, 6 BRI 2V T, TEP TORRRUFRED HEE - HROTEEHERE - o
%, o ILBROMEDEE L OBFREE~T,

ERTOESMEFIL, 28°C, 8B T 15~56 RV ERL L, Bl LY Y= oo B
FHOIERE SR EEABECERC B o (r=—093), —K, FRBOEHEERT, 18
~60 BRI L, FEMTOHY >y BOEEHHOHE TERLESEr -7 (r=
0.98),

RESEROZERPEML LY, #BRET Y27 7 ik
HN, COFE4HE, BHREMLEE, HEHERU 7o 77 — FESRIC I AT w1865
BiH s,

DEmfERes, S8HE Y 7= 0&§HMEWHERARMNL - B&0E, IEF0M
B#ASEIL, Yo7 - YRR L Y, TORE BROSEMLEC R LEZS
i,

Ahstract

Decomposition of sewage sludges in a light-colored andosol in relation to the organic
matter composition and microbial activities of the treated soil was studied to elucidate why -
the rates of sludge C and N mineralization differ due to sludge type. Chemical analyses of
the sludges showed that the composition of the organic matter (i. ¢. crude protein, lignin,
lipid, cellulose, hemicellulose and water-soluble sugar) was similar among the sludges while
the amount of total organic matter varied considerably. The mineralization rate of sludge
organic C was 15-56 % during the 8-week incubation period at 28 °C, and was negatively
related to the sum of the inorganic matter and lignin {unextractable organic matter) content

L BlSIAEWFRE AE-EBREE T 305 FERFIERS EETE N 16 & 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Tbaraki 305, Japan.
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of the sludge (r=—0.93). The mineralization rate of sludge organic N was 18-60 %, and it
was positively related 10 the crude protein content of the total sludge organic matter (r=
0.98). The changes in the amounts of sludge C and N mineralized per day corresponded to
changes in the number of bacteria and the protease activity in the treated soil, and the
correlation coefficients were highly positive.

These results suggested that bacteria and protease activity increased greatly in soil
treated with sludge containing less inorganic matter and lignin, which was consequently
subjected to higher decomposition.

Key words: Sewage sludge, Mineralization, Organic matter composition, Microorganism,
Soil enzyme
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Gk, T FKGEBEROG R, BETIZHRIZEML L&k 3 - FEaNS,
NG EREEREREVRL CW LT, BROBEC > TRz 2 FEEE i
LTBLZERLETHE 3,

AHRTE, HROBECL > THRESRR s FREELMCT A2 L2 AW E LT, 38
BROBRD KRR VERODENE LS ROSEYHER - 0K, 3 s ctBhoMEyEtLo
ES[E g e AN

2 BERUFE

2.1 #HEFE:H#HHELH

AR, NEFEORLZ 6 MEOHERA2 B, BERERL TEBRICEL: (BD, £, +
BRWaRR 7 20FRL (2 9—4, CEC: 19.9meq/100 g ¥+) #EE%, 2mm D43
WRE LB L 2,

# . 1 gEWER e HRAIEoNnE

Table 1 Properties of sewage sludges and soil used in the experiment

Sludge Source Coagulant Treatment pH  T-C Org-C  T-N  Org-N  C/N
(%} (%) (%) (%)

A Domestic - None Activated 5.8 14,1 14.1 23 2.3 6.1

B Domestic Ca(OH),FeCl,”  Activated 87  28.7 26.1 36 35 8.0

C Domestic  Ca{OH),.FeCl, Activated 9.0 313 275 37 3.7 8.5

D Domestic  Polymer Digested 6.1 329 325 44 4.1 7.5

. E Domestic  Polymer Activated 6.1 44.8 44.2 5.6 51 80
F Industrial Polymer Activated 5.3 49.1 49.1 12.3 12.1 4.0
Light-colored Andosol 54 33 3.3 0.42 0.42 79
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3.1 FROBAMMERS

BROGEYMER L ZOEBREPR 2R L FEYSERBROEEICL > TR Ar D,
Fi5RIZ AGRO 3EULOERM EEA T W, —F, ARYOERE, FERCBLIRSY
PRZHEDEEBSELCEL, VS 0EEREL LI B RS ALY, BWThOBRT
b, 7230 E, V7 VRUBEOBEESHE L, ~ILlu—R, vAT— LUK
DHREEE W0%LT LBV & 05 STEML T, Liza-7, HERBROTHEO ]I,
HRM TR EHT 24, 20EMERECCEEL TV L0 3,

HRETHEYES RS RL 2 FR L LT, TARLEBCRAT 2 FADORSROE b
Erond, a6k, FRONMHEOPELE L sh, — M AR L > THERDRIIFY
L, &, ARERACZLERE, BREEALELERL ) v EETREMNSL L LbRTYL
5,

# 2 Ve & REOAHRYHER

Table 2 Chemical composition of organic matter in the sewage sludges and

the soil
Sludge Organic Lipid Sugar** Hemi- Cellulose Crudf; Lignin
matter cellulose Protein
(%)* % of total  organic matter .
A 32.3 6.7 2.6 9.8 1.0 30.3 27.8
B 49.9 16.5 3.2 9.6 2.1 26.4 19.0
C 54.4 13.7 2.8 8.6 39 25.3 20.5
D 58.3 18.8 2.2 6.8 0.8 6.7 291
E 82.7 191 35 7.9 5.0 27.4 27.2
F 94.1 15.6 3.8 5.1 0.2 59.6 9.9
Soil 5.7 1.7 0.6 11.1 2.3 . 13.9 46,7

*Total dry weight basis
**Water-soluble sugar

3.2 FROFHEBRERUCEROGRIL

HROSRBIFE > THRET 3 CO, &z, WTFROBROBES L, BHRENE 2-4 EBICEA
W izt 20 TRBICEA L, 208 ELoitild LY (18 1), DE0 (L
BY CO, RER L RAROEERLE, IN5ORERIE, BROMEY, 20BS:s¥, ¥
BIo 2 BERE TEBIGEITL, ZhLUBRBBEISZILEFL TN,
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Fig. | Changes in the mineralization rates of sludge organic C and N
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MEROEEBEAI VS (SR LELD»LLARY, BROER(ER, FHRETHNO0% L BX
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Table 3 Mineralization rates of sludge organic C
and N in soil incubated for 8 weeks

Sludge Application Mineralization rate
rate C N
A 1% 15.5% 27.3%
5 16.4 26.3
B 1 28.3 14.7
5 30.0 17.8
C 1 37.8 18.6
5 39.2 20.9
D 1 20.3 19.8
5 23.1 26.5
E 1 38.5 21.6
5 43.4 27.3
F 1 52.5 57.8
5 59.1 62.5
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= 4 FROEMRIE L EABRSE L OHERE
(n=12)
Table 4 Correlation coefficients between sludge

mineralization rate and different organic
component contents of sludge (n=12)

Mineralization rate

C N
Organic matter® 0.88**+( 0.76* ) 0.74** (—0.20 )
Organic-N¥® 0.26 ( 0.71* ) 0.02***(—0.08 )
C/N —0.46 { 0.82**)  —0.91***(—0.03 )
Lipid® 0.40 ( .53 ) -0.03 ( 0.60 )
Water-soluble sugar® 0.83***( 0.70* ) 0.57 (—90.23 )
Hemicellulose®™ —0.67* (—0.20 ) —0.78** (—0.16 )
Cellulose® 0.16 ( 0.95**%) =0.51 (-0.11 )
Crude Prowein® 0.68* (—0.65* } D.98***({ 0.66* )
Lignin® —0.77** (—0.42 ) —0.68* ( 0.77**)

Figures in parenthesis indicate the corretation coefficients for data when sludge-F was
excluded. (n=10)

+, ** *** are significant at 5%, 1% and 0.1% levels, respectively.

2 content based on total dry weight

®: content based on 1otal organic matter
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Fig. 2 Relationship between sludge C mineralization rate and sludge inorganic
matter plus lignin content
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Fig. 3 <Changes in the amounts of different organic components during a 8-week
incubation of the soil amended with sludges (A-F) at 5% application rate
M before incubation, ] after incubation
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Table 5 The rate of decrease of different organic com-
ponent of sludge in soil incubated for § weeks

Sludge Crude protein Lignin Lipid Hemicellulose
A 29% 37% 20% 33%
B 28 23 67 28
C 33 3 55 59
D 20 1 30 50
E 19 50 68 31
F 69 54 53 73
_ A after incubation
Rate of decrease= (l A befors incabation )x 100 (%),
where, A=¢tach organic component in treated soil — that compoenent in control soil

BRSO SES—BICAF AN I EBELLNS,
¥/, FERENLECRICHS >0 BOBEVEMSAE LI Lid, ZOFRSHY L7 B
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Fig. 4 Microbial populations and protease activity in soil amended with sewage
sludges at 5% application rate
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Table 6 Correlation of mineralization rate of sludge
organic matter (C and N) with microbial
populations and enzyme activities in soil

Mineralization rate

C N
Bacteria 0,91+ 0.65***
Actinomycetes —0.38 —0.28
Fungi —0.08 —{.21
Protease 0.87*** 0.78%**

*** significant at 0.01% level
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Forms of Phosphorus in Sewage Sludges and

their Transformation in Soils

HRERHEZ!

Hiroyuki HATTORI!

£ 5
CREEOHERY DY v OREBY, Tho0ERE SKEFINL B £ & Rk LK 4 2
DY v OBEEERAT,

BRAOEY Vv BE, EHUL D 0T-19%Th -1, &Y Yo T 5 ESEY »oud
W 15-T0% S EROBHEIC L - TRE L B - BB v OFER, Fe3B0EWHR
TFe ) vOEESE <, CB) »OFEMECEFICH o7z, £, ALEOSLER
EY ALR) ofEaEeEm S0, HRFOERE Y OB, Fe & AlRICE-
THEaNnL ¥z 5N,

28°C, 4BRAOEBEMHARCHEL TIRIEE A LOBROCHBRY v oS- RERLL
e, KK+ TREEAYOBRBTESEA N o, £, HEELEY R
WELTE CaBliz 2 0ICHL T, KIWKETIR AlBRS S, LEQOBEL-TY v
DB TR -T2,

Abstract

The forms of phosphorus in 6 types of sewage sludge and phosphorus transformation
in twe types of soil {a sandy soil and a volcanic ash soil) treated with sludge at an
application rate of 5% were studied,

The sludge used contained from 0.7 % to 1.9 % P, from 0.28 % to 1.03 % organic P, and
from 0.41 % to 1.61 % inorganic P. Expressed as a percentage of total P in the sewage sludge,
organic P content ranged from 14.8 % to 70.2 %. The forms of inorganic P in sewage sludge
were influenced by the Al and Fe content in the sludge, In sludge with a high Fe content,
the percentage of Ca-P to total inorganic P was low and that of Fe-F was high. In sludge
with a high Al content, the percentage of Al-P to total inorganic P was high.

Transformation of sludge P in soil varied with the soil type treated with the sludge. A

L EuNESHEs AEHEEEE T 05 FEBRRsRsEmer il e
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, ibaraki 305, Japan.
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portion of several tenths of sludge organic P added to sandy soil was mineralized for 4 weeks
at 28°C and the form of P mineralized was Ca-P. However, little organic P in sludge added
to the volcanic ash soil was mineralized and the form of P mineralized was Al-P.

Key words : Sewage sludge, Organic P, Inorganic P, Phosphorus transformation
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HIROFEMFIHICEL T, HRPO U -y OREELERcE T 5 2 OBEELRINELCE
bk, EYEEMEEREOMISLETHD, AR Chs0AXBET2HIRE2E5 2
EEEELTiITo M,

2 ¥ FE

2.1 HEERIHRLR

FHEFERUVUBEEDR L2 6 BRAOFRL BEGERNTE L CEBRIE L (K1), IhoniEi
ATV AV DA TH» 7z, 1, BEL(MHKEY S 1 Lo TEL, Bk, L
M 8) RUNKIUK L (MAaBXstoFRt, £ L) 2EHFE2Zmm 055 0EEL, EEIC
AL,

2.2 HEaRER ‘
#ERETE WEAERCKUKE) KL TERDE LT5% M, 300mlI FRAF - A
EANEBRIUT, BAEAED 609%i20 5 & 5 CAKEEML, 28CHAT T4 HEREL -,

# 1 AR L EOnE

Table | Properties of sewage sludges and soils used in the experiment
- T-N
Sludge Source Coagulant Treatment pH {%33 (%)
A Domestic None Activated 5.8 14.1 2.3
B Domestic Ca (OH),, FeCl, Activated 8.7 28.7 3.6
C Domestic Ca (OH),, FeCl, Activated 9.0 31.3 37
D Domestic Polymer Digested 6.1 329 4.4
E Domestic Polymer Activated 6.1 448 5.1
F Industrial Polymer Activated 5.3 491 12.1
Sandy soil (So0il 1) 6.1 045 0.01
Volcanic ash soil (Soil II) 6.3 33 0.4
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Tz, HERSERY B ) BUEWHE T 16 REME LY, BRALLTTAIALY VEEHV2EY)
FUYB7 YEZVLMBEN LN ER LU, 2V B EERBEBY DR roELEEE) VR L
L7z

S COSRER, ThbbCall, AIBIRUFe®)) v OERE, BROFEXH->T
Tot, £EHEY VB o Call, AIRR U Fe ) »BE2F| W ELHERY >BE L,
HRPO Al RU Fe 83, £V YBOTRICHWILBERBE SR DL T, FTRE®E
L OERL,

3 BRRUEE

3.1 B oW

HRpOEY », BB CRUERE) Vv EER2CFRLL. £ yREFEROEEACL -
TREZLO0, KEPEZOBHILEERTRS2EZR L, TNy IYBOSETH-»
fzo Kono 6%, HREEAZHALCHELETRO2Y VESBLZLWI L E2RLEN, #20
HEG, SRERENSEL D LEBEEAGEROSY) Y ERIE{, FCMEERTH L DER
OERBFBNI EERL TS, SEEERE2SRCENTS o ickd, )V rOBEMES %
D, &4HEEOBETCERYENED LHHENC ) v OHELEL 220 TH2 I,

# 2 BREUVEIETDY COER

Table 2 Phosphorus content in sewage sludges and soils

Total-P Organic-P Incrganic-P
Sludge —— % of total dry matter ——
A 0.85 0.32 (37.2)* 0.53
B 0.7 0.30 (42.4) 0.41
C 0.75 0.3% (51.9) 0.36
D 1.89 0.28 (14.8) L.61
E 1.56 0.61 {38.9) 096
F 1.46 1.03 (70.2) 0.44
Soil T 0.048 0.007 (14.6) 0.041
Soil II 0.093 0.043 (46.2) 0.050

*Figure in parentheses is organic P expressed as a percentage of total P
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B R-Tw3y, Zhid#boRRchElE) v oERtL v rEzons,

RIWE, RMEEY >y 5 CaBl, ALK, Fe MR UEENY v 0FEET L%, ERY
FERTH CaBl) v 50%Lit, A RUDBRTE AIEY a3 50%BLE, 27 BRU CER
Tk Fe ) w2 50%I< 2 hd, EBE) CoBBREROBEICL > TR B> T,
COL S ERPOMEE) v OREAERE L > TEZ 201, Hietho Ca, Al R Fe Bi2
ENHZLDTHS 5, M1CHERTD A ZL AIR) > 8 r OE, a5 FeRE Callk
UFe®y »BEOBEFEERL . Al £ 2% ESBHERTIE AR Y » DBIE A 509 282 T
BY, AlESSVHERTAIDY - O¥EHRVEELA S, £ Fe O3RN HLIHFRIEY
Fe 8) > 0EEHE <20, # CaB) Y OHMESHEL 2RI H -2, BERE L TESE
D Ca2au BRUCHE(EWD I0%EE)TCaRy »oHlghnEunT, CaBOEuER
TCaly o FBLLIErm, Lizst-T, EHEEY v OB, BRSNS AR
UFe B8P RECHEELTHWE LESNS,

# 3 BREUVIEPOERE) L ORE

Table 3 Form of inorganic phosphorus in sewage sludges and soils

Sludge lnorgan‘icfp Ca-P Al-P ~ Fe-P unextracted-P
(%) — % of inorganic-P%————
A 0.53 239 50.3 19.0 6.8
B 0.41 4.7 244 599 1.1
C 0.36 6.7 39.3 49.9 4.2
D 1.61 23.1 54.6 1.t 11.2
E 0.96 65.2 20.0 2.8 120
F 0.44 532 305 2.0 142
Soil I 0.041 215 40.2 14.0 243
Soil 11 0.050 36 60.2 20.8 15.4

*percentage of total dry matter

Blo&s, £V ryBO0L00FZ0BBLBERIILI--TREL ER-TREDT, HRO
BENACEBL T y0RRE2\ET 288, 70OBRBOL) VERG T, BB LEE
THLENSHL D, EPTHL T Ca®Y) Y HRIBFIMELF O T, AlR UV Fe 2RO 720
BRIEZLBYA~D) Y OFREE VWS,
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Table 4 Mineralization rate of sludge organic P in soils incubated for 4 wecks

Sandy soil WVoleanic ash soil
Sludge Organic-P content Mineralization Organic-P content Mineralization
Before* After** rate*** Before* After** ratet**

A 0.221mg/g 0.200mg/g 15.2% 0.502mg/g 0.508mg/g 0.0%

B 0.202 0.228 .0 0.498 0.496 0.0

C 0.257 0.243 9.2 0.531 0.536 0.0

D 0,262 0.228 19.0 0.517 0.563 0.0

E 0.441 0.344 271 0.707 0.687 59

F 0.581 0.285 59.5 0.892 0.673 420
Control 0.083 0.083 0.370 0.370

***Mineralization rate = (l—

*Befofe incubation

** After incubation

A after incubation

A before i

ncubation

) X 100 (%),

where, A = organic P content in treated soil — that in control soil
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Fig. 2 Difference in the amount of Ca-P, Al-P and Fe-P between 4 weeks after
and immediately after the incubation
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Part 1. The distribution of chironomid species in a tributary in relation to the degree
of pollution with sewage water.

Part 2. Description of 20 species of Chironominae recovered from a tributary.
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Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and
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Part 5. An observation on the distribution of Chironominae along the main stream in
June with description of 13 new species.

Part 6. Description of species of the subfamily Orthocladiinae recovered from the main
stream in the June survey.

Part 7. Additional species collected in winter from the main stream.
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Part I. Ecological studies on chironomids in lakes of the Nikko National Park.

Part II. Taxonomical and morphological studies on the chironomid species collected
from lakes in the Nikko National Park. '
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Report of Special Research Project the National Institute for Environmental Studies

No. 1* Man activity and aquatic environment — with special references to Lake Kasumigaura —
Progress report in 1976. (1977

No. 2* Studies on evaluation .and amelioration of air polluticn by plants — Progress report in
1976-1977, (1978)

[ Starting with Report No. 3, the new title for NIES Reports was changed to: ]
Research Report from the National Institute for Environmental Studies

¥ No. 3 A comparative study of adults and immature stages of nine Japanese species of the genus
Chironomus (Diptera, Chironomidae). {1978)
No. 4* Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides sys-
tem — Progress report in 1977, (1978) '
No. 5* Studies on the photooxidation products of the alkylbenzene-nitrogen oxides system, and
on their effects on Cultured-Cells — Research report in 1976-1977. (1978)
No. 6* Man activity and aquatic envirenment — with special references to Lake Kasumigaura —
Progress report in 1977-1978. (1979
# No. 7 A morphological study of adults and immature stages of 20 Japanese species of the family
Chironomidae (Diptera). (1979) ‘
¥ No. 8* Studies on the biolegical effects of single and combined exposure of air pollutants —
Research report in 1977-1978. (1979)
No. 9* Smog chamber studies on photochemical reactions of hydrecarbon-nitrogen oxides sys-
tem — Progress report in 1978, (1979)
No.10* Studies on evaluation and amelioration of air pollution by plants — Progress report in
1976-1978. {1979)
¥ No.1l1 Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)
No.12 Multielement analysis studies by flame and inductively coupled plasma spectroscopy
utilizing computer-controlled instrumentation. (19803
No.13 Studies on chironomid midges of the Tama River. (1980)
Part 1. The distribution of chironomid species in a tributary in relation to the degree of
pollution with sewage water.
Part 2. Description of 20 species of Chironominae recovered from a tributary.
No.14* Studies on the effects of organic wastes on the soil ecosystem — Progress report in 1978
-1979. (1980)
# No.15* Studies on the biological effects of single and combined exposure of air pollutants —
Research report in 1977-1978. (1980)
No.16* Remote measurement of air pollution by a mobile laser radar. (1980)
# No.17* Influence of buoyancy on fluid motions and transport processes — Meteorological charac-
teristics and atmospheric diffusion phenomena in the coastal region — Progress report in
1978-1979. (1980)
No.18 Preparation, analysis and certification of PEPPERBUSH standard reference material.
(1980)
# No.19* Comprehensive studies on the eutrophication of fresh-water areas — Lake current of
Kasumigaura (Nishiura) — 1978-1979. (1981
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N0.20* Comprehensive studies on the eutrophication of fresh-water areas — Geomorphological
and hydrometeorological characteristics of Kasumigaura watershed as related to the lake
environment — 1978-1979. (1981)

No.21* Comprehensive studies on the eutrophication of fresh-water areas — Variation of pollu-
tant load by influent rivers to Lake Kasumigaura — 1978-1979. (1981

No.22* Comprehensive studies on the eutrophication of fresh-water areas — Structure of eco-
system and standing crops in Lake Kasumigaura — 1978-1979. (1981)

No.23* Comprehensive studies on the eutrophication of fresh-water areas — Applicability of
trophic state indices for lakes — 1978-1979. (1981)

No.24* Comprehensive studies on the eutrophication of fresh-water areas — Quantitative analy-
sis of eutrophication effects on main utilization of lake water resources — 1978-1979.
(19812 .

No.25* Comprehensive studies on the eutrophication of fresh-water areas — Growth character-
istics of Blue-Green Algae, Mycrocystis — 1978-1979. (1981)

No.26* Comprehensive studies on the eutrophication of fresh-water areas — Determination of
argal growth potential by algal assay procedure — 1978-1979. {1981)

No.27* Comprehensive studies on the eutrophication of fresh-water areas — Summary of re-
searches — 1978-1979. (1981)

No.28* Studies on effects of air poliutant mixtures on plants — Progress report in 1979-1980.
(1931

N0.29 Studies on chironomid midges of the Tama River. (1981)

Part 3. Species on the subfamily Orthocladiinae recorded at the summer survey and their
distribution in relation to the pollution with sewage waters.
Part 4. Chironomidae recorded at a winter survey.

No.30* Eutrophication and red tides in the coastal marine environment — Progress report in 1979
-1980. (1982)

No.31* Studies on the biological effects of single and combined exposure of air pollutants —
Research report in 1980, (1981)

No.32* Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides sys-
tem — Progress report in 1979 — Research on the photochemical secondary pollutants
formation mechanism in the environmental atmosphere, (Part 1. (1982)

No.33® Meteorological characteristics and atmospheric diffusion phenomena in the coastal
region — Simulation of atmospheric motions and diffusion processes — Progress report in
1980, (1982

No.34* The development and evaluation of remote measurement methods for environmental
pollution — Research report in 1980. (1982)

Nu.35* Comprehensive evaluation of environmental impacts of road and traffic. {1982)

No.36* Studies on the method for long term environmental monitoring — Progress report in 1980
-1981. (1982)

No.37* Study on supporting technology for systems analysis of environmental policy — The
evaluation laboratory of Man-Environment Systems. (1982}

No.38 Preparation, analysis and certification of POND SEDIMENT certified reference materi-
al. (1982)

N¢.39* The development and evaluation of remote measurement methods for environmental
pollution — Research report in 1981. (1983}
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No.40* Studies on the biological effects of single and combined exposure of air pollutants —
Research report in 1981. {1983)

No.41* Statistical studies on methods of measurement and evaluation of chemical codition of soil
— with special reference to heavy metals —. (1983}

No.42* Experimental studies on the physical properties of mud and the characteristics of mud
transportation. {1983)

No.43 Studies on chironomid midges of the Tama River. (1983}

Part 5. An observation on the distribution of Chironominae aleng the main stream i June,
with description of 15 new species.

Part 6. Description of species of the subfamily Orthocladiinae recovered from the main
stream in the June survey. . .

Part 7. Additional spectes collected in winter from the main stream.

No.44* Smog chamber studies on photochemical reactions of hydrocarbonnitrogen oxides sys-
tem — Progress report in 1979 — Research on the photochemical secondary pollutants
formation mechanism in the environmental atomosphere (Part 2). (1983}

No.45* Studies on the effect of organic wastes on the soil ecosystem — Qutlines of special
research project — 1978-1980. (1983)

No.46* Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979
-1980, Part 1. (15833 )

No.47* Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979
-1580, Part 2. (1983} )

No.48* Study on optimal allocation of water quality monitoring points. (1983)

No.4% The development and evaluation of remote measurement method for environmental
pollution — Research report in 1982, (1984)

No.50* Comprehensive studies on the eutrophication control of freshwaters — Estimation of
input loading in Lake Kasumigaura — 1980-1982. (1584}

No.51* Comprehensive studies on the eutrophication control of freshwaters — The function of the
ecosystern and significance of sediment in nutrient cycle in Lake Kasumigaura — 1980
-1982. (1984)

No.52* Comprehensive studies on the eutrophication control of freshwaters — Enclosure ex-
periments for restoration of highly eutrophic shallow Lake Kasumigaura — 1980-1982.
(1984)

No.53* Comprehensive studies on the eutrophication control of freshwaters — Seasonal changes
of the biomass of fishes and crustacia in Lake Kasumigaura — 1980-1982. {1984)
No.54* Comprehensive studies on the eutrophication control of freshwaters — Modeling the

eutrophication of Lake Kasumigaura — 1980-1982. (1984

No.55* Comprehensive studies on the eutrophication control of freshwaters — Measures for
eutrophication control — 1980-1982. (1984)

No.56* Comprehensive studies on the eutrophication contro] of freshwaters — Eutrophication in
Lake Yunoko — 1980-1982. (1984)

No.57* Comprehensive studies on the eutrophication control of freshwaters — Summary of
researches — 1980-1982. (1984)

Np.58* Studies on the method for long term environmental monitoring — Qutlines of special
research project in 1980-1982. (1884
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No.59*

No.60*

No.61*

No.62*

No.63*

No.64*

No.65

No.66

No.67=

No.68*

No.69*

No.70

No.73*

No.74*

No.75

No.76

No.77*

No.78*
No.79

No.80*

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfer oxides sys-
tem — Photochemical ozone formation studied by the evacuable smog chamber —
Atmosphpheric photooxidation mechanisms of selected organic compounds — Research
report in 1980-1982. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfer oxides svstem
— Formation mechanisms of photochemical aerozol — Research report in 1980-1982.
(1984)

Studies on photochernical reactions of hydrocarbon-nitrogen oxides-sulfer oxides system
— Research on the photochemical secondary pollutants formation mechanism in the
environmental atmosphere. — Research report in 1980-1982. (1984)

Effects of toxic substances on aquatic ecosystems — Progress report in 1980-1983. (1984)
Eutrophication and red tides in the coastal marine environment — Progress report in 1981.
(1984) '

Studies on effects of air pollutant mixtures on plants — Final report in 1979-1981. (1984)
Studies on effects of air pollutant mixtures on plants — Part 1. (1984)

Studies on effects of air pollutant mixtures on plants — Part 2. (1984)

Studies on unfavourable effects on human body regarding to several toxic materials in the -
environment, using epidemiological and analytical techniques — Project research report
in 1979-1981. (1984)

Studies on the environmental effects of the application of sewage sludge to soil —
Research report in 1981-1983. (1984)

Fundamental studies on the eutrophication of Lake Chuzenji — Basic research report.
(1984)

Studies on chironomid midges in lakes of the Nikko National Park — Part 1. Ecological
studies on chronomids in lakes of the Nikko National Park. — Part II. Taxonomical and
morphological studies on the chironomid species collected from lakes in the Nikko
National Park. (1984)

Analysis on distributions of remnant snowpack and snow patch vegatation by remote
sensing. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-oxides sulfer oxides-system
— Research on the photochemical secondary pollutants formation mechanism in the
environmental atmosphere — Research report in 1980-1982. (1985)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur oxides-system
— Final report in 1980-1982. (1985)

A comprehensive study on the development of indices system for urban and suburban
environmenta! guality. Envirenmental indices-basic notion formation — Research report
in 1984, (1984

Limnological and environmental studies of elements in the sediment of Lake Biwa, (1985)
Study on the behavior of monoterpenes in the atmosphere. (1985)

The development and evaluation of remote measurement methods for environmental
pollution. {1985)

Study on citizens' role in conserving the living environment. (1985)

Studies on the method for long term environmental monitoring — Research report 1980
-1982, (1985}

Modeling of red tide blooms in the coastal sea — Research report 1982-1983. (1985)
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No.81* A study on effects of implementing environmental impact assessment procedure — With
particular reference to implementation by local governments. (1985)

No.82* Studies on the role of vegetation as a sink of air pollutants - Research report in 1982
-1983. (1985)

No.83 Studies on chironomid midges of some lakes in Japan. (1985)

No.84* A comprehensive study on the development of assessment techniques for health effects
due to environmental heavy metal exposure — Final report in 1982-1984, (1985)

No.85 Studies on the rate constants of free radical reactions and related spectroscopic and
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