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Effect of Synthetic Flocculants on Soil Environment (I),
Effect of Polyacrylamide Derivatives (Synthetic Flocculants)
on Growth of Turnip Seedlings and of Green Alga

Toru KUBOI! and Kunihiro FUJI!

Abstract

The effect of polyacrylamide derivatives on growth of turnip seedlings and of
Chlamydomonaes sp., green alga, was determined in relation to their ionic properties.
Although the growth of turnip seedlings in a liquid shaking-culture was not affected
by the noionic or anionic derivatives, the cationic ones were highly toxic to the
elongation of the roots. The catiomic derivatives also inhibited the growth of
Chlgmydomongs sp. isolated from a sandy soil.
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Fig. 3
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Fig. 2 Effect of C-2 on root length (A), shoot length (B), and fresh weight (C) of

turnip

The seeds or seedlings in distilled water (—e—) were transferred into 100 ppm
(-0--) and S00 ppm (---A---) concentrations of C-2 at 0, 24 and 48 hours after

seeding .

ROOT LENGTH {cM)
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c/ 3t 3
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2, fT e | 0 5
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5 -7 5 -
=) A | 2
-, ".’ '
s i O
DAYS IN CULTURE
M 2 BEFC - 2434 70RER, TEBS L UHENEQCRL Y 2 218

500ppm C— 2

60 40 20 10
NUMBER OF SEEDLINGS/FLASK

B BN RORE R T,

The relationt of turnip root length in distilled water ([J) and in 100 ppm C-

2 solution () to the planting density.

A dotted line means the root length after 24 hours of seeding.
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DEZEBRBREFAESTILRGUBOEL AR TE AL EL L. 77 A INOBEEFRE I3
B GERK) REBHaBOMBCAEIEELEAL (B3) . WM NIVELEPAMICL
BOBEAEIREBAMHATEELZLTCIEEK /77 23 08BELEEL /L, REHFEER
100 E /R b 2 LBOMEHHET 3 - BEEE (B0EE./2) & L,

FHEBOZE S - 10EERSY BE LoBES L FEOAKERV RS, BEREEHEREEN
FNE~1TE B LU12~REEED, $7:7 75 A MGOEHERRFNFNI 5% L 7.6% &7 -
TEROTESED LN (F]1) . UESEORBTIEFRELT ~H, 1482~ 3WT
BEORVERSEONACEBED b,

£ 1 FEZoBHC L EREORL
Table 1. Improvement of accuracy by selection of the seedlings in the turnip root

assay

SELECTED NOT SELECTED
NO.  AVE. VE,
th s.D.  cv(®) @)5 s.0. cvif)

80.& 10.02 12.5 67.5 13,00 19.3
80,0 6.63 8.29 76,3 13.24 17.4
75.2 5.05 6.71 72.7 8.87 12.2
75.9 13.4% 17.7 65.2 15.74 24.2
81.7 6,36 7,79 78.4 19,14 24,4
76,4 10,16 13.3 67,3 19.37 28.8
1-6 78,3 275 3.51 71.2 5.39 7.58

S$.D. and CV mean standard deviation and
coefficient of variation, respectively.

(o2 TR E S I =S A A

312 BEPAMOEHIE

3~500ppm D C — 2 BN 2P 7ROMBECS A2 FBEM4 TR L. 6ppm BE O EE
B LEBRGE LhaC EH o THE. 2CTUBDPAMELTT 7 VAT Fe/ <
KOO T 100ppmicBH 3 2 4 7IRMRICHT2EELRF L (£2) . BRILERBERK
R LROESEHMREA 100 & Lt (BRE) TR UL, #1571 7 PAMO &4
WOMREAE L (BE 1) o #F4 Y PAMIC DL TI50% MERE brE LE 2 ki L,
CH3BC—4, -9, C—1050%EBEMEENSppmEL TEuD, HIcHERENRELL, 47T
FINT I KT =—i3220ppmT&H » 7o F 72 100ppmD C — 22T, 277 F & & ¢
VOROMERLE~LEICAIH TLRIFAUSRLEL (R3)

1B, C1~C6, Al~Ad4, NI~NA4DUEI->OT, 100ppmidHic o5 7HT% Rk
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Fig. 4 Root length of turnip seedlings treated with various concentrations of C-2
A dotted line indicatetes the toot length after 24 hours of seeding the length of a bar

. means two times of the standard deviation.

£ 2 McOEERBLCTZ7UNTIFE/ v—h 2 s TIROMBERICE 2E
Table 2. Effect of various kinds of synthetic flocculants and that of acrylamide on
elongation of turnip roots
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BH 1 C—2kEZ2a2A7ROBEHEE
ffll, C—2 S0ppm B Ay, I
photo [. Inhibition of turnip root elongation by C-2
Seedlings at the left hand are treated with 50 ppm of C-2 and those at the right

are the control.

i#*= 3 C—2ickdan7, fyvvkluvrawyoiRdfelE
Table 3, Inhibition of root elongation in turnip, chinese cabbage and rape seedlings

by a flocculant C-2

ROOT ELONGATION (mm)

2 ELONGATION
PLAT OTRL (40000 (1)
TURNIP 0.0 %8 w.7
CHINESE 7.1 7.9 5%.5
RAPE 38.4 185 4.2

LTRFRL P, OBEE, HEELE~ 1002 EBETHY, SUBELRRED U -,
&Ko, A FAYHEPAMOBHHBBNICRA LTV 2EA4THHICLLDTH LD, WST
DUHACLB 6D THILEME T ERBRET ~7co BLICENF 2 —TTRLTERBR AP E
IDERB L. S/ pREOBRF o —7ONEE 2ml, AWEIBMIE L, R4D LB 0 QR
AT AR, HRBRIEHLEC -2, C-4 L& BHF 22— 72 MLTHEDRSRIT S b
Foo HEANORES CHABE U, H210C ~ 2HMBABIE A F 4T 13 — il E DILEEH,
Taa—nERCE OB U0l ERSOEHELE L (R5) . MAEDVMEEREICL
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*= 4 FEWBEBCLEERORE
Table 4. Effect of synthetic flocculants (C-2 & C- 4} through cellulose membrane on
elongation of turnip roots

TREATVENT ROOT LENGTH (v

No. 1y /@ REPLICATES WE,  F £

1T DW/DM. 6304 59.1 5.3 666 6.0 6.9 6.4

o ] 1L 0.0

2 100pwDM. 638 654 674 617 674 674 655 »
3 100eew/100reM 499 42.0 3.9 1.9 43.0 439 8.4

I DMDN, 431 0.0 507 413 @21 5.2 er] I ‘

S 2' SOeewDM.  S5L4 3.8 526 527 190 4.9 4.7 -
30 S/ 163 134 124 166 164 100 4.9

The FLDCCiJLANT SOLUTION WAS PACKED IN (I) THE CELLULOSE TUBE. TURNIP SEEDLINGS
WERE CULTURED IN LreuID ouTsIDE (0} OF THE TUBE.
F(,5;0.025)=7.346, £(10;0.06)=2.228

= 5 C— 2R8Iz ) BoMEREOR
Table 5. Increased inhibition of turnip root elongation by purified C-2 compared
with that by the original C-2 '

ROQT LENGTH (mm}

TREATMENT | REPLICATES AVE. S.D. F £
D.W. 712 69,7 63.0 738 714 6.9 70,7 1.8
2NTPRIFID 2.8 4.6 435 5.2 47.3 48 4.5 2.%
‘T‘§ - 1,018  4,638*
< PRIFIED 304 431 419 4.9 %Hb6 H8 W6 2.9
.2 RBSIOLFLEZZAFF VHEPAM OES
WHE LB 5578 Lo Chlamydomonas sp, D7 0 —VYOEBFICSEIZC-2+C-40F8% &

B L, MREESGKREBEL, 2, 5, 10, 25, 505 X0 100ppm & LT 6 BRI H 0 £ O
WEETSH, ZOMRC - 21 0ppmll L THE LR ABEOEBELABE L, $1C -4
lppmTFTIKC—2 10ppm& D RCEESTFTL, Sppmil ETiREABMOEEEF AN
ot (5, 6) o MEDEEDRBERIATED PAMESZH 0T T &S0 TEH » 1o

VELE,rOBHOREICSAZC - 20 RICHN L, £E2H1 T, MBiICR L. #
P RO G LRI C - 2BEOMIMICHE - TRESBY N T, 1k, BE L-BELE
FLIEC A, 27 Chlamydomonas sp. THY, C - 2OBEOERICLSE 7 0 7 OB TS
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Fig. 5 Effect of C-2 and C-4 on growth of Chlamydomonas sp.
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Fig. 6 Growth of Chlamydomonas sp. in media containing various con-
centrations of C-2 and C-4 at the sixth day of the culture
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Fig. 8 Changes in the rate of algal genesis from sandy soil by increasing con-
centrations of C-2 after the 5th day of incubation

A bar indicates the variation between two tubes.
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BHhe

NEDELABFA Y PAMD EREK QBTN EONRE, BRI E X F 7L BE
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Effect of Synthetic Flocculants on the Soil Envirenment (II),

Decomposition of Polyacrylamide Derivatives in Soil

Kunthire FUII, Koichi YAMAGUCHI!Z, -
Toru KUBOI! and Jinya YAZAKI?

Abstract .

The decomposition of polyacrylamide derivatives (PAM) in soils and the effect
of PAM on the mineralization of organic nitrogen in sewage sludge and urease
activity in soils were studied. These studies were made using a cationic PAM with
molecular weight in the tegion of 6 x 10°.

A mode] experiment on the aqueous solution of PAM ingculated with soil micro-
organisms showed that PAM was decomposed and its organic nitrogen was converted
into the inorganic nitrogen by soil microorganisms under aerobic condition.

A dried and ground sewage sludge obtained from Karasuyama sewage treatment
plant in Fsuchiura, Ibaraki, was incorporated into a Yatabe light colored andosol at
rates of 5, 10 and 20% of the soil. The soil-sludge mixtures were applied with PAM at
rates of 100, 300 and 500 ug/g of soil, and incubated at 30°C for 14 days. Then
ammonium nitrogen contents in the soil-sludge mixtures were measured. The
mineralization of organic nitrogen in sewage sludge was not suppressed with the
addition of PAM and ammonium nitrogen contents in the soil-sludge mixtures were
increased with the addition of PAM.

PAM was added to Miyvota and Zentsuji pasture soils and Toyosato and
Toyosato and Fukuyama upland soils at rates of 500 and 1,000 ug/g of soil. Urease
activity in these soils was measured. PAM showed a little effect on urease activity in
these soils, and with the heavy application (1,000 ugfg of soil), urease activity was

ESLAEMEAT KELDERBE T 305 i mal o m kT 8 1168 2

Water and Scil Environment Division, The National Institute for Environmental Studies,
Yatabe-machi, Tsukuba, [baraki 305 Japan.

BAKS MKEFRBEER T 154 RRHESRKTE 3 —31—1

Faculty of Agriculture, Veterinary, and Medicine, Nihon Univ.,

Shimouma, Setagaya-ku, Tokyo 154, Japan.



decreased by approximately 10%.
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BATHEOMRICE - TANEF 0t A EH 2 ARTH TEEROEHSEMLTNE Y, &

SFEEHO S EEEL - ELFERANTOLIOER VT Z Y07 I VEHERE LS ChICE

HOBBEAGOOD (CNBOETEHTHITI YT I FEFEPAM E BET5) THE,
YT AT ¢ FREEHRIS £0—oTH D ERERIEC X 2 KB AR EOREANE LTE
BEhTWHS,

W, REEROBH ORISR ON LS L LTHEMN, REGFROBENL LTHERIN,
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BT A+ NERARBELEEHSh T EY,
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Fig. 1 Relationship between the method for separation of calcium carbonate and
the absorbance of methylene blue
1. Stand for 24 hours
2. Centrifuge (3,000 rpm, 10 min.)
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23 RUF75Un7IROBER

2.31 EBRFH:

22WBONERELE - THTHORKLZDFFHR) T2 )7 3 FEHEKIAN (A &
FE600H, B /4FBS500H, C AFERI0A onEHELsRkD.

232 RPELER

B2 iR Lk 5 icEBAL BROLTRRESMESNLY, RBCILDH T 1048 &
A0pg/S0m] DRFEEDENSEE AL L BRBRESD LN EHHSHEN -1z BBCRH
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Fig. 2 Calibration curve for polyacrylamide
Molecular weight : sample A 6:<10° sample B 5x10% sample C 3x10°

ZHACRFRER 5 ~40pg /50ml TH ~ 7o Wug. /50ml 8 LT20ug  0OmlicE T 5EH
FRELOBIUIBETHIDONOERICHAETEILDLEZL LN D,
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RET B, TR0 AOREMAZ A TLEL GOBNBLHRE L,

32 EEHHE

kiR L B (BERHEERFE7 LB 1 g 200~ 1,500ug m D PAME EFET 5 PAM Kk
BH Iml ZMA LEG RBEOM OBFHRENZ LD 2RELELBL, AL 2HOHH
T - Tai LPAMEB R HE L.

3.3 WRLER

FEALRHOTT A PAMO LIEL CORNEROBERERZ 1ICR L, RIWWRLEEDR
WTRORRBICOSNCEENEEIE LB IRFEPAMORIEIC L5 L8 PAMO HEHOBR
BICAF LY Tk BRIERRERTE L0 C & A0 Lo C 412 PAM A LA F & KT
ORA & SEOBRIERLTCEBHONTHEO D, LMTMA 1 PAM I LIER FIcBE Lk
BRTHIACFII —BLIBH LD EEZ SN S,

# 1 KWIKEEZEMLZE )T 2 )07 I FoEEE (%)
Table 1. Recovery percentage of pelyacrylamide from volcanic ash so0il

Added PAM Found PAM Recovery

(ug/g dry soil) - (ug/g dry soil) (25}
200 45.0 22.5

400 52.5 13.1

600 72.5 12.1

800 167.5 13.5

1,000 145.0 14.5
1,500 387.5 25.8

4 PAMOSREIEMBBEROERIZONT

41 Biwi

SMTRLAL Y LBRER L PAMEEBENEALH T LS EITOSELAEE
MCHRH T 2L EPRTNELE N ~f RLTPAMASBT A RRCELBEBRE AL EF VR

FRVTRLEIEBLFSHEH T COPAMO ARE T YyEo THEZSHEBABEELZOL KA B
B L7o

4.2 EBRFHE
00mIO=E7 322 HF 4 PAM (BTBE6 <105, REA) 9megH X 1bmg %8
L PAMABEIOmM ZANKLKLEROBBLO T ABE (H1E10g +#EHAOm!) 1ml 2
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43 HRIEE .

" PAMOSEDRIBO TR B ETHHEINIBE O BEMDIER THA S L EZ PAMO %k
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BRHO PAMOBERFR 31K, BROPOBBEEXRER 4R LE (PAMBmg 084
BIOEBRE@HBRELTVE) . 5ALPAMEBEEPAM D S 2ORBEERNDS L, Img
PAMDHGI10B T3 %, 22A TR HAMEN, 15mg PAMOEAR, 100T3%, 2T
PEpREINS . —H PAMD S}MREIZ, Img PAM TIRI08MT 28 mg, 15mg PAM®DIS
BROBHTOAmg THO, BEEOHBARINBVEDEEI LN, BBEOEADNE

POLYACRYLAMIDE (mg ./ 31md)

0 A 1 - _ J
0, 10 z 32 54
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K 3 EBEEHCLAEFYT I IAT I POl _
HAT 2 YT KB AT ABE 2 M 230 TR & 5 L 1,
Fig. 3 Decomposition of polyacrylamide by soil microorganisms
polyacrylamide solution was inoculatecl with soil. suspension and incubated ar 307C

in the shaking culture.
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Fig. 4 Mineralization of organic nitrogen in polyacrylamide
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Table 2. Effect of polyacrylamide on the mineralization of organic nitrogen in sewage

sludge
(NH,-N ug/g dry soil}
Added PAM, mg/100g dry soil
rate(%) 0 10 30 50
5 176 256 256 258
10 392 506 574 494
20 750 1,000 1,000 1,000
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Table 3. Effect of polyacrylamide on urease activity in soils

Released NH; 4 mol/g dry soil/hr
Polyacrylamide

addition rate Miyola Toyosayo Fukuyama Zentsuji

(ug/g dry soil} pasture upland - upland pasture
soil soil soil soil

o 2.07 1.04 4.52 o 1.99

{100) (100) {100) {100}

500 2.02 0.89 4.21 1.66

{ 28} { 86} {93 { 83)

1.94 . (.88 4.16 1.70

1,000 ( 84) ( 86) ( 92) ( 85)

() Relative activity.
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Experimental Studies on the Critical Shear Stress of
Cohesive Bed Soil '

Kohji MURAOKA'! and Kuninori OTSUBQO!

Abstract
Upflung muds, which have deposited on the bed of polluted rivers and eutrophic

lakes, influence the water quality and the aquatic life system seriously.

The mechanism of mud$ flinging up has not been enough resolved, because it
relates closely to the physico-chemical characteristics of muds and the influence of
these characteristics on the mud’s flinging up has not been made clear.

In this investigation, some kinds of physical tests for mud propetties were
exercised and the critical shear stress of these muds was obtained by the experiments
using the pipe flow with rectangular cross section, The water content and organic
content of muds in above tests and experiments were controlled artificially.

On the basis of obtained experimental results, the relationship among the
physical variables concerning the mechanism of cohesive soil transport may be intro-
duced as follows;

(1) In considering the cohesive soil transport, it is necessary to define two critical
conditions, the limit of soil particle’s movement and the limit of bed destruc-
tion. On the basis of this definition, the forms of cohesive soil transport are
grouped into three types. These forms relate closely to the physico-chemical
characteristics of mud and water content.

(2) The critical shear stress of cohesive mud changes according to containment of
organic matter in mud.

(3) In regard to each critical condition, the dimensionless equation concerning the
critical shear stress of mud was obtained.

1. EaEHERm KRG T 305 Yol i BR A AT /RN 16 2
Water and Soil Environment Division, The National Institute for Environmental Studies,
Yatabe-machi, Tsukuba, Ibaraki 305, Japan.
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Fig. 2.1 Schematic stiuctures of representative clay minerals
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used for the experiment

Bed Materials dp (em) L.L. P.L. Pl
Kaolin ’ 4.21 51.0% 38.54 12./5ﬂ
Kaolin +Starch(52¢) 46.70 34.23 12 .47
Kaolin +Starch(104;) 4.41 42.28 27.87 14.4]
Kaolin +Starch(159;) 42.54 22.68 19.86
Kaolin + Starch(20%;) 4.35 45.04 : 16.58 28 .46
Kaolin+Agar(5%) 155.40 33.90 121.5
Kaolin + Agar(1095) 81.66 225.0 49.80 175.2
Kaolin+ Agar(15%g) 246.9 57.70 189.2
Kaolin + Agar(209%) 329.8 49.30 280.5
Bentonite ; 14.44 186.5 32.95 153.5
Bentonite + Starch(594) 13.20 167.5 24.80 142.7
Bentonite + Starch(1095) 13.60 162.5 21.74 140.8
Bentonite + Starch(152g) 13.30 164.8 22.17 142.3
Bentonite - Starch(2095) 10.42 151.2 . 20.73 © 1305
Bentonite + Agar{2. 5%) 242.9 29.30 213.6
Bentonite 4+ Agar(523) T276.6 29.40 247 .2,
Bentonite -+ Agar(1024) 80.44 250.3 34.70 215.6

Agar(154z) 316.7 39.30 277 .4
Mud A 20.70 212.5 70.70 141.8
Mud B 14.63 85.9 44 .50 51.4
Mud B Starch{1097) 9.01 §87.1 31.30 65.3
Mud B4 Agar(1024) 70.84 272.0 48.40 223.6
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Fundamental Study on Elution of Dissolved Matter from
Porous Bed to Stream Water

Kohji MURAQOKA'!

Abstract
The behavior of pollutant oozing out of river bed is one of the problems to be

solved in the water pollution process with the interaction between hydrosphere and
soilsphere. Usual way to carry out the elution test is to use a batch in the laboratory,
and this has been successful in understanding the biochemical mechanism for the
purpose of quantitative analysis of pollution or eutrophication in the land water.
However, the batch method seems to have a weak point that hydraulic characteristics
to relate the material elution could not be discussed. Some researchers tried to use a
straight open channel, but this has still difficulty to set up the ideal bed model and to
establish the accurate measuring system in’ simple way. Remembering these condi-
tions, the experiment in this report was done by using a endless circular flume of
which current is generated by the wind shear action in the wind tunnel covered on
the flume. The method and some results of this experiment are summarized as
follows;

(1) Bed sediments consist of uniformly grained sand and stream velocity is set as fast
as the sediments cannot be moved by tractive force.

(2) Salinity was selected as the solvent initially contained in the pore of sand bed
because salinity has no adsorption force against the sediment particles and other
convenient properties for measuring system and analytical approach.

(3) Elution rate at bed surface is easily introduced to the mathematical model, but it
is different from one deduced from the diffusion theory for two semi-infinite
media where one is regarded as stream zone and the other as sediments layer.

(4) The difference above-mentioned might be caused by the existence of densimetric
boundary at the bed surface which would interfere the diffusion or mixing of
salinity, and the occurrence of horizontal flow in the sand layer is also able to
become one of the reasons for discussing the difference.
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Table 1. List of experimental values

Case ! Case 2 .
Rotary number of fan 1,600 rpm 2,400 rpm
Mean wind velocity (W) 3.25 m/s 4.70 m/s
Water depth (H) 8 cm 8cm
Mean stream velocity (V) " 4.05 cm/s 8.24 cm/s
Average diameter of bed sand (4,) 1.25 mm 1.25 mm
Depth of bed layer (D) 5 cm 5 cm
Initial saline concentration in water a o
fl]nc;:‘l{al( sa1 ine concentration in pore 0.0140 0/0 0.0435 o/o
water of sand layer (C,) P 2.12 % 2.90 %
.Measuring points for concentration z=0.5,2.5,4.5,7.5¢cm 5.5 em
Test term (min) 240 180
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Photo 3 Setting up view of velocity meter (2 dimensional ultrasonic type)
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Fig. 4 Time-variation of normalized concentration in stream water
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Experimental Study on Adsorption and Infiltration of
Nutrients in Unsaturated Soil due to

a Series of Rainfails

Kohji MURAOKA' and Masaaki HOSOMI!

Abstract
Being coupled with the increase of ground water demand at agricultural land

near lake, the pollution process through the circulating water system among lake

water, soil water, and ground water has been noticed recently as a problem {o be
solved. This report deals with the infiltration process in which agricultural waste or
residual fertilizetr permeates downward through the pore of soil medium as dissolved
state in rainfall water accompanied with or without adsorption at soil particles,

The method of this research and some main results are summarized as follows;

(1) The medium is unsaturated soil column of which height and soil characteristics
have the same condition as that of the representative site near the Lake
Kasumigaura. '

{2) Solvents dissolved in rainfall water are four types of nutrients, in which two are
adsorbable and others are not,

{3) The run-off towards the ground water has so short term as the nutrients per-
meating through the column do not change biochemically,

(4) NO3-N and CI”attend no adsorption at s0il particles through the infiltration, so
their movement seems to be the same as water.

(5) NH,4-N and PO4-P are the adsorbable nutrients; especially, NH, -N supplied from
rainfall solution is almost all adsorbed by the particles beneath the soil surface
until adsorption amount would be saturated, while the adsorption characteristics
of PO,4-P is not evident through whole PO4-P is adsorbed in the soil column.
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Tahle 1. Soil characteristics of NARITA sand

Specific gravity 2.695
Average grain diameter 0.18 mm
Porosity 51.2 %
Void ratio 1.02

Permeability 0.91X107%e¢m/s
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Table 2. Total input and output mass and adsorption amount through soil column

Rain fall | PO,-P NH,-N | NO,-N ClI- Note
Input mass {mg) U 8.8 252 504 504 10,283 | ' Input water volume
Output mass (mg) 26598 0 0 o475 9,466 | ¥ Output water volume
runoff coefficient 0.96 0 0 0.96 0.92
Adsorption before test {mg) - 3,392 0 0 0
Adsorption after test (mg) - 3,429 523 106 0
Limit adsorption amount : 3’Initiu'lddar:’loun:]_33_92
E: e to
o o (mg) - » 4,645 7,621 0 0 :lnﬂg‘lo":lnl 1253 n"nng:u:‘.lue
to repeated batch test

Soll volume column: 39. %, Sand mass of celumn : 52. 2kg
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Effecf of Sewage Sludge Application on the Soil Environment
A Lysimeter Study (I)

Kunihiro FUJIH?, Hisayuki MORIZ2 Toru KUBOIY,
Tomio YOSHIDA? and Eiichi TAKAHASHI?

Abstract

Effect of sludge application on inorganic components of soil water and micro-
bial population in a Yatabe light colored andosol was studied in a small lysimeter
(75 75 50 ¢m). Dried and ground sludge from Karasuyama sewage treatment plant in
Tsuchiura, lbaraki, was applied to the soil of surface layer (0 — 10 cm) at five rates,
0.2, 0.5, 2, 5 and 10% of the soil (1.78, 4.45, 17.8, 44.5 and 89 metric tonsfha,
respectively). Soil water was collected with porus cups embedded at 10, 20, 30 and
40 cm depth below the soil surface and leached solution was collected from the
drainage pipe of the lysimeter,

The light applicatjion of 0.2 and 0.5% had little effect, but the heavy application
of 2, 5 and 10% caused the increase in the concentration of ammonium nitrogen,
nitrite nitrogen, nitrate nitrogen, potassium, calcium, magnesium and sodium in soil
water collected at 10 cm layer. Phosphorus and heavy metals were not detected in
soil water at any depth. Nitrate nitrogen, calcium, magnesium and sodium moved
downward and were detected in soil water at 30 cm layer after 105 days. The leach-
ing of ammonijum nitrogen, nitrite nitrogen and potassium was not recognized.
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Sakura-mura, Nihari, Ibaraki 305, Japan.
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Microbial population in surface soil (0 — 5 cm depth) after 109 days were
increased with increasing doses of sewage sludge. Especially, ammonium-oxidizing
bacteria, proteolytic bacteria and actinomycetes were markedly increased. With the
heavy application, 'population of actinomycetes were more increased than those of
bacteria. The activity of soil urease and phosphatase was also increased with increas-
ing doses of sewage sludge.
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Table 1. Properties of light colored andosol used

pH Base-exchange Exchangeable Exchangeable Base
Soil ' m Capacity  Ca Mg K Na Base Saturation .
z m.e.* me.* me* me* me* m.e.* %
Surface 36il 6.2 5.5 19.9 5.3 0.9 2.20 0.08 .49 42.7
‘Subsoil 6.4 6.0 17.1 71 05 0.9  0.09 8.65 50.6 *

* m.e./100g dry soil
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Table 2. Chemical composition of light colored andosol and sewage sludge used

Samples T-C T-N NH,-N NO,-N NO,-N Soluble-P
P % % ug/e e/e ng/g 18/ 8
Surface soil 3.55 0.27 3.29 21.30 12 N.D.
Subsoil : 1.61 0.13 4.63 2.55 5 N.D.
Sewage sludge 14.44 2.41 705 ) 3.83 1,550 108

N.D. Not detected
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Table 3. Metal content of light colered andosol and sewage sludge used

K Ca Mg Mn Cu Zn Cd Ni Cr Pb Na
Samples
mg/g dry matter uB/g dry matter
Surface soil 1.5 1.0 1.7 1.310 86 97 tr. i 55 3 530
Subsoil 1.2 4.5 2.2 1,156 119 110 Ir. i, 59 2 346
Sewage sludge 2.4 1.6 1.2 177 90 250 Ir. AL 68 4 1,017




FTREARRIOT— B D BARCHE T 5L 178 kg 445 kg, 1, 780 kg, 4, 450kg, 8, 900kg
YT 5,
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Table 4. Ammounts of irrigation

Period Irrigation Rainfall
£Ti0 L /day/lysimeter mim/month
B/ 4- B/1S, 5 267
8/19- 8/31 2.5 133
9/ 1-9/16 5 257
9/17-11/20 2 107
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Photo 2. Colonies of proteolytic bacteria
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Table $§ Media for counting of microbial population in soil

I. Albumin Agar?® 2. Rose Bengal Agar®®
Albumin, from eggs 0.25 8 KH,PO, 1.0g
Glucose 1.0 MgS0,-TH,0 0.5
K.HPO, 0.5 Peptone 5
MgSO,.7TH,0 0.2 Glucose 10
Fey(50,), tr. Rose Bengal 0.033
Agar 15 Apar 20
Dist. Water 1,000 ml Dist. Water 1,000 ml
pH 6.8- 7.0 : pH 6.8
3. Medium for Proteolytic Bacteria? 4, Medium for Ammonium-oxidizing Bacteria®®
Nutrient Agar 23 g (NH,),50, 0.58
Gelatin 4 NaCl 0.3
Dist. Water 1,000 mi K, HPO, 1.0
MgS0,-TH,0 0.3
FeS80,-TH,O 0.03
CaCQ, 7.5
Dist. Water 1,000 ml
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Table 6. Moisture content of surface soil and subsoil (%)

Sludge application rate (%)

Date -

0 0.2 0.5 2 5 10
8/ 4( 0} 52.2 52.1 52.0 51.3 49.9 47.9
8/18( 14)* 73.2 73.3 72.5 73.0 73.6 74.3
9/19( 46)* 72.1 73.1 72.7 72.5 71.9 73.0
10/18( 75)* 76.6 76.2 73.6 4.4 72.0 70.6
11/21(109)* 79.9 75.6 74.4 74.0 75.8 74.0
Subsoil(109)™ 79.2 7.0 74.9 72.2 72.7 68.7

*: Days after incubation
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Table 7. Total-carbon content of surface soil and subsoil {mg/g dry seil)

Sludge application rate (%)

Date

0 0.2 0.5 2 5 10
8/ 4 0)* 35.5 35.7 36.0 37.5 40.2 44.5
8/18( 14)" 31.7 325 32.3 34,1 38.2 43.4
9/19( 46)* 30.4 31.4 31.3 32.7 35.3 42.8
10/18( 75)* 30.4 29.2 31.8 32.7 4.7 8.2
11/21(109)* 30.3 28.8 32.5 33.0 . 35.6 8.6
Subsoeil{109)* 16.0 16.0 17.0 17.2 17.5 17.9

*: Days after incubation
—-g90 —
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Table 8. Total-nitrogen content of surface soil and subsoil (mg/g dry soil)

Sludge application rate (23)

Date

0 0.2 0.5 2 5 to
8§/ 4( O 2.6% 2.73 _ 2.80 3.12 3.71 4,63
B/18( 14)* 2.42 2.40 2,49 2,84 3.47 4.36
9/19¢ 46)* 2,23 2.08 2.48 2.55 3.21 4,27
10/18( T6)* 2.1% 2.20 2.33 2.55 3.123 3.64
11/21(109) 2.12 2.23 2.33 2.56 3.15 3.89
Subseil{ 109)* 1.25 1.32 1.37 1.38 1.73 1.89

*: Days after incubation
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Table 9. Ammonium nitrogen concentrations of soil water in soil profiles {yg/ml)

: Sludge application rate {27)
Date Depth

{em) 0 0.2 0.5 2 -5 10
10 0 0.23 1.05 1.62 26.25 55.50
20 0 0 0 0 0 0.04
8/ 4( Oy 30 0 0 0 0 0 0
40 0 0 0 0 0 0
50 0 0 0 0 0 0
10 0 0 0.07 1.30 19.10 111.87
20 0 0 0 0 0 0
8/17( 13y 30 0 0 0 0 0 0
40 0 0 0 0 0 0
50 0 0 D 0 0 0
[}
10 0 0 ] o 0.08 0.68
20 0 o 9 o 9 !
9/18( 43)* 30 0 0 0 0 o 0
40 0 o o 0 0 0
50 0 0 0o 0.03 0 0
10 0 0 0 0 0 0.03
20 0 0 0 0 0.01 0
10707¢ 74y 30 ) Q Q 0 Q 0
- 40 0.01 0 0 0 0 0
50 0.04 0.03 0.01 0.05 0 - 0.0l
10 0 0 0 0 0
20 0 0 0 0 0 0
11717{105)* 30 0 ] 0 0 0 0
40 0.02 q ] 0. 0 0
50 0.04 0.03 0.01 0.01 0.03 0.01

*: Days after incubation
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Table 10. Nitrite nitrogen concentrations of soil water in soil profiles (ng/ml)

Studge application rate {%)

Date Depth

' (cm) 0 0.2 0.5 2 5 10
10 5 25 37 95 323 390

20 0 0 0 0 0 ]

8/ 4 0)* 30 0 0 0 0 0 0
40 0 0 0 0 0 0

50 13 16 10 12 9 12

10 1 2 10 57 239 406

20 0 0 0 0 0 0

&/17( 13) 30 0 0 0 0 ] 1
40 ] 0 0 0 2 2

50 0 9 9 10 18 18

10 1 0 1 2 6 6

20 2 1 1 3 3 4

9/18( 45)* 30 1 2 1 1 2 1
40 26 1 1 2 1 1

50 13 42 42 25 190 86

10 2 2 0 2 4 4

20 2 0 0 0 14 3

L0/17¢ 14)* 30 ¢ o 0 0 2 2
40 6 1 0 0 0 2

50 54 34 12 250 14 18

10 0 0 0 0 0 6

20 0 0 0 0 0 0

11/17(103)* 30 0 0 0 0 ] 0
40 4 0 0 0 ] )

50 4 4 3 5 14 6

*: Days after incubation
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Table 11. Nitrate nitrogen concentrations of soil water in soil profiles (pg/ml)

Sludge application rate (%)

Date Depth -

(cm) 0 0.2 0.5 2 5 10

10 20 19 15 21 12 14

20 1 1 3 1 1 i

8/ 4( 0 30 4 7 8 5 8 4
40 5 8 8 9 8 6

50 1 8 2 8 5 5

10 9 23 30 182 260 324

20 6 5 6 6 4 5

8/17¢ 13) 30 3 5 B 6 8 1
40 5 8 9 9 9 6

50 4 9 5 9 7 5

10 2 8 10 148 325

20 5 13 16 91 120 263

9/18( 45)* 30 10 13 13 20 10 15
40 6 11 9 10 11

50 4 9 8 10 10 g

10 0 1 4 24 45 243

20 3 4 10 33 115 193

10/17( 74)* 30 6 12 15 39 29 30
40 3 9 12 15 Y 12

50 1 7 11 10 12 12

10 1 2 5 41 86 184

20 3 6 10 37 9l 152

11/717(105)* 30 4 10 13 35 50 43
T40 2 8 11 16 13 13

50 0 6 11 14 13 12

*: Days after incubation
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Table 12. Soluble phosphate (PO,) concentrations of soil water in soil profiles (ug/ml)

Sludge application rate (%)

Date Depth
(em) 0 0.2 0.5 2 5 10
10 0 0.01 0 0 0 )
20 0 0 0 0 0 0
8/ 4( O 30 0 o ] 0 0 0
40 0 0 0 0 0 0
50 0.01 0.03 0 0 0 0
10 - 0 0 0 0 0 0
20 0 0 0 0 0 )
8/17( 13)* 30 0 0 0 0 0 0
40 0 0 0 0 0 0
50 0.02 0.02 0 0 ) 0
10 0 0 0 0 0 0
20 0 0 0 0 0 0
9/18( 45)* 30 0 0 0 0 0 o
40 0 0 0 0 0 o
50 o 0 4} 0 0 0
10 0 0 0 0 0 0
20 0 0 0 0 0 0
10/17( 74)* 30 0 0 0 0 0 0
10 0 0 0, o 0 0
50 0.01 0 0 o 0 0
10 0 0 0 0 0 0.02
20 0 o 0 0 0 0
11/17(105)* 30 0 0 0 0 0 0
40 0 0 0 0 0 0
50 0.04 0.04 0.07 0.06 0.04 0.08

*: Days after incubaticn
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Table 13. Potassium (K) concentrations of soil water in soil profiles {ug/ml)

Sludge application rate (97}

Date Depth
(cm) -0 0.2 0.5 2 5 10
10 7.30 9.65 6.30 17.70 16.20 18.50
. 20 1.03 1.05 1.30 1.37 1.22 1.45
&/ 4 Oy 30 1.20 1.45 1.52. - 1.46 1.33 1.46
40 1.17 1.45 1.22 1.35 1.37 1.45
50 1.42 2.52 2.27 1.75 1.67 2.64
10 4.81 8.60 . 6.60 18.50 26.00 50.70
20 0.82 0.77 1.07 1.13 1.94 1.13
30 0.83 1.07 1.13 1.08 1.98 1.07
8/17( 13)* 40 0.87 1.06 1.02 1.02 1.98 1.07
50 1.77 3.05 2.97 2.60 2.30 2.55
10 3.80 4,86 3.65 5.10 13.70 24.00
20 0.66 0.75 1.01 1.83 2.00 2.74
$/18(445)" 30 0.73 .93 1.08 1.08 0.97 0.91
40 0.74 0.93 0.91 0.98 0.93 0.93
50 0.82 1.07 0.98 1.03 1.20 1.66
10 3.13 3.35 3.12 5.00 7.70 19.00
20 0.57 0.59 0.86 1.1z 1.85 2.25
19/17( 74)* 30 0.60 0.82 0.96 1.26 1.13 0.94
0% 0.65 0.85 0.87 0.99 0.50 0.82
50 1.01 1.16 1.43 1.84 1.25 1.30
10 2.90 3.24 2.73 5.55 10.00 14.70
20 0.63 0.70 0.85 1.15 - 1.67 2.17
1L/ 17(105)* 30 0.70 0.85 0.97 1.20 1.18 1.10
40 0.72 0.90 0.88 0.98 0.95 0.85
50 1.18 1.48 2.08 2.27 1.58 1.07

*: Days after incubation
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Fig. 9 Changes in the calcium concentrations of soil water in soil profiles

For legends, see Fig. 6.
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Table (4. Calcium concentrations of soil water in soil profiles (yg/ml)
Sludge application rate (%)
Date Depth ‘

{cm) .0 0.2 0.5 2 5 10

i0 16.8& 14.2 13.4 14.5 13.0 146

20 14.7 15.1 15.9 13.0 13.1 13.5

8/ 4 O+ 30 16.3 16.9 14.0 13.9 14.2 13.5
40 16.2 16.5 141 13.¢ 14.0 14.4

50 8.2 13.1 3.8 13.5 14.7 13.0

10 12.4 19.0 57.5 167.2 285.0 124.8

20 16.2 16.3 16.8 17 .4 16.4 17.3

317 13)* 30 16.2 16.6 17.2 17.4 17.5 . 17.5
. 40 16.5 16.7 17.1 17.2 17.8 18.1
' 50 14.9 16.4 10.7 14.5 18.8 16.5
1 10.0 3.9 12.5 11.0 150.5 345.6

20 15.40 16.5 17.8 117.2 138.3 244.2

9/18( 45y 30 15.9 16.8 17.4 20.0 17.9 18.8
40 16.2 16.3 17.1 17 .4 18.3 18.5

50 14.6 17.0 15.5 18.0 17.1 9.5

10 9.1 6.1 8.7 18.2 54.5 271.0

20 14.9 15.9 17.7 4.4 139.3 195.0

10/17( 74)* 30 16.5 17.9 19.5 71.2 20.6 21.0
40 16.6 17.9 19.1 20.7 18.2 17.8

50 11.2 13.6 14.7 10.5 17.5 17.4

10 7.9 6.5 g.3 48.0 77.0. 147.0

20 12.9 13.9 14.5 53.0 83.0 155.0

11/17(105)* 30 13.8 15.0 16.5 53.0 58.0 " 59.5
40 14.0 15.0 16.4 19.0 18.5 17.9

50 11.1 13.6 13.5 14.2 18.5 19.1

*: Days after incubation
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Table 15. Magnesium concentrations of soil water in soil profiles {ug/ml)

Sludge application rate {%)

Date Depth
(cm) 0 0.2 0.5 2 5 10
10 3.75 3.15 2.75 3.95 3.10 3.80
20 2.25 2.35 2.45 2.25 2.30 2.65
8/ a( 0)* 30 3.00 3.25 3.50 3.15 3.10 2.85
40 3.00 3.75 3.50 3.50 3.60 3.15
50 1.80 3.55 1.40 3.75 4.20 3.90
10 2.25 4.20 5.00 28.00 41.00 44,00
20 2.65 2.60 2.70 3.00 3.00 3.35
8/17( 13y* 30 2.65 2.80 3.35 3.25 3.45 3.50
’ 40 3.20 3.65 3.80 4.10 4.10 3.85
50 3.20 4.00 240 3.20 4.60 4.00
10 .85 1.75 2.45 2.45 23.50 56.00
20 2.65 4.35 4.50 15.50 20.00 44.00
9/18( 45)* 30 3.80 4.30 4.05 5.15 4.05 4.90
40 3.30 3.70 4.05 3.85 4.35 4.70
50 3.30 4.05 3.85 3.90 4.15 3.40
10 1.60 1.15 2.00 4.30 6.50 38.00
20 2.40 2.55 3.45 5.50 20.00 31.00
10/17( 74)* 30 3.10 3.90 - 4.50 7.50 5.50 N.A.**
40 2.80 3.60 4.25 4.75 4.65 4.65
50 2.70 3.356 N.A** 3.35 4.45 4.45
10 2.25 2.05 2.90 5.30 14.60 37.00
20 3.45 4.20 © 457 6.30 18.60 38.00
11/17(105)* 30 4.15 4.98 5.50 6.30 7.50 8.00
10 3.95 4.80 5.50 6.70 6.70 6.00
50 4.85 5.95 6.70 7.70 5.00 4.50

*: Days after incubation
** . Means not available
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# 156 t@EAoF U LBE (we/ml)

Table 16. Sodium concentrations of soil water in soil profiles {ug/ml}

Siudge application rate (%)

Date Depth
{cm) 0 0.2 0.5 2 5 10
10 8.45 9.90 7.75 27.30. 20.00 25.80
20 7.15 7.10 7.70 7.70 7.70 8.15
8/ a0 o) 30 7.60 7.59 8.25 8.15 7.95 7.80
T 4D 7.60 8.20 8.25 8.20 8.10 7.80
50 7.90 14.65 10.60 12.00 11.35 13.15
HH . 7.15 10.15 9.75 41.00 67.50 101.50
20 7.15 7.15 7.65 7.95 7.95 -8.30
8/17( 13y 30 7.15 7.55 7.95 7.95 3.15 8.10
40 7.45 8.05 8.15 8.15 8.15 7.95
50 11.85 20.10 17.30 17.60 15.65 17.00
10 5.30 4.00 5.95 4.45 22.70 61.50
20 7.05 7.55 8.45 13.45 15.30 38.00
9/18( 45)" 30 7.55 8.15 8.45 9.00 8.45 8.45
40 7.55 8.20 8.30 8.30 8.35 8.20
50 8.20 9.20 8.70 8.90 10.80 12.90
10 3.75 2.95 4.70 3.95 8.25 41.00
20 §.60 6.75 7.70 g.10 15.45 41.00
10/17( 74)* a0 7.30 7.95 8.50 10.10 9.55 9.10
40 7.35 8.20 8.35 8.50 8.35 8.15
50 9.15 9.70 10.70 13.10 10.70 11.5¢ -
10 3.30 2.35 4.50 3.95 8.50 17.70
20 6.35 6.70 7.40 9.45 13.50 24 .00
11/717(105)* 30 6.95 7.70 8.15 9.70 10.10 9.50
40 7.10 3.10 8.15 8.65 8.20 7.70
50 ~10.00 11.45 15.10 15.80 11.80 9.60

*: Days after incubation
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Effect of Sewage Sludge Applications on the Soil Environment
A Lysimeter Study (II)

Kunihire FUJII}, Toru KUBOI' and Hiroyuki HATTORI!

Abstract :

Sewage sludge was applied to a Toyosato humic andosol and changes in chemical
composition of soil water, contenis of inorganmic nitrogen and water soluble
phosphorus of surface soil and microbial populations were investigated for 15 weeks
under a constant atmospheric condition (25°C, 60% relative humidity). Twelve
lysimeters in combination of different sludge application rates (0, 1 and 5% of
surface soil), soil pH (limed and not limed) and planting (bare soil and Brassica
juncea cultivation) were used. .
(1) Soil water collected from various soil profiles (10, 24, 32, 40 and 46 cm from

surface) were analyzed for NH,4-nitrogen, NO,-nitrogen, NO;-nitrogen, PQy,,

Cl, Na, K, Ca, Mg and H* concentrations, with the following results;

1) The impact of the 5% application on the concentrations of these elements in
soil water was greater than that estimated from the sludge application rate
(5%/1%) except for NO, -nitrogen, PO4 and H'.

2) The planting decreased the impact of sewage sludge application on the soil

. water quality.

3) Nitrate-nitrogen, Cl, Ca, Mg, K, Na and H* leached to ground water (46 cm
from the soil surface) were increased after 15 weeks of incubation.

(2) The soil samples collected from surface layer (0 — 5 cm) were analyzed for NH,-
nitrogen, NO,-nitrogen, NOj-nitrogen and water-soluble PO4 concentrations,
measurement- of soil pH and counts of microbial populations were made, with ,
the following results;

1) The light application of sewage sludge (1%) showed a little effect, but the
heavy application (5%) caused an increase in the concentrations of NHg-
nitrogen and NQs-nitrogen. Ammonium-nitrogen concentration reached to

1. BEILEHER AEDBREE T 305 REE S HIET 65 2
Water and Soil Environment Division, The National Institute for Environmental Studies,
Y atabe-machi, Tsukuba, Ybaraki 305, Japan.
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3)

4)

5)

6)

7

the maximum at one week after the incubation and the accumulation of
NOj-nitrogen followed. Nitrite-nitrogen was accurmnulated in the limed soil
at one week after the incubation. Water-soluble PO4 was slightly increased

with the heavy application. The soll pH was markedly decreased with the

heavy application.

The liming suppressed the nitrification in the soil.

The planting decreased NOj-nitrogen in the soil. Nitrate-nitrogen in the
bare soil had two maximums, The first one was found at 6 weeks and the
second was at 15 weeks of the incubation.

The microbial population was markedly increased with the heavy applica-
tion of sewage sludge (5%). After the increase of aerobic bacteria, fungi and
proteolytic bacteria reached to the maximum, folowed by actinomycetes
and ammonium-oxidizing bacteria, and finally nitrite-oxidizing bacteria
increased.

In the later period of the incubation, the ratio of actinomycetes/aerobic
bacteria (A/B ratio} markedly increased.

Proteolytic bacteria and NH, -nitrogen in soil applied with sewage sludge
increased in the same period. But the increase . of nitrifiers was not con-
comitant to the formation of NO,-nitrogen and NOj-nitrogen in soil with
received sludge application, and the populations of nitrifiers increased later
than the accumulation of NQ, -nitrogen and NO,-nitrogen in the soil.

The planting with Brassica juncesa did not affect the microflora. The liming
suppressed the growth of actinomycetes and nitrite-oxidizing bacteria and
stimulated the growth of gram-negative bacteria in soil applied with sewage
sludge.

(3) Growth of rape plants on the soil applied with sewage sludge was determined.

Although the germination was slightly inhibited initially by the heavy (5%)
application, the application stimulated the growth after the second week of germina-
tion. The liming increased the yield after 62 days of the culture. The heavy applica-
tion produced abnormal leaves in the later stage of the growth.
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KW, tRMAH T oFOELKESUCHPOEBRIICOOTNMIT A ¥ 4 -8 —REE ML
o, AMEREONMBEEL VL EBEDTH D,

2. RBB5®

21 EBRER

FEMCHER LI 545 4 — 4 —HTISxTEx50 (BE) em® A7 v L AR OMAIHR) TH
DD L R—EETH B, C0E APIRF DEBERBRENO ARERE (AC— 2) KIESRR
Utoe THKOERERRHENA 7, RMAEEESLULRARBCEE - 7285 7&
DD, FRFRIEICTAC EICINEBEBON ML N -T2,

2.7 BEAHHLUHRESE

Bt U 7 512 SRS S S B AT TS A SR L 2 B 7 HIR GEERHEALR LH) T
B, cOMEEEER1ICRLE, —F, RRERRETSAOESEHRO FALBECE T
I L REBERTH 5, RREE I E SRR UNRSREL THERICH A, BRABRE LU
HALTBORSEEBRIFT1ICRLI,

# 1 EREES L CHEROMEER & R

Table 1. Properties and chemical compositions of soil and sludge used

Soil Sludge Soil Sludge

pH {H,0) 5.4 6.5 Base saturation(%;)  42.5 -
(KCh 4.7 — T-C (95) 6.1 13.2

Base-exchange capacity(m.e.}* 32.5 T-N (%) 0.4 2.3
Exchangeable Ca (me.)}* 7.4 - C/N 14.5 5.7
Mg (m.e.)* 4.5 — NH-N{pg/g)** 0.9 207.5

K ime)* 1.8 - NO»N(ug/g)*" 9.1 0.3

Na (me.)* 0.12 - NOs-N{.8/g}* 27.2 114.9

Exchangable base {m.e)" 13.82 PO, **Y ug/g)** 0.3 10.6

*: m.e./100g dry soil.
**: ug/g dry soil.
*** . Water soluble PO,

2.3 HBRE
231 HEBXORE
 EREREIAE (0, 1, 5% HRLBEHHEB S— € 1), 1HpH 2k%E (WIEE i pH
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(H:0) =7.0, BEX : pH (H:0) =58), £ (27 Y F) DEE2NELELEDE
TIZMBRAHT, 74V —4— 1 EFIRKELEIRERTERLYE: (BF2), UBERER
BEUPHBIE (FRMBA) 1EBI0cm, BEH S Sem LORMIE 20 TH o,

* 2 HERERE
Table 2. Treatments

Lysimeter

No. 1 2 3 4 5 6 7 8 9 1011 12

Sludge(25)* o 1 5 0 1 5 0 1 5 0 1 5
Liming** — — — 4+ 4+ 4+ — — — 4+ 4+ +

Plaming*** + 4+ + 4+ + 4+ — — — — — — ’ i

*: The application rate (0, 1 and 3% of surface soil)
**: Soil pH(H,0Q) .was adjusted to 7.0 by Ca(OH),
***: Rape plants were cultivated

SMER, BRI LLRAEBREAR, BRAKELE bk RAERBERR, 95
Bk U KA RRK, BYERE LS, KAEMRK, HRTLE pH 28T L K4 GIKER
K, THpH 2@ELI - XA RKEBERRE L7, '

23.2 BXBLOZE

ITBETCALHELTELOR—F2H » 7E2EF L, COFE, HBFMERMETH»S10, X,
32, 0cm &y, sheEh oA, B, C, DBE L, THEEERIIHFZFTHcmTHD, O
TREADEH Scm K551, PERELRC SLCOTABKEIHTHem(EBET3) 1b
BTOBEDE L, '

233 BEXHORTE

B ABERASRC, BE0H—i & L, i HRNTH 5, ZAD0~T0% TH-
fo. BREBRELIE28@icHD35.5mm (F4 ¥4 —2—1FEH400D) &L, ZEKEYa
QRN EAT, CARKERETST~0B0OTHBRFEY roBHLETHS.

234 HEAE ‘ ©
BRRISME T H 4 B ERSHEA L TREBAME L, BHAEE (2581, 2, 3, 6, 10,
15, 20BE K 2N ENEBAERRLE BICHE L, RREFSIIA2E (0B8R KT LE,

B3 EAR LR ORKA R L MORSEERETLL,
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# 3 FEHE
Table 3. A timetable for the lysimeter experiment

1979
JULY AUGUST SEPTEMBER OCTOBER NOVEMBER
DATE W0 20 10 20 10 20 10 20 16 20
' i 1 1 l“ -l 1 lI | 1 i L l" A i

T ‘l T T
WEEKS 01 2 3

TSN

START. & TERMINA-
TION ~ OF EXPERL~
- MENT

CULTIVATION S T H H

IRRIGATION » # - - % * * 4w B - x % Bow = % * B W
E_ SOIL # * L I * * # . *
7 SOIL WATER * * PR * . - » oow
g MICROFLORA % % » = . * * .

5 means seeding, T means thinning, and H means harvesting

24 KD

pH, Tv&=7 (NH.), B#8k (NO2), W& (NO:), &# ) v® (PO, 7234 ¥
(Cl), #+ Y wa (Nad, #9%a (K), anyoa (Ca), =¥ 4vva (Ma) DBEEXH
ElLk, - . 7
241 pH; 2—=v/B1258pH » — 4 —%4HEAL, EEAOKATL:. NBRRDK
4 FBEE (JH") BErBETRELE,

2,42 NHy, NOz,» NOs, POu, Cli W Fh& T2 =22 BA—~ b 7F 54 4— 1 0% &R
LTHIE L. NHso NOz, NOs REMMAHPOERBICME L 2120 NHo—N, NO.—N,
NOs—N & LT L,

NH-N@, 4% ¢72/-nERRALLaBMRED clofle L,

- NO:—Ni, N7 7=AT3 FEEBSRERLE YT /LABERNET 3 BBAEY £
— B L THE L.

NOs—N i, & 59 TNO: KBl NO: &R BB ik L, ¢
DHETIRINO;—N & NO;—N DABERFEL TV B NO~N ABHS BV BARChEEL
Blt>TNOs—Ng& L1,

PO, €977 7n—0%RAMB L BB EY 2—H%E LTz Lk,

Cld, 747 vBSEOERFMAL-EBHMTEY KECHEL:. COFER LG
ElRAA Y av /57 REDRERLEBE—RT AL LAEROSEBMC OV TRAL 1
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M»K’Ca&UMgﬁ%ﬁﬁﬁ%AA“MW—w@ﬁ?&%&ﬁﬁ%ﬁwtﬁﬁbﬁa

25 @S
+EOKSEHE, pH, NHi—N, NO2—N, NOs N L UKEH Y VB (PO AM5ELI,
251 kaam |
THEERBOAKAN, 110°CT5BEH EMBLEDd, £0RBEKISRE L,

2.5.2 pHO#fE '

#EEW i Liots 5T, pH (H.0) #8IE L%,

253 NH:—NODOESE |

E+10g5200m=H7 5 AT CED, 10%5kn 1 v AER100ml ML, DSMITERE .
ULt ABLEY, 2mEa v v 7 2/ —nisRIRLEABSRE D cLoBE L,

254 NQO:—N, NO:—N, PO.OEER

E:i_:l()g%200m1£ﬁ7-;-z:@c&fo,ﬁimsmw/obo.lg, EHEKOm! 2 MA, 109k E

5Lk, ABLED, AlconT, HHMIHLED 2R0T, BSHFE -1,

SHEICR B, 3~ =Y SR T pH ¥ —F—, BEUTF /=3 v HBE— tTF 54
F—AAIHMTH -,

2.6 HEREHHONE
LSBT, FRMEER, GRS, ARE, 5o HARE, HRAENE (7resT
X OTHBEBIEE) BE07 VRSN 4 Ly MREEEIC DO TERBEE T AB, 1,
2,3 6, 10 BBEAICAEL o HHEME | 0 AORMEMRE ZRERIGOBEHKE L1z,
R, R, RRE, 5V SRR LUT Ve TRmEt, naY L E—
Ko s B — AR TRISE L7 . SRER LA % 4 (Cn U 7- dERIRe 68 (L RIE BT U AR O

£ 4 77 ABEMED S CENES AR

Table 4. Media for gram-negative bacteria and nitrite-oxidizing bacteria

1. Medium for Gram-negative Bacteria® 2. Medium for Nitrite-oxidizing Bacteria’®
Albumin, from eggs 0.25 & KNO, 0.006 g
Glucose 1.0 8 . FeSO, . TH,O 0.03 g
K,HPO, 0.58 K, HPO, 1.0 8
MpS0,-7TH,0 G.2 g CaCl, 0.3 g
Fe,(S0,), tr. NaCl 03¢g
Crystal violet(0.125) 5 ml CaCQ, 1.0g
Agar 15 g MgSQ, - TH,0 0.18
Dist, water 1,000 ml Dist. water 1,000 ml
pH 6.8-7.0
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2HRROAEET® 5y mand g vy VBRI R 4 R BT 1 A B FRE
BT L oME L. B2 VRS A Ly FREMER, 3EELBCAELE,
T ZUREASLF Uy MSEERE S ARRERERKEL TV A b 5P 0Tl
By aBERE L. '

27  EHERREEE

HMPHEX M1~6) iFhsa+ v+ (Rape: Bressica juncea) *R—HE T L1,
271 #EEE ' -

BREE RS DemEHMBEL, 1ENT0I6hFRICEELY (&1).

= wf———

1 2=y F+oiiiRE
CHUSHMME #TL, FOEFORIMELTT,
Fig. 1 Planting site of rape in a lysimeter
A circle means the planting site and a number beside the circle means the registration

of individual plant.

B R T THIFLEL %, RECBRIKRTOBE (TASA) L,

5. 7H98 (FEE4AR) KTUEHA1ERZT2E2B LA, ACRFFELEE LE.

A (1EB) @ THSE (EM#%260). #MaE2, 4. 5, 7, 10, 12, 13, 1508 8 &%
WL, WEERE LS. B0 8 HKIC 0 THEN, BEAMSELr,

WH (2EE) : 9A5H GRE®EE). 55 BHEIE LINRRES T -1,

2172 HEBIUNEHE

TR 1RO OFERE L,

ER KRCLOBRRIEC DV THEEL ST LK.

FEE B CLICRIEL .

G KK, WICEEKTE - BERTIRRIC TRCHIER, ZD®HE0°CT3 ~ 4 HEg
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L. 54 v4—4— (QREBX) CERFRUE,

i 1 EoEREREeEKcONT, R 20BoR#EREIR LR LB CS T THRED
BLOEMERLEEL..

213 &off

MBROSE, WA, B4 DPAKERSR, 21, 22, 230EABBEN,

.08 B

3.1 BKOSFER

@RI D0 BEMTET -7 hs, 205 BB TTEOMIERICHOVTRELA, LK
MR CC TRELEREENT TREENTHEY, MIRRE LD EILRT L LEROBERH
WD), AHETRBESBRICETICED L. e THREEROMR (FRIC L3R
OaEFRTRHIC, EREAKOSBUOMEHL COMBRX M2, N3yl TNl, b

No 6L TNed, NoB &No0icH N7, Nall: N2 L Thldtiz hZAMBRENLE) ©

MEROOREHEOEE R, IOLERERAE, CREROCER BIUHHREOFREICD
CTEEHERFERLE (M2~10), BEEKRESCLORE L F -2 AFHBROF L ICE
LTRA LK, #EETATHEKRPOBE TRL .

31.1 NH.—N : +S#ETA GRRES ERCIBAREBAR Mal, 4. 7, 10) KBV
THAE (% T10cm) T100ppbilE® NH.—~ Nttt hicds, BE (M24cm), CHE (H
32¢m), DB (A40cm) THAQMBKX, 2RA4E U T0ppb LTHAREZ D, ZOKR
EREAAETHBINE -~ NARHES( B2 (M2-8B, C, D). UL, ABTRE
BHRICEONH —NoSELCHAL, BA1BMBLEALS -, LOLEZOERERL, 38
BieRAEREEARKEASOERCE -7 (M2—-A). BR1¥KL 5XDONH—N OHAFR
Hi2 84 (20E) ~566 (2:80) LROBARE=5 k0EL A, -7 (W2-(DA). £
MpHOKZIZNH —NOBKAFECRIEEL5A M- o0, GKEERAX TN 18
BB 02 NH,—NHLHER, BAFEEHERL TOL (K2 -24A), Fr, MHYORE
ENH,—NABOMECEELS 2 -k (K2-B1A),
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e o—O0—0—% fe—o—o—o—o—o—o s [[—O— 00— 00— OO0

T o 4 3.y

E - - -

1 1+ 1

£ L

]

7/ S R R S R
KEEKS WEEKS WEEKS

B2 FRERCHHA»TBARPOT - £=TEBHRICEZ 2HE
(1, (2, GUIEFAFRFBREMNE (0, 5%, ®, 1%), AKRER (0, K e, &
WA LR (o, ¥, e, WH) T2 TAMCE LITTERRRERT,
A, B, C, Did#hZhnthEr» 510, 24, 32, J0emDFL%ERT,

Fig. 2 Effect of ammonium-nitrogen in soil-water with application of sewage sludge
(1), (2} and (3) indicate the mean effect of sludge application-rate (O, 3% ; ®, 12},
liming (O, limed; ®, not limed) and planting {C, not planted; @, planted) on the
impact, respectively. A, B, C and D are the samplingdepth ; 10, 24, 32, and 40 cm,

respectively, from the soil surface in a soil-profile.
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312 NO2—N:B, C, DOTRTHARABK IR EALREENT, HREMARILET
BNO:—NORAfiEd b sHidb-7 (B3 -8B, C, D)o —H, ABTRHEREARKICEN
TZRBZTHMEIN, HRAERAICLEZNO—NAFTIARS$HEAT2HE, 1$HEMATIER
KEREL 57 (M3~(DA). CORRILGKER (pHEL) RIEBRATHO, EH1:8BK
HEEEHROBICGEL Ty i (M3 -21A), FrBEKoTsARTREFCub -t (B3~
34,

e s 3‘°\(2;-A o oora
i IF % 2o
2 A
g“ 1 b 1r 1%~
< o .
I——%=c—0o—0——¢ (el p——O0—0—0— [ o——o—o0——
= GEnE I g
3
%'N-l 1y 1
<

[ - “I @ “T @t

AW T aw SRR .
I
=1 AT 1
g’
=]
oreo—o—o—e—o—o—o—— 0 FH——t—o—b—o—o— "
780 Wy s e 2 ol 7 s T S B Ao
HEEKS HEEKS WEEKS
B 3 FTABROERSTEKROENEERRCS 2 2UE )

BEFIEX 2 B,

Fig. 3 Effect of nitrite-nitrogen in soil-water with application of sewage sludge

For legends, see Fig. 2.
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313 NOs—N:HEBEEH®RICEB, C, DET0~40ppm, FAFEK A B C50~80 ppm
Thoteds, TORMHEDRNICEDZEFMDONO; —NREEGASEMAL ., BREMICESE NO; -~
NEFRABTE2 ~ 3BMBIKBXREE ST (B4—A) & BETIRI0EE (4 -8),
CEBTRI0~15AE (R4—-C), DETIISEHLE (H4—D) KBAEMHYD, heclTR
#rREC LT, HFEBARORCE, AETIRING:—NATEDO RO ICEIITRAILTORD,
TR SFMAKLIAARGINSHRK I ENE> D 50 (BR) LTk (H4-
WMo TLAREACED, ABCET 2 NOs—NEBFREF#H2ECHML, chEkLTFRTHL
RIBO W8S 60 (4 —2D), KT 3BESS 6 BRI THESBE & NOs—N
Basgal, & QUFAREAXTHM ppm LN -~ THEHAKL O EREL L 210 2D DT,
HRICLE NGO -~ NANBERHARKCB VT ABLBIZ LA SR (-1 (74 -3),

—

AK0z-N(rem)

—

ANOz-NPpm)

4 TAREHEROMERAVZ BT OWBESHIZS 2 HBE
IRz EE,

Fig. 4 Effect of nitrate-nitrogen in soil -wter with application of sewage sludge
For legends, see Fig. 2.
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31.4 PO KEEEY YBOHEERDBEZERICE C KSHH50 ppb B F €& -7,
Linl, ABTHRERBRARCHE - THOELICHEMLTE Y, ¢4, FREAEREK TR ~108
BEhd TLBROLDEREKBEENL ., &< KIBEONS —CEBTE lppm LS £HL
feo TORBHERBERICLS POAFRBBEKICEHEE L (B5).

[ -4 [ @A
gk

I

A\

!

c.' ; "
/
s

APDy (pr)
o]
T
L]

APO,J FPE"M)
o -
DN
3

AP(]# {pPM)

8P0;, (pPm)

71 2 36 1DIS
WEEKS ’ HEEKS WEEKS

271 2 3 6 10D 271 2 3 6 DB

B 5 TKEEOHBrLEKkP) v BIch 2 208
EHIE2 B8,

Fig. 5 Effect of phosphate in soil-water with application of sewage sludge
For legends, see Fig, 2.
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315 Cl:ERoBEABENCE-TABOCIEERIREAL TV HOEBEEHIT
BACETLTO oz, K FTRTECIEEIRB ML, A TEESED O, ZhODR
EEZLERBLT, CIOARRIAB TR 2 A~ 1 BWE, BETRIEE, CHETRI0~ 588,
DETRISEBNBICERLIE -7 (E6),

FEBEKEdACIOAHBRGRENE, T3 oHOMIE CRKEA), BESCIOE(LL
tre ABTRERBEABCRIFIEL-ATES AL, B, CETRERE1¥HNEC &
AFLAERCESE Do (6 —(1). ARICE S pH HERFREMIC LS Cl AFEH RS,
2L, CER~OBTR, #FLLMMEEZEmMIcH-7c (K6 —2). HHORZIIAFBICE
FARARMCREBLSEANp -, B, C, DETRHMEEKOCIARZ6~108E THT THE
Lt (|6 13, '

(1) (-4 (33-h
20 °—°\0\ 2or Pl §
£ [+] O—O\ .>(O
& ™~ L oK | 7o
> 100 - 100 o—.\__.\.\ . 100 5_3\0
N D o S \-:-a_ g
1]  — | i} I_L_.I___I__I—LJ;’_
T B g 00 5p
z
S st /3\ st Eu
it o o
3 O, —
Q . o o o
[ i - o - .
U_Q_O—_D_ﬁi—l—iﬁ-__ e —G—8 e—e ﬁ—o_%—i-fg:;j,b—

all (rrmd

AC (epm)

6 ThFROMAYG LBAFTOERICEZ 28
LEEH 2 B,

Fig. € Effect of ehloride in soil-water with application of sewage sludge
For legends, see Fig. 2.
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316 Na:@ ZBKhOBEOEE, RBLCKETZAMBOEE S NOs—N & Cl O
MLEHERUI SREMESE (, LEpH 58 <, ILWATHS LHRICLS Na Bl
WRLAH ABTRERBREEROZSIIIL -2 (N7), GREBEARK THERERRX LD
Na OBBEESECERLS SN (F7-2D,

ANa {pPH}
o
~
A\ .
o

-5 /\ |

Lo,

ANa {pru}

£l (ppm)

23-D
z
:
Q
)
% U T I W T S N Sy
1 2 3 Ll B 1 2 3 b8 0B
WEEKS HWEEKS

Bl 7 TARBROWELERFOF I TalcE 2 208
EHIEE 25,

Fig. 7 Effect of sodium in soil-water with application of sewage sludge
For legends, see Fig. 2.
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10, L

K @ Na SMBIL7BBAR LA, BERCHTAKBFREERLBEE AL
AEREREOKBESEREEAKOZNE OECE -1 AT NaDIPALER T

Wic (8).

AK (ppo) AK (prmM) AK (pPm)

RG]

(=] o L
B \/Yn-a 3 @4 T 34
40 r - W
-
30 o g 0
o a \. o, or /0/0 * 0,
- - - R
BF _e—s_ O 10 —ema 10 o
0' i 1 1 1 - & D n D

RS
10 10F nr o
D/0 r o r hd o/
o ) ° o
OE.— o S e D—R-—o—ﬁ—!fﬁo— D"9—8_0
-5 . 5L - 5L h .
TN T . § 1 A i I - 1 1 i i 1 I— At 1 i 1 1 1
#7113 & 1015 w71 2 3 1015 ¥ 1 2 3 6 W01
WEEKS WEEKS WEEKS
8 TRFHROMAALEKF DAY 72457 pHE
BUFIIE 2 BH,
Fig. 8

Effect of potassium in soil-water with application of sewage sludge
For legends, see Fig. 2. ’
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318 Ca: LHSipHDWEZKBIL LY A LD Toliebll, FIREBR Tz +8Kkm
DCa BERREAR IOV E (N T, 2OARBRCTHERILLE CagimB O T 83
F—VENC:—NOEELBUL TR (&9, K4).

B0 (13-4 /\ B @)-a B (3)-a

. Ll g 4k

e % 2\

é 20-0\/ oo nle ~o

< - \o *— o —n

"—""-. e R S

of 0 R op

zapd
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<]

AMe (pPm)

AMs (FPH)

WEEKS WEEKS WEEKS

® ¢ TREROEAFLEAEN? TR 025 2 2HH
LHEEzER,
Fig. 9 Effect of magnesium in soil-water with application of sewage sludge
" For legends, see Fig. 2.
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31.9 Mg: Ca(R9), NO:—N (H4) LR LBEHLE ~oh, ABTREAEEHEOY
BursEsr o (H10).
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Fig. 10 Effect of calsium in soil-water with application of sewage sludge
For legends, see Fig. 2.
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Fig. |1 Eflect of hydrogen ion in soil-water with application of sewage sludge
For. legends, see Fig. 2. )
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3.2 HTkAFHE

HFA (HERFEK) RERMBEI~ 4BHE»SBARCECTHIELIZ U, BERT
N1 EROCIOAKIR VA ETREASER L b o7, £ORKRISARMO RS B MME T
64~80 | (HBFEE0~21%) THN, WRETT~47]1 (A3 ~16%) &7 ofoe k78
R B0 TR KA KO Wt BRI R & 0 518 <, SRR K T3 R K & 0 f o
GRS S (R5).

B ORAERIZ10BE T CRBERBICE RS SN h -7 5BEICE- TRARKBO S
- MEEBRICIS o7 (2 5). NOs—N. Cl, K, Na, Ca, MgOo@FERBK ciEREHAICE
DML, BEXTEHCEL L. pHRBGARE - THERK TRERBERAC LY 1 BLEET
Lictt, K CIAERMCEES e En oo, FEERICEE 3 8ERORKL, Na

F 5 KEE:TREORTE

Table 5. The water balances and the leachings of 7 elements from the lysimeters

. “Treatment Water balance Amount and concentration of each element
No. Plant Ca S'(‘;:*)ge S;;‘:Ff) l‘g;]g("‘u P@i)" NON Ci K Na Ca Mg pH
Lo+ - 0 s s 1 (7.2) (36.8) (9.9) (15.4) (22.3) (10.5) (6.66)
2oob = L2880 8 gy (124) (6.4) (13.6) (16.2) { 8.1) (6.15)
3 + - 5 7.4 310 2 '

(7.7) (31} (4.8) (12,9 (19.2) ( 7.5) (6.53)

g0 308 300 10 e gy (30.8) ( 8.4) (15.5) (25.7) (10.0) (6.74)

{6.7) (27.1) (5.8) (13.0) (18.5) ( 7.7) (5.55)

(10.13 (6.3) (4.7) (14.6) (19.9) ( 8.1) (6.29)
7 - - 0 &z 300 Z (3@3;%) (5812) (151{;) (191{’{) (5?;.'?),(15]3) (6.93)
8- - 1 w50 5 (2 (531?) (28 (29 (7?8) (2;3) (5.67)
9. - - 5 T8 om0 m 2 (4213) (200) (239) (189) (240) (5.87)
0 - 07 w0 2z (BN S o)) (1&&3) 667 (195 (6.85) -
-1 07 0 (B B D ) (26 9) (380} (5.80)
2= 4+ 5 &8 300 2 (5325) (63:2) (2%13) (2%13) (sgig) (2%22} (5.73)

Figures on the upper column in a treatment mean the total leached amount (g) during 15 weeks, and tl_le
ones in parenthesis on the lower column mean the concentration (ppm) of each element or the pH value in
leached water at the 15th week.
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FROTREROEORS O 1 KT 5T, YKL IBNOEBERE o, Linl, ERIE

PlemT UEREENT ~N12 (BHE) K20 THEELALZLCAEDERC L EIEN bRh-

fo (#5). ' '
NOz—N, NHi—NBIU PO, ORLUEEBL HOTLTH -2,

3.3 SEOLBERIICLIKEEFILOBE
3NAHEU32WEHLTHOINLSBAKELLIRE[OATNROMNE, EREBEOHM

KT ERGH, 1HEpH DREL L URYREOEETCEL THEER6ICTEnT, £b6h

LENEFhOERCBALTRDOL HINKR BB SNE. TEbS,

1) ABEBCTRERMIE S — 75 THET 560 (NH,—N, NOz~N, NOs:—N,
Ca, Mg, H") £ BAO—FD LD (Cl, K, Na) D2EEmH 52 L,

2) TETB~BAUREL T LD (NOs—N, (1, Ca, Mg, Na, K, H") Lt FEicH
FERIZENV 6D (NHi—N, NO:—N, POL) O 2HniH 57 &, '

3) BREGARE (5%/ 1%=5) LIIRASOMNELHERBOHMCE-TRILO (ARK;
NO2—N, NOs-—N, Cl, Ca, Mg, H*, TE: 2ZL) :HEARKUEOBNELRT LD
(Af: NH.~N, Na, K, F@: NOa—N, Cl. Ca. Mg, Na, K)02@EnssT L,

4) ERERCIVAFRPELCEMT 260 (A NO:—N), puH#MT 260 (AR

%k 6 TABROBB I LEEEOKECSZ LA

Table 6. Impact of the sludge application on soil water gualities

Soil

Factor Profile H' NHeN NO.N NO:N PO, Cl Ca Mg Na K
A 3 1 2/7~1 3 - 2/7~1 3 3 2/7~3 2/7~3
Time of Max- B 15< - - 10 - 10 10 10 10 10
imum impact C 15< -~ — 10~15 — 10~15 10~15 10~15 15 10~15
(week) D 15< - - 15< - 15<  16<  15<  15<  156<
E 15< - - 15< - 15<  15¢  18<  15<  15<
Response to A + - + + + + + + - +
the applica- B-~D + * £ ++ + -+t +H + ++- ++
tion rate E -+ + T + + +- + + + A
R o P — 4 + o + + +
Lesponse B~D + 1 1 + + + A +
liming E + + * + + + & * + +
R A - + + — -+ + - - - —
esp(?nsc to B~D _ 4 + " o _ . _ _ _
planting £ _ + + _ + _ __ o _ o

The positive symbols, the negative symbols, and the + indicate the positive, negative and no effects,
respectively. Number of 4 or — mean the degree of response.
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NOs—N, Cl, Ca, T Ca, Mg, Na), bFrit@mys60 (A Mg, Na, FHE:
NOs;—N, Cl, K), #mLido (AF: PO, K, TR: H'), BL¥260 (AB:
NH.—N, H*, FE: L) D 5EEtHsC &, '

5) EHCRRENTHEFAWESE L(ETT2b0 (ABE K, F/E:Ca, Mg, Na, K},
HAHEEETT56D (A NO;—N, Ca, Mg, H', F@ :NOs—N, Cl, H), Zft®
Bobo (AR C), HPOFELIVMMT 250 (2 PO O 4B LT &
D5 ETHB,

14 TEHWER

341 KHER

KAEREFRTWRLI . 2BENCHOBETH -, 1 HEB~0B L, 20:8H48~4%F
THRAICHENMTAEMICS -1, 1AEH, 2BBTH, HROBHECRIZEKMFIDILILLE
ME#Ht. I, ARBRAECERSBX N6, 12) T, I 0EDOMEII 7, B
ROBERSBEHAX N, 6) Tid, 688, 10:88 C0%ak&BEBIES Lic. 0, 15
HE, 20088, MUk EBIEER LR,

oy 7 TABEREIBORTESE()
Table 7. Water content of surface soil (0~5cm) applied with sewage sludge (25)

No. Week 9 l 2 3 6 10 15 20
1 43.7 39.8 42.9 42.7 44,7 44 .6 44.6 43.4
2 44.0 40.1 42.9 42.6 42.6 40.1 40,1 43.0
3 43.4 39.3 42.5 2.3 34.1 31.9 31,9 42.0
4 44 .0 39.3 42,2 42.9 43,3 42.6 42.6 43.1
5 3.8 39.2 41.9 42.6 a8 34.8 4.8 42.3
6 43.0 37.8 40.9 41.4 30.4 29.6 29.6 36.8
7 43.9 0.0 432 437 44.6 45.7 5.7 43.6
8 43.5 39.3 42.3 43.4 4.0 45.0 45.0 43.4
9 . 43.2 38.4 "41.9 42.8 43.9 45.3 45.3 43.9
10 42.9 38.6 41,9 42 .6 43.5 44.3 44.3 43.0
1 42.0 3.0 40.8 42.2 435 44.6 M6 43.4
12 40.9 34.8 39.7 1.0 43.2 4.6 4.6 43.6

342 pHOEH

XD pH OEBERI2ZWR LI, 1EHE, pH 7 —~4 —~OHBETEETEN b a1, B
REAR T, BREEERBOES, pH 3B < ECLA@AMICHY, BB IKH, BHLD, B
Q5B -7, BRIBEROESE, BEALOOPBEHTRE 1o, BHALLHKCES
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Liz. BRSEEOESE, 1BBELPE (N -TH®IIETEEY, 6 BRI TICET
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LT, B—E0MssnEd-ornLe, GRIEROHESE, K& ETLL,

BEXO pH 0EBH AR R L. BRERMA, SR I1%EAOBESE, BHXi2ERLE
SUEBE R LI, BERIFEADOERLGR, EROGECALOLT, IBHICHECELLRE,
#eitkRBL, bEOpH KAEL2DH -

pH *¥—x NO Sludge  ----x NO Sludge, +Ca
A A&—a 1% Sludge &k 1% Sludge, +Ca
74 o—0 5% Sludge  *---® &4 Sydge, +Ca
e 2
"Ml - TIIInIt s, EPN
.“
e e S oEEC b -
[
B
5F
73 & 70
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M 12 TFAFREMEALE. pH
1. # #
Fig. 12 The pH values of surface soil (0~5cm) applied with sewage sludge

' 1. Bare soil
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7«,{{ Pl — e e
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>
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B 13 TxFBiEmALEPH
2. HYPRUE

Fig. 13 The pH values of surface soil {0~5¢m) applied with sewage sludge
2. Rape cultivated soil

3.4.3 HMBEEXOXY
NH.—N 0Z 8% B4, BISICGRLE, WFheEas, 1 AR TRRIEY, UEREIL, 3

—132 -




BEMBREEALBB SIS o7 BRT 5 NH— N &1, fRALEBRORICIZIZILHA
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B5 NI o
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A-—-4 1% Sludge, +Ca
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1. ¥

Fig. 14 Changes in NH,-N concentrations in surface soil applied with sewage sludge
1. Bare soil ‘
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Fig. 15 Changes in NH,-N concentrations in surfase soil applied with sewage sludge
2. Rape cultivated soil

NO:—N OE#BA 16, MITIcRLI, EROBICLEHEL0 b, BROGRICLSEPFEET
Hoteo BRBEHAK TR, REACEH LU -AORKMLT, AERBHE T, 18BTHIC
BNTHRONO ~N 5B S i, R SNENO—N Biz, HREOEMHBICHALT 1%
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b5, 1BABEHRHEENIZNO—NES, ERTRATH L,

—133 ~



3 »—x NO Sludge
Y &—4 1% Sludge
H Y o—0 5% Sludge
% &4 1% Sludge, +fa
&---2 B, Sludge, tCa

Hg/q dry soil

osf iy \
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Fig. 16 Changes in NO,-N concentrations in surface soil applied with sewage sludge
" I. Bare soil
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2. ESpFE LR

Fig. 17 Changes in NO,-N concentrations.in surface soil applied with sewage sludge.
2. Rape cultivated soil

BBXOCNO; —NOEBFHBRLE, BREAX T2, 2BEKEBIKHENLT. &EXiK
LI, ZO%, GACELL, BR1SOBAIR6EE, HR5FOHARIGEETRE ALK
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BICRRATEECS £ ICA S UEBHHS 6N, BRAE, TREERXDHE 3 555 1 7o
%72, 3MEETCR, NOs—~NORREATABRBICHAL 22, 6:BELBE, B 5 %A
KT 1 %75 il KD 10BE DICIE » 72 o EKD NOs—N O E# A M9 R L1, 3EAE
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Fig. 18 Changes in NO;-N concentrations in surface soil applied with sewage sludge
1. Bare soil
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Fig. 19 Changes in NO,;-N concentrations in surface soil applied with sewage sludge
2. Rape cultivated soil
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Fig. 20 Changes in water-soluble PO, concentrations in surface soil applied with

sewage sludge
I. Bare soil
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Fig. 21 Changes in water-soiuble PO, concentrations in surface soil applied with

sewage sludge
2. Rape cultivated soil
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35 TERENHONTHERE
SRBXOESEGE, KHE, FREE L0227 ANRBORBEE B IFHLI,

& 8 ERMALEOTRMEENE, FHE, ARREBIV Y o U REOEE
Table 8. Populations of aerobic bacteria, actinomycetes, fungi and proteclytic bacteria
in soil applied with sewage sludge

(population/g dry soil)

Treatment Weeks after incubation

No. 0* 1 2 3 6 10 15

Aerobic bacteria (10%)

1 10.4 14,1 9.7 i1.8 18.4 21.4 15.5
2 40.2 58.4 45.5 24.8 - 43.6 37.1 36.0
3 156.1 218.4 135.7 160.3 98.6 179.6 64.3
4 9.0 7.4 10.2 12.5 19.5 40.4 17.9
5 61.8 100.8 38.7 63.6 - 503 28.9 62.4
6 64.0 494 .1 160.9 251.8 104 .1 154.8 137.1
7 5.8 5.8 9.7 9.4 18.8 ‘9.2 7.8
8 30.6 119.8 53.8 45.5 55.3 20.0 27.8
9 267.5 446.8 292.8 157 .4 187.2 91.0 52.6
10 7.1 20,4 19.0 16.3 29.5 17.9 10.9
11 94.9 91.3 9.2 56.2 72.6 27.2 52.2
iz 196.8 444 .7 174.1 203.4 173.3* 142.3 1447
Actinomycets (10%)

1 1.5 4.6 2.7 1.8 1.4 2.3 3.1
2 3.1 34.6 33.8 38.8 41.8 15.5 26.8
3 0.5 164.9 148.0 199.3 269.2 108.2 103.1
4 1.5 0.8 1.7 1.7 1.5 11 1.5
5 1.8 16.5 16.6 28.3 28.4 13.0 23.7
6 3.5 229.0 166.6 217.6 175.9 156.2 73.3
7 2.0 1.7 2.4 1.9 2.1 1.3 1.9
8 2.4 27.6 36.4 34.9 31.2 24.8 23.4
g 0.3 134.0 177.7 201.1 213.9 126.2 148.8
10 2.0 2.0 1.2 1.4 1.8 2.1 1.6
i1 1.8 23.3 358.7 35.9 33.6 18.4 27.8
12 0.9 207.0 273.5 285.6 99.0** 61.4 - 97.5
*: | days after incubation.

: 8 weeks afier incubation.
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£ 8 (07E)
Table 8. {Continued)

(population/g dry soil)

Treatment Weeks after jncubation

No. 0+ l 2 3 6 10 15

Fungi (104)

1 2.9 2.9 2.3 2.1 2.5 4.2 3.8
2 5.1 2.8 10.5 8.3 3.5 15.2 5.4
3 19.9 43.3 37.0 3.6 19.3 13.9 26.3
4 3.3 " 41 2.2 1.9 2.6 12.6 4.3
5 6.6 1.5 8.6 4.8 4.3 12.4 16.0
6 48.6 63.9 50.0 226 9.7 11.6 25.7
7 2.8 1.7 3.4 2.3 © 2.4 2.5 2.4
8 4.2 16.3 11.7 7.5 3.9 5.2 8.8
9 15.8 28.8 31.4 23.2 32.1 9.5 19.2
10 3.0 2.4 2.3 2.7 1.8 2.3 .0
11 4.2 12.3 9.3 13.0 2.9 3.8 4.1
12 71.0 57.5 46.8 41.1 20.7 8.8 22.2
Proteolytic bacteria (10%)
1 4.4 16.6 1.8 2.9 9.8 5.1 6.5
2 5.9 54.3 65.7 52.3 94 .1 49.3 23.2
3 8.8 193.7 174.0 199.3 . 1744 108.7 51.8
4 2.7 32.9 3.8 7.0 6.0 8.7 5.7
5 8.9 69.1 63.6 47.9 - 82.5 32.7 56.6
6 9.2 417.7 198.1 149.3 186.7 208.8 75.2
7 5.4 20.9 8.8 4.9 3.6 1.8 5.0
8 8.9 94,8 86.7 44.2 53.6 14.5 35.5
9 10.6 487 .4 211.8 394.0 115.9 137.2 101.0
10 4.9 32.6 3.9 5.2 5.3 7.5 8.9
11 13.8 95.3 80.2 90.8 35.4 23.5 53.0
12 16.9 299.0 331.6 453.0 189, 0%* 144.5 21.3

*: 1 days after incubation.
** - 8 weeks after incubation.
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Fig. 22 Changes in the population of aerobic bacteria in soil applied with sewage
sludge
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Fig. 23 Changes in the population of actinomycetes in soil applied sewage sludge
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Fig. 24 Changes in the population of fungi in soil applied with sewage sludge
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Fig. 25 Changes in the population of proteolytic bacteria in soil applied with sew-

age sludge
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Table 9. Population of ammonium-oxidizing bacteria in soil applied with sewage

sludge
(population/g dry soil)
Treatment Weeks after incubation
No. 0+ 1 2 3 6 10 15
1 3.0x10° 5,8x10* 19.3x10° 3.0x10° 2.4x10° 4.3x10° 19.4x10*
Z 2.0%10° 4.1X10 85.8x10* 9.4x10* 19.2X10* 13.2X10% 28.1x10*
3 3.0X10° 4.0x10* 22.6X10* 60.7X10* 25.8X10* 6.8x10° 27.6X10*
4 3.0x10° 8.1x10° 2.9x10° 16, 1x10° 4.9%10° 4.2x10° 29.9x10°
5 6.2X10° 15,1x10* 8.4 10" 61.0x10* 53.3x10° 3.7X10° 27.7%10*
8 9.5%10° 25.7 X 10¢ 53,310 78.5X10° 50.3X10¢ 15. 6% 108 5h, 410
7 4.1x10° 4.7X10° 4.2x10% 3.0x10° 2.5X10° 1.4%10° 8.7x10°
8 2.3x1¢° 4,0x10° 16.0x 10 8.3X10* 4.3x10* 8.4x10° 30.1x10*
9 3.9x10° 3,9x10* 83.0x10* 29.7x10° 14.1Xx10° 14.4% 108 30.3x10*
10 3.9%10p8 8.0x10° 27.5X10° 27.9%10° 9.6x10° 0.9%10¢° 30.2%10°
11 3.6x10° 5.6x10* 28.7X10* 29,.4X10° 9.6x10" 13.5x10° 30.1X10°
12 4.7X10° 8.3x10¢ 89.5x10* 22.0X10° 96.7X10*"  43.4x10° 42,.5X10*

*: 1 day after incubation.
**: 8 weeks after incubation.
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Table 10. Population of nitrite-oxidizing bacteria in soil applied with sewage sludge

(population/g dry soil)

Treatment Weeks after incubation

No. 0+ 1 2 3 6 10 15

1 22.9%10* 3.8X 10 2,3%10° 1.6X10% 6.3X10° > 4.3XI1¢° 3.5 10%
2 3.9 108 3.8%10° 2.3X10° 4.0%10? 6.1X10° > 4.0X10° 3.5X% 107
3 38.9X10° 3.8X10° 5.7X107 3.0X10° 13.0X10° > 3.5%10° 3.5%10°
4 5,9% 10° 3.8X10° 0.8X 10 3.0X 107 3.9X10° > 4.2X10° 1.4 10°
5 6.0X10° 8.1x10% 3.8x10° 1.4x10* 27.5X10°5 > 3.7X10° 7.8% 10
6 61.4X10° 3.7X107 91.4x10* 6.0x10* 34.5%10° > 3.4X10° 3.5%10°
7 8.2 107 3.8X10° 1.410° 4.1X10° 2,5X10° > 4.3x10° 1.4x10°
8 1.7x1¢* 5.4X10° 4.0x10° 4.1Xx10% 4.3X10° > 4.4X10° 1.9x10°
9 6.2x10° 3.7%10° 1.3x10° 3.7%10° 28.5X10° > 4.4%10° 2.3x10°
10 3.0x10° 3.8X 107 4.0%10° 3.0X10° 6.2%10° > 4.3x10° 1.4x10°
11 9,3%10° 7.3 10 8.3x10° 5.7%10° 28.3X10° > 4.3%I10° 11.3x10°
12 4.7x10* 3.5%10° 26.5>10* 9.2Xx10* 43.0X10°** > 4.3XI10° 42.5%10°

*

o 1 day after incubation.
“*: 8 weeks after incubation.
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Table 11. Population of gram-negative bacteria in soil applied with sewage sludge

{x10%)
(population/g dry soil)
Treatment Weeks after incubation
No. 2 3 6 10 15
1 1.5 1.1 7.1 10.9 6.7
2 19.3 8.3 7.8 25.8 8.7
3 * 91.3 52.4 39.4 180.6 25.0
4 1.1 1.9 9.7 19.5 11.0
5 G.5 14.8 20.6 16.9 5.8
6 29.6 38.0 31.6 74.9 11.9
7 1.1 2.4 3.9 10.9 1.1
8 16.5 10.2 22.8 6.6 3.3
9 85.3 56.0 78.9 37.5 12.4
10 1.9 1.9 4.1 0.9 1.1
11 16.5 11.3 181 6.5 2.1
12 40.6 49,2 54.67 35.7 22,2
*: 8 weeks after incubation
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Fig. 26 Changes in the populations of gram-negative bateria in soil applied with
sewage sludge
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Table 12. Effect of sewage sludge application on germination of rape )
No. 1 2 3 4 5 6
sludge addition
rate (%) Q 1 5 0 1 5
Ca(OH), - - - + + +
. germination
percentage 100 100 46 a8 100 90
F 13 PEMAESER (7HE31H)
Table 13, Growth and yield of rape at 31, July ¢
No. 1 2 3 4 5 6
sludge addition 0 1 5 0 1 5
a
treatment rate (95)
Ca(OH), - - - + + +
n 16 16 16 16 16 16
number of 3 5.25 6.06 7.38 5.06 5.00 7.69
leaves (100) - {115} (141) (100) {119) (152)
S.D. 0.58 1.00 0.96 0.57 0.82 1.14 *
n 18 16 16 16 16 16
leaf length % 17.89 25.81 33.84 15.50 22.84 32.88
(cm} (100) (144} {189) (100} (147) {212) .
5.D. 3.44 4,29 4,60 3.10 5.46 4.37
n 8 8 8 8 8 8
fr.wt. (g) 5 5.38 19.82 39.76 2.99 13.88 47.98
we- {2 (100) (311) (623} (100) (464) (1604)
5.D. 4.27 8.50 20.72 2.13 7.81 27.25
n 8 8 8 8 8 8
dry wt. (g) . 0.53 1.44 2.22 G.27 1.03 2.70
{100) {270) {418) (100) {376) (585)

A figure in a parenthesis means the percent of growth in relation to the growth of the control

(No. 1 or No. 4)

n, number of plants; X, mean; S.D., standard deviation
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EH 1 BEEOHE Nob6F42—%— 8 HA30H)
Photo 1. Abnormal leaves observed on the No. 6 lysimeter at 30, August

ER 2 a=vrodBHkin (8 A308)
A, No.6; &5, No5; 4, No4)
Photo 2. Growth of rape at 30, August
Lysimeters at the left hand, the middle, and the right hand are No. 6, No. 5, and

No. 4, respectively.
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P THIR A L s, SEHE 0 BRICUBIK O £ 0GR CBbN L (213). 1 pH %
WELLES (BRER), FREEAX (N4) O&Fid pl £BE (GKEREM K N1) £
NE LT, CREBRERCEO@EL, SHHADCES, BXKERAK (No6) OFHER
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Table 14. Growth and yield of rape at 5, September

No. ! 2 3 4 5 6
sludge addition rate (%) 0 1 5 0 | 5
Ca(OH), - - - + + +
n 8 7 8 7 7 8
number of % 14.00 18.29 31.13 16.43 17.57 25.13
leaves {100} {131) (222) (107) (107) (153}
S.D. 3.12 6.07 14.29 2.37 6.00 15.76
n 8 7 8 7 7 8
leaf length % 57.75 62.00 66.88 59.14 65.43 67.50
(cm) (100} (107) {116) (100} (111} {114
S.D. 7.07 7.92 8.77 6.79 9.18 10.94
n 8 7 8 7 7 8
P 223.7 437.5° 621.6 ' 301.8 425.4 §35.6
@ frw @ X (100) (196} (278) (100) (141} (211)
! s.D. 122.1 208.8 326.5 158.0 332.2 349.0
]
; n 8 7 8 7 7 8
o 16.71 30.22 48 .44 22.40. 39.72 56.61
& dy Wt (8 X (100) (181) (290) (100) (177) 1253)
S.D. 8.24 11.85 34.22 11.11 36.30 36.98
n 8 7 8 7 7 8
15.53 38.68 49.20 21.44 43.67 41.99
) frwt. (g} X (100) (249) {317} (100} {204) (196)
8 SD .80 22.14 46.90 16.43 45.32 29.40
[
n 7 8 7 7 8
dry wt. (g) - 1.26 3.49 4.01 1.73 4.43 4.34
{100) (277) (390) (100} (256) (251)

For legends, see Table 13
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Lz KOBEBECEAELEOBBEBRLL VBN LOZINIARNTOHITREOREE
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FTAERPLPEBERSABCIEBH FINCEACEIEFADOS BB TR m~10miE<E T
NO:—N % Cl HBBECEFLET B0 ywrimmeumads, chwi, BEECHE
AERARCEBHARSERBMELLE159, AHELBLTHO KL L ST, BROSR
BARLRERSO ARBOREEE o FRENLL K Lo F AR AFEER 310K,
EROGACEREACEVABLIORS BN HOBIS (FER) Lt -1BAKR
FEAOLEE LOMFRERET 2R TTEENS 205 ThH 5. FRICHET 2ELBEL
F7, COLINRRDS & TABL, WHLRNBTLEY, BF~BETLAREEED T
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SEMELZ0TE (NOFERELEY) AR LEDPCEET 214 vOREL D=L T
VR, ARGEEOHERRENA - RLETROEHOFHPHEULERTL T T LT
Lo, EEBESDHLAOMLOBRHEOB 2 A TR T 2L GARTHLLEDN D, ARBIIHS
TTHEOLR B, BEOLL THECNERBEMILALLDTHIBSHIARERSERL
BLLICEOERBANLIRPH THAKESORBICEAZEEEFHL T HETH S,

42 FMEICHITZMARNOEL ‘
ERMCAGENAEEOKEHRL v/ BOBTEET AL EL bR TL2Y, RO E
A INE L FOSERILAMAREBHORT 3 /ERESB T ve=2TRERT S, T
Fre=TRARE 0O, coERETEORE, KB A%, BR TEOEEESORH
KEHERE, T, BEGHEIRAUTOHBRYORLMAN S CRELEZORE RER) &
BELSBESS D, RALYOLBNECERY REROS S0 HD) 2 HRICMA LBAIL,
WAEMREACER T3 00 ERHINMMINTET Y E=TRERLY, LHPIONH-NH3
w@m%—NifgﬁEWK&ﬂﬂménéa—ﬁ,ﬁ*m%ﬁﬁﬁbf§ﬁ®§wﬁﬁ%(ﬁi
FONEOED) B LEEMASE, REHOREBRT OCLETERLD LEZOERYDO
HREOFNE DD, CORFOERRTve=T: LThE2N2T . chooRRORER
(C NI 13, BRHOME, KEROEYE, SEOMBIOMORECI > TEIN BLE
5&0bhTnd, —BICREERHISLO/NEOERDE, SMROUMHLT ve=TEENT D
DS, HEBRMSLOVAE OO, HROOWIRT v 2= TEARST, DESESRERHL05RE
BIESKONTT v & =7 ERE NG L 8T 50, BRURBRORERE 5. T T,
BRSO NH - NOAERBTASH. 34 RLAEESKTFAGREALED NH, —Nid,
HiM® 1 BETRESMEEIGEL, COFROSXSERENRLE BB LIEINTE,
TEBOT Ve =T, BRATTE, REILRABICE > TERBREETHBCRESNEY),
AERITED THER SN NH~N OHEICE - TNO, —NORmps BB Sht. HREAL
BT %7 5 M HIER (MILER 3, TREAKOASEEICESBRMEN N, TUD
BEKBRK (8 pH % 7.0 IKHIE LA £H) T2, HRifsk 2 @ECNH N 228
AL, NOs—N #$& 8L i LT, GREMEMBE(EE pH 5.5) T3 388 NH(—N
DEML, NOs—NiamEgmlsi, MR8 tE pH HTHiIENEEATHY, pH
WO ERU 5 UTFTHELCRESAS Wb Te32Y, GREMLHEBER RO pH 0%
Rl HBcEs, GRAMIIED pH # T HHTIH D & pRE & 18 - TRIALIEH O B3
NbDEEILNG,
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HMRKTNO,—N#4ER - HERHIN I E5db, —RICHETOMEHE T TR NO.—NIFEHRL
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3, EEOTEOBRA & YRIERE, VYR, CCOTHEEILATLAOTD, i
ORI -TRIBESh2 0D XBHRKOHERE - TLELOTEABYT 205 20 124
B E-TRIRENEEELOND, Lizhio TEHK T6HEE TRERL MR, 1088
BABAHNFEBHL-LOLEZI ONE, THADHTREDL S ZABEMN T SNi (LK
AFRROEBR) . T THAIFRRDL S LEAPONO— NI EREA K b EERE L0 2
Rl g v, LIt TAKBERARTONG: —NOERBBERAR XD
DRTE~BHLPTOLHEOLES,
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Wh, B, BRSFHBADESE, MEOSZBICERLALYD, pHEAE(ETLEEDLE
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AFNTOEBEREY, RokshiiopTrBrhEBbhs,
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ga® kT, HREFBRI09 BEOHEOMERKIE, FREFBORNE & &MY
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FTABEROLBHER (5%) KLy HEMOWEDREIEL (ML, 205 BHEOHRE
PEMA BRIC LSO —BEREN TH HIFREEE, RERE L URRERMRE L ARAPBRE
AR EEE LN LABRAasizRL L, ChoOBDRICEME BBIBL. o
#° B TFABROSERALR (55 L010%) OHBREYK / SRRl (A/ Bl »E
LSHMT 22 & %iEHL, A/ BROLRIERBRAAKERN SN TS ERSOERYERA
Lzt BO#AH 7 o5 O & —RT AL HE LN, RIDAERTIHE U HBE & B
EEHORDIA/BREFR L. ChICEBEA /B 1 2% 5 —RBERSRERL S
(1 B— DR MERAEDS +5 2BENBTES -7, FIED OEREER 7 LK (KLURLHE ©
B TREAMEIIERETE GEKEI109B8E8) ClELN EORKSOA/BREIFES S
AKX T 1L13TH 0 MR E O REER NS n o7, AEETHED % T 2RBRKi2N 9 DL
BROAETZOA / Bitid, 283THEY &EBICHER LV BRRRHS iat, ZOX
S FAEROBAI L2 MBHRKOMING, HREANAKLEMTACLAWCHTHEMNESR
EHOSERORIZRTH 0, HRED RSENHSHEO BEREE LA b TR R &
BN E BORORMEORRL LTERENCEDSNIBRTHLEEL LN,

FIWTRLA LS BRARM L ZERARKC LIS pH 2 THHELGADOA / BRI, B

* 15 TAFERAALBOWRE/ME{L (A/BK)
Table 15. Ratio in number of actinomycetes to bacteria (A/B ratio) in soil applied
with sewage sludge

Treatment Weeks alter incubation

No. 0* ! 2 3 6 10 15
1 0.144 0.326 0.278 0.153 0.076 0.107 0.200
2 0.077 0.592 0.501 1.565 0.95% D.418 0.744
3 - 0.003 0.755 1.098 1.243 2.730 0.602 1.603
4 0.167 0.108 0.166 Q.136 0.077 0.027 0.084
5 0.029 0.164 0.429 0.445 0.565 0.450 0.380
6 G.055 0.463 0.973 0.864 1.690 1.009 0.535
7 0.357 0,283 (.247 (.202 0.112 0.141 0.244
8 0.078 0,230 0.677 0.767 ] 0.564 1.240 0.842
] Q.001 0.300 0.607 1.278 1.143 1.387 2.829
10 0.282 0.098 (.063 0.086 0.061 0.117 0.147
11 0.019 0.222 0.530 0.63% 0.463 0.676 0.533
12 0.005 0.465 1.571 1.458 - 0.431 0.674

*

| day after incubation

— 163 ~




LIECEAREBLTE )L, COXSKIWpH #FBELLBAOCA/BERELBE®E(LE
LHNbDEEZL OGNS,

g v BRE G HEE s A Bicagictmlic, EEBROKEBEPhICEFEINIE
EOOBLLEHE ¥ I BEETHBEVDNTEO DY, EROLREAI S v 7 BAREL b
OHBOEMEETEOS T LEBFRBCTEEINLY, CCTHONETAEROERCE T
Vs ENMBEPRARCLL S TR EMLL S0 IRRR, COFEEERTIL LI,
ThBERiCEBENE 2 7 B, TCOBICRIR - MRINLDEHEEZIND, Tl g o
SEARBASERERCET BN ETBIR 7 y 2= THESEENERT 28BN —KRL TR L
ddnbohs g YAV BEAERE, TRERPD S v/ BET v E=THREXTITHETHHED
2b0bDONERTHELELLN S,

PR LE B & TARBE ROBAI L 0L s LR COHMB S & CHBREERO RIS
E—BETHPUIENTRABOBIBREC 3L BHL LI s, COBBIAHATH S,

HHIE L, 1O pHBESTEMEMRIKEL B0 ) BHEBBBEO B RS BEDR
oD TRERREXD Y v 70 v V2 BT - eeo i Z2RIEBLAYBo LR - 2. 4,
KEABAILES O 4 pH OMEOHR|MOBMAYBICK X IEEE 5L - o SHRE B L CERHE
BB TIBERO@#EKY, 77 +BHHHE TR, REBLEKERBS (L ERNBBRD LN,

44 BROKAMNITYIFIOETICEIZES

£COEHO > HLEFPIE CCERBREVEC, TABREBBICHR L SA0RHE L
CKELCENSVEShTr2Y | 20 TAERTREREME LT3~y + 220K BO 18
BRMEYOET IS AFBERSN (BBHR400), WHED (FHAE). EREER (F
62BE) IKbHBH UL, THEYREIELEDHORGTEOLUS THROBE - (L%
a4, SOEHERMINBRESTRTSC S0 L) HEREE SBEVEEEL-TVED,
WA RFEROLBEAICH > TR BHSD MR, BTRBROREDEESIEYOFRD
ARREHECEETL6DE EA 505, )

BROSBHERR. LELEFUETORFRRCOMLTORR L1570 55, AADOKE
KBOTH SBHAK X ERFROET ERFEHEORE pE Oz, COBEIE, BRIEMA%
1~7REAENSL, 7Y THRERISELY 2 3000g N6 HEMBTAE), %7 B HHmE
ERHEA g C6HEART BE) BEERL TS 3 4LHMMTOBBRE) . JR - 1 (1975)°0
CERSREHOEMBRER, B USRALE GRS TREY 3 A0BRELEIvYFOR
FEER, TUE=THBVMEOHBOBEERETHS 3,

awy FRARBRERSARE G CHETLD fop, ARBRO B | ERELIZETE —
Kth, ARRTRERUMICLO 27y +AEES €10, HRIEL, L LBEORE B
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KB A b7 L 6D E VA S, Tt pH (H0) RERKER - HREEHAR (Nud)
7.0 REK2HEE) tBC, CAPRBETOREEL EAShs. LOLERESHHMLL
gadpd (HeQ) 16,4 (21BR) tBHECRGRABELL LD THL ).

EEOEBY SR A ST TOERICL BB s nicss, EFERScs 5 IE
RBEEMOmMICIoELNE, COLICRA—EHEECTHHEORDRBAERBICL -~ TH
BHREZLDEBDN S, T —RCEROBAICEL ZEDDIEHEEEBICHREL, BT
CRPEABICC L ESNTOAY b1, 27y OHTRITEE S L BREL LCERBEAIC LD
BALTED, SERHORMBHEDH5,

LHsUEROBARE CKATRBOEBRECEL TV hOMELEAT 5, THDE
EREAICEVEDRIEOHLE B0 EEBHOUBRETTC L, SOLHLYTLRE, 51
RA U warSEB0nsRED pEPONL T LEEHYAOESRIREEIL > T3 LR
bhEahoTHD. AERTRATENCEOBEREARO 2 BKAANERECETTETL (B
REAAETR42~4%, 3 4ATM8H), 1 tIELRBIchl - TEEERES B L (CRLT5 G
1 KD MR RER) HEBREAROBEYIC L3 MK ERIOUENE L 5 fepic
TEOBESEELRNLDTHS 9. SEREREACLABONBRONAEEL DTS LY
THEMEACK T LHET 0BRSS,

AMEBEITL LCERERMEYOLEBT LS A FEERAB LAY, BREETIESES
SO ENEKCR AT RELEDERTLETETH b,

5. &

B L ROBBICTAEREEMAL, LESB Gk 510, 24, 32, 40, 46cm) OtHko
KEOTAL, FHEOEBERERL G ) VRERS LU LREENOE LA BBMBHL 1,
T EROEABETEpH OREMI vy FOEBICEASEEEBE L., COERTRAR
wAE (0, 1, 5%), tHpH (GRIEAERIER) &I ORYRE il kU2~ Y58
ONFEEEEET12EONRIA v —F —F B,

&JED 5187k L7 L3k NHy—N, NO;—N, NOs—N, POs, Cl, Na, K, Ca, Mg
BLUHY BEENE LAOSRES:. .

1) NO:—N, PO UH*HUADRSREE, GRAFBESEMNS €L 20OBMEU LD
BRI T RAOKE S 2 . :

2) YL, TEKOKEICREEEAI,

3) BREEO NOs—N, Cl, Ca, Mg, K, Nab IO H*id, RERBAL: #1558 R i3 Tk
TTRHBLI,

%8 (0~ 5cm) 540 L I >0 T NH —N, NOz—N, NOa—N, Kt v v
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H)o LisLABEBRIBICIHBE S ¥ECBEEMHE L,

® OB
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FX R TAF, BB FHRCEST 5,

5 B X &

1) £A58 (1970) P FABROME - Mok koA KT 2RSS, BoMEs, 23- 103,
2} Bk (1971 Rt W|A4GEE, p.3— 134

— 156 —




3) RLE (1972 ALk, MWRE465ER, p,5 — 180,
4) HE Q973) :FLE, HA4TEE, p.5— T4
5) MLt (1974) &L, WA4BERE, p.15 — 158,
. 6) Lund, L.J.. A.L. Page and C. O- Nelson (1976) : Nitrogen and phosphorus levels in soils
beneath sewage dispesal ponds. J. Environ. Qual., 5, 26—30.
7) Chang, A.C., D.C. Adrian and P.F. Pratt (1973) : Waste accumulation on a selected dairy
coral and its effect on the nitrate and salt of the underlying soil strate. J. Environ.
Qual., 2,233 — 237. '
8) BHERE HF AZ -ARH #-FHES SHE— (1980) [ FTAGROERHIEBREC STy
BE Ay (1) K@EH, 79-109
9) HEXXEHE (1977 BREE. 4895, 4#E, A8
10) Technicon Instruments Corp. (1973) : Ammonia in .water and seawater. Technicon industrial
method 154 —71 w/ Tentative . .
11) Technicon Instruments Corp. (1977) : Nitrite in water and waste— water. ibid 102 —TQw /C.
12) Technicon Instruments Corp. (1975) ! T.O. N./nitrite in water and waste—water. ibid.|186—
T8E/ Provisional.
13) Technicon Instruments Corp. (1973) ! Orthophesphate in water. ibid., 94—70 w/ Tentative.
14) Technicon Instruments Corp. (1974) : Chloride in water and waste- water. ibid., 99—70 w/C.
15) & 134T - M8HK&E (1970) © 2 @E, BB, #BEE 20-32.
16) BB (1970) : EMEEE, AL, 184 —200.
17) Bl B MERE 1975)  LEboMAemit . LRMERERE BER 2021
18) WHEEE (1975) @ BHEBOFB L 28, B 193 —197.
19} KX (1975) © FEMEREOHTRE S, ML, 4459
20) MAWERR, (1970) (ALEo7 ve=T{h. ZIEBESoE #®E, 155 — 158
21) M BEe (1970) :HAEEomEbs, ALk, 158 — 170,
22) HARED (1970) 1 BAF vORBEIURE. EOEER - DEERKRBHR, BFE, 491 — 492
23) Lyon, T.L. and H. O. Beckman (=##&4R) (1950) © LEF GAME, 193-200.
24) Liebhardt, W.C., C.Golt and J-Tupin (1977) : Nitrate and ammonium concentrations of
ground water resulting from polutry manure applications. J. Environ. Qual., 8, 211215,
256) Adriano. D.C., L.T. Novak, A.E. Erickson, A.R. Wolcott and B.G.EIllis (1975) . Effect of
long term land disposal by spray irrigation of food processing wastes on some chemical
properies of the soil and subsurface water. J. Environ. Qual., 4, 242 —
26) King, L.D., A.]. Leyshon and L.R. Webber (1977) : Application of municipal refuse and
liguid sewage sludge to agricultural land. J-Environ. Qual.. 6§, 67—71.
27) WKW (1976) © ZRILABONRSE . EORE - LRIERXIR BEE, 444 - 452
2) ¥R E-BHRE (1971) SEEEESFHCSE S SEMBERS 0T ER. BRIERMLER
¥, #1735, 1 -2
29) Alexander M. (1977) : Nitrification, Irtroduction to soi]l microbiology, 2nd Ed.,John Wiley
& Sons, 251 — 271,
30) NO#E=Es (1974 L%, SAa%E, 1 -9,
31) KIR%ED - EAB (1975) | THOEMMECE T2 (B2H). HIZPL¥RE 44, 273280
32) BRIFREAR (1975) IO RIEHN, WICEFOLL, 392 — 407
33) FIEIEHESR (1968) : fEHICERXZ - AEE BLUAFXbi#e 67— 89

— 157 —



Elsr SVERERESE BT (R—14-'80)
Res. Rep. Natl. Inst. Environ. Stud., No.14, 1980

TARFROKAI L 3 ZBRBOEALL
FTAFROBEAN» +ANDEFICEA 3RE

AR B BREDEEZ R

. Environmental Changes in Farm Lands Caused by
Sewage Sludge Application_ (D,
Effffect of Sewage Sludge Application on Growth of Eggplants

Toru KUBOI!, Hiroyuki HATTORI! and Kunihiro FUJII!

Abstract .

Limed sewage sludge was applied to andosols of different fertilities at various
levels {0, 12.5, 25 and 50 t/ha), and the growth and the yield of eggplants were com- -
pared with those applied with inorganic fertilizers.

The result showed: i) the growth and the yield were increased with the increas-
ing levels of the application, but were not superior to those in the control; ii} fruit:
yield was increased the most with the application among the growth and the yield
parameters surveyed; iii) effect of sludge application on the growth and on the yield
was more marked in a rich field than in a poor field; and iv) the effect was larger in
the later stage of growth than in the earlier stage, No significant difference was found
in disease and insect injuries among the treatments with different levels of the
application, .

. Ui
ThER (LTHBLEY) A4, TEBEKEEEEEECLIBLT BB ONIRAE
H . BTHEMETOREBSEHICHEIL BE, BARAZEH THRICHOI 05ENBRFTER S
Ty, BROATHSBEVEARSOABY TH 5D, TBURAPHERELHM LT
Bitic BT 2R RBEMLTVEY, Linl, BROBMEAICHE S« ORMES bk
INTHY, HILERBEESER, ThHIBRERTIC LRI -TREROESEERICD
mB TR NS B, EEEEHTHLES Y, & i, HRESOFGE, BREMACLS

1. EEZ&EEs KRE-LBEEI T 305 SRR R E EET /B N 163 2
Water and Soil Environment Division, The National Institute for Environmental Studies,
Yatabe-machi, Tsukuba, Ibaraki 305, Japan,
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HTFRERDHREBROBE, HRSBREENICERT 31 pH O LR, %5 AREE
HOBHS, ARMELE 280 TARENS B,

L L sid, pHETCRERICH: 3 EROBERB DL, & FEEH OGN 55
ROLEEAICET S RAFEFE SN TR, 20 THEREAMBLBEARC 5L 508
— BYOLEE LCESEORN, BRESOHR - £ BHTRE THRENSLREET
DI E — FRAMICEET ZLEMS D, KFRELHE L1,

RFERME T - OMIEH 416 & 16 m* OBARIERIIES BEEM LTRAL, MiEBTr
EREOBMICH T 3 ERIAK & 5 BEELE, * - HERTREICHTRE OBIL L9 NE%
BEOEEEROTRITT 50 L5 BN ET 5o MRSEE R ILBAR 5 & T HOREEF,
TORRRIATHBEERBR/ICID 72, BAMEFRE—HEORTEH-TT AFRERL
ik, FRERELIOAIRBL:, COMAERE, LR, MEMEE, BHEX LR
FoRE, FERCEG 2R EKMTET -, i3RI s 2 THEEERO T ERET -
Teo WRFASAEE11 B0 SRTSREER L, NEEEE L TRAKE - T 3, REFRBEROEHZ

e, FROBFESHTHEOHERERET I L L QI TEERORR, HFEF5FETH B,

ERERBNMEEBTRC DV THERECEH 3 F A04FHREOAZ DT L nbOTH S,
HEFERIC OO TEESE, LEFLUOBBKEODAERLHETRFTA-DBRELCH
o

2. RFEOERS LUHHE

HHARIXKBERFHOHRL LD, AFHHACH 2o TARRLBELOAS SO
120 BAEEOBRIIMAEERKEEEARECLIOAEL, AREIUHLE IS ICLDEES
HHEHEA L THE NSO THDEKEBNTOB TS -1, BRELEHNOEET pHIRNI~120T
Ah UHERR L, EaERIT I BAR (HEY) Th -1, ‘

L OGRS RFCHARS 2 AMKXAEER L, KH930% ORETREICHER L1,

3 BREEA LN mE

3.1 REARRSLUTE _

FIB MR 13 SR A AN 2 T & SIS 2 ECHORELE5 T -LTH S (K
& EEIE — M — N1 BB,

ARBIC SO TS RBOLABEUTORD ET5, ARMEIZEB - IRE; [ —1, BB—2
RE; [ -2, JIMAMIZEA - XA : -1, WB~ 1 XA 1-2,

3 H MR EE A2 T (KILRE) THO, BH [HK/ 9 €] EFTRTHE, [~ 11218
BEnETIEEASRIES N TE D TEE AL 8, D 3 ZEZHAIC £ D 5 5B DS
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$HB LT3 (ABREBTIBEER).

3.7 HBROME EER SEEARS
EREARS1IE LB, 25, 5¢/100 GkKSTOHAR) &L, DK (125t) BFE2H
(SK), FfKX (25t) REIE (MIK) BLUE2EH (M2RX), ABRK (51) RF1E
(LK) e REFHATIRES om CRATEA L, (CHISRMABOC L& U, Mk
EX (CK), {t2BHE (FCR) £t 6 RBKERT 7 (F1), 7277 LMELERRBRE
BEETHE%, MIREMZERA—AETHS. SECAEMRE Lz,
SHBAUNOERK (AHEI3EN4 BB 05 bBRILCh S 6RBREDO DY, 3RM &

# 1 BEKEZONE

Table 1. Treatments and their contents in the experiment

Name of Fertitizer* Sewage** Application***
treatment sludge per year
C — . -
FC + - pA
S — small 2
M, - middle 1
M, — middle 2
L — large 1
*: Compound fertilizer (8-8-3} ; 1  t/ha
Ground dolomitic lime stone; 1 t/ha ‘
Fused phosphate ;0.6 t/ha

**: Amount of application
small ; 12.5 t/ha
middle; 25 t/ha as 7095 water content
large ; 50 t/ha
=**: 1; Before summer-cropping
2, Before summer- and winter-croppings

& 2 AHEFEOER

Table 2. Allotment of the treatments to small plots in the fields

Field .I-1, 11-2 | Field [-2, [I-1
IC, SS SFC 13C l?L 21M1 lM[ SC 9L 135 ITC, ZICg
2 M, | M, iy Bpe | 2¢ ‘ tpe M, | s M, | e 220w
3o e g M, | M, | ®M, I 7¢ M, Bee | %M, | 2ee
10 B LS 16 g e M, BEc | 125 B W 2 e

* o the reserved. plots
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Lic (£2), SBEBLLRARTHERTHINBAHETHFOISAEARCEELTEYD K, T4
BEESFA—CHRBRHTERL, REMOBCLET L,

13 EBEUEIUEOHE
HE M S LTTH 2 5+ 2 (eggplant,. Solemm melongena L, ) %3 L7z, HEEA 1

BHOE ., FEEELS0cm, HEAom ME, | EBEYE012BEENSLS CEEL, RBK
NOA—BECRETRIE L. (K1), RESEIIAMSR, BEAIOMAS » RBB LU
BREEROLAKDELRELZBHET I ICE &, BABRS. 3HF BESIITHOUAL -7, i
RHEFccaEREE 20, HRE 1B %,

BEEAZLTOEYTHS, 6 A16R, B8 (35X, 1) THIB, HREM, HE, B
B 7TAI6E, MEM (5D TAE, mEM (251 8A2A, B1EAHRAE 2
B1y; 8A2A, Ak (EHI); 8AWBE, HE (BH1); 9ASHE, HE (BEHI); 9
BlHE, B2ELHRE (2451); 97128, A& (BB1); 10588, BIALTHE
B, 1): 1098, WESLCNRAE (B8 1) 10ARE, BE RBD) .

il AW LB () KDBALL,

(o] 0 o o) c Qo o]

c - 0 e} o] o] [¢] (o]

: o o e o o o e
0 o] &) 0 (o] Q ©

o] Y . 0O o o] o] O

(o] 0 (o] (o] O o]

o O Q Q [ (o] (o]

o O o) o] fo] o]
—

1n

©; PLANTING SITE
* [, EXPERIMENTAL PLOT

N O < - -9
Fig. 1 Planting pattern in a field
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L4 4£ERESLUNBBEOS S

341 4FEE

A 2ECHRTIIEEBE DR (FitHE) O4EEK (1 -2 3 BREXHERHNZNL 8 @)
EXREL, BIEBERLEABLL I -2 LEAMBEEERRICLTT -, IREES LU %
ORFRLUTOEITH S, 1) BEX  BELACEHBRIROERAEITORS, 2) BX  BH
LikgoE e LERERIS SR, 3) B8 T3, B lUREORY, 4) REBLURE,;
EThENHERFFEELIBRICOHE, TUdb5 (=) BHE, (+) BOOFLTERE,
(++) 40~60%, (++) 60~ 100 & L, HEATELSH. LW TNOoBEBLEEKS 200
& LTHRR U,

342 MERHE .
EERXPREFHO25), H8@ESNBL, UTORBEME L, H I BHEGHE ; B
CEBROLEBICOSOTREBRES KR L, REFSYE  HERESKER LENMNTREL
fo, ZEENEHE (FEERKX S 1 BEAT S HHE LABR LT EHTEREFR L, BEE
BEZELABRICR - b, F8HOL BSR4, HAVRASEILLIYD—BILONTE
W UFER Ui, SRR EREBME AL, HERIB0C THB L #E0°CIET 3 ~ 4 AMF »7:-

3.5 #ESE
BRBHESTRTRBRFREY, $oRETEIENTRBENT -7, £ - KERER
& OIF THEE L 7o

4 B R
41 TEHEROEFRR

# 3 EHROFALT
Table 3. Growth of eggplants at transplanting stage

Field I Field I!

n 20 20
Plant ave. 23.50 . 23.61
height (cm) 5.D. 1.30 2.24
Number of ave. 5.95 4.30
leaves 5D 0.60 0.50
Fr. wt. (g} of ave, 6.99 3.11
leaves +stem 5D |13 0.71

S.D.; standard deviation
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Table 4. Summary of the growth of eggplants

Date C FC h) M L
Jul, 16, 19 23.56
38.47 52.04 43.85 45.24 47 .62
Auvg, 21, 22 (100} (135) (114) (118) {124}
Flant height (cm) Sept., 11, 12 50.38 62.99 56.78 57.17 55.66
SEPL 2 (100) {125) (113) (113) (118)
Oct. & 53.74 71.00 " §0.46 61.51 63.76
’ (100) (132) (113} (114) {119)
Jul, 16, 19 5.63
27.02 4588 35.56 39.22 43.21
Aug, 21, 22 (100) (170) (132) (145) (160)
Number of leaves Sept.. 11, 12 3245 57.03 43.58 48.68 51.13
co (100) (176) (134) {150) ({158)
Oct. 8 28.50 57.48 40.15 42.60 48.05
' (100} (202) (141) {149) {169)
Jul, 16, 19 g
4.75 7.79 §.63 7.28 7.49
Aug, 21, 22 (100} (164) (140) (153) (158)
Number of .
fruits +flowers Seot. 11. 12 8.11 12.90 11.18 10.80 10.85
ph, 1L 1o, (100) (159} (138) (133) (134)
Oct.. & 2.69 7.44 3.42 4.57 4.75
N (100) (277) (127) (170) (184)
Fr. wt. {g) .
92.4 184.4 136.3 130.3 148.4
Oct,, 9, 12 .
Stem 4 levaves Dry wr. (g (100) (200) (148) (141) (161}
’ 17.03 31.71 25.53 22 .89 25.31
Oct., 9, 12 (100) (186) (150) (134) (149)
CAug., 28 147.7 350.9 229.7 257.8 293.1
Sept., 5 (100} (238) (156} (175} (158)
Fr. wt. (g) oct. 9. 12 291.9 540.2 466.9 498.6 528.2
of fruits A (100) {185) {160) (171} (181)
Total 439.6 891.1 696.6 756.4 821.3
{100) {203) (158) (172) {187).
Aug., 28 6.96 16.27 9.56 11.61 13.58
Sept.} 5 (100) (233) (137) - (167) {195)
of fruits T {106} (184) {154) (132) (176)
Total 25.84 51.06 40.49 45.98 46.80
(100) (198) (157) {178) (181)

Values in this table are averaged from Tables 5, 7 and 8.
A figure in a parenthesis means the percentage of growth in relation to the _growth of (C).
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Table 5. Growth of eggplants at the first survey

Field I-1 . Field 12
- confidence limits* confidence limits*
n X . H x S .
max. min. max. min.
C 36 50.31 7.170 52.73 47.88 36 55.67 6.122 57.74 53.59
Plant hoieh FC 12 63.75 7.886 68.76 58.74 12 67.92 4.481 70.76 65.07
ant “"g)t S 12 57.33 6.786 61.64 53.02 12 61.08 7.549 65.88 56.29
(cm M 24 57.83 5.418 60.12 55.54 24 63.38 6.170 65.98 60.77
L 12 60.17 8.298 6543 54.90 12 65.50 3.872 67.96 63.04
C 36 30.89 1041 413.42 36.38 36 48.83  10.12  52.26  45.41
i Numbet of FC 12 §7.17 18.98 179.23 55.11 12 70.00 10.35 76.57 63.43
l“’“ re S 12 51.50 14.41 60.65 42.35 12 "60.50 11.29 67.68 53.32
eaves M 24 58.08 12.73 63.46 52.71 24 66.33 15.03 72.68 59.99
L 12 5817 20.28 71.05 45.28 12 75.58 5.985 81.93 69.24
C 36 7.500 2.384 8.306 65.693 36 7.972 2.049 8.665 7.278
Number of FC 12 12.50 3.450 14.69 10.31 121075 1.712 11.84 9.662
f“f:‘ e;" S 12 9.666 2.53 11.28 B8.05% 12 13.08  1.928 14.31  11.8%
ruils HIOWETS  p 54 12,00 2,797 13.18 10.82 24 11.75 2.893 12.97 10.53
L 12 10.75 2.632 12.42 9.077 12 13.58 2.108 14.92 12.24
Field L1 Field II-2
n x 5 max. min, n X 5 max, min.
C 36 2411 2.806 25.00 23.13 71 23.77 5.020 24.96 22.59
Plant height FC 12 37.50 4,852 40.58 34.42 24 39.00 4.577 40.13 37.07
(om) S 12 27.42 3.800 29.83 25.00 24 2958 6.149 32.18 26.99
M 24 27.38 4.679 29.35 25.40 48 32.40 4.765 33.78 31.01
L 12 28.33 5.348 32.73 25.94 24 35.45 5.090 37.61 33.31
C 36 8.888 1.429 9.371 8.404 71 10.45 4.031 11.40 9.498
Number of FC 12 18.75 5.561 20.28 13.22 24 20.58 5.911 32.08 27.09
; leavas S 12 9.500 1.834 10.67 8.334 24 20.71 7.207 23.75 17.66
M 24 9.583 2.224 10.52 8.543 48 22.88 6.840 24.86 20.89
L 1z 10.50 3.000 12.41 8.563 24 28.58 7.790 31.87 25.29
Number of C 36 1.805 0.749 2,058 1.551 71 1.718  0.959 1.945 1.492
fruits sflowers  TC 12 3.583 1083 4.271  2.8%4 24 4,333 1.274 4.871 3.795
§ 12 1.666 0.492 1.978 1.353 24 2,078 1.041 3.147 2.268
M 24 2000 0.780 2329 1.670 48 3.375 1.330 3.760 2.989
L 12 2166 0.718 2.621 1.710 24 3.458 1.250 3.985 2.930
| n; number of samples
E X; mean
: s ; standard deviation
*; a=095
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b, BEBABRE -TED, ZOnATRBCHEERSE M, BB IR B0+ A REL
2B~2Ucm , ERO~8, HMEREE~8g TH- DI L, HIEIEHF ROELRT &M
BETH-b00, #EH4~5, B EFEI gAE THEDNEL -7 (F3). EFRIVTH
OEICEFNTHED o7z, £, SEPERORREMEBRY TR, —HOfEN=Y 2
VPRV TF Y FODRBEEZTITOABBERRIAL, BRBLUWTH 12,

FHHBOFERFICABXBOZER L, WIRsBH TRIFTE -, LiL, TAX (Bl
BIIOB) KR T TIKAMKRCATENRRTEZICE -,

47 BIEEHAEE (FHEEN~68) 0&FRE
mERH SR ES L, BIEEREHR (FC) ¢FREERX (L) oFr2AHBEXLT
Wiz, B, B, T LEREABCE U THEMMBAZ (- Tnlon, {EZEHEX(FC)

£ & WBEM (C, S, M, L) oEHERICHT 58T
Table 6. Analysis of variance of the growth between C, S, M and L

F-ratio
Fleld . Date Plz_mt Number of g;?;;:;or
height leaves fruits
Aug. 21 0.462 1.242 3.494
I-1 Sept. 11 0.347 2.404 2.1582
Oct. 8§ ' 0.318 0.762 1.448
Aug. 21 1.336 4,383* 4.729*
[-2 Sept. 11 1.441 6.856* 1.597
Oct. 8 2.050 1.956 7.318*
Aug. 22 0.575 0.533 0.355
I1-1 Sept. 12 1.469 1.510 0.252
Oct. B8 3.110 2.655 1.213
- Aug. 22 8.667** 13.990** 7.596**
il-2 Sept. 12 10.421*%* 18.116** - 9.264%*
: Oct. 8 7.647** 14.799** 2.557
Fr. wt. of Fr. wt.
Field Date leaves+ - of Fl‘;;t:;t'
stem fruits
I-1 Oct. 9 0.465 3.468 2.198
]2 Qct. 9 1.234 5.412* 4.124*
11-1 Qct. 12 1.762 2.006 2.800
11-2 QOct. 12 13.013** 18.143** 16.597**

* and **; significant at the 52; and 1% levels, respectively
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(BT, COMPIRBICIERICEETH -2 (Fd), F2EBOFER I VRERERDL,
MR L TR MEORIZC>SO>M>L>FC Thort (F4d), B, EombzE
LITEETHO (£7, 8), THONRRITATRECN Tt BREI-2RELVTHE
HIZBEMEEEREEO LTS, 1~ 1 TRESN, EHEbSREREA -BEX (M. L.
FC)H KBLTHEMME L -7 (£8,K2). BRAMIK K 2+ 2AEFIKHL TH » o B EIHTIC
&U.I—2®EK(5%K$)£JUH*2®EI.%ﬁ(wfn%l%mﬁ)wﬁﬁi%%b
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£ 7 B2OEHFRHERER
Table 7. Growth of eggplants at the second survey
Field I-1 Field 1-2
= confidence limits* - confidence limits*
n X - n X .
max. min. max. mimn.
C 36 67.31 7.359 69.80 64.81 36 63.83 5.9186 65.87 61.79
Plant height FC 12 77.75 lQ.55 84.45 71.05 12 76.25 6.180 B80.18 72.32
{cm) S 10 73.50 10.69 81.15 65.85 12 71.42 7.751 76.34 66.49
M 24 71.54 7.824 74.85 68.24 24 73.29 8.660 76.95 69.63
L 12 75.08 7.809 79.92 70.25 12  74.08 9.481 80.11 68.06
C 36 49.36 8,315 52.18 46.55 36 49.81 11.10 53.63 45.98
FC 12 79.83 13.25 88.25 71.41 12 77.92 15.52 87.78 68.05
Number of
leaves S 10 64.50 18.65 77.834 51.16 12 64.67 10.33 71.23 58.11
M 24 6896 13.44 74.64 63.28 24 73.38 15.10 79.75 67.00
L 12 7258 19.53 84.99 60.18 12 74,58 11.48 81.88 67.2%
C 36 12.78 3.287 13.89 11.66 36 11.28 3.291 12.39 10.16
FC 12 1850 6.775 22.80 14.20 12 16,08 7.585 20.90 11.26
Number of
. S 10 17.40 6.603 22.12 12.68 12 15.33 3.700 17.68 12.98
fruits +flowers ¢
M 24 16.08 5,249 18.30 13.87 24 14.88 6.674 17.69 12.06
L 12 15.598 5,053 18.79 12.37 12 14.17 4.509 17.03 11.30
Field 1i-1 Field 1I-2
n x 3 max min. n x 5 max. min.
C 36 29.69 4,187 31.11 28.28 71 40.69 7.583 42.48 38.90
. FC 12 44.25 5,395 47.63 40.82 24 Db3.71 6.125 56.25 51.17
Plant height
{cm) § 12 31.92 4.581 34.83 29.01 24 50.29 9.345 54.24 46.34
M 24 33.29 4,418 35.16 31.43 483 50.54 5.4B8 52.13 48.95
L 12 35.42 5,976 39.19° 31.64 24 54.04 5,908 56.54 51.55
C 36 9.972 2.893 10.95 8.99 71 20.66 B8.327 22.63 18.69
FC 12 2417 8.233 29.40 18.93 24 46.0B 10.41 50.48 41.69
Number of
leaves S 12 9.833 3.83%¢ 12.15 7.520 24 35.33 8.952 39.11 31.55
M 24 12.46 3,387 13.89 11.03 43 39.92 8.307 42.33 37.51
L 12 1392 5.930 17.68 10.15 24 43,42  9.802 47.56 39.28
, C 36 2.611 1.201 3.017 2.204 71 5.760 2.320 6.307 5.212
FC 12 7.083 1.781 8.214 5.951 24 9.916 2.842 11.12  8.715
Number of
frui a s S 12 2.750 1.912 3.964 1.535 24 9.250 3.247 10.62 T7.878
ruits+HOWeES M o4 3166 1.340 3,731 2.600 48 9,062 2.478 9.780 8.343
L 12 2916 1.781 4.047 1.784 24 10.71 3.653 12.25 9.165
For legends, see Table 5




# 8 NEFREHR
Table 8. Growth and yield of eggplants at the third survey

Field 1I-1 Field 1I-2
confidence limits confidence limits
n x - " x .
max. mix. max. mix.
C 34 33.82 6.48 36.08 31.57 71 49.01 9.69 51.31 46.72
. FC 12 59.67 5.94 63.44 55.89 - 24 64.08 7.02 67.05 61.12
Plant height
(cm) S 12 36.35 4.63 39.19 33.31 24 56.75 8.20 60.21 53.29
M 24 39.00 8.04 42,40 35.60 48  59.40 6.68 61.33 57.46
L 12 44.58 9.82 50.82 38.34 24 59.54 6.87 62.44 56.64
C 34 13.88 7.78 16.59 11.17 71 24.13 9.86 26.46 21.79
FC 12 48.75 10.52 55.43 42.07 24 48.42 10.03 52.65 44.18
Number of
leaves 5 12 2017 7.31 24.81 15.52 24 34.75 11.33 39.54 29.96
M 24 23.86 10.02 28.19 19.73 48  40.60 7.23 42,70 38.51
L 12 30.08 11.17 37.18 22.99 24 42.29 14,56 48.44 36.14
C 34 1.94 2.00 2.64 1.26 71 3.28 2.44 3.86 2.70
FC 12 14.33 5.21 17.64 11.02 24 7.08 5.02 9.20 4.96
Number of
. 5 12 2.58 1.08 3.27 1.89 24 3.58 2.96 4.83 2.33
fruits +flowers
M 24 4,29 4.84 6.34 2.25 48 5.71 5.41 7.28 4.14
L 12 .6.33 7.61 11,17 1.50 24 5.50 4.70 7.48 3.52
C 72 2717 34.48 35.26 19.07 70 62.67 31.23 70.12 55.22
FC 23 159.0 75.35 191.5 126.4 24 173.1 68.16 201.9 144.3
Fr. wt. (g) of
S 24 30.25 13.80 35.08 24.42 24 109.4 48.72 130.0 83.84
leaves+stem
M 48 55.58 49.54 £9.95 41.21 48 125.7 40.30 137.4 114.0
L 24 65.13 64.25 92.26 37.99 24 145.9 60.63 171.5 120.3
C 72 91.79 31.3¢ 99.15 84.43 70 181.0 82.08 200.6 161.5
FC 23 142.7 120.1 194.6 ~ 90.74 24 445.4 164.0 514.6 376.1
Fr. wt. (g) of
fruits § 24 73.71 40.82 90.95 56.47 24 356.8 146.6 418.7 2%4.9
M 48 86.67 52.01 10l.8 71.58 48 366.5 141.7 407.6 325.4
L 24 109.5 43.77 127.9 90.97 24 451.5 181.9 528.3 374.7
C 72 119.¢ 36.46 127.5 110.4 70 244.0 94.11 266.4 221.5
FC 23  301.7 144.1 384.0 239.3 24 618.5 174.2  692.1 544.9
Total fr. wt.
(g S 24 104.0 42,70 122.0 85.92 24 457.9 165.5 527.8  388.0
M 48 142.0 5248 183.5 120.5 48 489.8 135.4 529.1 450.6
L 24 1746 77.76 207.4 141.7 24 597.4 217.2 689.1 505.6

For legends, see Table 5
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# 8 (27%)
Table 8. (Continued)

Field [-1 Field I-2
- confidence limits - confidence limits
" X max.  mix. r X max,  mix.
C 3 66.53 7.40 69.05 64.01 36 65.58 6.63 67.83 63.M
. FC 12 80.17 12.90° 88.36 71.97 .]2 80.08 6.07 83.94 76.23
Plant height
(cm) S 10 76.30 1267 85.36 67.24 12 72.42 6.95 76.83 68.00
M 24 72.00 6.97 75.94 69.06 24 75.63 8.11 79.65 TZ.20
L 12 73.75 10.13 80.19 67.31 12 7717 9.81 83.40 70.93
C 3 3s.11 10.54 41,68 34.54 36  37.89 9.83 41.21 34.56
FC 12 65.42 22.27 79.57 51.27 12 67.33 14.37 76.47 58.20
Number of
leaves § 10 5¢.50 25.90 69.03 31.97 12 55.17  22.11 69.21 41.12
M 24 50.25 15.5_2 56.80 43.70 24 55.58 16.82 62.69 48.48
- L 12 56.25 24.21 71.63 40.87 12 63.58 21.32 77.13 50.04
C 36 2.89 1.04 3.24 2.54 36 2.64 0.93 2.95 2.32
FC 12 4.50 1.98 5.76: 3.24 12 3.83 1.40 4.73 2.94
Number of .
. S 10 3.20 1.23 4.08 2.32 12 4.33 0.78 4.83 3.84
fruits +flowers
M 24 4,21 1.25 4.74 3.68 24 4.08 1.25 4.61 3.56
L 12 3.92 1.98 5.17 2.66 12 3.25 0.97 3.86 2.64
C 72 143.2 43.77 153.5 132.9 71 136.6 50.55 148.5 124.6
FC 23 214.0 -102.0 258.1 16%.8 24 1916 73.71 222.7 160.5
Fr. wt. (g} of
§ 22 178.2 90.68 218.4 138.0 24 227.3 121.4 2785 176.0
leaves+stem
M 48 176.8 71.25 197.4 156.1 48 -~ 162.9 75.72 184.9 140.9
L 24 201.2 91.13 239.7 161.7 24 181.4 66.69 208.5 153.2
C 72 486.4 151.3 524.3 448.5 71 408.2 125,89 438.0 378.5
FC 23 7998 221.4 895.5 704.0 24 773.0 335.5 9l4.6 631.3
Fr. wt. (g} of
fruits § 22 699.4 2081 791.7 607.1 24 737.5 169.2 808.9 666.0
M 48 781.8 197.6 839.1 724.4 48 759.4 296.2 B45.3 673.4
L 24 803.6 241.1 905.4 701.8 24 T748.0 274.2 864.3 631.8
C 72 617..1 197.5  663.4 570.7 71 545.0 163.3 583.6 506.3
FC 23 1014 278.5 1134 893.3 24 964.5 391.4 1130 799.2
Total . wt.
® S 22 877.6 283.7 1003 751.8 24  964.7 257.9 1074 855.8
g M 48 958.5 248.7 1031 886,4 48 922.3 356.5 102§ 818.8
L 24 1006 313.3 1137 872.5 24 929.4 319,80 1064 794.7
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Fig. 2 Growth of eggplants in the field 11 .
(1) is the field {[-1 and (2} is the field 1I-2. A, B, and C indicate piant height, num-
ber of leaves. and number of flowers and fruits, respectively.
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Fig. 3 Fresh (A) and dry (B) weights of fruits, and fresh (C) and dry - (D} weights
of leaves and stems of eggplants grown in the field 1I-1 (1) and 12 (2).

The values are based on one plant.
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# 9 mEACIIHY

Table 9. Disease and insect injurics of eggplants

- Digease Insect
Field Date injury injury
Aug. 21 - H~
Il Sept. 11 o~ Yo
Oct. 8 . “+++ +HH4-
Aug. 2] — -+
-2 Sept. 11 + ~ .
Oct. 8 A+
Aug. 22 - H -+
11-1 Sept. 12 4+ A~ -
: Oct. 8 A~ A A~
. Aug. 22 —
I1-2 Sept. 12 4+ A~ -
Oct. 8 4+ 4
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I -1 3BBERABRTH -7

RERRIC, 3/288 (L0%); FC, 1/96(1.0%): S, 2/96(21%): M, 0/ 192
(0%): L, 0/9 (0% ThyH, LML DENRD GRS T,

5 % B

BRI RIS h 3 FTABERICIE « OGS DY, 2O KA BERHHES SR 5 5,
BEBOBEREAIEBOROMYOLEE - RBICBTIREL 62 5FY, Lo Lusscois
REROERCHAE, THOEN, FHOMECREESCL - TRLD, HREMIWSHic
AEPWREETS M50 P,

AR RTITHOE Y, MEHERE SERSOIBEESCESI 2HREAOEELER
T, BRIATSTEAL, L2EEDBBET - TOE, €0DMORBRIERE
BT AZLQITENCOY, SREARCE - TEHOEELIESBNT 2 ATHKBSNT
VB EARTH B,

SEDF AETRSBINCREA DS D - 74, CHIREHS X ORI BT X DE L]

CBOticld, zoROREEELBRBNKTOUL SO THIEEL NS, COFXHTT

—173_.




AEBLUONEBES 1 /100 OBARE THM UKD THO, MAREE IS HhET, HEH
HTLIERMEASORBEET 2T LR TEI s Lhtt, LbL, #RToL51, 2hid
HIBEOEEN S - RABICBVTTUTE222LTHD, BROALHALTHERERER
TEBHLEREFLONLY, T, BROFEEACIVEEFEEDAIBRGHERIN TS
H (REEBHEHE - PB4 -2 -HR), EROSBERIMNSAOBEL L CTHE
HaHs S,
ARORBCECTERLABEEHEBOS 57, ELKEREHADRENE ¢, EMOSHAICE
DELICEMLACEIF ABAEEERHTHEZ G DALY THA ), EHOBINCRENIE
BORFUENLROBERL, IhAMRERBICARBLEEBbN 2, BREEAICL 24TH
RAT LS ERBONBERICRT D bOTRNY 4, 4EE BRIRRAEWTICHY 33 2
BREARORMEGEUT 200TH2Y, .
SERBONRICI AT EEASREOR VAL ICHED Shitoh, EREERRINERON
BENUF ORI D KE W, CHIEEAMCERROTBEHEAR L D EREHD L, £10R
RKLEZELLL U110 THEEEbNWE, —F, RENER, BRATIREHOFHER
B DS Mo TV B 0%, WA KI5 B I DT B 12 3 T AR F S O 284 F 7 & M
KHE, CHIMEEEHK (FC) EENTHED Sh, BICEREHCETORR TR,
A X OBt 22BN EORBOLRARAHOFHERELD/NSE-TH D,
Bicl— | BETHEETHS, —MICERIEABE TS0 D EFEHORBRICKT L DT
DN, BREBIKEDMBESESEREHETT (REEEEE W - N4 v -4 -1
B) ciEEZERTAE, SROAEHERNOBRLES LTOITRELH 3,
REBEMEBT2ERERGHREORENI I - 1] -2 KB BFCBL T Y, chldtigo
BEHNOEERBE LD THA S, [-2RBOLICEENOE Y (RHLBEIR - 15
IR TREMORIENICHERES 2 LRSS 1570 CFRET T EASRIBRRS D
CHL, 1-10k5CPeRETABRRAOFGE GESEENF <, # ) o APl
Dledh, THBEENTERLODTHAL I BHRELCERHORE LABERERG TERDOS
BHEM MR OBIRICER LR UAFY b REShTO 24, SEOKRER, KILFRELEOBE
CRPEATHORREENE LTERERA LT LOPREBHTELLLLERL TS,
CCRNEERBAICE DFEIMRIOLE L OBENH Y0, ARORRTRRBTRONSEE
EABXKMOERIBH AT, U VY IRRAKOERCI2BEHRBNERETEAELLS
DEEZT, B UALREEE S 2 DRBSEMHOBERIC L BETRONE L GRS OFYE
, ERRZOBRERVTEERES2ECTIRETHS D,
%@maﬁmﬁ ﬁ%ﬁﬁ($ﬂ¢%wﬁ)@%%&@%bemaﬁﬁﬁ&ﬂmb.itﬁ%
ARITHERA » PERB LD CEENOETFR—HRAZHEEI N, HEHEF » FD

U

&

Y




.

BRICIOBROBELRNRICED 20 & piTa, BIHMD - 2 BB TEIRHEORVRBRER b
Bohit,

A HEAT, MBS, BREYAESORRORELH -, MELEWHORRERET 2
Edbin, TERBIURFEELGRIBORE2LEH L THEREAEREMEL T FTETH S,
BRAOOGEREENT, #3202 7L A3FAOTEBERERSAIETHL EnHAELL
feth, FEERQREROAKROPEOIREZLRIBCEW TR LTOCHFTH 5,

b &
HEERAROTABEREBAKY —+ORME RER AR - SLE28) TRECHERL, +2
FRIELL, COFRAINT —H7ch 1251, 25¢t, StOIKETHAL, REHIScm IT
BA Lo S @NEK PN K E RO N E L, B, B, 168, XERENESL LU
BME, REFROEEIURHED TRV TEBELT KR, UTOCEMH 5T
Hot, THbH, 1) R THEONEBRIBREARICECEMNT 2 MBTHEEC X 547
CiRBLERNCE, 2) FREAODRRSCEENBCHAFCHENSCE, 3) BRIEHT
FERERAODENASE (, PLEEERTRNENCE, 1) EREBZATRNORAEZRBEHEA
ILBEMBH SN E, 5) HERCE 3 HERNERTHCEERD R0 &, BE
TH Do

& B
ARBAFTT AN VBERLUHAS OO AENTHEERE LORBK, M E
FAE BRBREESLIURERHRLLEWTERIEIE OB LBBOBREICEMT 5,

Bl A X ®
1y AR%ES (1975) : FAGEOME - fss L 0P FcEAY 2 EgSss \n406R, 512
2) FA.E Q97 RLE. BAR4IEE, 5T
3) BEENHTAES - BATAEEZE (1978) : FABROEERMICET 5HE. 190 — 199,
200 — 213. ’
4) AS (1972) : FAEROME - 56 LURMICET 5 FREES. BAMGER, 6 147.
5) WRAE (1969) : FREROBEHAIC>T, FAERSEH, 6, 62—68

- 175 —



¥

B H LRI e 145 (R-14—'80)
Res. Rep. Natl. Inst. Envison. Stud,, No.l4, 1980

10. .
BHBEEMKA T EICAY 3R
TIBOBILRMHICE R R
AGIE R R IR ek s gt
Effect of Organic Waste Application on
Soil Properties; A Field Survey (I),
Changes in Physico-Chemical Properties and
Heavy Metal Contents of the Soils
Toru KUBOI!, Hiroyuki HATTORI!, Kunthire FUHI?,
Takejiro TAKAMATSU! and Satoshi MUKAI!
Abstracts

A field survey was done concerning in the effect of land application of organic
wastes (sewage sludges, municipal refuses, food processing wastes, animal manure,
etc.) on physico-chemical properties and on heavy metal contents of the soils col-
lected from various regions in Japan.

The application increased the contents of the total carbon and the total nitrogen
in the soils regardless of the wastes. Maximum water-holding capacity, cation
exchange capacity, and pH of the soils were increased with the application of fecal
composts and municipal refuse composts, but were not affected with the application
of raw feces. The application of organic wastes elevated nickel, coppet, zinc and lead
levels in the soils.
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Table 1. Effect of organic waste application on physico-chemical properties of soils

— 6.1 —

Place - Soil Type of land Fertilizer wmc®) Tigafg%EEIT' pcb! T-Nc)‘%é? cuc?! -E;—Eiﬁgﬂﬂﬂﬁfbligéhja;;; 3;:5122?;)

Tbaraki  Andosol  Farm land Chemical so &4 54 &1 o2 1k.532.5 1.4 §.5 1.8 0.12 13.8 b2.5

Farm land Pig feces 100 b Lo - - - 27.8° 1.1 o0.21 1.9 0.0k 3,3 11.7

Nagano Andescl  Forest land - 105 5.7 5.0 4,0 0.28 1k.31h.0 1.2 0.bo 0.41 G080 2.1 14.6

Pasture land Cattle feces 111 7.0 6.1 6.8 0.49 13,9 28,4 8.3 6.5 2.6 0.03 1T.h 6L.%

Hiroshims Miperal Farm land Chemicsl 41 5.8 4.6 09 o020 9.0 8.3 1.5 ©.271.3 ©.03 3.1 37.5

soil Farm land f;iige cecos 62 6.6 6.0 1.0 0.5 9.312.4 L 1.2 2.3 0.03 7.9 6h.0

Kagawa Mineral Paddy field Chemical L8 5.3 4.8 1.2 0.13 9.2 7.5 2.6 0.61 1.1 0.02 L.3 57.7

soil Paddy field  Cattle manure 75 6.3 5.6 L.9 0.9 10,0 19.4 6.3 1.8 1.1 0.03 9.2 U7.6

. Paddy field m {light} 59 5.6 4,5 2.4 0.8 13.311.6 2.8 0.61 0,30 0,03 3.8 32.9

Paddy field » {heavy) €0 6.6 5.3 3.3 0.23 14,3 13.4 4% 1.3 o.gh 0.04 6.5 LB.4

Kagawa Mineral Paddy field Chemical 55 6.1 5.2 1.8 0.18 10.0 9.4 3.2 1.1 0.930.07 Wé k3.1

soil Paddy field  Cattle feces 55 6.0 5.0 2.3 0.22 10.5 9.5 3.3 0.79 1.1 0.06 5.3 55.4

Kagawa Mineral Orcherd - 53 6.3 5.3 1.6 0.15 10.712.9 3.7 1.6 1.6 0.0 6.9 53.8

soil Orchard Chemical b3 4.1 3.5 0.7 0.07 10.0 7.9 0.7L 0.1 1.2 0.03 2.1 26.4

Orchard Rapeseed meal L7 5.4 L6 1.8 0.8 10.012.1 2.8 0.6 2.2 0.01 5.6 U4B6.%

Orchard Cattle manure 53 6.8 5.9 2,3 0.18 12.814.8 48 2.8 1.6 0.03 9.2 62.h

Kagemwe Mineral Forest land - 62 45 4.1 3.5 o021 16.7 148 2.4 1.4 0,81 0.03 L.6 3.k

soil Pasture land Cattle feces 73 4.8 3.8 - - - 234 k.2 3.4 1.7 0.03 5.2 39.9

Fukuoka Mineral Forest land - 58 4.9 4.0 - - - 3.9 0,35 0,330.69 0.05 1.b 15.9
soil Pasture land Ef;;;:g;egfiﬂgg__yv g.2 7.8 - - - 13.k15.2 3.6 0.8 0.0519.7 1Ly

Hegaseki Mineral Forest land - 71 5.4 “.¢ 2.7 0.2k 11.322.7 3.3 2.8 1.0 0.0 7.2 31.6

soil Orchard Chemical T2 7.2 6.3 3.2 0.29 11.0 25.112.21 3.8 1.9 0.0k 17.8 T1.1

Farm lend ?E§;°i$al refusen; 5.7 kg 6.8 073 9.3 55.L 16.5 8.0 B.7 0.1 334 60.2

Nagasaki Mineral Forest land - 8g L8 39 5.2 0.3 15.323.0 1.0 0.8l 1.6 0.0h 3.8 16.7

soil Orchard themical . 75 6.4 5.2 2.8 0.22 12.7 30.0 9.2 3.0 2.8 0.0k 15.0 50.1

Orchard oniospal TeMUS® gs 71 6. 6.7 0.50 134 30.917.5 3.3 2.8 0.0623.7 76.6

Nagasaki _ Mineral Forest land - 79 L 4o 32 06,25 128191 1.6 1.1 1.h 003 b1 21.6
o1l Orehard Municipal refuse ., .3 7.0 2.9 0.26 11.7 20.3 13.5 3.5 3.7 0.04 20.6 102

{light)

&), Maximum water-holding capacity {g/l00g dry seil); b), Total carbon (%); ¢}, Total nitrogen (£);
i), Cation exchange capacity (m equivalent/100 g dry =soil}; e), (m equivalent/100 g dry soil)
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Table 2. Effect of organic waste application on the contents of 12 elements in soils

@

Total contents (mg/g dry soil)

No, Place Seil Type of land Fertilizer K ca Ti ¥ e i o 7n As - ar -
1 TIbareki Andosol  Farm land Chemical 7.520 7.929 8.%13 1.466 75.39 0.028 0.117 ©0.11% 0.021 0.060 0.115 0.0l

Farm land Pig feces 6.773 5.2h1 9.728 1.560 82.81 0.038 0.150 0.133 0.021 0,056 0.118 0.013

2 Noganc Andosel  Forest land - 7.042 18.89 5.660 0.Th2 52.96 0.016 0.042 0.075 ©.015 ©0.03% 0.198 0.00k

Pasture land Cettle feces 7.9%3 23.37 5.412 0.888 50.56 0.017 0.045 0.086 0.011 0,035 0.194 0.009

3 Hiroshima Mineral Farm land Chemical 32,84 5.302 2.255 0.493 23.05 0.001 ©.013 0.076 0.007 0.171 ©.088 0.033

soil Farm land Jiled s 33:23 L.5T5 2.286 0.M59 23.33 0.004 0.01k 0.080 0.012 ©.172 0.075 0.030

L Kagawa Miperal Paddy field Chemical 29.53 3.7150 2.172 0.905 15,01 N.D. 0.006 0.042 0.00L 0.122 0.102 ©0.02h

soil Paddy field  Catile mafure 22.95 7.079 2.262 ©.393 12.3% 0.007 ©.016 ©,101 ®.D, 0,113 ©.116 G.029

Paddy field n {light} 10.03  2.057 4.505 0.24% 1k.28 6.003 0.006 0,084 ©.006 0.071 0.cko 0.026

Paddy field w (heavy) 11.00 2.62k 4.163 0.195 16.71 0.003 0.009 0.053 0.00k 0.076 G.041 0.031

5  Kagawa Mineral Paddy field Chemical 36.59 5.000 2.261 0.291 13.13 N.D. 0.009 0.07¢ N.D. 0.152 0.121 0.036

soil Paddy field  Cabtle feces 34.10  5.4% 2.02k 0.468 11,94 0.006 ©.008 0.071 N.D. 0.143 0.132 0.033

6 Kagawa Mineral Orchard - 18.20 *3.309 6.207 0.982 30.05 0.006 0.012 0.059 0.001 0.09% 0.073 0.041

goil Orchard *  Chemical 17.30  1.928 8.375 2.331 47.40 0.007 0.009 0.045 0.007 0.075 O0.061 0.047

Crchard Rapaseed meal 18.20 2.7h9 7.852 5.135 50.02 0.005 0.020 0.086 0.001 0.086 0.067 0.089

Orchard Cattle manure 18.60 4.132 6,941 2.84% 40.17 ©0.007 0.014 0.072 0.006 0,087 0.071 0.051

7 Kagawa Mineral Forest land - 10.98  1.687 11.805 2.479 39.2¢ 0.002 0.023 €,071 N.D. 0.065 0.057 0.057

soil Pasture land Cattle feces 10.82 3.784 7.16% 0.493 39.8: 0.021 0.025 0.099 0.004 0.07) 0.084 0.042

8 Fukucka Mineral Forest lapd - 28.80 0.661 2.735 0.312 25.38 0.006 0.007 0.06¢ 0.008 0.130 0.087 0.021

soil Pasture land Ea;;ie fecfs 45.59 56.57 2.1k1 0.759 37.12 0.006 0.068 0.612 N.p. 0.117 0.212 0.065

9  Nagasaki Mineral Forest land - 10.98 2.9k2 11.68 1.989 56,31 0.036 ©0.048 &.12F 0.006 0.078 0.070 ©.027

soil Orchard Chemical £.558 20.56 15.10 1.905 T71.29 0.0k6 0.326 0.214 ©.00F 0.037 0.16r 0.019

Farm land ?E:;:})m refuse 5 ugg oo ko 6.528 0.667 S51.25 0.068 0,061 0,390 0.002 p.0b2 0.18¢ ©.0hC

10 Nagasaki Mineral Forest land - 2.131 1.020 8.769 0.590 55.98 0.046 0.03% 0,088 0.011 D0.031 ©0.025 0.010
soil Orchard Chemical 2,685 L.797 9.086 1.133 61:80 ©.061 0.079 ©.1k2 0.012 0.027 0.031 0.022

Orchard T;Ziiiﬁalrefuse 3.009 11.05  1.509 0.898 55.98 ©0.05h 0.186 0.259 ©.C03 0.026 ©.oh2 0.0h2

11 HNagasaki Mineral Forest land - 5.523 1.318 10.545 L.171 58,08 0.023 0.029 G6.135 0.008 0.052 0.032 0.027
soil Orchard Munieipalrefuse, .45 1) gi  9.065 0.703 59.70 ©.0k2 0.040 0.250 0.005 0,032 0.0h8. 0.032

(light)

. means not detected
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Effect of Organic Waste Application on Soil Properties (11},
Microflora and Enzyme Activity in Soils Applied with Organic Wastes

Kunihiro FUJI!, Toru KUBOI' and Hiroyuki HATTORI!

Abstract

Dried and ground sewage sludge from a sewage treatment plant in Tsuchiura,
Ibaraki, was incorporated into Ichinomiya sandy soil, Toyosato volcanic ash soil
(humic andosol) and Yatabe volcanic ash soil (light colored andosol) at rates of 2, 5
and 10% of soil. The soil-sludge mixtures were incubated at 25°C for five weeks.
Microbial population in soils increased with increasing doses of sewage sludge.
Especially, actinomycetes, nitrifiers and proteolytic bacteria were markedly in-
creased. There were no significant differences in microbial population among soils
which had received sewage sludge application. -The heavy application of sewage
sludge caused a remarkable increase in the ratio in number of actinomycetes to
bacteria (A/B ratio). A incubation experiment on a Ichinomiya sandy soil applied
with sewage sludge at the rate of 10% of s0il showed that aerobic bacteria, fungi and
proteolytic bacteria reached to the maximum at one week after the incubation and
actinomycetes and nitrifiers reached to the maximum at two weeks after the incuba-
tion.

Dewatered and limed sewage sludge from a sewage treatment plant in Toride,
Ibaraki, was applied to kinu river sand, Fujioka alluvial paddy soil, Yatabe volcanic
ash subsoil and Tsukuba volcanic ash soil in outdoor lysimeters at the rate of 25
metric tons/ha and eggplants were cultivated. Microbial population in these soils
were measured at 47 and 105 days after the studge application, There were no signifi-
cant differences in microbial population among soils which had received sludge
application and the control soils applied with chemical fertilizers. Microbial popula-
tion in the river sand were very poor even with sludge application. Contrary to the
incubation experiment; the application of sludge did not increase the A/B ratio.

The same sludge used in the lysimeter experiment was applied to four farmlands

1. BESLEsRer KETRSE T 305 3 L S i 0 7 O RRET/NBE N 164 2
Water and Soil Environment Division, The National Institute for Environmental Studies,
Y atabe-machi, Tsukuba, Tbaraki 305, Japan.
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(Yatabe light colored andosol) at rates of 12.5, 25 and 50 metric tons/ha and egg-
plants were cultivated, Microbial population were measured two times in the grow-
ing season of eggplant (August and October). Microbial population were increased
with increasing doses of sewage sludge. Especially, actinomycetes, nitrifiers and
proteolytic bacteria were markedly increased, These were the same results obtained
in the incubation experiment. '

Urease activity in farmland (vegetable, paddy, orchard and pasture) soils was
increased with the application of fresh and composted cattle manure.
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Table 1. Properties of soils used in the laboratory experiment

pH Base-exchange Exchanéeable Exchangeable Base
Soil _HTO—KCC capacity Ca Mg K Na base saturation T-C TN
m.e.* me* me* me* me* m.e.* % % %
Sandy soil 6.1 5.4 4.46 1.5 0.39 0.45 0.02 2.36 52.9 0.4 - 0.04
Volcanic ash soil 1 55 4.7 32.5 7.4 45 1.8 0.12 13.82 42.5 6.1 0.4
Volcanic ash soit 1 6.2 55  19.3 53 0.9 22 0.08 840 427 3.8 0.2

*: m.e./100g dry soil

Sandy soil : Ichinomiyamachi, Chiba

WYolcanic ash soil 1: Toyosatomachi, lbaraki (Humic andosol}
Voleanic ash soil II: Yatabemachi, Ibaraki (light colored andsof}

S TRIRY 2ERENL.

PRABCBEARA0 25 LU WHKCNALI I TKRER OCKGFERTE) 2MAESE LD
5200 ml EOH 3 RAE—A~EHKETALL. TEBGRDPELET200g, KWKLET150g T
Botie TRBOKAREMBAEREONE L1025 L LERAKEMABCOLMBH T2 LU
SEEQELtQ%E@T&i$¢@wi%®ﬂﬁ%ﬁi¢ﬁﬁ@i®®pHﬁxvﬁﬁﬁgi%
BELL, ABEIETHEES 7 o > 0BBNERL BB T AHEERIELUNERIZD
DVTIBABBLUIBHOMAEMMS LU pH, BRESHEAAFEL . LE2 8T ECHEK
AR UL SOk RES BN RANS IS LTHE L.
FHEOBAYIRFREEE, CTEE L) MRE, SRE, BaLEE (7 e TRk
M BRERERE FIUR2VSESEROEREMEL . BELIRBER, TATIY
BRER, ARER 0 — A HVERBNERAC L BRIWE:, £ 007 BOBERIY 7 F 15
HE B2 BETRE, BRILRMEEREEETHEL . SRR LU EENEY 251
S, )

i pHB LUBREELONTHERNRY LRRTS - o

212 #REEZE

IO pH HRIEOL - L FEENUHEO—STH Y T EPOBKEHL pHKEBINE . &
<K@ﬁ%#?ﬁﬁ¢%®$ﬁ¢%ﬁﬂﬁ%énéc&w§<ﬁ&%®ﬁﬁ@%ﬁ®ﬁﬁﬁﬁT¢
ZEELNTVA, ¥, THOpHRIBEHOEDH I L - THELT R, T bbb EHBEMC
Ko TARSNADEICE - THELEO pHVEHT L. ‘

CCTHERLABEE LU KLRTEIOpHIZ 6 — 6. 5 0lEiETH D, KLKRIRITHS
Tt BIOE(55 -5 0DERMORAKCEH -7, —F, TAERDOpHR6.5THY, HEL
DPRENMET H 720 CHREDIEETKBEROESHIO pH R 1 R L LI KHROBMA

— 187 —




[ stupee 27 [ sLupee 5% sLunGe 107
Sanpy SolL
L
VoLcanic
! L 3 N AsH SorL
s ([

VoLcanic
AsH So1L
(11>

PH R
e T o e I = W o I 2 R I R o N« a N I o+
v

02 502 50 2
WEEKS AFTER INCUBATION

® 1 t£ZEoHpHOEL
Fig. 1 Changes in the soil pH
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Table 2. Microbial population in soils applied with swege sludge

{population/g dry soil)

2 weeks after incubation 5 weeks after incubation
Sludge
application Sand Volcanic ash soil Sand Volcanic ash soil
rate(%5) soil d sci:irll Y
1 ] o 1
Aerobic bactgria (10%)
0 78.1 8.9 11.9 9.7 20.4 18.2
2 190.6 25.8 124.5 43.7 108.0 96.0
5 296.5 277.7 208.8 58.9 856.1 232.4
i0 284.6 6.0 215.8 99.8 75.5 198.0
Actinomycetes {10%)
0 1.5 2.8 6.7 1.8 5.5 6.3
2 78.7 104.9 186.8 37.5 171.4 154.5
5 B 136.1 £39.4 467 .6 66.2 484 .7 431.6
10 374.2 272.0 473.1 196.6 687.1 598.1
Fungi {104}
0 1.5 2.9 " 54 1.0 1.8 4.2
22.7 64.0 102.1 13.5 41 .4 63,9
127.1 119.5 417.5 34.2 79.2 137.8
10 372.1 356.0 481 .4 181.5 275.6 577.5
Ammonium-oxidizing bacteria {104}
0 1.0 0.8 0.6 0.6 0.7 0.2
A 95.6 8.8 18.3 4.2 13.7 15.4
5_ 59.3 53.0 R 55.1 1.3 23.7 28.2
10 158.6 112.0 158.0 2.9 5.3 89.1
Nirtrite-oxidizing bacteria (10%)
0 2.9 0.03 0.4 0.3 0.1 " 0.2
2 157.0 0.3 1.3 6.4 .5 1.3
424 .0 2.1 Z.B 2.9 0.7 5.8
10 207.0 7.8 11.6 22.0 2.6 89.1
Proteolytic bacteria (108)
0 ' — - - 23.4 13.1 1.8
2 - - - 53.5 171.4 116.9
5 - - - 242.0 256.0 498.0
10 - - — 1,210.0 755.0 660.0
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Table 3. Ratio in number of actinomycetes to bacteria in soils applied with sewage
sludge (A /B ratio)

Sludge application rate (27)

Soit Incybmion
period{week) 0 5 5 10
. 2 0.02 0.41 .46 1.31

Sand 1

v st 5 0.18 0.86 1.12 1.97
Volcanic ash soil 1 z 0.52 ’ 1.94 4.87
<] 0.27 1.59 5.70 9.10
Volcanic ash soil 11 2 O.'56 1.50 2?? 219
5 .35 i.61 i 3.02

BPOMBESHOLCH >N THABELHEIED SRE b - —77, LEpHR T Hh R
BESEOEA L L HL T . fEll (54 2% — 2 — TR, KliREE | % a0 Vi
THEMBNECPERTRGE VEMT 20 EEBELLN, CCRRLALSCHEFRICE
T HABOBERSRD SN, T, I TORS Vs T ABRO BRI L H Mg
T HMMEAMOL (A/BH) BMETACEFHE LA, B3CRELALL IO —H—F
BTLRBOERENE S 10 A/BIIE KUK > DA LB G HSED SN .

2.2 BUHSALA—5H B

221 HU»K v

TIPSR R B i B 05 B A KE & AEBICS A 5 B8 S M]3 3 2o ic M MR Py
DEN A A —F— (BERLEATHE) SEFACTHEMET A B, TAGEREMAR
BEME L. CcORBONUSTHERRBIBBE LU I106 BB K HIEAFR LT 18t H
ARMELI. BE, THOD54 v~ 4 —CHABOTENRETAIN TS FAERER LS
KBS ABAEM 7 0 30T BEIZEREBIL 2o

2.2.2 EmAE

BEALAESA vr—4—E, AmX4dmOASITHEYNTEER L2 mThH 0 REKDHEA A
BThb. BEBCHEMALALER, BE (RRNNE) KWK ED (BE2 HmFE4), it s
(mmﬁi)ﬁxUKMRiml(&ﬁ%ﬁ&iﬁ?%i)?%b,Kmﬁiﬁmwfnbﬁ®m
HWTH 1o —DDFEMEBEDIA V4 — 2 K HKTASINTO 2o —HIALZERZHEL—
HICFABREGA Lo LB omARE, LiEk (8—8-5) 1.5kg (105kg/10a),
M) BE2 kg (140 kg/10a), AR 2 kg (140 kg/10a) THOHTAREFROBARR, K
DNBHERETI6Nkg(258/10a) TH -7 N, PRERIWTHAEEHMEKAEEL b
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Table 4, Microbial population in soils applied with chemical fertilizer and sewage

sludge (the outdoor lysimeter experiment)

14

(populatien/g dry soil)

Aerobic. Actino- Fungi Proteolytic Gram- Ammonium- Nitrite-
Soil T Bacteria mycetes Bacteria negative oxidizing oxidizing
ot reatment Bacteria Bacteria Bacteria
(10%) (10°) (10%) (10%) (10%) (10%) (104)
47 days after treatment
) Fertilizer 1.3 6.1 .9 10.6 .9 .5 1.4
River sand
Studge 6.7 46.7 .3 10.6 7.4 .5 1.4
) R Fertilizer 15,1 15.1 10.7 29.4 17.6 1.6 4.6
VYolcanic ash soil 1
. Sludge 31.7 147.1 26.0 34.0 48.3 16.6 7.4
. ) Fertilizer 59.6 120.5 27.3 33.9 38.7 27.% 30.4
Alluvial soil
Sludge 52.7 132.8 50.1 21.5 120.0 14.1 30.9
. i Fertilizer 98.3 80.0 64.7 66.0 105.9 19.8 5.0
Volcanic ash soil II
Sludge 68.5 218.2 61.6 91.9 145.5 7.5 19.9
105 days after treatment
. Fertilizer 6.0 6.9 4.8 2.4 1.9 0.13 0.41
River sand
Sludge 12.6 14.6 6.4 - 10.2 0.24 2.24
. . Fertilizer 24.5 18.3 31.9 9.3 17.9 .91 7.91
Volcanic ash soil |
Sludge 41.8 1221 41.1 37.0 25.4 10.36 51.8
. . Fertilizer 99.2 104.5 44,1 13.1 151.1 10.3 70.5
Alluvial soil
Sludge 102.6 110.4 31.5 65.0 136.2 7.2 22.0
) . Fertilizer 56.0 104.7 67.9 22.6 64.0 55.0 12.4
Volcanic ash soil 11
Studge 95.7 227.6 84.8 70.6 - 207.9 26.7 37.7

Volcanic ash soil I: Subsoil of light colored andosel.
Volcanic ash soil II: Surface soil of humic andosol
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Table 5. Ratio in number of actinomycetes to bacteria in soils applied with chemi-

cal fertilizer and sewage sludge (A/B ratio)

Days after treatment

Soil Treatment
47 1G5
Sandy soil Fertilizer 0.47 0.12
Y Sludge 0.70 0.12
L . Fertiltzer 0.10 0.07
Volcanic ash soil 1 Sludge 0.46 0.29
, . Fertilizer 0.20
Alluvial soil Sludge 0.25
Volcanic ash soil 11 Fertilizer 0.08 9.13
° Studge 0.32 .24

1. THRSEOERANLISHEYINSIKELIEE — RPER —
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GITFRBI- 1L1-2 28T) THOOFNLERAAROS IO EBEA 7 ETH S, TK
BEREBHA 4 4 -5 —FEBTHWALOLA-THD THI BB ICRSHEAL - AR
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Table 6. Treatments for the farmland experiment

Name of Fertilizer* Sewage**
treatment shudge
C . —_—
FC + -
S - Small
M — Middle
L. - Large
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: Compound fertilizer; 100 kg/10a

(8-8-5)
Ground dolomite
limestone : 100 kg/10a
Fused phosphate ; 60 kg/10a

*+: Amount of application

Small ; 1,250 kg/10a
Middle ; 2,500 kg/10a
Large; 5,00 kg/!0a
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Table 7. Microbial population in soil applied with sewage sludge (Farmland expe-

riment)
{population/g dry soil)
Aerobic Actino- Fungi Prgteo— Gram- Arprpqnium- Nitrilq-
Teumen Bt st
(10%) (10%) (10%) (10%) (10%) (10%) (104)
) Field J-2, 28 August (50 days after treatment)
C 12.9 2.3 7.3 6.7 50.3 1.6 0.5 “
FC 17.9 7.8 6.3 17.7 39.2 i1.2 31.1
S 20.2 9.0 8.1 9.3 76.5 6.8 0.4
M 36.0 13.7 1.1 28.0 120.2 15.3 21.1
L 40.6 22.0 20.8 32.6 125.8° 18.2 48.9 .
Field II-1, 24 August (46 days after treatment)
C 5.8 2.1 1.3 5.7 2.1 0.4 0.4
FC 9.5 1.9 4.5 4.8 3.9 5.0 5.0
3 5.9 6.3 8.8 29.3 11.1 5.1 1.2
M 12.2 10,3 . 18.3 23.4 20.0 5.6 6.4
L 16.5 25.9 25.2 . 32.3 32.0 5.0 24.4
Field I-1, 24 October (107 days after treatment) .
C 35.3 8.9 10.9 4.5 1.8 2.0 0.5
FC 32.4 14,8 13.0 32.4 1.7 24.6 23.6
s’ 24,1 11.5 28.2 44,6 10.6 52.0 23.8
M 57.% 24.5 27.1 44.6 11.3 6.6 41.6
L 102.7 37.9 48.6 51.3 22.6 55.3 ©173.7
Field 1-2, 24 October (107 days after treatment)
C 48.3 12.5 7.3 8.2 6.9 8.4 0.8
FC 54.3 27.1 25.6 23.3 6.7 54.3 54.3
5 42,2 16.2 32.4 31.6 10.4 12.5 37.9
M 54.0 25.8 48.6 67.3 15.7 37.6 109.6
L 62.3 33.1 60.4 77.9 24,8 37.4 . 1231
Field II-1, 25 October (108 days after treatment)
c 8.1 3.4 4.1 11.9 0.8 0.8 0.5
FC 19.7 4.9 10.4 17.5 1.0 5.4 4.3
8 8.4 10.9 6.7 31.6 1.9 5.5 5.5 [
M 10.3 14.5° 54.8 - 2.4 8.5 3.8
L 33.5 58.8 41.3 93.5 7.8 8.4 26.5
Field -2, 25 October (108 days after treatment)
C 12.2 9.7 6.3 16.8 1.4 2.0 1.5
FC 11.8 8.4 9.5 17.6 1.2 8.4 54.7
) 24.0 19.3 13.1 20.4 6.2 5.5 3.6
M 34.5 31.3 34.1 72.9 8.8 25.4 55.5
L 38.5 38.5 50.5 72.2 15.0 147.6 56,2

Treatment C: Control, Treatment FC:; Chemical fertilizers,
Treatment S : Sludge 1,250 kg/10a, Treatment M: Sludge 2,500 kg/10a,
Treatment L : Sludge 5,000 kg/10a
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Table 8. Ratio in number of actinomycetes to Bacteria in soils applied with sewage
sludge (A /B ratio)

Treatment
Field No. Days* :
C FC S M L
I-2 50 0.18 0.44 0.45 0.38 0.54
111 46 0.36 0.20 1.07 0.84 1.57
I-1 107 0.25 0.45 0.47 0.42 0.37
I-2 107 0.26 0.50 0.38 0.48 0.56
I1-1 108 0.42 0.25 1.30 1.41 1.76
112 108 (.80 0.71 0.80 0.90 1.00
*: Days after treatment
C : Contral
FC : Chemical fertilizers
S ! Sludge 1,250 kg/10a
M : Sludge 2,500 kg/10a
L : Sludge 5,000 kg/10a
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Table 9. Properties and urease activity of soil samples used

pH CEC* T-C T-N Urease

IS,?:IOS:"g Soil Land use Treatment (H,0) me. % o activity* "
Nagano Volcanic Pasture Catile feces 7.0 28.4 6.8 049 6.21
ash Forest 5.7 14.0 4.0 (.28 2.23
Hiroshima Granite Vegetable Compt?sted cattle feces 6.6 12.4 1.4 0.15 4.57
Kagawa Sand stone Paddy Chemical fertilizers 5.3 7.5 1.2 0.13 1.62
and " Composted cattle feces 6.3 19.4 4.9 0.49 7.37
Granite " [ (Heavy) 6.6 13.4 3.3 0.23 2.74
" i (Light) 56 11.6 2.4  0.18 1.34
Andesite Orange ’
orchard Non fertilizers 6.3 12.9 1.6  0.15 1.98
i Chemical fertilizers 1.1 7.9 0.7 0.07 0.39
" Rapeseed meal 5.4 12.1 1.8 0.18 1.80
" Composted cattle feces 5.8 14.8 2.3 0.18 2.35
Andesite Pasture Cattle feces 4.8 23.4 — — 2.77

* :m.e/100g dry soil **: Released NH; 1 mol/g dry soil/hr.
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Origin of Heavy Metal contained in Domestic Sewage Sludge

Shingo TAI!, Mitsumasa OKADA'! and Ryuichi SUDQO!

Abstract

The domestic sewage sludge contains about Fe 30,000 ppm, Zn 1,000 ppm, Mn
500 ppm, Cu 200 ppm, Pb 100 ppm, Cr 30 ppm, Ni 30 ppm, As 5 ppm, Co 4 ppm
and Cd 3 ppm. The sludge produced on the municipal waste water treatment plaht,
which contains industrial waste water, shows the content of Cr, Ni and Zn ten times
as domestic sewage sludge. The heavy metal loading within food occupies about 50%
of heavy metal in domestic sewage sludge.

. ‘Loz

FTAEOERICH > TFAERESEAL, TOLMHE, A0 TKECSY2ERARELA -
T3, — %, BERCEOTREFCO L HEEEROAOER CL 2RBBOHNET, ML
PEBYERELEL LTV, CLhd, BRBTHL TAEREARENRTZC LKL -TE
%@ﬁﬁ%*%&ﬁ&fé6@?@ﬁwm&w5ﬁﬁﬁiiﬂtaL#L,TK%E@%%ﬂ%K
REOMBEESATEB VBT AATENT S &,
1) TAEROELEDR GHHRALLLHT)
2y BROBRE
31 EEE LToER

- .4 Zaef

(5} WA .

NEENL, CORTRMBELLLORFERESR, MRBLBLILEK OV TORERTH .
BMAEC AT TR T AAEMB—SowBosTHD, RAEBRLLTAGRAEME UTRE

1. EesEmed AELERME T 305 MBS e )-8 168 2
Water and Soil Environment Division, The National Institute for Environmental Studies,
Yatabe-machi, Tsukuba, Ibaraki 305, Japan.
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Fig. 1 Origin of Heavy Meal in Sewage Sludge
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Raw sewage (mg/ ¢)

2nd effluent {(mg/ €)

S.T.P.

A
B
C

=

A

Activalted sludge (mg/SS-kg) B

10°

10

Metal in Activated Sludge { mg /SS Kg?

0.1

Metal Content in Activated Sludge

104

10°

102

B @0—— Y=1,700 X" r =0 9081

1 FRiFREROEEERE
Table |. Heavy Metal Content in Sewage Sludge

Cd

0.010
0.0082
0.0042

0.0024
¢.0027
(.0049

...... Y=5000 X% r =0,9803

Pb Cr
0.057 0.15
0.15 0.48
0.015  0.007
0.013  0.03
0.01 0.022
0.004 0.004

316 1430

185 760

148 30

Ni

0.199

0.32
0.013

0.134
0.082
0.008

277
365
31

rC @—— Y=5760 X"'% r =0 9707

]

Cu

0.18
0.42
0.034

0.058
0.014
0.012

1200

698
221

L

Zn

2.5
2.75
0.21

0.92
0.19
0.08

9700
5960
1025

Hg

¢.0003
0.0014
0.0002

0.0003
(.0004
(.0000

0.76
2.1
0.77

-t

107 1072
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Fig. 2 Relation between Heavy Metal Concentration in Raw Sewage and Heavy
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R1Z, EFEAEFEAH LT IEAMTRER, IBEKEQUTHTASROESERESTL
2o HE, TORKCBHEATRETKLERTOESBRE &8 H8 TR L. ARSI TG
KOWAT HEWROWH T AMEY, CREBIEBREKS FRE Lo T Anmg
BME%H@%@?E%U@&%?&5UC@ifl%@*&ﬁﬂ%%dﬁ%T*@%é&%ﬁL
TTRTDREESBTHEAT A, ALK, BRELFVHEHERLTED, C&&Cr, Ni, Zn TF
LA ohis, 1, GRPOESBENIKATKHOBESEBRLE2NTH{N-T
i, M2iCA, B, COIRBBOMATKE FKER (BEHEER) YOELREFOBFELR
Lt. BABERKEAT/KDO SSEBELE RILRETHEREEL L TRMNIIHERER
HOHEBBEIRA, BRABBICERTECE TV 5, BHEEFRVPOFELBEIHEA T KO
5000 ks (REBREEH/D) ST 5.

3. $BRBEAKBFREPOEERAOHAN

SRESORNALEKE-TARR, KHKLEHLCIRERKESBNEEL, THEKES
FUCAEFRAKOTKERCORELBUEET 5. R2CEFRKETRLE T2 TRABEOEH
EROCESBEE LR LA, TN AR Fe 30,000 mg/SS kg, Znl, 200 mg /SS-kg.
Mn 650 mg/SS kg, Cu 161 mg/SS kg, Pb 85 mg/SS kg, Cr& NisEh &4 25 & 27
mg /SS kg, Cd, Co, Asid#Mmg/SS kg THE. EBEOLEFHAIIMKZLIHELELK
Bofey, KEADCEEOESBSSRECE TN TORVROIKBVLTREBICOEFORE
EEATHNTHA I RACITMBBOECEBEL R LD, COBELDOEREENSRIC
EOTEGDIE Zn, Pb, CATHB. T4, CuldBEOEAERL T 5.

%2 EERATRBOR BRI/

Table 2. Heavy Metal Content in Domestic Sewage Sludge mg/SS-kg
" Fe Mn Zn Cu Cr Ni Pb Cd Co As | Souwrce
|
36,780 2,330 1,290 131 62 45 52 2.8 7.5 8.5 (1
5,040 98 1,180 116 38 1.4 8 0.6 1.0 7.0 {2)
Contents 30,200 501 . 930 86 18 20 B8 1.5 {3)
within 29,600 L0394 1,030 243 20 44 145 5.1 oo
activeted 48,300 282 1,160 161 17 24 bR 2.9 "
sludge 54,600 709 1,160 139 28 39 102 3.2 "
17,800 220 1,420 187 10 11 82 1.8 "
26,200 - 1,025 221 30 31 148 6.7 — 2.7 C
ave. 31,100 650 1,210 161 25 27 85 3.1 4.3 6.1
Conteuts 47,000 900 40 55 100 75 13 0.2 1¢ 1.5
in the
earth’s § § § j f } { § § ilow
crust 56,000 1,000 70 100 370 200 20 0.5 40 5

Ll




H#ICHTF LY ORE LA OAOTIES S LREHEKOTSRE (18 1 AMZ0OATR)
DEKIKEHEEEEHBLTRLAN, Mo 2RO TEREKOLD 2B ANE LI THb. &
FMBEADORTREREXDEEN—FE - T Do

BT, REBNc TS BBEELRE LKL RT,

% 3 HFERKhOBEEBNER (5)

Table 3. Heavy Metal Loading in Domestic Sewage )
unit of loading ; mg/capita.day

Trom Kitchen | from Wadhing |  fom Betn | ©8 @ | Namsoi® | Cod
Loading % Loading % Loading 95 Loading 44 Loading % Loading
) Cd 0.063 22.7 0.094 33.9 0.070 25.2 0.227 81.9 0.05¢ 18.1 0.277
Pb 0.65 29.9 0.95 43.7 0.45 20,7 2,05 94.2 0.126 5.8 2.176
Cr 0.28 19.3 0.36 24.8 0.23 15.9 G.87 60.0 0.58 40.0 1.45
Cu 1.53 26.8 0.96 16.8 1.76  30.8 4.25 74.4 1.46 25.8 5.71
Ni 0.55  26.3 S0.60 28,7 0.44 211 1.9 76.1 0.5 23.9 2.0%
Zn 8.9 24.7 9.2 25.6 9.0 25.0 27.1 75.3 8.9 24.7 36.0
Fe " 21.3 21.5 36.7 37.0 28.8 29.0 86.8 87.5 12.5 12.5 99.3
Mn 2.4 24.5 1.41 14,4 0.6 6.1 4.41 45.0 5.4 55.0 8.81

< T | 3 .
HAXER1IOCAHERL IO 120FEEOAHFLEOEE (E) , BRHOREREKETHKRLE
TAFXROAEE (D) O3B TEAKD I BN D 0ESBANEHAKPOESEBE & Bk
BHokoi-BARKOBSERFEL ML, CAME TR PO BUNEHOHESELn 40, oHSE

F 4 RMkEEmEROBAEERR
Table 4. Heavy Metal Loading of Domestic Sewage and Tap Water

. g/day
C D E
ST.P. _
sewage tap water sewage tap water sewage tap water
\l
Cd 112 0.0 0.14 ~ 00
Pb 401 69.4 2.3 -
Cr . 187 10.7 0.72 0.0
Ni 347 10.7 1.4 0.0
Cu 908 88.1 29.7 0.0 32.1 13.0
Zn 5,607 534 104 14.9 17.3 15.8
Hg 5.3 0.0
As 2.7 0.0 .
Fe 57,405 3,471 624 119 133.9 40.3
Mn - 6,275 — 1,262 460 9.5 0.0
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BREFTHL. DEE TR Fe, MnOhn 284805008, MERKSHT K TERALAETHS,
EMHFIE Cu, Zn, Fe OHAEVY, ErMOEIKERAKE LTV EAREES &S bk
HEETLE, CcOLSIC EANOELBREZERELFPKABOERLELEINSEL 2T, #
SOREMOKAKBELEL - Thhd b

£ 5 KEATORLBERE
Table 5. Heavy Metal Concentration in Tap Water

Cd Pb Cu Zn Source T .
Warabi City 0.001 0.004 0,035
Kawaguchi City ¢.001 0.004 0.083
Ushiku City 0.00014 0.0015 0.002 .
L__ Kyoto City 9.00004 0.00024 0.0008 0.003 ) @'

12 & R ‘
BHECETZARGOHALBOMRBERE LAFREZ 6 R LN, CAid2L3ag/A - 8
THDOHEFOT -5 G0~60ag/A - B) DESRETH 1. HTOLHIK 1 AORHD 5
L KERIC L B R ALRONFRE TH B, 37, BRLRARS L 55 Pb £ B TH 3 DFER
RoOBRICE SENEFRLTN S (RT8H) .

ni, #3T, BHRKERROESED 55 2 AR EREAMEDNBRES 56 TOEL
b,

# 6 AW LNERROAY
Table 6. Heavy Metal Loading in Meal
ug/capita.day

‘7 ] . region . averge
Cd 16.5~~ 24.1 21.3
Pb - 4.2~ 70.4 2.7
Ni : 359.6~ 524.5 457.1 .
Cu 833 ~1,663 1.185 ~
Zn 4,868 ~ 6.410 5,728

—
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Table 7. Heavy Metal Content in Meal

—
heavy metal
E EB] @ ® Cu Zn Ni Pb Cd
date E foodstuff wel dry water
] weight | weight |content/content| intake cunm;[;lakc content| intake |content| intake |content| intake
(uefe) | Gl | Gerg) | Gl | Geefe) | GeR) ) Gee/ed ) G i) ) Gagd
boiled rice 186.6 73.2 60.8 2.61| 191.0| 10 31| 754.7 .95 69.5 G.04 2.9 0.052 3.8
raw egg 37.8 9.1 75.‘3‘ 3.87 35.2) 36 15| 3200 0.00 0.0 0.15 1.4] 0.000 0.0
E3 = kidney beans 40.0 5.5 T3.6 3.04 26.1] 23 52| 2E8.3 D.00 0.0 0.08 0.5 ©.000 .o
% konnyaku 22.7 4.6 79.8 7.06 32.5| 41 39| 180.4 4.30 19.8 0.20 0.9 0.000 0.0
g flake of fish 22.8 10.5 54.2 2.02 21.2| 2094 219.9 1.00 10.5 0.09 1.0| 0.031 0.3
< pickles 9.0 1.7 80.8 2.82 4.‘3 10 93 18.6 0.25 0.4 0.00 0.04 ¢.000 0.0
miD soup 115.7 6.1 94.7 6.21 37.9| 63 83| 389.2 1.55 9.5 0.16 1.0 0.241 1.5
to1al 434.6| 113.8 - — | 8.7 2,190.1 — | 1087 - -0 - 5.6
boiled rice ’ 186.6 73.2 60.8 2.6 191.0] 10 31| 754.7 0.95 69.5 0.04 2.9 -0.052 3.8
' pork 49.6 28.2 43,1 3.41 96.2| 23 08| 651.4 .00 0.0 0.04 1.1 0.000 ! 0.0
= cabbage 30.2 1.8 94.0 | 25.42 45.8 | 70 64| 127.2 0.72 1.2 0.p0 0.0 0.000 0.0
?—' E salad 61.7 5.4 £9.6 4.21 26.9| 2818 180.4| 073 4.7 0.m 0.1 0.043 6.3
§ soup 1.1 3.0 97.1 2.39 7.2 73.85] 220.7 1.56 4.7 0.92 2.8( 0.219 0.7
total 429.2| 11Z2.6 - - | 367.1 ~ 1,833.7 - 80.2 - 6.9 - 4.8
boiled rice 186.6 73.Z| 60.8| 2.61| 191.0) 10.31) 754.7| 0.95| 69.5) .08 2.9 0.052 3.8
onien & ginger ] 5.8 0.4 az 8 2.97 1.2 62.25 24.9 5.55 2.2 2.65 1.1 0.000 0.1}
;igdplga?r:‘g;ucumbﬂ 19.% 3.1 #4.5 5.06 15.7 | 21.60 67.0 .00 0.0 0.41 1.3 0.028 m1
shrimp 13.0 4.4 66.0 | 18.85 82.9| 59.46| 261.6 L.6% 7.4 0.09 0.4 [ 0.000 0.0
.
‘é tofu 145.4 14.8 84,8 | 13.85| 206.0| 31.7G| 470.6 4.67 69.1 0.09 1.3 0.006 a1
i cabbage & carrot i 56.6 4.9 91.4 2.89 14.2] 16.15] 239.0 1.81 8.9 0.12 0.6 0.036 0.2
boiled fish paste 102.2 4.9 75.5| 10,81 53.0; 5486 317.8 1.13 5.5 0.03 0.2 0.351 1.7
ES misa soup 47.2 1.5 95.2 0.76 8.7 ‘13.12 150.9 .62 7.1 0.05 9.6 0.013 0.2
total 576.71 117.2 - — | 571.7 — [2.286.5 - 169.? - 8.4 - 6.1
tatal of a day 1,440.5| 343.6 - —i1,287.5 — 6.410.3 — | 359.6 - 31.3 - 16.5

3.3 bALybR—si-
ABRLACEERRODABEOE N M Ly b—rv— G v, SRS, LR, #
N ERBD, TREKE IR 1 AN 00m® AR B
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Table 8. Heavy Matal Loading in Toilet Roll
' upg/capita-day

cd 9.57
Pb 14.7
Ni 9.2
Cu 97 .6
Zn 352

ZDHB, rA Ly b= 3 151 AN 8 gBEAXFERT AL VbRATHNE, £8i01
HLAHZODD M by b= — e L ATEBAWERERLAY, lHOSAWKXLTHEHED
BETHBL. 708, ALy b=~k - TIRCAd 0.3 ng/g _—— L BOHOMNALN

4 SHORH
TABRECETNIERED > b THEKCLZ DI X » T8, BETHLSREBRIGE
TEEi8, FAE~HRAZEROLLONFHRIEENA TP, UhLAFEKAXEOGDI
BRCLAHEHBEC, KA, K, tBE2EBLTEHCBBELL IO LEDNBERTHR C&id
T, FAAEREREFNBLABAKIBOSIUREZNCESESR, 2oEdEBTOE
HEFSWRVLHOTAERNOFFRELBAR, $HOSEAOMRALI ST 24T H
Hb. cODHLELFEITORSBOMBAENERDLPSHIKT 52D, LRBEHDOESR
OBEE, MEHMOHLBOFEN L BT T EILEND D

S, TEBEMICHTIESEORE, TAFRLEMLAC Ll 2 LEMEHEEOREL
ZEGE, APERONECHBINES T E D) ~F -4 —KE-TRETITFETH D,

5. E&bH
EERAKMIKESINIAMBOESRBIRKOEDOUBOERL SRET IHRCER (EFHBEK
DF 5, 000EREY L, EBRAHHOTAERPOELBEEL, BEirdka, Fe-30,000 mg/
SS-kg, Zn 1,000 mg /5SS -kg, Mn 500 mg /S5 kg, Cu 200 mg/SS-kg, Pb 100 mg /5SS
kg, CrHXUNi 30 mg/SS kg, As 5 mg/S5-kg, Co 4mg/SS-kg, Cd 3mg/SS kg,
Thb. COERBIIAK, BFR, BB, &, 4, Q2 ETCHRT 25, UHTHHAR
DEGAK, BROLGHLIFEHE. BRIEACREHSET I SBEREBEOL VANAEL LS
FLBOABEBONEULEEZLYEL5TH L, TNREPOELRE LAFHEKLOOELER
EEENESBRNONBEEL D 5.,

DL CEERAEROEGBRIA[ICKTT SHEME, CNEREFTHR L3R

RS THLHBENRACS O TRERFREORITIBLETH S .
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4 5 A M P B & O RIEALAR AL i BRS04 12 KR S Lt % 7 AR IC AT
“ ERGREEIN, BESBAKTIEETAEZET L. R b HEicHEm, Biishrin, ch
SORBERBIEDBMICHAT AICRERBAL XURA, REOEEAEERET b
2, &b LHR—EHEBIE L THhoFigtrRp!)

(335 5 & UH BRI B O —Fn R 5
APRH A R

A Preliminary Cultivation of Corn and Wheat on Fields and

Lysimeters in the Institute

Toru KUBOI!' and Kunihiro FUIJII!

Abstract )

Experimental fields and lysimeters were newly constructed in our institute in
winter 1977 and spring 1978, respectively, Prior to the field experiments, corn and
wheat were planted preliminarily, The authors used four blocks of fields, in all 20
areas, and six lysimeters,

Growth of dent corn was better at the southern side than that in the northern
side of the fields, while the growth was poor at the south-east side in all the
lysimeters. Un-uniformity of the corn growth in the fields was likely to be caused by
a pan under surface soil. On the other hand, the un-uniformity in the lysimeters was
caused by the prevailing wind in summer, Growth of wheat was poor at the west side
of fields and lysimeters, due to wind in winter. The order of producibility and
uniformity of wheat growth among the fields were as follows; I}-2 field > I-1 and I-2
fields > [1-1 field, ) .

These results strongly suggest the necessity of the protection from the wind and
of the replicated treatments with small plots in a field experiment. :
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Fig. 1 Maps of experimental farms in the institute
In this paper, these fields are called as follows: I-B-1, 1-1 J B2, -2 IA-L, 1I-1;
1I-B-1, 11-2. The shaded portions are used in this experiment.
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2?7 TREGSIUZBOHNY

BESIUHFEROIREHFREZNENR], 20L5DTHL. MBIIHO LIRIER 0 — -4
OFE REEFs TR THH, BRE, TROHABFCHETEVES. LFERCETA
LeBRtRIERZCHTEMLIDERLTE L LDTHS. -

# 1 WidsHOMtE

Table i. Properties of experimental fields

Field 1 Field 1L
1 2 1 2

Parent Material Volcanic ash

Soil Series Light colored andosol
Natural Drainage Low ' High
Slope Plain Plain
) Down slope from N Down slope from E
to S before land to W before land
leveling leveling
% 2 fFHEER:ZOLE
Table 2. Soil types in the lysimeters
Lysimeter Soil Gathered from
No.
E-1 . . .
E-2 Sand Kinu river
G-1 Alluvial soil . .
G-2 (Arakida) Fujioka city, Gunma
2'5 Humic andosol Tsukuba town, Ibaraki

2.3 HISELELUEERE
218, HERCEDBBEY, BERSEL-TV2b00HENEERICT LD, BRLE

LT RO AEHG, HEIT- 2380 BRALA. BB ICEHD Py Ena VRET
BETECETCHRETLERAECL, 1 3B 0RETHLEELOND. BIFEI -1
BEAFBRELTEST, 21 -2REBLEETH 5.
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Table 3. Summary of fertilization and c'roppin‘gs in the fields and the lysimeters

Field

Fertilizers {Metric ton/ha)

Cro Duration . N
i Compound  Fused | Ground Dolomie Compogt™
Dent Comn }z;g-Aug. D.9* 1.2 1.2 0
E% Sorghum ngs.-Oct. 0 0 0.6 0
Wheat }g;g }ﬂi:' 0.28° 0.21 0.43 0
Wheat o gﬁ;h 0.3* 0.6 2.2 ¢
S Buck-Wheat }E;E-Sept. i} 4] G 4]
Wheat :g;g ?31:' 0 0 1.0 0
Wheat ig;g g‘;‘r‘i'l 0.83* 0.97 1.6 4.36
-2 Sunflower 1978 Jul.- 1.0%* 1.2 0.6 10
Sorghum -1979 Oct. 0 0 [ 2.24
E Dent Corn }3312-Aug. 0.947 1.25 1.25 0
3 G Sorghum ﬁ:’_o(ﬁ_ 0 0 0.63 0
"5% H  Wheat Iors Nov.: 0.31" 0.23 0.39 0
F  Poplar {g;g May- "6.05° 0 2.13 62.5 (kl}
©: 885+t 3-10-10

3. RERIZIBICH T A1~ B

31 Frvbha-— oS

RASIES ApSBARME T, B I~ 1kLvl - 2@ArYTaay (Frhta-v)
BRI L. £FRD I REFRELT - %, 8 AN —BAIR Lo FEN D ORETIRE
LIXBREFT .

311

HHE, RERE

4 xo—~5hza—» {dent corn, Zea mays L var. indentata Bailey ) % 3 ¥ #HOWTH
B, BEMBTRBE L (28%&/5a), BHEEFREMTScm, #HMBon &Lk £, BEEE
BLUTomEEDTHE. BRSAI12A, BEG6H3E, Mol26H278 (2@F& 1B , £HAA
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T, 09,12, 14, 15, 17, 00K EICDOT, FANREHET 1 ~URELNEL L TT 7.
%z@&ém2®ﬂﬁ$(LSxLSm)W@%@ﬁ@&%ﬂﬁﬁ%&btﬁﬁﬁﬁﬁmﬁi(i
BELOEERA) i tBofigER (WBHAX) Thd.

1-1 )
P32 - g 9 L13[17
5 22brn 2| 6 104 1018
5|3 7 B4 19
2
2% uls 1216 ZUV

z
1%5 A'Q 13%17 21

ZN -
b
Zm.

3 71 lSW
7

"

2 WHEEBCEES & CHERS (FVED L)
Tl st

Fig. 2 Setup of experimental blocks in corn cultivation
777 Site of growth measurement

312 # #

B 7TARABIEI -1, [ ~2iE8&bFHTem Th -4 88, 8 AOaICIIERELS 259 ~
260 cm &15 ot HFIEMMBEIINEEIC | — 1| T 1 &A% 537g , | —2T5h46g TH-
fo (#4) . BRFEOBRIRER G ZBETEMNLID - 2. FARAEHBLCOWT, £TOHEE
FHECRLEFHZL ENENFRE,  RECEDELBTEZRAD SN D - 1.

WCHHUEEORBRAMRALEB <. F4R34EE, NSEARELENERECECE LD

b DTHO, H, HoBAKThFRIAES L UBEILR—FIOTFEER L. TEMALTICR

FHER L. TARZALBAZ~3 800 THOBELFERIEIACET T 2 BEROELIIHA
DLOEDENZEEFTLTN S, M ESHFMHECSE CEILMEED Shic. KBRARCED
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Table 4. Distribution of corn growth within the experimental fields

Fl -2
— 1 1 5 9 13 17 1 2 9 13 17T 21
g g2 88 901 90 99 2 96 95
~—~ P2 [2 [6 (o [ib N8 jg e |6 10 s s fe2 |y
Ba 90 93l |89 98 9 £ g5
S k3 [3 {7 i1 15 o e 3 7 |11 5 e [e3 (@
= E : 97 99 @ 98 102 97 @100
E ]2 L 8 Jiz Jie Jeo " 8 2 e Jee 2
5‘* 106 108 107} 107 105 gh 100 100
W average average
99 94 98 96 98 97 102 100 93 65 98 : 9
S.D.; 7.64 S.D.; 4.61
~ [, 1L ed® e 9 uxf23 17 T 02’ 02 enlBan 7 121 uy
8. 240 w 2301 23U4] 230| 229 224 o'l 230] 2251 211 | 258] 208} 237
ez & |0 J1b [ % 2 ul6 10 ik 8 22 %
e | 249 25& 243] 2511 2501 249 jfoug 241 251 263 259 ] 271 245[ 8255
S . [23 44 7T Pt 5 ,he |8 3 11 15 |19 ,J23 B
By | 265 27é' 250} 267] 283} 2757270 278 255 268] - ] 273) 256]%72
2 |2k 8 iz 16 Je0 I TP i EC 25
%v 270 mgz% 237] 271 | 282 282 o | 22 o3 e o o2t 27
o average average
255 265 254 260 259 259 2 263 260 2856 249 270 256 26Q
5.D.; 20.6 5.D.; 19.9
21 1 5 g 13 17 1 5 9 13 17 21
® 5300 480 | 470 550] 460§ 460l 492 510 | 390 | 430] 510 | 460 [ 630] 488
~ 22 |2 6 |10 ik |8 % 2 6 e [ p§ ez %
B Lbsol 550 525] 5200 6107 420 [8513 500 ] 500 | 5601 520 | 580 5508535
g .3 13 T |11 ji5 f9 {¢ 3 7T 11 15 fg9 23 |¢
£ [L610]5504580} 580] 500 | 530 [¥558 600 | 520} su0| - |[550] 650¥572
m E’: 2 8 12 16 PO L 18 12 16 20 24
@~ | sup] 6501 700] 560] 521 | 5501 587 630 1 600 | 57C ] 550 | 600] 600f 592
= _ average average
553 558 569 553 523 490 537 560 503 525 527 5uU8 608 546
D.; 65.3 S.D.; 64.7

* and ¥*; significant at the 5 % and 1 % leyels, respectively
S.D.; standard deviaticn

2% 705 OBEXOAERSE, YFRBOLNEBME BB L LTRET S L, LNICEFR
BEYN, FLEMCETRFXMREEL TV (R4 -EH) . 3RBEXORBASHERLE
LOTHEVHLEOEES L WBRERLTVE. +ZTHEARAY, FHiModEz2813E, Al
FHAC S —TREEERCTHRF LA, B EEZDH 5T L BEHRINIFED)-

boeo v RIERBCA Sy L2 RE LR, BEEEHORESBEEER T v
75— AKDLFKLDEBTMNEL (LFLLTH - HUBRAEETOE L - L.
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2 ! FIELD 1-2

® 3 FyEoaloniBNEEgh (ULER)

Fig. 3 Distribution of corn height in the experimental fields at the harvesting

# 5 btoxzoalEFoRMAM, BALRME
Table 5. Analysis of variance of corn growth between east and west, and between
north and south in the field 1

Foatio
Field Plant Fr. Wt.
Height of Shoots
[-1
East-West 0.118 0.724
L2 0.387 1.426
I-1 *x %
North-South 40.161 12.710
I-2 3.477* 4.289*

E-W; F(5, 18; 0.05)=2.773
F(S, 18; 0.01)=4.248**

N-S ; F(3, 20; 0.05)=3.098"

F(3, 20; 0.01)=4.938**

3.7 INEFERE

AITEICBI S MASIFEN AL SE 6 A T T/IELREE L. RfED» SRIFMIEHIZE T — 1
BLUT-22HBNRCmMA, REREYE 2HEGHEH 4 MTHRET - 70, UHNERER
BRTRREREDLET - 1. '

321 K B

BEME  /NE (Triticum aestivam L. ) (BEH615) ZEIEMTT Ul & L. BEEI104/
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S5aTHb, BEENcm & L. RIESBRPTOBY TH2. BE, LABA (1—-1, 1—
2) , MA4E (I—1, 1—2) , @4, 28&1 Hwg L@, UL CIURER, 54466
Ara (I—-1, 1—-2)ymBa -1, 1—-2) .

—

ninloinicoin
| ONEEE
DDMEDE
FAEREEH

B 4 WEKEORE (M)
Fig. 4 Setup of experimental blocks in wheat cultivation

#x 6 A FEONERAERR
Table 6. Summary of wheat growth in the experimental fields
T

Plant Fr. Wt. (g} Number Er. Wt. (g)
Height of of of
}7 {cm) Shoots Ears Ears .
n 192 192 192 192
L1 Ave, 103.7 419.7 106.4 123.9
o . S.D. 6.30 109.4 24.7 28.2
Within CV(%) 6.1 26.1 23.2 22.8
the institute premises (1) n 192 192 192 192
L Ave. 101.6 370.5 105.3 114.5
S.D. 5.93 90.7 20,5 24.6
CV(25) 5.8 24.5 19,4 21.5
A 192 192 ‘182
11 Ave. 28.49 12.48 54.70
S.D. 4.05 2.76 8.80
Cv(z) | 143 22.1 16.1
Betsudanchi (ii)
n 191 191 191 191
2 Ave. 111.9 555.9 138.4 150.4
S.D. 3.27 87.45 20.41 31.94
CVi%3) AL 2.9 15.7 14.7 21.2

n, the number of samples; Ave, average _
S.D., standard deviation; CV, coefficient of variation

O NGHEE: AEFOHEIRRAL, FERAE LRI LHARETH -, BECEL BHAICIEE
NEEASFELE (E4) « $HHLLRIEBLELREMEZ Imdd, | RKE2mx 2mT2UXEIC
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HBRE 1 EOEEFERR
AW, T1- 1634 M, I1- 2438
photo 1. Growth of wheat
A field of the right hand is il-1, and another one at the left is 11-2

&7 NEETOSHE
Table 7. Analysis of difference of wheat growth between the four fields

Plant height Number of ears

]'l £ ey ¥ 1'] ** L4 LE]
2 g
3 . 12 - o < . 12 o o
s %
5"_ . e I1-1 . § ,7 11-1 o
. E

] . . e o2 [ﬁ.. o -2 J

=+ ; signtficant at the 19 level

BEL, ThENOKEC & R BREST - o KEN® 4 #4885 52 hehslon i
TTRBL, ChABENRE Ui, BAENREL, b HEFRaR, s L omEs L, o
iR & E B DMK OB EEE , % o FiE I EER R E & L

.22 # =B

SRBOAEAEEL, MERTE, B, BEE ST -2>1-121-251-1THY (R
6) 1— 2 @BOEEAIRGH I~ 1 REDZANELEL (BH1) . 20 TH 6 O
Mo 4 EBOEEROEENERBIICRE Lt (RT) . 2OE, MNEGETHR 4 MEAR &
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PLANT HEIGHT (cm)

FRESH WEICHT {g)
OF_SHOQTS

NUMBER OF EARS

FRESH WEIGHT (g)
OF EARS

= 8 NEDIGENEFT A
Table §. Distribution of wheat growth in the experimental fields
I-1 1-2
L ] 3 1T 2L T 5 9 13 1T |21
104 | 106] 107} 105] 104§ 1001 104 101 1031 103¢f 101{ 95{ 108 102
2 #|6 |10 |1k xs18 [2z |& 2 xxl6  [10xglk |18 22 |y
9 102]| 106[ 110| 108( 10248104 1061 162{ 109 105 102§ 109] £106
3 x#|7 411 [15 [i9 [e3 |2 3 |7 s s [ fe3 o
> | 99| 102| 106 10s| 100j%101 9B} 95| 1021 100{ 100] 111} %101
oy ,1 16 4420 |24 b b uf8 124416 (20 {24
110 111 109 107| 100] 106 g3] 9 98] 102] 98 98
average average
§ 104 147 107 106 100 104 10C 100 103 102 99 107 102
8.D.; 6.30 8.D.; 5.93
1 5 T 113 17 |21 1 5 g J13 17 #%2) #
4ip ) 4uh] 4BL) L76) 457) 3BU) 443 3303 382 373] 3474 298 4UL) 362
2 ¥N6 %410 |[1hxx[18 |22 | & 2 xx[6 [|10xxj1k 18 o2 {u
296 | 329] 469{ 508 493| 4o8f Fu17 458 | 336| U486 | 376 3461 557} ¥u33
3 ax|7 #f11 {15 19 12344 £ 3 7 112 [oeeio [23 |¥
25h | 325] 371] B34 347 3111 %340 23] 255| 356 3111 328} 5019346
4 8 #x|12%%{16 %[20 [2L Wex|8 [12xx)16 [20 ]2k
8 | 571] 601 512 43| 377} 475 2B6] 355§ 322 379 3481 357) 3W1
averas) averag
5o 417 481 A 2 b33 370 420 59 332 384 353L 330 hés 1
8.D.;109 8.D.; 90.7
1 ) 3 T 121 1 5 9 13 A7 %121 «
106 1 106] 113} 114| 118§ 104) 110 96| 109] 106| 96| 93| 120 103
2 ¥HG #]10 [1L %#18 |22 gj Z ##[ 6 |1C |18 1B [22x#| &
81 | 87] 113] 119] 116] 103 103 127] 98] 124} 108| o8] 148]F116
3 %%)8 #|11 #]15 119 23 %2 3 ®l7 J11 15 |19 |23x%#|Y
61 871 891 107 89| 85|% 8 91t 81§ 103 92 96] 133[° g9
I 8 #¥|12 #¥{16 #[20 [2L L suf 8 12 16 [|z0 [ei .
109 { 1431 148} 127] 115{ 102f 124 61 109)] 95) 1094 106] 108 102
average - average
95 106 116 116 110 99 106 100 98 108 101 g8 127 10
5.D.; 2L.7 . 8.D.; 20,5
T 5 9 ¥x¥[13 [1T |21 1 S 9 13 17 #]21
132 | 137 151 131§ 131] 11Ff 135 1091 1270 1201 106 99 129 111
2 #6 [10 [1h%#[18 [22 |e 2 %% 6 101k |18 22**%’0
g {1081 140] 136] 135| 122]d123 155] 110 146 | 117} 104 | 15718127
3 %#|7 |11 |15 |19 x| o3#x|2 3 7«-;111 15 419 #2[23 |2
88 |204] 106 120] 96! 96{E101 104) 871107} 95] os]aus®im
N 8 #x[12%x[{16 |20 12k A 127 k6 @0 [2b
20 |171] 160) 2134) 124] 1171 138 6511111 1021113] 1065 109 105
average average
112 130 139 130 121 113 124 131 104 114 103 97 131 110
5.D.; 28.2 5.D.; 2L.6

* ang #%; significant at the 5 % and 1 % levels, respectively

5.D.; standard

deviation
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FRESH WEIGHT (g) :
OF SHOOTS PLANT HEIGHT (cm)

NUMBEE QF EARS

% 8 (7%
Table 8. (Continued)
[1-1 [1-2
T 5 9 3 pr PL 1 5 9 J137 [17*¥[21
30,4 27.94 27.3 26.94 31.1] 29.1f 28.5 114] 1121 110 112§ 110f 119 117
& ¥%¥ha 0l 8 2 % 2 6 l1o ik {18 Tfo2 1 &
27.4] 23.4 26.9 29.9 27. o.z@?.u 114] 312] 113 112] 112] 124 ©113
3 (7 [1 5 [o *##p3 #|9 3 |7 J11#415 [19o [23 # ¢
26.4 26.9 27.4 25.4 34.9] 32.4%8.7 109) 111{ 110§ 114] 112] 134 117
x#8 [lz2 pé6 o *;Iz L & [z2 16 |=20 [2b
2U.0f 25. 25.5 29, 328.6 109] 110f 313} 108] 113] 113y 11y
erage average
27.0 25.5 26 7 27 8 31.5 31.4 28.4 112 111 112 111 112 113 112
: 5.0.; 4.05 5.D.; 3.27
T B g I3 T BLl 1 5 g J13 17 |21
15,1013, 3 14,30 1094 11 .80 11,3 12.7 531} sU4l 566) 5731 5731 4ga sS4
2 |6 ho hu h8 *p2 |& 261011;1822%
13.6{11.2 13.812.3 12.1 12.1j%2.3 590| 583 571| 546{ 551] 518 £560
3 7 pr hs po *p3 S 37 {11 15 #|1o%23 |2
12.6011.4 11.5/12.9 14.8 13.59%12.7 461] 5461 598| 620 654] 531 ¥568
L %8 2 6 c P4 i %% 8 1z |16 |20 =|2b
10.511¢.4 11.8 12,4 14,34 14.3] 12.2 475] 5681 534] 578] 635] 49§ 548
average average
13.0 11.5 12.8 11.9 13.0 12.7 12.5 4 514 560 567 %79 603 511 556
§.D.: 2.77 8.D.; 87.5
i 519 13 1T B 1775 #95 33 Jx7 J=21
8.9]53.4 57.1 50.9 54.6 54,8 55.9 140 1211 143| 134f 139] 141 138
2 6 %10 L4 h8 P2 |9 2 6 |10 |1b [18%#[22 | &
4.8/45.4 52.1f 57.9 56.4 55.953.7 128] 1394 141 1331 122 143f ®134
3 T B ps ke B3 B 3#£[7 [11 [15 #{19 |23 |¥&
54,6053.8 54.9] 55.6 60.0 57.5(%6.1 119] 142) 142 154] 148| 149 ®142
In 8 2 [l6 PO %Pk T E 12 |16 |26 |24
2.5]51.59 57.3 49.§ 61.4 53.4 54.2 120] 134] 2141) 247[ 151 149 140
averag average
251155115315815511514.7 127 134 1b2 T45 140 144 138
5.p.; 8.80 8.D.; 20.4
1 5.1¢ 13 17 [21%4
o~ 1441 1478 151] 163] 143 119 184
— ]2 6 10 114 [18 |22 e
£ 156| 155 156{ 150 150 133 #150
G o i3 T |11 (15 %[19#[23 |©
Qé 133]| 161] 162| 178] 179] 1405159
8 12 |16 [z20 2L
@% 129] 157] 153 168} 165 131 151
[i=}
B 1940 155 156 165 158 131 151
' S.D.; 31.9
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* 9 JEEHORAEM, BALRE
Table 9. Analysis of variance of corn growth between east and west, and between
north and south in the fields

F-ratio
Field Plant Fr. Wt Number  Fr. Wi
Height of Shoots  of Ears of Ears

I-1 4.377*" 2448 1.008 .
East-West 1-2 1.833 2.355 2.833* 1.721

11-1 5.248** 0.700 2.432

11-2 0.679 3.943** 2.482 5.532**

[-1 1.527 3.684% 7.1853** §.142°"
North-South [-2 3.576 2.292 1.473 2.969

[l-1 0.215 0.154 0.487

-2 1.084 0.250 0.653 0.981

E-W: F(5, 18; 0.05)=2.773*
F(5, 18; 0.01)=4.248**
N-5; F(3, 20; 0.05)=3.098"
F(3, 20; 0.01)=4.938**

SR TR AR ST LA MBI L DB ONt. (MBI — 151 — 2B TRATHY, | —

1L - 20MTRDTH oz FLEADSBL L EIRATSHY), ALMELELERT S

DEBbhi, —F, SRBACEY 4TI o2 2 EBFRBRCLDEETELE (XRE) 0T
NOEHELI-2<1-2<1—-1TH-rtz, 1 -1 CTROLEER, MHOLHI 13BN
TH-BELOTHIAZEIERTH -7,
RERHNOEBTAHERIT LA, RO 1 3B L 1 2B 2NERE o v 7T R
U, M5 BEXAMNETR L. [ — 2 3BARHNCEEECHL 7o 7 BRLDEC, 11
RESIhICD ., $AREEN, HMoEEEL FRECEIORNLECAS (HI), 435EE
HHERCEREZOHA2RFRASEA LY, ATt I - 103 EAE I -2 1 KHILA
BEMNHLC MMM L. AREBELAo 7o » 7 TEENE MM D (28, M5 -
1 TREMS, | -2 TREMCOEEDENS o » 7 BB L.

4 BERREH—HISHBRRE
fER (Lysimeter) REBMA~DKERSOBREL L UBRREBR~NLANTEBCLEETA
LFBCHKAZ2H BB THD, C CHBRHLAFERZD ¥ 7 ) - P HTERKAmx dmf
BH4B1L2mTH L.
H2DEBHIFOLBERTA L 6B ROMBAMSES A ~54 6 AT TIMHEFL, 25 ¢
SEna v ENRCOVTRROET IR EBEOETES B,
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FIELD 1-1

PLANT HEIGHT {CM)

FIELD I-2

»
PLANT HEIGHT {cM)

FIELD 11-1

PLANT HEIGHT {CM)

3
g
]
H

N

X 5 AEEIOEIFBNSA
Fig. 5 Distribution of plant height of wheat in each field
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Fig. 6 Harvesting unit of corn in a lysimeter
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Table 10. Summary of comn growth on lysimeters

The order of the sites corresponds with that in Fig. 6

plant height {(cm)
"

*; significant at the 1 2% level

soil block in each site Ave. S.D, Cy F t
} 78 77 74 70
E-1 69 83 81 be 8 76 7.6 9.9
sand 467 0.676
. 74 79 gl 83
E-2 68 7 e e 8 78 6.2 7.9
. o 117 118 108
alluvial Gl 109 103 109 89 8 18 9.0 8.4
501l | .548 0.422
§ 00 109 109 21
G2 102 109 104 98 8 107 7.3 6.8
Hel 79 85 86 83 5 2 45 54
volcanic 87 5 78 86
i .344 0.155
ash soil 53 o0 8 o8
H-2 31 a3 8 74 8 82 52 6.3
plant height (cm}
soil block in each site " Ave. SD. cv F ¢
X 154 173 175 165
E-l 152 186 184 170 8 170 12.5 7.4
sand 025 0,796
. W8 1% 181 188
E-2 140 154 166 174 8 165 12.6 7.7
. 250 262 268 241
alluvial Gl 243 252 247 214 8 246 143 6.1
soil 176 0.644
252 267 253 264
G2 9 959 83 22 8 250 16.1 6.5
; 242 237 249 237
volcanic T 243 237 227 951 8 240 12,1 5.0
" ash soil 158 0.788
H2 o 296 Zed 2T mT g 244 12.1 5.0
241 351 .z 227 . )
fresh weight (kg)/8 plants
soil block in each site n Ave. S.D. cy F t
} 1.8 2.1 2.6 1.7
E-l V7 23 3% oL B 2.0 0.37 186
sand 791 2.263*
. 18 1.7 20 1.9
E-2 1.1 1.4 1.8 1.9 8 1.7 0.30  18.0
Gl gg ‘é'é ;e 5 8 4.2 066 15.5
alluvial . . 4.5 3.4
soil 740 0.805
] 49 45 48 4.3
G2 e 3 3g  se 8 3.9 0.75  19.1
LR S S G | 4.6 0.48 9.8
volcanic ash 4. .8 4.7 5.3 - .00
ash soil 37 5 o 7 c 3 . .
H2 s 44 e85 a8 4.6 049 106
K7, 7; 0.025)=4.955  ¢14; 0.05)= 2.14
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Fig. 7 Distribution of plant height of corn in the lysimeter, E-2
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Fig. 8 Harvesting unit of wheat in a lysimeter
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Table 11. Distribution of wheat growth within the lysimeters
The order of the sites corresponds with that-in Fig. 8

PLANT HEIGHT (cM) FRJWT. (6) OF SHOOTS
. 75 683 6T 72 74T €8 185 79 70 130 147] 107
E-1 {75 77 70 64 71 6718 T1 125 182 108 39 121 77)%109
aver avergge
73 76 B 2 71T 97 164 Qi B 126 112 108
7179 77 67 715 &9 73 111 164 148 81 125 96[ 121
B2 [ 74 73 g 73 74 7 ® o7y 93 124 143 102 114 95 a112
AVErGE e [=]
73 76 76 70 7% 71 I3 102 144 346 92 120 96 116
98 91 91 95 9 %B; 9 - [3967 501 1533 U85 532 609[ ;192
6-1 296 96 5 g4 396 512 42 § 500 534|490
avyer o
93 95 95 86 95 96 9k 393 501 427 531 516 572 491
9L 108 99 99 98 97 o g9 473 500 sShe- o1 52¢ 5h1 553
G-2 Lack 102 Wofe 103 9 2101 628 696502 " 674 673 642]R636
99 103 99 101 101 96 100 551598 52l éusm 592 585
0 101 99 106 105 117 ;102 622 770 701 97k 1005 1207 880
H-1 | | 5105 0 843 699 1034 1043 1033%877
00 100 100 104 106 111 103 616 807 700 1004 1024 1120 878
'99 104 103 108 10L 103 104 793 952 898 918 829 873|.877
H-2 |201 105 108 107 101 107 %105 760 881 723 959 859 G69J% 959
avey, e average :
100 105 106 108 103 105 104 777 917 8I1 O30 B4 921 868

HEFELONE S, VThEMEHNOBOFRICAKSUFEELEL 3 ERATHD, tvToa i
CERBHETHEC L CENC S AAHORASICh cRBOHB LERONECE - Tl %

Boanr-tolHEEL:,

A4 ONE) CREMELETHNHLRNY, RBEMOERMNE - Tk, MEL L9 T
Do YREERE TRV KEROBEERZY S, G LALHOLAZERTROEENEH (HR
RDTHAH). BROEFETR 43S, TERTELCTHE TS, FLABARBTRAESICE
oL, B -1 RETHERLZHR -3 DR T2 56TH5. BHORMBERE
BTHLUEME LMV HRBTIRESINICCC, BEREOem KHHEOH 5HERT
BETEELEANLOTH LS.

REERENOMEIFEEOBEREL3INELTEY, RBEABOLERBECL I PO
SEEEARDILEHRTELZLOO, LR pH OBEDCATIR (1~ 1RE) EERNETZEHLT




# 11 (27E)
Fig. 11 {Continued)

NUMBER OF EARS FR.WT.(G) OF EARS
50 66 U 39 61 Sul. 52 30 6L 30 132 652 Sllg 43
E-1 5 8 6 2 hy  hgls 56 b4 B1- 4 13 29 3oF 36
ave average ;
58 74 54 36’3 H1 B4 37 61 3B 23 41 41 4o
57 72 63 kW2 55 51 o 27 53 69 57 L2 56 37 5 52
£2 | 45 _ 5859 61 48 50 45f" 51 9 48 60 54 ko 3ufs 7
aver [=] average
166 62 B5 53 18 sy 46 59 50 M8 53 36 50
115 137 127 134 139 156{:135 123 152 132 148 163 187]:151
G-1 |223 140 107 147 129 1368130 132168 109 174 152 172F 155
119 139 117 141 134 146 13 128 160 131 161 158 180 153
148 127 140 151 140 137];181 168 146 171 179 167 166]; 166
G2 l153 143 108 160 169 164[&150 192 202 152 203 209 187F 191
aver average
151 135 124 E%;55 151 14m 180 174 162 191 188 177 1
165 158 142 192 188 227|£179 180 218 215 302 283 332 255
H-1 L1z 169 111 199 185 200164 163 23% 200 330 311 301[8 257
. avera,
143 164 357 186 187 214 171 172 226 208 386 297 317 256
172 188 1p9 166 154 170{;170 238 289 261 291 266 HOé%Q
H-2 43 a9 168 18 7169 23 261 213 282 275 237f% 250
171 177 156 175 161 176 169) 236 275 236 287 271 254 260

bOLER L. AR - 18X - 2R3BRACEEB LI &E+hT (&F) GRS
DEHERTTHAL .
HFERCHECTHREEREREGRA—TH 2/, TENOATERFOEEETHEOUEAER
MUTEF 7 L R=pB LB NG LN - Bbh s, —BEBRF 7 RAKHECES, pHE
MEFTATLCE - TR DERCA S, PRADTEIENTHRKECEEEBEL, T2
DREBEANREALLEL, VO IROBEAIWNS VL THE, FLRA—TRMEETAL
AT OEES RS SN DR, BT 3N (E-1>E—-2) L& S} 5
BB A(GC-1<G-2) 0ATHEY, FEECUD - RMTHLERTRENOMFLEG)
TPRVBERCG-204FMOILCBOEMNKS YD, PIAETRELEL (ASOHOLT
DE - THAHAMNAGHE. FRREL, CCAShAREOETEZIRDOEE L& L1,
RERRCE VL THEROLEPHRSEHE, ML UBERRTERT L2 L35 5 BEB
HHOTHEH, HAZLEFMEZDOURNBZORREEEZIEL, TXA3ROOHAEE
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TALLHIIERERELRNTEALINRRETSEINLY . SEITPHABREER Lo 3EE
JUHERATRABCYOEANROEBEZY DT EBHLHTH H. TORDESEAR
AEEERTZRCREA » tORBSROEEIBRTINBEVLETH S TLAMAIRE
=1 BEU] ~ 2iICHMBOED 113 » RRKRCEBLFR 200, MEBRKEE & DRER
PP - THBEELEL(IBETRA R 20T "2 TH S,
CHOOAXZRTHITEEALI—1& 1 - 2R3 BcHhEn@b ohitnicy, MikiGEEk
B L RBOAETH S EBbN D, —F, JHMI - 2353 REENHEC, REBE
o DICREERRBRICELTED, 1 - 13BRELAEBERONVERTEGETHS S

'&éﬁﬁﬁﬁﬁmﬁﬁfb5&%ita

6. &
MARAABAERIZG2E (85a) , MHMEREE2E (§5a) SLUBAFERGHE
AREREOBNCERT 2 ohC—RERBREERE L, THEIWARER L RERF 2T
Hh, TEEBRCRER TE, hEIESIUNPRE ZRT 2R TAZINT S JBIEA
RIS 5 A o546 A2 THEL, COBBIICEER Y03y SHIBNESRIEL, 7/
L, B BREFOHELBTRE L.

byeo 3y OEFRABAIZBOIEMTARTS D, IHEHOHE O HMREBWED + 7
ToI vEFCEBLELOLEE L, —HEERTCRIEEMNOEF RS D, BORENED -
foo RAEQPEATFRABCAUCEE PSS HFNROEBEL LS5O LN Lic. F - dB4E
7., BRAS—ELOTL LT - 2 2 >ARA - 1 B8R - 2 25> 9Hn - 135
THotco CNODERL S, HBRELFEETAE, LR » +2EB LACEBLRET D -
Cﬁﬁ;d@¢2@%%m%b,EE&%%(?%C&m%EéEbnto

B A X ®

1) Figik o (1956) : festeE. p. 11, BEHFHS
2) BARFHEEEASE (1960) : KRAZE. p. 108-111, HAHE.
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Investigation on the Possibility of Sewage Sludge Treatment
by Earth Worms
— Mathematiccal Simulation of Population Dynamics of
Earth Worms and Prediction of Optimum Strategy
for Sludge Treatment —

Mitsumasa OKADA', Tadahiro MORI? and Ryuichi SUDO!

Abstract

A simulation model based on several basic experiments which is capable of
predicting population dynamics of earth worms fed by sewage sludge compost was
presented. Experimental results showed that hatchability of cocoons was 70% at
20°7, Average number of young worms hatched from one cocoon was three and its
arvival ratio was 95% during 60 days. Population density of worms in sewage sludge
compost was from 3,000 /m? to 20,000 /m? and its effect on cocoon production
rate was found to follow the Drosophila type equation.

Based on the prediction of the model proposed here, maximum harvest of
worms can be obtained by ways of maintenance where half of the adult worms are
harvested every 30 days or harvested when population density exceeds 15,000 /m?,

Whereas maximum rate of sludge treatment or excreta production can be obtained
when no worms are harvested,

EZ BT AKHSBREEER T 205  SOBULETIAED o B HRET B )1 165 2
Water and Soil Environment Division, The National Institute for Environmental Studies,
Yatabe-machi, Tsukuba, [baraki 305, Japan.

HATAGHSREARES T 335 SFRFREFTEHER
Research and Technology Development Division. Japan Sewage Works Agency,
Nishihara, Shimosasame, Toda-city, Saitama 335, Japan.
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23 KREE A . :
HEFEARODILHICE, BAEERCDcmXxBem® I TFI— Fa2HY, FodhotlHEF
R OEED cm A0 cmDESICh - THER L, BB LUCNBENEHEL. BE
MBI E LTRESHEENLE VR L oRE BEREATRE) SLU0REHATR (B
SlmxiBlmxS&0cm ORBOB/ICAWEA W emBEZWE) ZBAL,

1.4 BABCRETEEDR

2.2 M FACHIES00g (BE) HA -T2 ) vOFBP~KIKE 8, 16, 324 & Ueafik
A, CEEOTNEMETL, ToficEEs - PaEEHEL, PeLESEFIC5R 24
BREODRAERH Ui, TEDEREBOAS & ICHE LA EL, ARBERRO S
OERE (176 cm?) £ m?247: D CHMELTH L.

3 ERER

L1 AEE, SLHHE%B L UL -
#110C, 20CHEXTNTICH T 250, SRR IULEIYRERT. 10CELTUN
CREFHSMERINNEBETS - MNBCHELTCICIES LAEEBERD, 2028 1008 LY
NBITI =720

1 ool bl sk

Table . Number of young worms hatched from single cocoon

Temperature Periods Hatchability Range in number Average number
C Days % of young worms  of young worms
1¢ 21—68 70 1~5 3.3
20 21—68 : 70 1~6 2.7
25 24—35 100 ‘ Z2~7 3.5
30 10—19 90 1-~4 2.2

—DOBRR G S U HEREBEECEEL L ~TEETHD CPEHIEK , sl
WRESE VRS 1 ERY 22 DORENE O E O IEMICH -7z, SHLCHE LIRRIZ10CH
SUNCTHA~BETH -~ 1o, DCPBLUICTRECHD, #hEh2d~BHELTI0~19
HTH 7o RBUKBVLBEBOAGHANLROTLLT 2ORLBERBMIRATH B0 AR
BT CELULBERNBEELBEERETHE, 106 X050°CTHE0R, 25CTTI0A, 30TCTT
NEBELEL BN,
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AR CEERD B0, RRECETSHMEBERODADREOEEEERDF 2 ITRLT.
0CIcB T 2EBREI®BE5%, NCTIRBL5%, VCTRILIETH »7.

PlEOREM S, 0CHLUNCK BT 2HEETRLIENFRIEBE L UVI0FRETS -7 58
NCTIREBEN ote COLILY T I XOHREERIEHHTENC EMbD - Fe.

% 2 HhEosgs

Table 2. Survival ratio of young worms %
Temperature Survival Ratio*
T %
)
1G 86t
20 95+ 5
30 91+ 9

* On 60 days after hatching

13 £BRBEF
H&EERDD v ] ;z‘é.%tﬁﬁmﬁﬁ%%%ﬁ 3 (3 AEE) sLUX4L (8 HitRE

% 3 3HCBUIIHEREENS I AEBER

Table 3. Population density in manuve in March

Number of worms/kg (wet) Number of worms/m?
Adult Young total Adult - Youns total
worms worms
7.5 92.0 99.0 1,248 15,312 16,560
{ 8) { 92) (100)
15.6 37.6 53.2 2,416 5,840 8,256 .
{ 29) (7 {100) 3
101.8 8.2 110.0 9,120 736 9,856
{ 93) (7 (100}
) % >

#* 4 8 BlzBITAEEEREYHN: I XELEE

Table 4. Population density in manure in August

Number of warms/kg (wet) Number of worms/m?

16 2,560
56 7,200
gl 6,464




-KﬁTo3HK%§Lt3@ﬁf@EE%E(&%&%ﬁ@ﬁ)u&%0~ﬂﬁmﬁﬁhffﬁa
to&&&%%@%ﬁh&ﬁ@ﬁm§<m%?£qtoHﬁ,Zﬁmﬁatﬁﬁmﬂmiﬁﬁﬁm
6,000~ 18, 0008 /m! TEDIR LA L (T6~NH) REAETH -7 (RS5EH) .
PlEo#Ep SronBEhic s 24 BB 3,000 ~20,000 B/ m*ThH 5T EHHlEFE &n
FA

% 5 2RHEEBFAIFAIh: I XEBRER

X4 Table 5. Population density in compost in Feburuary

Number of worms/kg (wet) Number of worms/m?
. Young L - Young .
Adult WO toial Adult worms otal

G
49.5 0.5 50.0 9,964 101 10,065
{ 93)* (1) {100)
89.0 2.6 91.6 17,916 523 18,439
“( 97) { 3 (100)
30.1 9.7 39.8 6,059 1,953 5,012
{ 76) { 25) {100)
O )%

14 OLEEICRITIEEDE
REABEEERRK I CRT I S5K, SREEM AMMEER/M (RBEDI SEKREE) OESICE

Numper of cocoons, xl07%/led. /doy
w
T

Rate of cocoen production

o L L I
] 2000 4000

Population densily. Number of worms/m2

B 1 BRI Ridd Ak REEohy

Fig. | The effect of population density on the rate of cocoon production
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I >t T, PEERERICSL ZEEHRE£OHBO 52 T Drosophila B2 i
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4 BEEEOBBRIIMTEI Ialb-Lav
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CEaefiElLr (2858 .

Laying tocoon
Maturing
Death

Young ~—=————— Adull worms ——ﬁ
worms

50 days 1,000 days

[—Cocoans

60 days

—*—J— Holching

1120 doys
X 2 Eisenia foetida ©37 4 73 4{ 7L
Fig. 2 Life cycle of Eisenia foetida
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