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The Application of Surplus Sludges from Human Waste
Disposal Plants to Sandy Soil (3)

—The Effect of Mixing Sludge into the Soil on Wheat Growth——

Isao KaTaoka and Ichiro KaTtaoka
Laboratory of Applied Analytical chemistry, Faculty of Agriculture

Abstract : The effects of mixing sludge into the soil (HAMAKAIDA sandy loam) on the
germination, root elongation, growth, and yield of wheat were examined. The results obtained
were as follows:

(1) The germination and root elongation of wheat were affected by sludge as the amount of
sludge mixed into the soil was increased.

(2) By the results of the germination experlment of wheat on the soil-sludge mixture (10%
mixture), various sludges were classified into following three groups.

Group A - High Cl percentage of sludge, poor root elongation.

Group B -~ There was no significant bad effects on the root elongation of wheat found with
_ the use of the sludge (Group B).

Group C -+ Poor root elongation in spite of low Cl percentage of sludge. (with the formation

of large amounts of NO:z-N or with active putrefaction of sludge).

(3) From the results of the pot cultivation of wheat, poor wheat growth was found on the 4 %
soil-sludge mixtures. (Especially, in the application of the sludge in Groups A and C.) But with
the 1 % soil sludge-mixtures, better wheat growth was found than with the manured soil. This
trend was also found in the yields of wheat straw and grain.

Thus, wheat growth was affected by the application of the-large amounts of sludge. Especially,
the care must be taken in the application of the sludge w1th the formation of the large amounts
of NO:-N or with active putrefaction.

(4) In wheat cultivation on the soil-sludge mixture, an increase in the percentage of productive
stem or head and in the weight of a grain can be expected with an additional application of
fertilizer before harvesting (for instance, at the young panicle formation stage).
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LD, FEARBALALES, FREELHNEZOT, TR, B 2 mm BTICEBRL, BRI
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T, HEBREET. . CEE .

iﬁ«DEA%A

: %Hﬂfatéiiﬁicﬁﬁiﬂ?éiﬁié, Wiﬁ@lcﬁﬁfﬁﬁ‘é‘i@% %ﬁﬁﬁééb‘éii’%ﬂ”ﬂ, HaHWVE
v%h_“BOD_FtC:Yob\X’L%C&b\gﬂ CO &S B, %03}%'”30):{:%‘(-50‘?’5?% JAéib‘fADﬁ

1B, UthioT, ¢ ¢ Tik, HAMAKAIDA sandy loam (REMEL) 100 g LT, BE

CBEUER lg 2 A ABAE, FEAOHEMEA 1%L L, RERR (EAH) TR1Y% 4%,
RIFERBTHEL1Y, 4%, OYDOFERBALIEEDL o7 INLEETELRNH B0, BRD
BEACIAIEEREZIOETRITE24LHTH S,

(1) RFHR
E B A &

BEE 9cm Ov v —LiC, EREALE 202 20 n, LERELUL/NE (BH220S) OBTFER
KETHEL, KEEL, SONEZBFREALBEOREICEMRBICPYPLLLE, "—t—J0= 7
STHOWMBRT, BEK4ml 2EELT 745 L, 1REIEHEL, 2BO0A 1K, HR
ISBHEOZNFNICOVT, FE~ORAEE1, 4,10%, 045K, Hit 1B BOHB>Y +r— Vv %
DL str, REY v — LT, 20°C OEEBERICVI, 2 BEICBUKEEENL, 3BRICEDIELT,
RERBIUVBOBELEBOIDOTHRELREL, FHERD 1, £2¥ v — Vi, —FiCHIE
TERBVOT, EREBNEBEEICHFI TONTHELK, X5, HEREREPICY+—1LD720
BEAAEIT - T, EXREBEH I,

w R R U EE

ERRER (3#EFH) % Table 1 ITRT, . _
CONTF, REAEREFMUADOEFREMR, 1%, 4%, 0EHENELNTN 1 BHEMEK,
4 BEME, 0FFNE, +HOSELERLBET 50
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Table |. Percentage germination and root elongation of wheat on
soil-sludge mixture

Soil: HAMAKAI DA sandy loam
wheat : Norin No. 20

After 3 days (20°C)
Sludge used germination ratio (%) root elongation (mm)
percentage studge mixed with soil percentage sludge mixed with soil
1 4 10 1 4 10
CH-ss (0OXx) 95.3 96. 7 91.3 VA 3.2 0
KO-scC (0X) 94.0 87.3 50.7 .0 3.7 0.3
KA-ss (0OX) 93.3 93.0 86. 7 12.1 8.1 2.6
BA-SS (0OX) 96.0 95.3 91.3 19.3 13,3 2.9
BA-AS (0X) 96. 0 94.7 90.7 19.2 16. 6 1.2
RY-PC (0OX) 94.7 67.3 94.0 14.4 15.7 18.0
RY-SC (OX) 97.3 92.0 88. 7 9.0 1.2 0
KN-ss (0X) 96. 17 95.3 84.0 9.3 55 7 0.6 .
NI-CSs (0X) 97.3 97.3 96.0 13.3 9.7 9.8
SH-DC (0X) 92,0 90. 7 78.7 112 31 0.1
KA-DS (DG) | 9.7 93.3 92.0 14.5 10.9 1.7
AK-DS (DG) 96. 7 95.3 96. 7 14.8 13.2 6.8
KN-DS (DG) 97.3 95.3 94.0 14.0 11.9 0.3
CH-HW ' 93.3 96.7. 94.0 13.7 7.6 4.1
SE-DC (CH) 94.7 92.7 93.3 14.4 146 120
HAMAKAIDA . v .
sandy loam (soil alone) _ (soil alone)
1 %
RIFER (%) 2FLHd L, 0%’_@&?0“9“6&50
% OF X (%) (v 213%5)
INMBROFR =t 1 %&mx 4 I 10% 3
97.3—92.0 97.3—87.3 96. 0—50. 7
s | RIE(0X) 10 (95.3) (34.0) (85.2)
97.3—-92.17 95.3—93.3 96.7—94.0
& | Mt OG 3 (35.6) (3. 6) (93.3)
712” fe% (CH) i 94.7 92.7 93.3
L iy 1 93.3 96. 7 94.0
% | HAMAKAIDA %.0
X sandy loam :

BERABMO/NEZDORFA~DOREER FREMEEOHMNE & bic Hobhns, BEFRT S5
&, BEHARCLBERID S, BILFRCLEBEROFICKES H5HZbD0HD, 10%5FM
T8HBLVD&LDIC, LD, BRFEOBDEHI, | BUTOFNTHNE, BRAKERTRE
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RFECEBLBLIZEITOVEITH 7,
2) RFFBREAL I AROBOME
BoOBELZFEHELE, DE¥DELDTHB,
B oo M & (mm (b v 213FE)
RMEROFR | A% | BRME ABFMR 10%FMK
19.3— 9 16.6— 3.1  18.0—
w | B 0X 10 i’ e G o
®
; 14.8—14.0  13.2—10.9  11.7—10.3
% it (DG) 3 (14.4) (12.0) (9. 6)
2 L% (CH) 1 14. 4 14. 6 12.0
L iy 1 13.7 1.6 41
£
HAMAKAIDA
§ sandy loam 18.2

BREMOBET, FL0 b, RFRBUE S BROBOME GF LA LOKDOT) 1K~
BbEohichbbh, 0BHFMETR, PUEDEESHE LD, HELYPOLDEH >/ &
BAFRATHEE, PRV, BAFROBRENOBEICKS CEBiEEbNAL,

3) 10% mmzmiém@@Etﬁﬁ@cyaﬁmxéﬁﬁ@ﬁﬁ

EREMOBED b > & b 55 b 0FRNROROMEEE D 517, BREOEDBEICY
BIEEEONZEBOY S, BREO A AREOBHLERLT, BRESEFOL I, FHL,
ST

; 10%FMR DB T’

Group 5 B | ofE Gmm) | Cl(%)

( RO ClL&RMHE, RO ) RQoSS 8% o o3
o . KA—SS (0X) 2.6 119
ROEHTDLL | SH-DC (0X) 01 114
KA-DS (DG) 1.7 0.61

RO Cl&EHEC, RO NETSS (989 o8 o h

B | E~oBRoZE IENLS SE-DC (CH) 12.0 0. 10
N RY-PC (O0X) 18,0 0. 07
BA—AS (OX) 1.2 0. 06

EN-DS (DG) 10,3 0. 06

B’ (hiHy) CH—-HW 4.1 0.75
RO ClLARAUENIC kb CH-5SS (0X) 0 0. 36

(' ) BA—-SS (0X) 2.9 0. 09
53, HohESDID RY-SC (0OX) 0 0.07

Group A OFERE Cl 2BNE<, TENOZRBOBFIMVINEORST, ROMRICKECEE
THCEN—IBELLN B, ‘

Group B i3, €DEENPENHDTHY, Group B,
50

4) BFRO pH & DEERK

pPH %14~ 8 DKMHEDT, §<®m%m%ﬁ¢ﬁboém

Cle 2T, BICKRE T2 HENS

pH 3 OB TITEMBE S hICEE



Lﬁﬁ&ﬂiﬁlcﬁﬁZ:%}‘%%J???’E@@Eiﬁf\@%ﬂ)ﬁ (3) - (A8 - AFE) 63

5, PHY TR Y vEEARIRLA WY, pH DEVC LIck 2B TO 2 RWEER, 7]
BREROAV YL, LEKRY) VEBEORRETHY, THRHEOTLV =9 A, 2V AV E0HOER
AAVOBET H5EaN5Y, %, KERBHICEO, NNEGLBWEFENSS &SN
B4, 1, WBEREL Tz A, v v AviCHT 3EHgE—FKT 24, pH OF o &
LB FETREE, BUHOBALAR, KBEEAAVESRLDOULAEY, HEEORRICE
W50 E7c, Th ) HTBICHENEBTTERIGERT 2 B8R, &%, < v7 Y, coEToM
DHBEREADBNE #2080 THLL, V) VBORNOBES 5,

ERD pH LFERD Group EDBREERDEDEBNTH 2,

Z%”%O; /pg?&) Group i A Eﬂ%ff) /p}%ﬁ) Group 5 7’
12.42 (14+10) B SE-DC (CH) 7.23 (142.5) C [ BA-SS (0X)
9.38 (1+10) B KN-DS (DG) 6.93 (1+10) C |CH-SS (0X)
8.90 (1+2.5) A SH-DC (0X) 6.53 (1+10) B |[NI-CS (0X)
8.50 (14+2.5) A KO-scC (0x) 6.59 (1+10) C RY-SC (0X)
8.14 (1+10) B AK-DS (DG) 6.24 (1+10) B RY-PC (0X)
7.98 (1+10) B KA-DS (DG) 563 (1+2.5) A | KA-SS (0X)
7.76 (1+10) B’ CH—-HW 4.80 (1+10) A | KN-SSs (0X)
7.30 (14+2.5) B BA—-AS (0OX)

HAMAKAIDA sandy loam, pH (1+42.5)=4.96

PH 0% - & b{EVERIE KN-SS (0X) 0 4.80 T, +#0 pH 4.9 1K, 2EBic pH
@ﬁwKASSKM)@Hi&)%,i%wm%%%?ﬂ@,iﬁ@%@%K;OpHO+ZD
=531 1K/ 57cht, CDEH% pH B, THi=vahT@E{bes pH4 X0FC L, hE
DHEEIBMEICRNC &, pH 4,96 ARTIEROBOMENLR D, BETH-1CEihadh
T, KN-SS (0X), KA-SS (OX) O 10%FMROBOBEISHZ VDI, & pH DN TR
WEEZ BN, ‘

DEIL, & pH OFERICOWVWT, pH 12,42 @ SE-DC (CH) Ol0%HEMXIZ, +ENWET
B, TOBMEMNS VDS, FREAYD pH & 11.55 (1+2.5) K Fhizicd &4, pH
9.38 @ KN-DS (DG) D10%HINEA LD pH i 8.32 (14+2.5) I FAICT E1h 1228,
NG 2BOBERDIOHLFMRICET 2BOMHER, Group B icBL, S\ pH ORBAZIC
Wi ot ROMER, HEB3 AZROAEETHY, CORFREFORBEMNCLIMBELE
AHh, & pH KL 2 +BROORTREIME IBERENBODETHEEEIONG,

Wk, BRICE, BEFRIC ALSO0)s 2FEMA LD KO-SC (0X), BA-AS (0X) 02
MibD, BRO —HO WE Al &, ThEN, 5.60%, 16 83%TH5 4, TWERET A Y
BT, Tt = 0 n@TEBLE B, o

HE, GO pH &, ERLABROBEATH, NNEORE, BOMRICKELEBNE N
STHh-70 ’

5) BROKSERE OB

BIY CRLUABROKAAELEBERD Group & DBEFRARTE, DXDEDEEDTHB,

FROKSEREBOMEELOMIC, HOMAEES A5NL C&id, RITHVT, Group
ALBMHNDEL->TVEZEEDDbD 3, BROBECEBEBERNZER LA DO, MMEKLH
WELILBY, INOCOBERT, BEXNT LAYV UTHRL TABSE LTERCEZTATY
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& ifé(%)!ﬁ 2 Group i R €] ‘ZJE(%)DE 2 Group 5 T

52.07 A KO-scC (0X) 24. 07 C BA-SS (0OX)
46. 20 B SE-DC (CH) 23.81 B’ | CH—-HW

42. 50 B - KN-DS (DG) 15. 81 B NI-Cs (0X)
40. 44 B BA-AS (0OX) 15. 178 A KA—-SS (0X)
40. 04 A SH-DC (0X) 12. 45 C CH-SS (0X)
39. 56 B AK-DS (DG) 11.18 C BRY-SC (0X)
31.39 B KA-DS (DG) 8. 34 B RY-PC (OX)
29.04 A KN-SS (0X)

2&, 2ORDEBIEEBENEY OFRE S5 KEEEROBRICEESE,

6) EROD Ca0 SR EDEE
mﬁ“m@bt@ﬁmcu)A &EQWEéwﬁﬁéﬁté Oé@ﬁ@tk@f%éo

3

mg?%gzao © |Group|. & B’ '_‘E(EED%)CaO | Growp | 5 -’
135,89 "B | SE-DC (CH) LSS "¢ |RY-SC (0X)
22,23 “B KN-DS (DG) , L4 B~ | RY-PC (0X)

816 A | RO-SC(OX) | - . 099 ¢ |CH-sSs (0X) -
L 5. 16 A SH-DC (0X) 0.91 - B | BA-AS (0X)
3.08 Cc | BA-SS (0X) 0.90 ‘A* |KN-8s (0X)
2.92 B’ | CH-HW 0.57 B | AK-DS (DG)
1.97 B NI-Ccs (OX) trace B KA-DS (DG)
1. 68 A | KA-SS (0X)

A EDTEEFEL-SDTHBH, & bic Group B ILBLTWAN S, AKREZEBUER
DIYRBRED+E~DERELSR, RBR3I BRI TOROHRICKHT 5ZEMNUEN -1

) BoTFaERORE
ENTFEBERNEERLE SEOBERICOVT, E~0RE (10%) LROME (7 W—T74r
) LOBBEERTE, DE¥ORDLDICU S,

® 2 T B R A
S i 5

- : — rw—7r
EaFEEREAEE | 477

KO-SC (OX) |Group A| opM ijﬁgggé f’””@IXT”&77””T
opFA FT=AVvH (RIVTI7INTTAFERYT 7YV
BA-AS (OX) | Group B P A7)
opFC HFAVR(BYVT I INTAFDATA VIR
BA-SS (OX) | Group C opFC 5] A

CH-SS (OX) |Group C op K NFAVHR (DT VIT I FOERK)
RY-SC (OX) | Group C opQ  AFAVE (RYTNFVYRYT IV)
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KO-SC(OX) & Group A T, HRD C (%) BELIE T, BOMERDEZVHEDTHD,
opM BA T 5, CI” DENEZL SNB,

BA-AS (OX) i3 Group B T, BOBENBEREAICL - THEVEBESI TN -7cbDT
H5H 5, opFA, opFC DB HLHFTHEILNKEVRTTH S, L, BASS (0X) ich
opFC #A >TWT, Group C IK/BL, WMOMEND B, chb 2 20BEE, F—LRnE
BODDTHY, BIBEREBRWVISEBICOVT, BEEOBALEBE opFC Hinic X
Kr—+&UzbDs BASS (0X) T, BRAMLBILO FBICDT, Al(S04)s, NaOH,
opFA (pH 7 &75¢) OB, &k, opFC Hinickvyr —F &8 L dDps BA-AS (0X)
THaM, BFREKCHTS opFC HEAITIZERLTRENAINEDIETHE, £€9TH

- hid, @ERY Group B & Citsdn s & LICERIN BT 3, ' ‘

KO-SC (0X) 2T, X SIcAEBEREOZE%, 7., BASS (0X), BA-AS (0X),

CH-SS (OX) ik2\ T, BaTRENOADEEEIRNTINENH S,
AIRMEEARICK A RFHARE

D EESERBRO B

UHHEEOERRBE L OBFs 557, KO-SC (0X) REAEEMLL D THY, NaCl
%8%, CI°, Na* OEBHEET 5, '

KO-SC (0X) o Cl (%)=3.5 :
G 10%8E (L5 100g+ 75k 10g=1EE4% 110g)
RIFERBY v — v@;’%i)%ﬁ‘:ﬁ:ti% 20g

R EHOBRE=20x7~=1.82g
3.5

B 1.82g $10 Cl (g)=1.82x5-=0.0637 ¢
Né“lc' =0.1050 g NaCl

RFABRTE, FRESLE 20g 1c 4 ml OXEEEL, BRO Cl nEBKICARERT 3
EIRETNIL, 0.1050 g NaCl/d ml OEBICHYT S, £DOEET 0.449 M-NaCl 'C“»&éo

CDEHITLT, 0.449 M-NaCl A EEBEERE LTRB L, R, REED K,
KNO; #iAHHEM L, Na*, K* Of#g, CIm & NOs™ OHBAE Uiz, 7, SERRKE L
T, 0.09M HEHABEL 1o g

i) RFARBER :

B oRFRBROFEELEKIC, v+ —Lici 7 HAMAKAIDA sandy loam 20g Fic, /M
FMHNSLREL, FEORERRAEEELT, 30% Q0°C) ORFR, RFELALODERD
BREEZAIE (3EFEY) Licdsld, DEDRDLITH 10 ' '

0.0637 g Cl= 0.0637 x

WE BE 0D BER m) | BFR (%) BoHE (mm)

0.449 4 60. 0 0
NaCl {005 4 93.3 45

_ 0. 449 4 . 67.3 0
KCl $5:05 4 88,7 5.4

KNO:s  0.09 4 96. 7 6.4
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KO-SC (0X) &2\ Ti, ﬁ*%ﬁﬂbnc&m;a M&l@%%ﬁk%&ﬁﬂf&éct
ZJ‘%Z_ 515,

BSTFARICK ZRFHAR

i) BOTFRBREORMERFRER

EoFCEBEsEESE, B, BEERDIC, T0 17 @mﬁ%m INBZONEEE S
NsOT, CORETBBOERE L1,

HAMAKAIDA sandy loam 20 g &L T, £D10%F45bhb 2 g ODREBFRERA TS &
L, ENEEYERICLEEL, £0 1 Z0ELFHINEINE LT 5,

COMAERICHENTIESTN 4ml OKICEENS L BEASGCEITFEBRLT, ﬁﬁ%
WRAEBHLT, SOTE®EKE L, 20 4ml % +— L h HAMAKAIDA sandy loam 20 g
FieEBET2cEick-T, BCHERIOZEFMLABED, 2OPOFAFRICHEETSH0D
ERE Uzo & OICHEEEN O 3 BRI, 3EERERE GBRU. (BERR, MESKTHBE
DI, ANy PTEMLA).

AT TG NEBFEBE LR, ﬁﬁ%ﬁ4ml%@%bf RERBAET 70

BALE : BRMKOBAIAERETSHD, KEEEL TS, BRYOBOFRESICERLY
b\%wtz‘%iénéo L7dts T, c@%#tcﬁ?‘%tb F, ﬁﬁ?iﬁé‘?&4ml & IRICEE
U, RS, KCRALLR, \i?&}%ﬁb K 4 ml ZBGLL, | "
i) #R

%%ﬁ&vm@@5(3aﬁ)uoé®£@;9155m

opK (CH-SS (OX) FBEEAD

a g BESS am | 2% [ PEGRT
IEMmRE 1.29 1.0 A 92.0 7.1
Bo% {38 ot B ] i3
R {16 10 B 8.0 £S5

opF (BA-SS (OX) BEHEHD

I EH R K 1.20 2.0 A 95.3 9.5

e (3| M| 8| B

3R W { 108 03 B o7 7
opM (KO-SC (OX) m&sEHD

IR R I 124 8.1 A 96.7 9.4

I {33 o B 06 5 i1

owamw | {BE | M1 ] 4| % | 4

LLOKRLD, SBOTFEEANOBRERMICHELBTFICERTNE, #F, ROMRICSHS
BEOE %%Eaéivfﬁb EAOTFOREMICOETOENRN L BREELBEILIOR
B33 » 1,



LREBIC B 1 B RBEROWETH~OMA  (3) (5 - A 67

8) FREEITEFOBMILETEL, NO:- OER, BHFRERLOBE

HIREBSTED incubation &HIE

BE®Z 49cm, BX 84cm ODAFu—-—AMBUAEZHE, EX 5cm (94.2 cc) ic, ERES
THREHEFHOFRBELVEL LABEKEL, BKED 60 BichH-3KEMA, 57505
CBL, &, BESAOBAET>T EROEHE2RH»0, 3 B, BLBTEMN (Eh) &
NO:-N QORIEZ{TI » 720

NO-N DERE, Eh WEEDOLEE, LELEIKCOVT, 10 NO-N ERICEY 5 B
ICEEL T, KEMATREER AL, oBICO0T G.R REARNT, REIE, BOREE
TERELKLY,

BREATE (10%), MREIER

5 kB A 4 B
5 B |77 Ep (V)  NOuN (ppm) | %
(0~2 cm) (0~5 cm
CH-SS C +0. 24 8. 48 . PN 3AY S =k
BA-SS. C +0. 24 0.51 i
KA-DS B +0. 38 0.38
BA-AS B +0. 41 0. 58, EREDH
RY-PC B +0. 49 0.19
HAMARAIDA | +0. 56 0.10 BRADS

Group C icj89 % CH-SS, BA-SS 27 5REE LI, 3 8%, &bic, BILETERAN

ﬁiz@ bOIVEL, TTICEREEL B > T, &5ic, CH- ss EBELEIE NO-N AR
s MO BDICH LT, FELd -7,

f’ﬁ%tdﬂ‘?éﬁﬁﬁ&@% KOWT, BRRBEIATR, Y 2RBCENT, BALLLEZR
WO T v Fot, FREF v R—T VE=TRF v E—HNBEF » v REETF v BiIC DT
BOTALE, EMBEF »RELUTEBITNIRICEELSC L, T EoBMNEOE 2T, &
BRAAMELT, AT RARDKEICEY, BFLT, BUEKEESABCTCEEHELTNEY,
TO%k, FAREMOPMHAXKRO T ENECAicks s, 1EhD NO,-N Higd 100 g o
0.5~5 mg (5~50 ppm) D& FEHD, +HD pH 255 SLUTDE &, BICENELLEDE
ETH5B, . .

CH-SS (0X) RELMO/NERF, BOMEBICHTSZEML, TTIIBRICHEOILATY
BEITHY, 0%k, WMOTHRESKE D (T XNTH, BBIRES) . LHL, #BicE
TAHLHiC, 2BE%IcE, CH-SS (0X) 10%REB&+E Tz, Eh b%b(ﬁ?btm NO,-N
BB EAI,

ml%(OX)EAig@ NO.-N ABRABERICHET 3 0D, BHTEREHN opK (23%7E
BEONEE) KHET S 600E VI MWENH5, opK FLEOHICHELAEAICIE, fhoFs
FEEREFER, ZREVE, 52BEOEEBNAONIzC LR, & 2L Lkh, CH-SS (0X)
RELE (10%) 0B/IKR, BICEESRE L, 1BICES S CHSS (0X) AEKLT,
TOHhD opK FIDONA NO-N K735 &3 5705, +ific CH-SS (0X) #jnZ, &5ic opK
Z8MT 5L, CH-SS (OX) tho opK &, &L 7: opK O N#»s CH-SS (OX) OERICE b
15 5T, NHs-N->NOx-N A&, & HicBIiTL, NO»-N S25 S Ic T 239 Th s, Lirl,
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FERERI, DD, FOL5KUGEDh ot (DEDERICES),

No.1 --HAMAKAIDA sandy loam 20 g ic 2g ® CH-SS (0X) #E&HiREALE(0
%) ‘

No.2 - No.l it & &ic, opK s (%) 4 ml &N

PlERRFREBOREREIC LA, EBO incubation T, X7 —nmARE LT, HRE
&4, &0 Eh BlIEOE & &R, 133.6g £V, No.l TRAKRD60%E% L, No.2
T, BRESTIHEIZ.6g i, opK iE#EN 26.7 ml &, BFKED60% L L THELKIMNCIEE
X5, 10.1 ml OkEBIL .. . '

YEIREE, 20°C, 3B%

o g pic] i Eh* NO:2-N

BREE S LB . TR “ VG | O F
TEic L10DdCH- S S

No. 1 | “(5X35 (opK 5 ‘ — l +0.24 848 RIS R
EHICHL10ZOCH- S § K =

No- 2 | 6X) (opK &) ' G 4 ) ’ *021 0.06 | BRROS

* KEH (£ 5 cm 035, 0~ om D ;ésf:msﬁ@a%tw rw)

CCDRRICEB L, NOz-N oazﬂ;rlkazc;t CH-SS (0X) EPO)N&CJ:%%(D&%X_‘QTL, 0pK
‘(Diéﬁ'_‘i NOz-No)&ﬁ&]%iJ‘Z_')_C%< LO9THb0 (Eﬁo)’g%ﬁi%}ﬂb‘ﬁtcg_’_ﬁ‘b f’::/f't
BERED, HABREAHT SO bAMNLLNS, O, REEFET 50) : :

HHICHLT, 4%OEREEAL, BATEERNES blC@ﬂUbtf@A@%%ﬁtﬁmﬂ%iﬁ”
2L, DEDEDELDTH S,

CH-SS (0X) (opK &%) 4%iEAL opK BN

HAMAKA I DA CH-55 (0X) opK % % PR
sandy loam (NO: DHERE L) T % 7 %(?2)&_{ 1:E(o)m‘:ﬁ)ﬁ

20 8 0.8 g (4%RA) Gk 4 ml) 96.7 3.2

20 g - 4 ml 92.7 1.5

08 0.8 g (4%ERA 4 ml 1.3 6.6

BA-SS (0X) (opFC &%) {%B&& opFC EM

HAMAKA I DA BA-SS (0X) opFC i # ik 3 A &
sandy loam (NO: DHERADIEL) ) - %(?g)zg JI‘E(O%{IEE)E
0g 0.8 g (4%EA Ok [m,) 95.3 13.3
20 g — 4 ml 95.3 10. 4
20 g 0.8 g (4%BEA) 4 ml 91.3 10.8

X % incubation T, NO»N OAERODEMHM -7 CH-SS (0X) % 4%BEAL, &5ic opK
ABNU7:ES, BoMmER CHSS (0X) 0ADBEALDIE, KL -TWd, chid, &
» (10%EA+opKEfN) @ incubation i %1% opK O NO,-N ARMEIDHR L EENH 5
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5DOEBhNBD, FFRH, opK BIICE-TEFTLTASC &, incubation DIEED,
opK OFBERERISHI(?IOMBEEE & bic, ¥5ic, BEE2ET S, NO»-N OBREREAHN
\» BA-SS (OX) DEA&E, 2hiaEhs opFC oEMOELADHHEE, CH-SS (0X) &
opK OBED LI ici, Hohniih -t

Group C IKB¥ 3R CH-SS (0X), BA-SS (0OX), RY-SC (OX) ®5 %, CH-SS (0X)
D% REEAI incubation 3 H#ic, Eh OET & NO-N OZEAR% & 7245, BASS (0X) @
£BEASE, Eh 0HDETFTEA7,

L7:ht-»T, BA-SS (OX) #t Group C i3 2D, @ﬁ@ﬁ&w&é%®f&6?oRY
SC (OX) HRULERICX2bDEEZ LN,

ik, BELLT, EROSS5, GroupA & C IKBT 3 2BOFBEROILEALEE 2 BRI
$RAEET 20°C ¢ incubate L 784D Eh, NO;-N OAROHIZRELTHL

FEREALE (10%84) OEh, NOxN  (EIREE 20°C, 28R

2 BB % oH
mROBEE | ST Eh (V) NON | (ras| ® B
(0~2 cm) PER* (ppm) -
CH-$S (0X) A —0.02 ~0.01 0.33 185 | REIEHKE
KA-DS (DG) c +0.36 +0. 35 1. 60 .50 | BRROA

¥ 4fF Scm OO bodhigd

TEWHELALDIL, CHSS( OX) BELHEIZ, 3 BED NO-N AESsEHhHTRKTH -1
b5, 2@k, TORNEIES L, Bh @BEICEF L2, —F, KA-DS (DG) R&+#E,
Eh OETRAMNC, NO»N OEENS B -TETI B, :

EROBBICIZEBTEREICONTR, FEERUERESLEZONT, SIEexroroRPAS
SEEBACHIDNL, THbE, BEREN S 2$ic, BEROLHEEERE L, FREESL
BATIKLOT, LiBESVASOERBRE LT, BKL, /407 &Y kb, IEE
RFSCTISAMPHYL LB E €& b, BROBEANAT, SREETERDOS 5T, &
BESOFRESLEY, BRICL-TLHELERNEIIL, Ya—2 RIKEKLLREDLD
&, RIFEK, E%bt%@@waﬁmﬁmwiﬁbﬁﬁﬂmﬁbt Ebfﬁ#ctCt%&ﬁb
oo

BTaic, PETBCARBEREZLZERA TR, Eﬁwﬁﬁm;ofu¢£®%% EGWE
WWRELUEELRIITCLICKY, 20FERE, BRO Cl 48 (BXKEAVAZHDIFX5IC Na
ER), BROSEICEDED NO-N DR, BROBEOETLEEC L5b0L Bbhh b,
BROBEICAVON B TEREAZ, BluctBiclmEns s aild, FRES, LEFO/ME
DRI, ROMBRICEET S0, BROSBBAD LS UEBIL V. BOFEEAOHICR, 5
RBBKICE B9 NO»-N ODEREMHTE D055 L5 TH 5B, '

2) s
® B K & ~ '
BABRRICE ~7-0 FRESLHERK (SEE, RAHARZ1%RU4%) » 10K, HAMA-
KAIDA sandy loam (<2 mm) ®O&Ic 21T, %Hﬂiiﬁgémﬂﬂiiﬁ@%?&"} 7o
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HMARRERS SO 1 7T—AO R TFLVEEy P EAL, £XED, 4 Kg (ARE) £%
HUto 5%, MIETERIZ1 £y %0, N03g, P,0;03g, K003g £#85L3,
BETVE=T7, {AHVELEEY V18, FEH)ETIEE LTEBICEALT,

&) FRBESIERI, Ea@mﬁfﬂﬂﬁﬁ%})%%éaétbm BIRAEFHT, Licht-7, BELTHEKHE
JEiFTH 570

RKEBXRZH>¥FORDEBDTH S,

No. X B K BATHER HEAOTMEE O
1 EETER — —
2 IR TR — N, P, K7t/
3 SEIP KA.'_‘DS 1 1% hamad
1 FREAHER ) L 1% _
5 . KA-SS (1% —
3 - (0x) 1% —
7 . AK-DS . (1% —
8 “(pG) T 4E. —

9 5 ‘RO-SC ¢ 1% —
10 (0X). . 1% —
1 g " CH-SS - - {12 -
12 ox) - 4% -~

RFRBIC L LA L /NEER0EOBF L9761 B25H, 14y F %0, 3HEEL, &
EM3IADS 5, gﬁmyﬁ%ﬁut§m§1$&br MRIE & L7 ABEHITE, B,
g, BiKU7.

WHEEI9TT4ES ATHD, £k, SRORBOBHENE-7-OT, KHE, RRBRILiK2HLE
b, REBICWEL -7,

AEEB
&+, height (cm)
¥¥ (EH/#), stem (num./stump)
B (BEE/#E), head (num./stump)
BEEY (BSEX/H), stem (max. num.) (max. num./stump) - (A]
RREIEES (BE%/#F), head (num./stump) - (B) ‘

Bih%E B4, percentage of productive stem «---- [[E%X 100
M D ONIOEE (BER/#E), head with no grains (num./stump) -+ )
DOV EDY, percentage of productive head -+ LE_][—I;_][QJ_X 100
- in (num. /head) - (D) (D)

R ($/F), grain (num./head) SRR
—kiE (g/%), grain (g/grain) ------ %

HoE (g/8), straw (g/stump)
BRIV E, yield of grain
1 ¥R 3 (BU/8R), (num. /stump)
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1 ¥ oNE (g/8), (g/stump)

% B R U E B

1) NEOEE

EBHEOKEE% Table 2 IT/RT, ‘
'KADSGM)EéiEd,1%EfmmmiEEK<B&T,Ei,%ﬁ&%w,%ﬁ,ﬁﬁ
230, LU, 45K, —F, ERIBEXIVEEMERLIH, 3 EICHIEL
EREMORERBRTIE Group B IKBLA:FERTH LSS, Group B Oth T Cl SBNEIHC,
D, IR L2800, incubation OREETIZ, NO:-N p#IILTETHED, ChoDE
BILX3bDTHAI. | BIEEOBASTE, EHICFTAIEMBKRTH -7

KA-SS (OX) iB&+#id, 1 ¥X T, KADS@m)ﬁAiﬁw%A&ﬁﬁwﬁhérbf
B, EREDICREIERIOEMED TG RBIIGE -7 4 Bt EHEI BRI ER
XOPPE 57, BREIBRIVDEZEIDICEN 7)) L L, 4%¥RTE, BRLEBRL DA
Bhha<, 4 ARG L7, KA-SS (0X) X Group A iKBL, 4 BBRARATICHL VE
BERIZUIY, 1 ZREORATR, £BICHT BB HDH -7,

AKDSGm)ﬁéiﬁm,%ﬁmeWISKEL,1%&?@,¢%K%T5%%wkf,
Weth, MIRETERICHLUTEMAERL, 4%RTH, 2BO:Y, BEREER L DIEE 700, B
BEBER I DI, ZHTPPKT, BBT2 LU -7,

KO-SC (0X) BALHiE, Hss Group A ICJBT 545, 1 YR T, BIELER &0 b
ZHRE, RBRINCGES S ->T, EHY, BRIERIOE -4, EELEBRLOEEDH -7, L
DL, 4%BRTiE, 38 LKL ., ,

CH-SS (OX) BA&+BIZ, BRL Group C IKBL, 4 %X 1 A FEICHETEL z0IiE, @i
D NO-N OZBEERLE, %®%®§&,§imi5%®&%igﬂéoL#L,I%Efu,#
D K OEEIEIRL 1,

2k, ﬁﬁﬁA®¢§@EﬁKﬁT5%@@4/@&7Q§iﬁA®%DJﬁwpA&UCK
BFaHEREACE, TAICEVCEHEDODDIL, #FEH 50, £FNDSEL L 71208, 1 %RAT
iZ, Group B LB T AHFEROBAKINE, BEIER LD EBTNLL, FOBRYNKTHY,
D Group ILBT2HDTH, BEEMNDH O AICERTERICH L TEBEMOSENS S
Hilz,

(2 NEORE :

BERAZBADL S LUERBEAOEAE, NEOEBICHLT, L AVEBEH1L1, L
ﬁaf,miwﬂﬁm&&?%ﬁﬁéw%ﬁmomt,l%ﬁéwgémowfﬁté;wiwﬂ
BBEHTOZKRE Table 3 ITRT,

IT, POBEROVTHEE, | %FRESTHEE, TRTORICBNT, ﬂmiﬁcmmm,
METHER LD b, K& <, ¥ic Group B ic/BT 5 KA-SS (0X), AK-DS (DG) L3 &M
EARED 57, '

BREICENTIE, CHSS (0X) it£250%2%< 4 XKOFRESTEREBERELER LD b
R&do72o CHSS (0X) & NO-N DOZRAREBEOEKOETEAILFERTHD, 1 %R
ATH, BRNENRDP L/, KO-SC (0X) it k3D, BIEEERLD, BREMIK X,
ABOBEROPTIL, Group A WEBLT, BHRO Cl ARSNEKRT, ZOEENODELLAL
bDTHD D, ‘

1 %FRESTEBRICHT 3 EHESE, —BHY, —HESERIBER X DEL -10E, F
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Table 2. Effect of mizing sludge into the soil
soil: HAMAKA I DA sandy loam

Sludg Jan. 10 Feb. 10
Sludge per oont | Manu- | Exp. an e
used added ring No. height stem height stem
- - - — —— to the soil (¢cm) (num. /stump) (cm) (num./stump)
— 6.1 - 5.0 27.3 10. 0
(soil alone) | 10" | 1 | (100) (100) (100) (100)
— : 17.0 6.7 29.2 15.3
(soil alone) | NFK | 2 (106) 138 (107 (153)
: . 17.8 7.3 39. 8 16.0
KA-DS ! none | 3 11 (146) (146) (160)
(DG)
, 15.0 6.7 33.5 12 0
4 none | 4 (93) (134) 1210 (120)
: 1.2 - . 6.1 35.2 16. 3
KA-SS ! none {5 | (107) (134). (129) (163)
(0x) o ‘ S : : C
6.7 - 3.0 2.5 - 8.0
S S T B ¢)) o) ] (8 ¢ (0 -
. S YA R A I 35.00 7 - 15.0
- AK-Ds- | . L. cmome T (l06) T (146) 28). 50
®&) | E a7 Lt
(DG . ) , 13.9 61 349 TN
: 4 pmome | B | (gg) ¢134) (128), Q1
‘ 16.5 7.7 33.9 16. 3
KO-SC 1 none | 9 (102) (154) (124) (163)
(0oxX) .
14.5 4.3 28.5 1.7
A none | 10 (90) (86) (104) an
12.7 5.0 32.5 15.7
CH-SS 1 none | 11 (79 (100) (119) (157)
(0ox)
44 1.0 — —
4 none 12 ) (0

RBREEFicHNTE, 2XRERET, BIEGE L, B, NEOEN, BHOARICHLTET
BEROBMNFDHTHED -7 EERLTVE, 2O &, BEEERICENWTS, BREET
hishototobic, BREERICELT, Cho0EERES bbbl Ledb T b,
T2z, | %4FRESLIETIR, T ONON AR EZDOBROBEOEHE L 105 CH-SS
mX)mgé%%wf,bgi,%ﬁﬁmﬁm%étw,EM%ﬁid,éew,ﬁﬁ,ﬁﬁw
W, BBOREELEL T, NEOHNAHBZETEZLbDEEIONS,

L )

PDELENERBREZRS L BAO/NEORSE, BOME, £F, NE~NOEBERE LI
(1) RERBOBRICLINE, LE~OBRBLEOEAMMMT 23, NEBFORF, RO
BENDEENRE 5N,
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on growing of wheat (pot culture)
wheat: Norin No. 20

Mar. 10 Apr. 12 Harvest-time (May)
' Notes
height stem height stem head helght head o
(em)  (num./stump)| (cm) (num./stum) (num./stump)| (cm) (num./stump)
42.8 9.7 65.3 8.0 3.3 65.4 . 3.7
(100) - (100) (100)  (100) (100) (1000  €100)
45.9 4.7 5.0 22.0 7.0 53.3 12.0
o7 (152) (78) (275) (212) (82) (324)
53.9 15.7. 57.1 29.0 8.0 57.1 13.7
(126) (162) (87) (362) (242) €h) (370)
58. 2 13.3 64.3 10.0 7.1 64.9 7.7 withered at the
(:36) 3 98) (125 (233) (99)  (a08) | heginning of
48.9 16.3 53.2 6.7 1.3 53.2 13.3
(114) (168) (€19) (209) (221) @ (359)
53.0 9.7 58. 1 8.7 7.0 58. 1 7.0 withered in
(124) (100) (89) (109) (212) (89) (189) mid- A pril
52.4 15.7 55.1 26.0 7.3 58.3 12.0
122) (162) (84)  (325) 21) (89)  (324)
58.7 13.3 6.9 - 9.7 7.0 62. 4 7.0
(137) a3mn (95) (121) (212) 95)  (189)
50.8 15.3 55. 7 1.7 6.7 55. 7 7.0
(119) (157) (85) (146) (203) (85) (189)
51,1 9.7 56.6 6.7 5.3 56. 6 5.3 withered at the .
(119) (100) (871 (84) (161 (67)  (143) | peeinning of
46. 1 16.0 47.0 20.7 5.3 4.6, 163
(107) (165) (72) (259) a61) (13) 441)
—_ - — . — — — —_ withered late
in Jan.

2 RFRBOKERICL-T, VHRACEAORR I BRDOBOMEICLY, HREDEFD 3
I — Iy, )

Group A - ERO Cl 8RB, BOWENEHOHT, hB Wt

Group B -+ BHRD Cl ARHE <, ROMBENDEBEL/NS L,

Group C .- BERD Cl ZES, ROMENDED >, TDOREIZ, NO-N OLRAR L,

BEROETICEE D EMEZL SN,

(3) v rREICEINIET, 4% FRESTETE, £BFhbah-7d, #HIELA (Group A
E CRBTAERICLD), 1 %FRESTETE, &K, BRELBRLD bABN L, R
ST, £Réb, BRIERIDE, hOENATH 700, BRHER NO-N OFRAER
kB BHERDHSHEELER, ERLEX LD SED -0, METRTEERLBERID S REH
')73_0

(4) BREEIEBRIEERTH -, BIEZTIE, BHESE, —BRE, —REOBMD
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Tabie 3. Effect of mizing sludge into the soil
Soil: HAMAKA I DA sandy loam
. Percentage
Sludge Stem Head Head
‘Manu- | Exp. (max. pum. ) —_—— of with
Sludge ~ per cent . max. aum. productive no grains
used added to fing No. (num. /stump) (cm)( stump) [sttem (num. )
. = stum
the soil (A) (B) (A) 100 (Cl
— 9.7 7.0 3.1 38,1 0
(soil alone) | mome | 1 100y | o) (100)
— 22.0 6.8 12.0 54.5 2.0
(soile alone) NPK 2 (221 97 328)
29. 0 6.3 13.7 47.2 1.0
KA-DS 1 none. | 3 (299) ) G
(DG) 13.3 7.9 7.7 57.9 0
~ 4 none | 4 @Dl Qo)
- 16.7 6. 4 13.3 79. 6 1.3
KA-SS R ~mone | 5 am oD G5
(6X)f - ' - 9T ] 6.6 C7.0 72.2 7.0
Rk B move | 6 o) | ow . asy T _
: : S S e 6T 1.0 .| 462 0 -
AK-DS 1 mome | T\t c (68). | 096 . (32d) _ :
(DG) 13.3 7.8 7.0 5.6 0.3
4 none | 8 am a8y
15.3 7.5 7.0 45.8 1.0
KO-SC l none | 9 (158) |0 (189)
(ox) 9.7 7.7 5.3 54.6 0
4 none | 10 (00 | ) (43
20.7 4.6 16.3 8.7 3.0
CH-5S ! none | 1l (213) (66) (441
(0X) 4 none 12 — — — — —

SN, BRRHNEOENSAONEEDEEA LN S,

BERBETICHI - T, X, MEE=S4E0HEBLBEORME ST, /Y - SR

FTED %E%%ﬁm@&tﬁ%%ﬁﬁk@f,ccm%ﬁ%%biio

X

oy

D KA - FE—E8, LRAREK ST 2REERODE LE~OFA (1) —REBROMFENRI—, &
MAENPILRE, 25, B¥ 5 p. 1-13 (1976)
) KD - FE—8, LRAESIEY 2REEROVE T E~OFA 2 —+ROYHEMERICRIZTH
REAOEE—, BOAFFEMVILRSE, 26, BF 7, p.1 —13 (1977)
3) E. W. Russell, Soil conditions and plant growth, p. 523—534, Longmans, Green and Co.
Ltd., London (1961)
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on yield of wheat (pot culture)
Wheat : Norin No. 20

Grain
Percentage of Db
productive num. g]\ ) Straw Yield of grain
head ( /head) ( grain num g Notes
(B)-(C) %100 (D) (DJ (E) (g ¢ ) ( ; stump)(/stump)
(BJ (B] (BI-(CJ (D) stump (D] (E)
100 26.0 26.0 0.0290 3. 64 96.3 2.792
(100) (100) (100) (100) (100) (100)
82.9 16. 1 19.4 0.0161 6.23 188. 0 3.035
(61.9) (74.6) (55.5) a7 (195) (108. 71
97.2 18.2 19. 6 0.0172 9.50 249.3 4,296
(70.0) (75.4) (59.3) (261) (258.9) (153.9)
100 33.8 33.8 0.0121 7.29 260.0 3.141 | withered at the
(130.0)  (130.0) 41. 1) (200) (270.0) (112.5) | beginning of May
90. 2 18.5 20.5 0.0176 6. 32 245.5 4. 316
] (71.2) (78.8) (60.7) (174) (254.9) (154. 6)
0 0 0 - 4.61 0 0 | withered in
127) mid-April
100 20.9 20.9 0.0168 9. 06 251.3 4.227
(80. 4) (80.4) (57.9) (249) (261.0) (151.4)
96 32.0 33.4 0.0190 6. 75 223.8 4,247
(123.1)  -(128.5)  (65.9) (185) (232.4)  (152.1)
86 20.5 240 0.0251 6. 22 143.8  3.66
(78.8) 92.3) (86.6) 171) (149.3) (129.5)
100 32.5 32.5 0.0201 3. 80 172.3 3.470 | withered at the
(125.0)  (125.0) (69.3) (104) (178.9) (124.3) | beginning of May
82 10.1 12.3 0.0123 6. 60 164. 0 2.010
(38.8) (47.3) (4. 9) (181) (170.3) (72.0)
_ _ _ _ . _ withered late
- in Jan.

4) NEEZES, EHRRE R, B, 0. EOLBEARE po 77, BEE, R (1963)

5) A. M. Mayer and A. Poljakoff-Mayber, The germination of seeds, p. 198—199, Pergamon
Press, London (1963) e

6) FABIELEHREE, BECEERE, F 1%, po 237, EERE, EHE (1957

) ZEHRHE - LEEE, KELESIE, po 114116, HATME, B (1963)

8) AGHEH, v RREOMESHE & HRAEE, BESIUEE, 46%, 15, p 233-237, BE¥, X
= (1971) : '

9) AFE, —BLE¥ (BEELTWIM), p. 195—198, HEHESE, HFE (1942)

(FEFIS24E 8 A 8 ASE)
(RRANS24E10 427 B > M R1T)
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