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Growth and Element Contents of Rice Plant Cultivated on Paddy
Soil with Application of Sewage Sludge

JEARE « EH-EE

Mikiya HIROKI' and Kunihiro FUJII

Abstract

Effect of sludge application 1o paddy soil on the growth of rice plant was studied.

Limed domestic sewage sludge (2.5, 5, 10 and 20 t/ha) and chemical fertilizers were
applied to alluvial soil contained in five lysimeters. Sewage sludge and chemical fertilizers
were not applied to soil in one lysimeter used as a control. Sludge and fertilizers were
applied to soil two wecks before transplanting of rice plant, which was grown under paddy
field conditions. Growth, yield and element concentration of rice plant in each lysimeter
were determined and the following results were obtained. ‘

I, Initial growth of rice was slower in the lysimeters to which sewage sludge had been
applied than in that which received chemical fertilizers and in the control. In latter period,
however, growth was more satisfactory in the lysimeters to which sewage sludge had been
applied than in the control.

2. Sludge application increased the number of panicles in one plant, and glumous
flowers in a panicle. Thus the ratio of panicle weight to straw weight (P/S ratio) in
lysimeters to which sewage sludge had been applied was larger than that in the lysimeter
where chemical fertilizers had been applied and in the control.

3. Sludge application at the rate of 10 and 20 1ons/ha resulted in lodging of rice ptant
due to the excess of nitrogen,

4. Sludge application decreased P and Mn concentrations in rice plant. Plant uptake
of Mn also decreased with sludge application.

5. Copper and Cd concentrations in rice plant were lower in the lysimeters to which
sewage sludge had been applied than in those without application of sludge.

I BEasmsesr KEIEREN T305 FREREESHLE/EFN 1652
Water and Soil Environment Division, the National Institete for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan. :
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Fig. 1 Experimental apparatus (cm)

S; soil, Q; quartz sand, FW; flooded water, MT : mariotte tank
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# 1 HRABRORSHERK

Table | Properties and chemical composition of sludge used in the experiment

pH T-C T-N T-P T-K T-Mg T-Ca T-Mn T-Fe T-Cu T-Zn
(H0) (KCl) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%}
11.9 11.8 28.6 3.60 0.083  0.066 1.33 1040  0.08 5.0 0.015 0053
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EEt (Jarrel-Ash Atomcomp, Model 975) 12k > TER L, A8, 75 L7 HE
W& BHIEY, SRR AT E I RE L 7,

3 B R

31 4£EF88

311 FERDHER

BHBRE BT 2EHLOEREE 2 TRLI,
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Table 2 Plant height of rice cultivated in soil with application of sewage sludge

{cm)
weeks afier transplanting {date)
treatment
2(7/1) 4(7/15)  6(7/30y  B(8/12) 10(8/26) 21(11/11)
Control* 46.1 38.6 78.5 96.9 102.8 104.6
(LO0)*" (1.00) (1.00) {1.00) (L.0O) (L.00)
Chemical fertilizers 48.2 75.4 100.6 116.5 121.5 130.3
(1.04) (1.29} (1.28) (1.20) (1.13) (1.25)
Sludge 2.5t/ha 435 65.6 84.0 101.2 109.5 114.7
(0.94) (1.12) (L.07) (1.04) (1.06) (1.10)
Sludge 5.0t/ha 36.6 56.6 84.2 104.7 108.5 1180
(0.79) (0.97) (1.07) (1.08) (1.05) (1.13)
Sludge 10.0t/ha 32.6 55.3 78.7 102.1 108.2 126.4
(0.71) (0.94) (1.00) (1.05) (1.05) {1.21)
Sludge 20.0t/ha 30.2 55.1 75.9 98.9 104.9 128.0

{0.65) 0.94) (0.97) (1.09) (1.02) (£.22)

*; without any fertilizer and sludge
*+ . growth index based on the growth of the control
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Table 3 Tillering of rice plant cultivated in soil with application of sewage sludge

weeks after transplanting (date)
treatment

2(1/1) 4(7/15) 6 (7/30) 3(8/12) 10 (8,/26)

Control* 3.7 11.7 149 15.1 14.7
(1.00)*+ (1.00) (1.00) {1.00) (1.00)

Chemical fertilizer 4.6 17.6 235 23.3 22.7
(1.23) (1.50) {1.58) (1.58) {1.55)

Sludge 2.5t/ha 2.3 13.0 179 17.4 16.9
{0.61) (i (1.21) {1.1%) {1.15)

Sludge 50t/ha 2.2 10.5 17.3 18.3 17.4
(0.59) {0.89) (1.17) (1.21) (1.19)

Sludge 10.0t/ha 2.1 8.7 16.8 189 19.6
{0.55) 0.74) (1.13) {1.32) {1.34)

Sludge 20.0t/ha 20 6.9 14.1 23.0 236
(0-54) (0.59) (0.95) (1.52) (1.61})

*; without any fertilizer and sludge
#+ ., growth index based on the growth of the control



A - EE

5t X CIHTHE 2 Bed o 4 BHOMTH Y, B 10t KIIHME 4:8%s 5 6 HEROM, HE20t
RTi 6855 S WO Th ok, Thbb, AT OBRLERCTOLAZERE, BEH
K, t¥EHERCERLPER TR, BREFEOBEMIIH-> TR £ 5EA8E 6T,

313 EEoHR

BHHE 503 RO HER (k) OBBER4TRUL,

BEIBRBE A ) CBREFBEROERZOTROIBHRE L bk oizdl, HRLStR
VSt RTiE, B2 8%, WtE T 4 A%, 20t KTk 62 Ak, FhxnEREE LD S
{pai,

ILF IR & BRE % b2 b, B 29 Bk 3 i, B REIEEBEE L D Db o7z,
62 GHRICIHIBIES t KAMEFEBRE L DV H L 2272,

FREAROSD - R EHET 5 &, 18 BRICIE 25t KR LESHH {, MAROEINC
Pl TEEIE O o, LirL, 25t KTH, MBEOESOMIRMEKIE<TAES <, B
W44 9BICEStRED, BE2 AR 0t EUF0tKL D bERII L BT,

*® 4 TAFERERALSBTEROMM

Table 4 Leaf development of rice in cultivated soil with sewage sludge application

days after transplanting (date)

treatment
18 (/%) 29 (7/16) 44 (7/31) 62 (3/18)
Control* 7.05 3.87 10.76 12.30
(1L.OD)*+ (1.0Y (1.00) (1.00)
Chemical fertilizer 7.34 9.37 11.26 12.90
(1.04) (1.06) (1.05) (1.05)
Sludge 2.5t/ha 7.02 9.08 10.99 12.57
{1.00) (1.02) (1.02) (1.02)
Sludge 5.0t/ha 6.95 9.10 11.27 13.15
{0.99) {1.03) {1.05) (1.07)
Sludge 10.0t/ha 6.54 8.63 10.96 12.90
(0.93) (0.97) (1.02) (1.05)
Studge 20.0t/ha 6.47 8.35 10.61 12.81
(0.92) (0.94) (0.99) {1.04)

* . without any fertilizer and sludge
** . growth index based on the growth of the control
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Table 5 Yield of rice cultivated in soil with sewage sludge application

Sludge (t/ha)

Chemical
Control® fertilizers
25 5.0 10.0 200
plant height (cm) 104.6 130.3 114.7 118.0 126.4 128.0
(1.00)** (1.25) (1.10) (113 (1.21) (1.22)
dry weight of straws 330 60.0 385 41.7 43.2 44.8
(g/plam) (1.00) (1.84) (1.27) {1.43) (1.48) (1.53)
number of panicles per plant 11.7 19.5 14.1 14.9 17.4 21.5
(1.00) (1.67) (L.21) (127 (1.49) (1.85)
dry weight of panicles 235 48.4 29.7 36.9 470 58.8
(g/plant) (1.00) (2.06) {1.26) (1.57) {2.00) (2.50)
dry weight of straws and panicles 56.5 108.4 68.2 78.7 %02 1036 .
(g/plant) (1.00) (1.92) (1.21) (1.39} (1.60) (1.84)
dry weight of panicles/ 0.71 0.81 077 0.89 1.0% 1.31
dry weight of straws (1.00) {1.13) (1.08) (1.24) (1.53) (1.84)
percentage of bearing 771 83.0 78.5 814 87.3 91.2
tillers (1.00) (1.08) (1.02) (1.06) {1.13) (1.18)
dry weight of one panicle 207 2.56 215 257 2.79 3.06
(8) (1.00) (1.24) (1.04) (1.24) (1.35) (1.48)
number of glumous 764 106.7 81.0 96.6 118.2 121.3
flowers per panicle (1.00) (1.40) (1.06) (1.26) (1.55) (1.59)
Percentage of ripened 93.3 90.5 952 939 90.6 85.2
grains {1.000 097y {(1.02) (1.01) 097 {0.91)
weight of thousand 25.6 24.1 254 25.5 25.3 24.6
grains (g) (L.OD) (0.94) (0.99) (1.00) (0.99} (0.96)

* . without any fertilizer and sludge
** . index value based on the control
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Table 6 -Element contents of rice grown in soil with sewage sludge application

treatment C*  N* P K* Mg* Ca® Mn** Fe** Al** Cu** B** (Cd**
Control*** 287 026 0074 269 0.19 0349 2800 243 605 105 52 (.48
Chemical fertilizer 293 092 0045 316 022 0382 3040 198 s586 83 41 (.48

Straw Sludge 25t/ha 286 029 0.065 243 021 0308 2940 (182 476 65 44 049
Sludge 50t/ha 300 049 0082 237 020 0322 1980 178 420 59 40 036

Studge 100¢/ha 283 048 0.042 289 020 0344 1790 183 336 59 35 038

Sludge 200t/ha 302 080 0.047 351 025 0439 1310 244 448 67 38 043
Control*** 361 084 0304 0.63 0.2 0026 239 260 785 76 15 0.37
Chemical fertilizer 356 1.02 0304 060 0.12 0025 225 193 706 70 17 038

panicle Sludge 25t/ha 349 086 0300 069 011 0025 261 168 681 66 17 034
Sludge 50t/ha 355 099 0287 064 041 0022 206 170 59 56 16 029

Sludge 100t/ha 357 1.03 0300 067 0.12 0026 190 164 667 59 17 028

Sludge 200t/ha 360 126 0267 0.66 012 0027 156 155 674 61 17 032
Control*** 4.7 125 0361 037 013 0017 66 3] 0 15 0 026
Chemical fertilizer 424 158 0.349 035 0.3 0.018 73 21 0 9 0 019

Brown  Sludge 251/ha 408 119 0372 037 014 0018 74 17 0 0 013
Rice Sludge 50 t/ha 425 152 0.343 036 013 0017 57 20 0 11 0 Q19
Sludge 100¢/ha 422 167 0328 036 012 0021 61 pal 0 8 0 016

Sludge 200t/ha 42,1 168 0.314 031 0.3 0.020 53 22 0 & 0 010

" % dry matter
** . ug/g dry matter
*** . without any fertilizer and sludge

® FRBHEOBMCE, FESELT5THE P (IK), Mn (EHED, )

FRMADOTERE, SECOERMENRED SR DD, —EOHEIIRD Shd o7,

Kz, BEMOTHREE (R6) tHEWAEER (RO »6, KB I AETHRORY DRI
BERD, RTETRLE,

IHHDITHEO I B, Mnid, HREERZVLIFAHEREER L hRINENDA <, BEBRELt
PEBARKE TRy, EEMAR LD b RINEN Lo/, £/, HFREMEZLE T3, M
HE OB LT RINE S L,

Fe RU Culd, FREOEBINEZ R b R & 0 {ECS, BIENE L HET 2 2,
St LATHRAKEEEX L 04, 0t MEHAREEERE L DS o7, £, HREM
BT 5 L, BRHEOWEINCHE S CRINE b IIL 2,

IS ITCRUNOTHER, IR ERBARICFIERE L 02 L, BFR20t K
TN, PREESELABEORNETH-72), EREE LY H o7, HREME LET
% E, HERROMInCH-> TRIE b REmL 72,



R « B3

# T FRGRBEBLESI S AL 2TERINE

Table 7 Absorption of elemenis by rice from soil with sewage sludge

application
{mg/plant)
treatment N P K Mg €Ca - Mn Fe Al Cu B Ccd

Contral” 86 25 886 62 115 91 80 200 345 171 0DI6
Chemical fertilizer 550 27 1900 132 229 183 119 352 498 248 0.029

Straw Sludge 2.51/ha 113 25 935 &1 119 113 70 184 250 169 019
Sludge 30t/ha 203 34 1150 83 135 83 74 175 244 166 0015

Sludge 10.0t/ha 208 18 1250 86 148 77 79 145 :56 L5212 0016

Sludge 200t/ha 360 21 1570 110 197 5% 109 201 300 L7 009
Coatrol* 198 72 149 28 6 6 6.1 184 179 035 0009
Chemical fertilizer 493 147 251 55 12 11 93 342 338 082 0018

Panicle Sludge 2.5t/ha 255 89 204 33 7 8 50 202 1% 049 0010
Sludge 50t/ha 364 106 236 4] § 5 63 21.8 205 G457 001t

Studge 10.0t/ha 485 141 ile 55 12 9 7.7 34 277 079 0013

Sludge 20.0t/ha 741 157 386 0 16 9 9.1 396 359 098 0.019
Control* 284 96 1030 90 121 98 141 384 524 265 0.025
Chemical fertilizer 1043 174 2190 188 241 193 21.2 693 B.36 330 0047

Whole Shudge 2.5t/ha 368 114 1140 114 126 121 120 386 446 218 0029
Sludge 50T/ha 567 140 1390 125 143 % 137 393 449 223 0026

Sludge 10.0t/ha 693 159 1560 142 161 86 156 459 533 231 (030

Sludge 20.0t/ha 1100 178 1960 180 213 68 200 597 659 268 0038

; without any fertilizer and sludge
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Decomposition of Sewage Sludge in Soils
——Effect of Repeated Applications of Sewage Sludge——
TR - BRI
Hiroyuki HATTORI! and Kunihiro FUJII!
Abstract

To evaluate the effect of repeated applications of sewage sludge on the decomposition
of freshly applied sludge, laboratory incubation experiments were conducted. Twelve kinds
of soils were used in the experiments, i. . sandy soils, light colored Andosols, Alluvial soils
and humic Andosols which had received sludge in the past at the rate of 0, 15 dry metric ton/
ha for one year and 30 dry metric ton/ha for two years respectively. Sludge was mixed with
each soil at the rate of 2 % on a dry weight basis. The mixtures were incubated for 4 weeks
at 28°C, and the amounts of CO, evolved from soils, ammonia nitrogen volatilized and
inorganic nitrogen in the soils were periodically determined.

The results were as follows.

1) The mineralization rates of organic carbon and nitrogen of freshly applied were not
appreciably affected by the rate or frequency of studge in the past.

2) The decomposition rate of organic carbon of sludge was about twice as high as the
mineralization rate of organic nitrogen of sludge.

3} The nitrification rates tended to be higher in soils with frequent and repeated
applications of sludge. However in the sandy soil subjected to repeated applidations of
sludge the nitrification rate was lower than in the sandy soil to which sludge had not been
applied previously.

4} The rate of ammenia nitrogen volatilization from the sandy soils was high unlike in
the other soils.
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Table 1 Properties of soils and sludge used in the experiment

Rates and" fre- .
NH-N  NOyN

quency of applica- pH T-C Organic-C T-N
tion of sludge in  (H,0) (%) (%) (%) (ng/8)  (ug/8)
the past )
0 7.7 0.25 0.25 0.016 4.3 1.8
Sandy Soil 7.5t/hax2 8.2 0.28 0.28 0.021 2.1 1.1
T.5t/hax4 8.7 Q.41 0.41 0.033 2.3 3.5
. 0 6.3 1.68 1.68 0.15 40.1 7.8
Light Colored
7.5t/hax2 6.9 1.88 1.88 0.18 9.4 11.6
Andosol
T.5t/hax4 7.1 189 1.89 0.18 69 160
0 6.9 0.60 0.60 0.059 3.0 09
Alluvial Soil 7.5t/hax? 8.0 0.92 0.92 0.093 3s 79
75t/hax4 8.1 0.82 0.82 0.08% 338 21.5
0 6.6 5.45 5.45 0.37 13.3 11.1
Humic Andosol 7.5t/hax? 7.0 5.47 5.47 0.39 1.1 11.8
15t/hax4 1.3 5.64 5.64 (.41 9.0 17.8
Sludge 10.1 289 264 3.58 1250 324
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B 05 g (Y % 300mIFRFo—LBUALHED, BEH, KERREKED 60%ick5
L HCERnL, 28°C, BT T4 MMEEL 2, 2O, FET 5 REY A % 0.5 FEkELF b
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Fig. 1 Cumulative plot of CO, evolution from soils incubated at
28°C as affected by repeated applications of sludge in the
past )
(x), {O) and (@) rates and frequency of sludge application in the
past are 0, 7.5 dry metric (/haxX2and 7.5 dry metric t/hax4,
respectively.
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Fig. 2 Effect of the repeated times of sludge application in the past
on the decomposition of freshly added sludge
For legend, see Fig. 1.
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Fig. 3  Effect of the repeated times of sludge application in the past
on the quantities of inorganic nitrogen in soils with fresh
application of sludge
For legend, see Fig. 1.
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# 2 BLIBEHLOERT 7R EEREN 4 B3RO LE pH
Table 2 The quantities of ammonia nitrogen volatilized from soils
applied with sludge and the pH values of soils after 4 weeks

incubation
Rates and fre- | -
quency of applica- v?\ﬁ}ﬂ_ﬁed pH
tion of sludge in ( 3/ ) (H,0)
the past HE/B
1] 10.2 84
Sandy Soil 7.5t/hax2 53 8.3
7.5t/hax4 17.5 8.6
_ 0 0.2 6.9
Light Colored
Andosol 7.5t/hax? 0.3 7.2
050
8 7.5t/hax4 0.5 7.4
g 1.4 82
Alluvial Soil 7.5t/hax2 0.9 8.3
7.5t/hax4 1.0 8.3
0 0.5 6.8
Humic Andosol 7.5t/hax2 0.3 7.2
7.5t/hax4 0.3 7.4

MREAE R B L R O - Tt NH,-N — NO,-N — NO,-N OJEZ s & S h, ks
HEy L RUEAE S LT NH,-N - NO.-N ol #inssashiz, NH-N ik, gr A S0+t
Be2EECROEL 2 TEILTwE Y, BERS7 LOBRMARO LB TR 488 T
LEWERHERL T, Jhid, ZoXBORENTFVLHEELSNRDEY, LL, HRED
HESERLESE, hotB-RB 2B CEHEL L, S5 NO-N § B EHeEmL T,
EROBEIZ L > THEENE L I L 2T LTS,

NO,-N i, BWE LR MR E TS BITERL 7248, BEER 2 LR UER s £ TORRER
Dotz hid, BWELRUWHLIO pH 238 LEOEVEKZ > T b (R2) 2 LRE
BhHtEELOND, 0L RTAHYHLETIH, NH,-N 5317 L -84, BB ERT
ZZEHSEISNT LAY, 272, WEEUAOLE TR, HEDEZE NO,-N OSHEHFE DK
IO ERENY R RAERICH o, L L, WHELO 2 ERERAIE TR, BICERR
HptEh, Lird EBICHEBLL, COERELT, CO+HEOpHBE6 LBLE (X2, »
DONH,-NO&BEBLEh o722 b LiFoh 3,

NO;-N i, B4 r b 1 S 2 AR E TR L, BREREO S 2 LB UM
BESICEI ERCH T, L L, WELEOBSE, | EMERLSETRRERED 2w AR
b RSN 203, 2 EREA LB LB, NO,-N OERMIENLO LHIEL T
Wwa, £, BWEALTR, B2WWRLEE I, 8 NH,-N 245, NH-NOo—#K, KX
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BB D ERRLT WA, AR, BESENESIErS < 2->Tw 5, BRI
DT, HEEINH,-N &3 74 bfﬁ”@%—:}?‘:c W4 TIES NH,-N #0385 0w i, 38
pH #4151 2 & B U NH-N 2B T & 2¥b a0z w2 LA E2 S h 3,

DLEDERy: S, WELO LI CBEROBHC L > T pH BER B R oBe2HRWT, %
OO LB TRERERREO S 5 LHIZ P RMBILRER SRR S 2 EsT ok, TR
i3, BOERS L EHTRENE T TR 54 v A~y —EBROSE L —HL T3, S
DRERIZ, b EWEEDBELBRAER 7 BT, FOMoLBTHHEROERIC LT
WLENFEEL 2R/ L TS

33 BRBRFROSBELEFRORRBLE
INETOEE»S, $BETOBRTOERERROHRELUEREEROERLEE,
KAz k> THHL, RILKE LD,

BRIRF D S |
_ (SRS b3 LT CO,-C B) — (NHLLMN L7 CO,CH) |, 0
TS e O B G S
RIS 0 S
SR o) (HELENO) (NSRS
(fﬁﬁ%g%g)”ﬁﬁNHfNﬂ*{%&%gﬁﬁ}fﬂ%asﬁﬁ)Xwo
- BTG RAOARE AR

& 3 FRENBEROFBREPRRD MRS L @ROERILE
Table 3 Percentages of carbon decomposed and nitrogen mineralized
in sludge during 4 weeks incubation period

Rates and fre- C N
ggin?foglﬁﬁggcﬁ; decomposed mineralized
the past (%) &
0 219 12.0
Sandy Soil 7.5t/hax? 29.6 11.6
7.5t/hax4 294 1.8
. 0 314 15.8
Light Colored
7.5t/hax? 325 18.5
Andosol
7.5t/hax4 338 211
0 34 8.5
Alluvial Soil 7.5t/hax2 29.8 15.5
7.5t/hax4 30.1 129
0 350 16.2
Humic Andosol 7.51/hax2 36.6 12.8
7.51/hax4 375 15.2

— 40 — ,
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Changes in Inorganic Nitrogen Contents in Light Colored
Andosol with Repeated Applications of Sewage Sludge

—Field Experiment—

HeEfigz! « e

Hiroyuki HATTORI' and Kunihiro FUJI!

Abstract

Sewage sludge was applied repeatedly to light colored Andosol in an experimental
field for 4 years, and changes in inorganic nitrogen contents after the third and fourth year
of application were investigated. Sludge application rates were 0, 3.75, 7.5 and 15.0 dry
metric t/ha.

The results were as follows.

1) The nitrification rates were accelerated by repeated applications of sludge.

2) The amount of nitrate nitrogen mineralized from sludge was correlated with the
application rate of the sludge in the year when the investigation was performed irrespective
of the frequency and rates of sludge application in the past.

3) Changes in the amount of nitrate nitrogen in soil varied with the year and depended
on the amount of precipitation in that year.

4} The pH values of soils with sludge application increased with the decrease of the
nitrate nitrogen content.
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Water and Soi! Environment Division, the National Institute for Environmental Studies, Yatabe-machi,
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Table 1 Composition of treatments applied in the experiment®

Application
Name of . -
Treatment Planting Fertilizer* Sludge=* Surnmer Autumn Spring Autumn
(1979) {1980-1982)
c + - ~ - - - -
FC + + - + + + +
S + - small + + + +
Mi + - middle + - +
M2 + - middle + + + +
L + - large + + -
s + — smali — — + +
M’ + - middle — - + +
L’ + - large - - + -
Cb - — - - - - -
Fb - + - - - + +
Lb — — large - - + -
* Compound fertilizer (8-8-5) ; It/ha **Amount of application
Ground dolomitic lime stone ; 1t/ha small 3.75t/ha
Fused phosphate ; 0.6t/ha middle 7.5 t/ha  as dry matter
large 150 t/ha
23 #EER

Gk, WMPHACHESEAOEALES ERFRAR) L0853 kb0 THD K
E%ORBLOEAYr —*+ThH 5, RAKBEICEEGKLECE_SBEREATED, bb
WLAKBRETHD, IWEBRELLEREOZEHAL .,

1981 4E GHFBMGHE 358 il LB, FiE 10 AcRBELLHOTHD, 1982 &£ (E
A48 WAL -EREEE4IBCRE LD TH- T,

H#EERO pH (H,O) EEESSRERE, 2wl

# 2 BEBEROMH
Table 2 Properties of sludges used
in the experiment

Sludge* Sludge**
pH (H,0) 10.1 8.7
T-C (%) 21.2 24.5
T-N (%} 2.7 27
C/N 79 9.1
T-P (%) (.46 0.66

values based on dry weight
*used in 1981, **usedin 1982, T-1otal
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F 3 WHEHERED TSR £ EpH (1981 £ EERG)
Table 3 Inorganic nitrogen contents and pH values in surface soil after
sludge application in June, 1981

Date
Treatment 5727 6/18 6/25 772 7/9 7/23 8/20 10/13
(1 (2)* 3" (4)* (6)* (10) * (18)*
C 262 .06 1.06 0.92 0.44 0.50 2.5 0.86
FC 2.06 0.63 0.88 0.52 0.27 0.00 1.42 0.77
S 2.40 5.50 0.85 0.71 0.70 110 3.04 0.64
Ml 2.31 16.70 2.70 0.74 0.63 2.06 3.04 0.74
M2 2.30 5.30 0.65 0.7 0.46 3.06 4.33 0.65
NH,-N L 2.10 6.90 0.57 0.67 0.65 420 2.42 0.66
(eg/R)** S 2.90 10.30 4.00 2.00 0.60 4.50 361 0.73
M 3.10 23.70 2.10 1.73 1.42 6.60 3.27 081
L 2.50 34.00 9.10 3.00 0.98 6.20 10.70 0.87
Cb 5.10 1.40 0.97 133 119 2.30 1.55 1.01
Fb 3.80 28.80 3.70 0.87 0.81 1.22 1.48 083
Lb 3.20 5690 2260 2.30 125 5.90 1.21 0.75
C 0.04 0.01 001 0.10 0.01 0.03 0.16 0.15
FC 0.06 0.04 0.06 0.14 0.03 0.06 0.33 0.12
$ 0.03 0.08 0.05 0.1t 0.02 0.06 0.64 0.13
M1 0.03 0.14 0.07 0.13 0.02 0.06 0.38 0.15
M2 0.07 0.13 0.05 0.15 0.03 0.12 0.98 0.12
NO,N L 0.09 018 005 0.14 0.03 0.15 0.43 0.91
{ng/E)*" s 0.10 0.07 0.06 0.14 0.01 0.06 0.40 0.08
M 0.12 0.23 0.04 0.18 0.02 0.09 0.22 0.10
L 0.12 1.35 0.17 0.29 0.05 0.10 0.88 0.77
Cb 0.12 0.22 0.03 0.13 0.01 0.03 0.15 0.06
Fb 0.14 0.55 0.12 0.17 0.03 0.06 0.38 0.04
Lb 0.13 131 1.06 0.18 0.05 0.14 0.25 0.08
C 05 31 50 60 90 136 49 08
FC 0.5 833 106.1 81.1 904 1573 459 10
s 0.5 14.1 30.6 29.7 413 477 34.3 1.4
M1 0.6 18.7 36.6 518 54.1 74.2 60.4 1.8
M2 0.5 311 475 53.1 56.9 106.6 84.4 2.7
NO,-N L 0.3 402 9.0 81.8 88.2 152.0 137.5 3.5
(ug/e)™* 8 L4 10.8 323 423 314 67.4 286 1.7
M 30 311 49.0 62.2 76.3 7.7 69.1 2.6
L 0.9 30.8 7.5 17.5 110.2 136.4 142.7 27
Chb 3.1 2.9 4.3 48 54 14.1 116 1.0
Fb 25 59.3 102.2 80.3 98.2 152.4 147.4 0.8
Lb 6.0 32.1 110.1 138.4 96.7 181.5 134.8 25
C 664 649 ] .10 690 6.59 586 706
FC 7.19 6.84 6.75 6.88 7.04 6.79 6.87 6.87
$ 721 7.00 6.95 6.89 7.13 7.01 7.00 7.47
M1 7.27 7.08 7.09 6.99 7.07 6.93 6.92 7.52
M2 7.46 7.24 7.15 7.8 7.6 7.16 7.09 7.73
pH L 7.58 7.48 7.30 7.26 7.20 7.15 7.1 7.84
3 7.13 7.03 7.04 7.00 6.97 6.87 6.79 7.48
M 7.21 7.29 6.96 6.99 7.03 7.05 6.79 7.23
L 7.8 7.17 6.90 6.96 6.92 6.89 6.70 725
Cb 7.00 6.53 6.87 6.76 6.88 6.79 6.62 6.84
Fb 7.12 6.94 6.75 6.90 6.88 6.83 6.71 631
Lb 7.15 7.12 701 6.98 6.91 6.81 6.90 6.97

*weeks after sludge application
**dry weight basis
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Table 4 Inorganic nitrogen contents and pH values in surface soil after sludge
application in June, 1982
. Date

Treaument 5/27 6/18  6/25 12 1/9 113 8/6 8/ 9/9  10/15
(y 2y (3) (4)* (6)* (8 am* (3 sy
C 042 057 066 053 035 058 053 060 036 -
FC 02 2909 022 Gl4 042 065 040 048 G631 -
5 0.31 956 143 693 070 BJ0 056 054 050 —
Ml 026 4667 3151 1213 106 078 054 066 0.37 -
M2 028 1342 356 184 044 068 061 051 038 -
NH,-N L D0 6646 546 144 101 083 036 DI 040 -
(ug/g)** s 048  10.09 1.56 1.32 102 089 044 045 052 -
M 029 2003 3910 046 337 144 048 (043 043 -
L .34 4345 5491 958 599 259 Q51 057 046 -
Ch 165 055 098 024 065 080 036 039 036 -
Fb 032 6824 729 150 064 D67 024 034 049 -
Lb 060 7416 7903 798 754 111 055 068 055 -
C 004 006 003 003 002 002 001 002 004 —
FC 004 105 002 005 004 0D4 002 007 004 -
s 004 052 004 048 007 004 001 007 004 -
M1 0.03 178 060 241 013 006 00l 004 004 -
: M2 004 259  030. 035 006 004 002 006 003 -
NO,-N L 003 860 054 066 036 010 004 005 004 -
(ug/g)** s 004 023 000 009 006 006 002 004 002 -
M’ 006 094 054 007 030 014 001 007 003 -
L 005 254 183 - 106 069 032 002 045 004 -
Ch, 004 000 000 000 002 002 001 018 001 -
Fb 006 221 030 018 009 005 005 018 0Ol -
Lb 007 150  L13 085 088 034 003 021 003 -
C 18 3.5 1.0 32 24 43 1.2 47 28 1.0
FC 0.6 632 269 19.6 73 7.6 13 33 26 1.2
] 21 12.3 70 290 353 333 3.5 70 106 25
M1 14 191 554 1432 . 631 Sl 54. 101 145 22
M2 1.7 315 439 567 31 375 83 137 2438 3.0
NO,-N L 14 597 9Ll 1167 598 689 142 137 380 4.8
{ue/g)=" s 16 9.9 10.8 44.8 24.3 45.6 15 75 15.6 20
M’ 40 206 596 383 669 1011 63 124 298 29
L 22 291 876 1150 1024 1006 133 54 483 4.4
Cb 6.2 3.2 11 4.1 28 5.5 1.7 33 5.0 1.0
Fb 64 414 520 410 161 223 15 204 42 0.7
Lb 156 234 873 1092 1079 96 122 180 511 16
C 661 694 698 703 699 689 691 693 688 732
FC 701 700 76 725 715 121 731 7300 706 756
S 737 735 733 736 735 Tie 724 727 0T 759
Ml 737 734 736 A2 725 718 722 735 715 160
Mz 774 756 749 758 744 747 154 151 748 7.88
pH L 777 7153 760, 747 759 733 756 155 750 806
s’ 720 716 713 705 700 694 747 726 706 706
M 769 728 729 123 712 718 735 747 137 172
L 731 744 740 TA2 17 707 734 iy 732 168
Chb 670 704 70l 685 702 68 692 694 692 715
Fb 673 709 706 717 703 699 719 727 710 730
Lb 724 738 728 I8 717 713 716 730 130 177

*weeks after sludge application

**dry weight basis
—not measured
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Effect of Repeated Applications of Limed Sewage Sludge on
the Contents of Total C and Humic and Fulvic Acids in Seil

B - RSB

Satoshi MUKATI and Hiroyuki HATTORI

Abstract

ln a field experiment conducted on a light calored Kuroboku soil (Qchric Andosol),
limed sewage sludge was applied annually at the rates of 7.5 and 15 dry tonnes/ha for 4 and
3 years, respectively. Soil samples were taken at specific intervals from treated and control
plots and were analyzed for total C content and for the content in humic acid (HA) and
fulvic acid (FA) extracted sequentially with 0.1 ¥ NaOH and 0.1 M Na,P,0,. Total soil
C content increased gradually by annual studge application at both rates during the first 3
or 2 years of application and then remained almost constant or increased only slightly. Both
treated plots showed a gradual increase in the amount (difference in relation to the amount
in the control) of NaOH-extractable HA every year until the period immediately preceding
the last year of application, from which time a marked decrease had been observed.
However, the amount (difference in relation to the amount in the control) of Na,P,
O,-exiractable HA increased with the increase in the number of years of application.
Repeated sludge applications at both rates lowered gradually the degree of humification of
NaOQOH-extractable HA, whereas that of Na,P,0,~extractable HA did not exhibit significant
variations throughout the study. These findings suggest that when limed sludge is added
repeatedly to an aerobic soll, the strongly humified portions of NaQH-extractable HA in the
treated soil can be incorporated into the Na,P,0O,-extractable HA, possibly via linkages with
Ca present in the sludge. Amounts of FA, both NaOH-and Na,P,0,-extractable, increased
more than the amounts of NaOH-and Na,P,0,-extractable HAs by both sludge treatments,
Sludge applications caused a small increase in the HA/FA ratios in the NaOH and Na,P,
O; extracts. .

1 FiCsHic
WEE, TAMOYRICHES TTFRBERORERSELBINT 2EEICHD, Z OABBHEH
MEe 22055, CORREH-T, FTABERE—EZ, BRECES, BMERIEE{S

1. ERAERRTERT ORE BB T 305 BEURA BT HEEL NN 16 % 2

Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, [baraki 305, Japan.
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BLTwA I eind, i, HEw 3L S OEEMOBARSERL T2 REFRICLHY
HZHMNOETOREENHE 2 Lo, B, COEHREEYLIER, FREHM & L TRERIET
FIFL, FEFCESOMBEIESMHC I VNEBL LS T3 B> TETHE,
FTAEBROBMAAOSECEL, IhE T, BEHRR, tEhTosERBESRE LS
RTETWS, BFCHET 3 BEOME I L hil, METAEROM&FT TOHEEL 65
HAHEIT20%Y, # 1 FMT 12~25%2, 19~29%9, 46%" L 2> T\ 5, —F, HILTKEROH
By, 1HEKERE 4 »ERe, BEBESDCERS R EOBREY 855, o OFERYE,
TREREBIO» 2D OMI X SHELUEEL, 1E282 20 ISP BETITHLS 2k
FRBLTWE, 22T, TABREENOLETTOREHE, RUThAHROTEY K
BTEERHOMIIT I, HEPR BRI TABECEBYOBERH ML, 20F
BEM L LTEARHET » LT, AESERERER T 0LELONS,

ARRETIE, TABROERSTBOEEMCRZTEERHe T2 E2BNLLT,
M VIR i B R TOkE R 2 BERMA L >0, 1B02RFESRE, RULHE-SMNENS
FROBENEESOR LEEERRNCRARBRC O W THR S,

2 HERUAFE

2.1 #ERFE

E—o F T RIS o, 1979~1982 £ OMEE, AK - BB TEELBEL Lhikyr —F
OER (LT, AKER, XABEREBET3) #FNL, KAERE, 7v—roRTsid
DIEBHRERICEE L, TS DAEKERO S 5, 1981, 1982 FEDNG L 7z T-1, T-2HiED
{LEREEE#R L ICTLE, MEREVTFLE, BROLEDLDEEVT AL IEERL TV 2,
T-2 it T-1 BRI~ T, EEMESENE L, L L, TERO C/N B AREZER», £z,
BRU-HADEO AR TIT o LHBEROERYOINMOBR (KD KL &, WEE
Ehic, BEE L TR S R AR R NS { ERIERO 15~19%) 8 R L T8, TO
HTi 7 LR, B NaOH fiHEOF A NE L LS E2tHah 5,

HESEEIR O ST Y D, K5k 550°C, 1 B ORETHEL 2, £RF-2EFRIC N I1—
YL, BRRUEBEORERIE, 5% H,S0, JUE® tigoREoREREL» SR,

£ 1 HREKERONH

Table | Properties of limed sewage sludges used

pH Organic inorganic Total Total
Sludge! (H,0) Ash C c? N C/N
% dry wt
T-1 101 67.4 16,7 4.5 271 7.8
T-2 8.6 513 2238 5.4 314} 8.2

' Sludges, T-1 and T-2, were samples {rom the same treatment plant but in different years.
? Inarganic C refers 1o carbon in the form of carbonate.
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Table 2 Analysis of organic matter of limed sewage sludges used

Water-soluble 0.1 N NaQH extractable 0.1 M Na,P,Q, exiractable
Sludge: subances Lipids Humic acid Fulvic acid Humic acid Fulvic acid
% dry wt
-1 21 39 13 8.0 L a7
T2 42 6.2 29 106 10 a6

!See footnote in Table 1.

22 HEBROFE

FFET, ESOEWRFONE Y GRS EBEL NGRS Kh BB 7 LOMMIEE
Mo 3FEEOREK (BROEM, 2X2m?) £#BEL UTolk. 48, FLBWMEERE:
1.83~1.90%, ©=%£:0.14~0.16%, pH(H;0) :6.54~6.94 TH o7z,

(1) HEE 21979 £ 7 A~1983 4F 6 B 0 i, /518, (LR £ HA L 20K, Q) HRVER
19794 7 H~1982 % 6 HOHME, S5 6 H9M9ER 7TH)w, 75t%H/ha OFREREFL 15
cmKEATARK, (3) BHiREHK 19804 6 H~19824 6 AOEM, HE£6 Hi, 15t %%/ha
OERARB L 15cm iBAT 3K,

k¥, fR U7 T-1 15 1981 12, T-2 HiRid 1982 | L 7z, %72, 1979 8 7 H ~1980
F4 Bo, 3RBROTRTICF A AFERG UL, 2RLEE, HRIERKOAK
FA e YNH L DAFEBIEL S, BEFYIL, (NHERCH FEREER0 XD, FRE
HEFEPCBEHE L LKL,

THEEEOENE, 1980 £ 6 BOBREA® 18, #0RESEOFREAER, RUEH
#%1,3,6 9, 120 AECEYT 2T, 1B, FRBRCOSE, EfS5cm, #2 15
cm OFELEE 2 E TREL R BIEAKIT 4 S0 SFRL, B Lk B, Bkl
T2mm O EERE L DR UTOMICHL .

2.3 #HEIMoDIE

1} 2RFEIC, No2—# (F, MTH008] ZHWTHIEL 2.

2) BAOTWHN C 2BE 100mg LT £ %2 BoL8 (LFER) oL, bonls, A
FCREOFE L0 ABEERY L, ROTAY /— -~y Py ERREE Ay TIREE M
HErs GHEET 48 BERY o 7 R v —Hd) Lotk SBE, XHoOKFEY #LC, 01N NaOH (30
mi}), &KHT 0l M Na,P,0, 30ml) #Bw T, #EESAh CEMORIME %#{T>7. NaOH
¥ Na,P,O,ic & 2 i &4, ZEAZMATI00m] & L,

3 EERE LT AREBOARER ) EEMEEO Onl CREFEREMATPHI t L, —BK
WE (7277 L, Na,P,0,ic & 2 BHiHHOBEE, 7oy 7 OBEED TEWY, FCT12
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BRBEL ) #, BOSE (9500 rpm, 2047 U TR (BEEE) LIEER (7VRB)
DAL 7, BT AR 2ml LK 10 m] TIERE L, mREES - &L 7,

iR E, 01N NaOH IBHEL T 50 ml (CERL, @ 2 BN, ~v 7= a¥k
MEEE (34 /) HE LT, HE 220~T700 nm OFEEORINEE FRIE L 72,

R - 7 AR OSMHERR, B o AR R Ko THIEL, v aimg/100g LT
FRL L,

EEOFEC L > THEONEERLS, UMTOHREICLY, EERED Alog KL RFOEEZRS
P

Alog K © G, BE 400 & 600 nm ORLE OO,

R F 3, (% E 600 nm ORAEE O/ TOLE ORIE I BV 72 EERRE I 30 ml PO &5
¥1& mg) X 1000,
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31 ARFBRENMERAFIHOSHRSR-RETEE

FKBROERCH S TBO2RZSBEOWHBLRI AL, 2 THEREODWTAS L,
FOEBUATEPRG1981 £5 5~1983 5 6 B)PRICAEWLELRR {, ER—ELEF
¥IMH 1.8610.020%) TH B Z EBNEHSND, fi1F, AHFRROLSKESZRIVTLYL, BED
EEMA LD 1981 FE5 ADBETHICHBE LD b EWEEZRLTED, 2/, TOSERY
THOECBLT Y, BRAEEBAL, 20% 1~3»AEOEHICRE{HPLT, Thdrol
H1E®: cENEBCEY LoD, BE—ELEERLE, ZOBE, 181 E0FHES
BXE 1982 E£0OBERIBRCE LT, 2RRFELIHAEGR LD HB 1 0ARTE Z>Tw
28, COEER, HRO 7 V-7 iiEE 1 » ACERTIRIZEALBA L0, HE
BEOH ) SCEBERECR DB EEDbNR S, 2, BREKONBEXHOERES
BOZYREOFRRH 1 EB I L ka5 &, BRIRKOBHS T 1981, 1982, 1983 £DIRICZ
nER, 032, 046, 043%, BREBX T2 039, 061, 0.73%TH-T, ZhHDER»S,
WTFROBRECEWTLHROMEEEET &, IOEMNEMAT S, Lirl, TOEK
OEERRBCETT2EANED SN E, 8, BREIRER» o724, £BRFRIODVT
b, MbrR~2RESROBSLEROBRENBoNL, L25T, XERTHIERFERL
HIE U fops, HRHRTCIARNSBOMBRER (RBEEORR) BEEnTwv3 (R1E2R)
rih, EREMAECRZRND LS TEEL T A EELLNG, 22T, FREAERD
+iic 0%, EEREENERFPCELLHE AL LIS, JO0FER1BIEQTETO
~6 9%, 1982 EFDOFIBTIE 23~2T % THoTz. i, JOEGREORN1IERLELLZL
YRET S E, M 1 FHROIEcBE T2 Z08ER, 1982 £ T 0~73 %, 1983 £ 7T 2.6~3.5%
B, WFRIELTYH, JOFESEHERCEL, RILTL-2RFSREIBBLERIEKE




TABERODERSIBORRE, REBRRU 7L iBCRETS

SRICHYUT I EELOND, Lo T, Thg Tl HBRERE, 1) GKERO L8
TOREPEEL L THEARI»AMTREZ D, 20RBIEMERTHS 2L, 2) BIKERE,
ZOEMAICL > THREOLFRWEREEFIEAT 5, Lol, TOHIIRIRECET T2
2k, FLTHEOSERYARAF L L THFS NS RSS2 Z 2R LT0E L
Zroha,

#® 3 AKEFROHANKLBER 7 LO2RFSECRIZTE
Table 3 Effect of repeated applications of limed sludge on total C
content in a Kuroboku soil

Percentage of total C in the top 15 cm layers into which limed
sludge was incorporated.

Date of soil Limed sludge treatment (tonnes/ha/y)
sampling Control 1.5 15
% dry wt ——M8M8 ™
1981 May 27° 1.90 222 2.29
June 13* 1.83 2.79 2.54
July 9 1.87 2.45 2.67
Sept. 9 1.86 2.45 2.6%
Dec. 11 1.86 2.31 247
1982 June 11 1.86 2.32 247
e 1.86 2.54 324
July 9 1.85 2.75 3.05
Sept. 9 1.88 2.59 2.69
Dec. 11 1.83 2.42 2.59
1983 Mar. 18 1.87 2.29 2.53
June 15 1.86 2.29 259

Remark :  The symbols, "{”, and "+ in 1981 and 1982, indicaie the time
corresponding to about one-year after limed sludge application in
1980, and the time that immediately followed the application of
fimed sludges T-1 and T-2, respectively.

B, BIRL LI KEROERCH > THBOLRESENBERT 29, FOHRKOEER
WEET T 23K, TRMEE LW TAEREEE 40 t/ha, 4 EMMHL LAHELOE
BRBORES LEBRTH D, KEROBERII IAZIHLTHE EBbhD, £, TOHK
BRERETLEREOC—2, EOREBER (positive priming action)'M i X - T, A3
NLERH-BES OE#Y (native soil organic matter) OFMREEEMET LI L HB LET
Ehd, BE, R U TERLCATHROFEN: LREES OGHNO 3 E L4~22 FRd i
TEPREINTVED, 25X MORRE LT, Fi A2 025 RIARCHEA s R
ONEEPEET2ERAEET A LB TEZ EEZ NS,



W BRI

32 BERBROERSLIEISHHEIAIBREBBRUILEROBMECREZTER
AKEROERH, NaOH, Na,P.O, O &HIHAIC & » THEs» ot s h 2 EwR, 748
MO HECRIZTTEE SRR BRER A~TIOR U, LT, AulfHFAOEE
B, BoRlERIZOWTRRE,

321 NaOH HiHRBHER R 08 7 VR

29, RACTULEEBMIHEL2A5 &, BERRIL LI, TFROBHCELTY, I
M LD E2E5E2 T3, COFEHAKR L EHEBROBRE vy aWizTLi) i,
WFROBREKIZ BV TH, 1981 FFOBFEIC RGN LR L, A 2% s BTFLE
ALT, TORBETL, 1982 FTRHEHEMHTRLS{, TORBKREETT 2EM LR
Lz, &2, TOHEAE*REDOHREAIERI s L, BERRIE, wTFhOECBEL
T, BEFRUEE2E52 T, 2083 1982 FORANE CREFER YT L b 8T
L3, TOBRRBCEFLCBETFTT2Z eaivoni, i, BHRERCHES BEROENEL
FREOHERMH 1 FERILBIZ 70D Alog KERF (£5) 245k, 27, AERRD
BEO Alog Kidv¥ht, HMEBROZh LT, 1981 E5 ACKETHERELERRL TS

# 4 AKFROEASBEAERZ 40 01N NaOH it R U
ZARBOBCRIESTE

Table 4 Effect of repeated applications of limed sludge on the amounis of
0.1 ¥NaOH-extractable humic acid and fulvic acid in a Kuro-

boku soil
Humic acid Fulvic acid
Date of soil Limed sludge treatment {tonnes/ha/y) Limed sludge treatment (tonnes/ha/y)
sampling Control 7.5 15 Control 7.5 15
mg/100 g dry soil
1981 May 27! 74 135 (61)*° 135 (61) 594 774 (180)° 835(241)°
June 13* 74 161 (87) 176 (102) 549 968 (419) 906 (357)
July 9 64 176 (112) 166 (102) 517 912 (395) 929 (412)
- Sept. 9 88 211(123) 205(117 745 1273 (528) 1159 (414)
Dec. 11 101 189 (88) 202 (101) 772 1075 (303) 1083 (311)
1982 June 11 129 209 (80) 204 (75) 704 938 (234) 922 (218)
1* 129 235(106) 369 (240) 704 963 (259) 1337 (633)
July 9 119 255(136) 319 (200) 6RS 1061 (376) 1261 (576)
Sept. 9 115 225{110) 210 (95) 609 899 (290) 935 (326)
Dec. [} 129 244 (115} 231 (102) 628 885(257) 951 (323)
19383 Mar. 8 76 146 (70) 155 (19 657 852(195) 954 (297}
June 15 85 134 (49) 136 (51) 697 879 (182) 970 (273)

** See footnote in Table 3.
* Figures in brackeis indicate the difference between treated and control plots.
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* 5 AKGREOERSHEEEER 7 10 01N NaOH it EmiEo Alog K
RURFRFTY

Table 5 Values of Alog K® and RF® of 0.1 N NaOH-extractable humic acid in
a Kuroboku soil, as affecied by repeated applications of limed sludge

Limed sludge treatment (tonnes/ha/y)

Date of soil Coutrot 15 15
sampling Alog K RF Alog K RF Alog K RF
1981 May 277 0.624 85 0.644 69 0.637 77
June 13* 0.632 95 0.686 48 0.667 55
July 9 0.622 105 0.654 58 0.678 46
Sept. 9 0.616 78 0.682 a7 0.689 40
Dec. 1 0.634 70 0.663 54 0.668 51
1982 June 11 0.637 53 0.665 42 0.668 38
1" 0.637 53 0.678 36 0.700 26
July 9 0.627 57 0.678 35 0.700 28
Sept. 9 0.619 79 0.695 42 0.675 43
Dec. 1t 0.604 85 0.670 51 0.686 40
1983 Mar. 18 0.643 80 (.693 47 0.692 39
June 15 0.630 80 0.685 51 0.729 34

Alog K(=log Kipo—log Kepe) : The difference of log absorbances of dilute alkaline solution of
humic acid at 400 and 600 nm.

RF : (Ko value/mg organic matter in 30 ml of the dilute alkaline humic acid solution used for
determining light absorption) x 1000.

See footnote in Table 3.
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D, ToBELRLERLTWAZ LD sNDS, THEH L THEREOBEORFIIWTh
b, Alog KOFE L HENOEE R L, Thae O, FREEROATHEHE T -1,
DLEIc R~ B}, BKFROBEED NaOH TRt s h 2 BEBRORE -7 AR BIET 2
B, FOREIOPERELIELIELL, —ARBL T OEHEBOBRCE 2 XEETS
$BEILERRLTVEETLLS,

gz, DBl ERERIZ, RIWTLAHEFRERKECS T3 2RFBSROET2EET 2
LW FROBERER S 50T, S < & b NaOH M ERRORMARSE L < Hl L
BRZBw T, ZOEERPOEBEEORWESS, —Ra#d 5w oBBmEH
BATL, Th T TBS {3 EREAROERYHYF 1212, NaOH Thith & h 2 BHER SR 0
Dol EEFERLTWEEEZ N, JORCYOTREBETHEMEBAZ Z LICT 5,
BROBHK X - THAT 2 NaOH BB OEER I DWW TR, HEZTOE I 3H54
RFFEEIN TRV, TREROEREN IOBEBTCY v s BBEL2ELT 2 2 L ois
ENTHDY, Fih, FHSF, HRABEO NaOH HEEEE SO (2L, pH3 0%
TTLES(HEBETZ LR/ELR) THY, »OXOEN  TREOBRINHES, —Hcy v
SHEBEETH SRS X312 280 nm ([0 & B REAEE B wRILOEERET 2L, &
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U Z DERINEOBOCEANEX A L 0 L ERMEMALEO NaOH il TEc g o &
BRSO Lz T, FERBIIE W THRERC L - THK L NaOH S a bz &
L—Et, BREROY N 7EWETHS EHBEIND, 5, IOEENTELLETAL,
DY A BMEO—ME TR AP CEEL T SRR L BE L TR ERT A ki
toT, tEPrREHEBETZ O EBbn 3,

frs, 7ARBombia(Ed) 242, AERRKE L K, WThOECEWTYH, HEBEK
LUBEBOEERL THE D, D OERMAEOFTYRE 6 »ALEEL D b EERL T
o Lo, EFEOHEREMIERI L CAL IO 7 VEBOBAE (AyIRIZRLE) OF
Licid, WFROHEREETH, —EOWHELELE» o, 2L, JOBKEORER
BLTAREZEXKOAHRTH o7, £/, TOMKERBMEBOZALDOEFLIRTH 7,
I s OHER, GKEFRS NaOH T AN 2RERE I VL 7V RBOR® & b —FigXT
PHRBHD L, RUCOMERE, £OBEREEKIELT NaOH THE £ h 5 7 L KB HD
FORHEBRTLD EF L (HL (FR2BH) CLSRMULTHAIERRLTVLAEEEDbNS,

Wiz, R4DOER» S, BEOHRRER 1 FRICB T 2 BHEEmE R/ 7 L REgmE |2 EH
T3k, JOki, 1981 EoRHE, HEK, BES/EX, BREYEROEIZThER, 012, 0.17,
0,16, 1982 fETiZ 0.18, 0.22, 0.22, 1983 F Iz BV TiF 0.12, 015, 014 Thot, WFROER
BT, ZOLEEHFRROASHEEL D LEIH L e8BWD o, BERERIE, wih
DEAREVTYH, IOLEETEDIMENDS Z LoERELD,

ZIT, MERIEC BT AR on TRk, 1981ES BB 3 20MEERYD
i, #OH 1 EHBICEL KT 20, 851 1E2F8T2 L BUI981E L5 FO L Lz
FEHA LTV, 27, COMEBEOES LRBEOEES Alog K (5 LIRS N5,
BEURF (£5) BB, Alog KOWBS L ERNOWEREEZRLTHWE I LyEfRand,
INSOBRG, FORTCHE s CEMICOL 2FELLETIIH S48, NaOH Thitah 3
BB EME e b, LEFCBOTENSTFERECH 2 L 2BRS VI RTBTHE
Hzand.

322 Na,PO A R 07 VR

AKERORA IR, NaOH sl SR oBe L ERRIC, Na, PO MHiiEEEROR 2 bALL
(#6), Ll, 20OERCHESHEOEKE (v 2RIELL) OHERIR, IEOBELE
BTk, Thbb, SEOFERMM 1 E£& T L iCa iz Na, PO ML EEER oA ST
THOBREOBECH, EASEOMBcR v, Z0EEMETFE-THELLLAL
tre COBEARBREBR CHEETH >, TORBER, COBRMEBOEAER, 1981 F£5Fi
NaOH i SHs ORA R OREDTH - 725, 198248 6 AiCABE LAEE L 2D, 198346
HTREED 19 H20IR 3R o, 7, Na PO MLEERO Aloig KERF (R7T) %
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£ 6 FAXRSROBEMMHERE 7 20 0.1MNa, PO, i e & o
7 AREEOQ R RIZ TR

Table & Effect of repeated applications of limed sludge on the amounts of
0.1 M Na,P,0O.-extractable humic acid and fulvic acid in a
Kuroboku soil

Humic acid Fulvic acid
Date of soil Limed sludge treatment (tonnes/ha/y) Limed sludge treatment (1onnes/ha/y)
sampling Control 1.5 15 Control 7.5 15
mg/100 g dry soil

1981 May 277 161 188 (27)® 192 (3n)° 673 674 (* 735 (62)°
June 13 140 250(110) 214 (74) 676 742 (66} 707 (31)

July 9 150 - 195 (45) 219 (69) 694 700 (6) 765 (71)

Sept. 9 163 259 (%4) 290 (125) LM LH1{115) 1057 (161)

Dec. 11 189 266 (77) 272 (83) 853 1040 (187) 0986 (133)

1982 Jung 11 154 223 (69) 232 (78) 772 911(139) 902 (130)
1 154 251 (97) 369 (2135) m 916 (144) 912 (140)

July 9 143 265 (122) 337(194) 733 993 (260} 1043 (310)

Sept. g 154 273(119) 278 (124) 732 850(118) 917 (185)

Dec. 11 133 231 (98) 250 (117) T06 822(116) B36 (150)

1983 Mar. 18 161 272 (111) 305(144) 738 860(122) 928 (190)
June 15 161 2531 {91y IS 749 876 {127y 947 (192)

'* Sce footnote in Table 3.
® Figures in brackets indicate the difference betwewn treated and control plots,

BTFOHRBHA 1 E®RI s zAaA2E, £, Alog KBS, MERKEE b2, WThog
KEWTh, AR EKEZWZ LR B, TOACEW TS NaOH flH B OBS & i
BixoTwik, RFOBEWIE, wfROECBLWTH, GERKRWIFRLY, JMEEKL D L{E
WEERTEHASFED Shi, UL, ZORFOETORER NaOH fiHEEBOBE 45
nick Db b/hEdhok, CheDBEELL, LIKGREIE, £0EADTNECE Na,P,0,T
MU ENSEERE FRICIFAL 20, EREHESETCHFOTOREEL (AT 2 L,
RUCOEBHEBOBHALER, 2O0ERAX I > TRERE LB I L RBEhs EEL S,

Fh BN EBER L 321 T REBER, T2 b s, fKEROER - T,
NaOH RhiUEBHERBROES G- RABM U E, Z2LAEP T2 2 L L ZOREBROBERELEIR
BRETT L2 TERT I Ao, RIREREALECE A% < & H NaOH #iH
BB OMARME L (B LB BL TR, ZOBEETORELEORWER S, —5
EHEOBERYEMCBIIL L LT ARROEEE, ROLSeHHTEL L Bbhb, Thbb,
RREROBERICEFETEoPicgdsh T s Ca B RECERL, Z0LBO CEC i
YT 2L LIET 2 L, NaOH T & h 2 BHEEFOBEMEEOR VS, o D
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# T HKEEOHEAEOEE S Lo 0.1 M Na, PO EHEED Alog
K RURF R+ E8

Table 7 Values of Alog K®and RF® of 0.1 M Na,P,0,-extractable humic acid
in a Kuroboku soil, as affected by repeated applications of limed sludge

Limed sludge treatment (tonnes/ha/y)

Date of soil Cantrol 7.5 15
sampling Alog K RF Alog K RF Alog K RF
1981 May 27° 0.599 72 0.601 64 0.591 72
June 13* 0.608 72 0.602 63 0.586 69
July g 0.605 73 0.591 68 0.602 62
Sep. 9 0.580 79 0.586 62 0.574 63
Dec. 11 0.579 7 0.582 67 0.587 62
1982 . June 11 0.593 66 0.585 66 0.585 63
1* 0.593 6 0.585 61 0.570 53
July 9 0.574 74 0.563 63 0.576 34
Sept. 9 0.587 76 0.596 59 0.577 38
Dec. il 0.593 72 0.589 63 0.597 57
1983 Mar, 18 0.604 71 0.609 62 0.604 56
June 15 0.595 69 0.601 62 0.60% 54

#® See footnote in Table 5.
'* See footnote in Table 3.

Ca LREEL, Na,P.Oyic & - THIH THIHATRE L A A EBICRIT L b EL b, &7z, %
OFRBCHIT L7 2 75 NaOH BRI, TREBFCHFEEL TWi b D TH o THEM
DEWEEbNZ, ZhoDMBL T, BBHGW W, ENEROER» G, 180 CECitfi
TERRELUED Ca #80rHKE2ZOEBECHMT 2 L, NaOH filiEMEh OB ED & VER
393, Na PO, ko THE SN IBBCBITT 2 I e 2 BEL T3, 438, AKEROER
WS THATE Na, PO EEHBOERE. >wTi, T2 TEBELLYEDIE, I, EiRH
ROBHYK2EM), CadH2\id Fe tOHBBBRELF UL TERIENIEEL TV 2R
MYE 2SR TAIEMTELEEILND,

ERoOMHE, 7VABOBEES LERLL (F6), ZOBAR (b v aRRLE) 1,
WTNOERKIC BT, 1981 ETHBABVIAL D BEOTHRE L, 1982 E0HEICR
1981 EOBE L B RNOMEHERL 2, £i2, ZORAEESEOHRMA—F®RI LA S L,
EREBROBEITE, #OHBICE>TRBLAT LI ENBO AL, &5, ZODHEX
BEOREE, B TERSBEOANAE L, £, NaOH fibBHERE, Na,P.O LB ERD
LTFROHE LD b ARELY, NaOH ﬁa:jjwwﬁ%@%%ttt&% BB ERED SR,
ThsOBER, BIKERS Na,P,O, THIE AN 7 LVEBORS b MAT20RBH 5 2 &,
RO O%RE, NaOH Tl a2 7V ABOBE2BAT 2HECRWTREL I L EERKL
Tw3E#EZL S,
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wic, X6 ORI S, BEOHRIER 1 £H 8 2 BHEEHNHE/ 7 Vv RERMH B+ B H
T2k, IO, 1981 FOBFE, WEEK, HRIER, HREEBROIRCZREN, 024, 0.28,
0.26, 1982 = T3 0.20, 0.24, 0.26, 1983 iz BV TiE 0.21, 0.29, 033 THhotz, Licas-»T,
ZOBEC Y, NaOH fhEHEOBG LAk, BREREZCOLAETFTED 2RSS 2 LS
23, ' '

hE, NEEOLBCBWT, FREOBERED | FRCHAY T 2R D w BEROMHE (R
6), Alog KRURF (£7) ##5 &, choiThdsthsh, NaOH T s h 2 BEHE
BOBE L RELD, ARENHMPEZREECHEETRL TV L I eRED o, 20T L,
Na,P,0, THiH & 1 5 BER S BN, EH, NaOH Chit & 15 B L i~ 5 &, LR
BT OB TFHRRECHIZIEETBLTVEEELGNS,

4 2&®

TAREROER L EOFEMCRITTEEHES T 20, WERERZ LOFRIZE
AFALETARERE2EE 75t %fi/ha 4 FHEHT 2K 88 15t %&M/ha 3 EMMERAT 5 X,
RUSHAKLBEL, SROTHBC O %, £RESE, KU 0.1 N NaOH KW T 0.1 M Na,P.0,
W&o TERMH S h 3 EME, TARBOREEEEAERNCHEN:, Boni8RE2EN
ThiE, ROr8HTH, '

1) HFROBAN, 1HEOERESRLIFRHEATI, Lirl, ZOEASRIXRFCET T2,
2) NaOH fhHBEHEEOEZ L, BROBERIZ L T, WotARRMT 54, £0RIE Z0EK
BRELLEALT R, 2, BROBEACI T, FOEBELESKECETT 2, fiuh, &R
DA & > THKRT 3 Na,P,O- I EHEROR L, ZOEMAOHRIZE T NaOH fiiE
ﬁ@@%ki@%#ﬁ?%ébi%@&%L<Lﬁb,&%@LQKHS%@@%%TOih,
Na, PO, it BB ORMALE R, BROERICL->T, KEdEhkLizn,
3)BREBAT S L, NaOH #il 7 o RE, Na,P,O#iH 7 A REOBRMNTH KT 5,
AIEOEARRZEZEOZTRIDLARNEL, 4, BFEIHMLT WThoBHEEBOBSLI D L
KESKTH S, '

4) BRI E/ 7 TEBREHRILE, W TROBEFEACLBECE, FROBRCL -
THEFLERET 2,

E:

AR EITS 2% 0, RBRIBIEOEH I BIHEEIC L - 1 EITAETRFEATIEE MR O
CESHoERRLET, '
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Changes in Soil Air Composition at Various Depths in a Light
Colored Andosol to Which Sewage Sludge had been Applied*

AGRFHER - [LAREA - BHFEE

Toru KUBOI!, Mikiya HIROKI' and Kunihiro FUJI!

Abstract

A lysimeter experiment was conducted to evaluate the effect of repeated applications of
domestic sewage sludge (50 metric tons/ha/half a year} and rape cuhivation on soil air
composition (N,, Q, and CO,) at various depths in a light colored Andosol. Throughout
the experiment, environmental conditions remained constanuy as follows: Atmospheric
temperature, 25 °C (day)-20°C (night) ; relative humidity, 60 % ; wind speed, 0.5-1 m/sec;
amount of irrigation water, 3lmm/week : soil iemperature, 18°C.

Results obtained at the 3rd and 4th applications showed that : 1) Carbon dioxide and
O, concentrations increased and decreased, respectively, with increasing soil depth, although
all the samplings were performed at depths (10-105 c¢m) where aerobic conditions still
prevailed. 2} In the upper layers (10-55 c¢m), lower O, and higher CO, concentrations were
observed in the sludge applied plots as compared to the concentrations in the check plots.
3) At 10 and 30 ¢m depths, drastic increase and decrease in CO, and O, concentrations,
respectively, occurred within a week of sludge application. 4) Carbon dioxide concentration
was higher in the rhizosphere of cultivated plots than at the corresponding depth in bare
plots.
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Fig. 1 Parallel column system for gas chromatographic analysis of soil air

MS5A ; Molecular sieve 5A

- PQ; Porapak, type Q
TCD ; Thermal conductivity detector
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Table 1 Changes in soil gas phase percentage after irrigation

Treatment

Sludge + + + + + - =

Rape - - - - - + - +

Depth (cm) 0-5 5-10 10-15  15-20 0-5 0-5 0-5
Solid Phase (%) 209 208 222 239 214 21.2 225

Gas Phase (%) (Time after Irrigation)

2 hr 329 328 311 296 35.2 — 36.9
1 day 399 37.7 329 3.3 40.7 44.0 40.9
7 days 51.8 44.3 394 339 52.5 49.5 494
AV, (7d-1d) 1n.s 6.6 6.5 2.6 11.8 55 8.2
AV.(7d-2h) 189 11.5 8.3 43 17.3 — 12.5

V.. gas phase (%)
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Fig. 2 Changes in gas phase percentage of surface soil (0-5 ¢m) as affected by
31 mm of irrigation
@ and O are bare and cultivated soils with sewage sludge application,
respectively.
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Fig. 3 Relation of pF to gas phase percentage at various depths
Bare soils with (A) and without (B) sludge application
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Fig. Effect of treatments combining sludge application and plant cultivation
on N, concentration of soil air at various depths of soil
Each value is the mean of 17-22 determinations during the experimental
period.
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Fig. 5 Effect of treatments combining sludge application and plant cultivation
on O, concentration of soil air at various depths of soil
For legend, see Fig.d.
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Fig. 6 Changes in O, concentration of soil air at 10 and 30 cm depths of soil
to which sewage sludge had been applied
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Fig. 7 Effect of treatments combining sludge application and plant cultivation
on CO, concentration of soil air at various depths of soil
For legend, see Fig. 4.
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Fig. 8 Changes in CO, concentrations at various depths of soil to which
sewage sludge had been applied
@ and O are bare and cultivated soils, respectively.
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# 2 HEZEHD Ny, O, COBHER UV ENOHE
LM%

Table 2 Correlation coefficients between soil gas
constituensts and soil depth obtained from

whole data
N, O, ca,
02 —0.140** —
CO, 0.189%** —0.636"* —
Depth 0153 —0.393%" 0.784>*

Sample size; 374
** and*** are significant at the | and 0.1 % levels, respectively.
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Relationship between Soil Air Composition and Microbial
Populations in a Soil Amended with Sewage Sludge*

ABRFEE - [AREE « IRERISZ - BRTEE

Toru KUBOI!, Mikiya HIROKI!, Hiroyuki HATTORI' and Kunihiro FUIII*

Abstract
Relationships between soil air composition (N,, O; and COQ,) and microbial
populations (aerobic bacteria, dye resistant bacteria, actinomycetes, fungi, protein degraders,
ammoniom oxidizing bacteria and nitrite oxidizing bacteria) were siudied in a light colored
Andosel to which sewage sludge had been applied. The experiment was conducted under
controlled environmental conditions. The application of sludge caused remarkable increase
*in CO, concentration and decrease in O, concentration with a concomitant (or slightly
delayed) increase in the populations of heterotrophic microbes. A muliiple regression
analysis showed that the populations of aerobic bacteria (AB) and nitrite oxidizing bacteria
(NOB) were the most suitable independent variables to predict CO, concentration of soil air,
The equation was:

log CO, (%)=0.863 log AB-0.095 log NOB-6.991
Application of the equation to the microbial data which were not followed by gas

analyses suggests that repeated amendments accelerate the time when sludge decomposition
ocecurs.
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Water and Soil Environment Division, the National Institute for Environmental Studies, Yatabe -
machi, Tsukuba, Ibaraki 305, Japan.
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Fig. 1 Changes in microbial populations in the surface soil to which sewage
sludge had been applied
O and @ are the soils with and without cultivation, respectively. DRB, AOB
and NOB : Dye resistant bacteria, Ammonium oxidizing bacteria and Nitrite

oxidizing bacteria, respectively.
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Fig. 2 Changes in CO, and O, concentrations of soil air at 10 cm depth of soil
with sewage studge application
© and ® are the soils with and without cultivation, respectively.
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Table 1 Correlations between concentrations of soil air constituents and
microbial populations in surface soils with or without application of
sewage sludge

Aerobic  Actino- . . Protein ax
B
€0, R Ne Bacteria  mycetes Fungt DkB Degraders A0
0. —(.388**
Nz —0077  —0.462**
Aerobic e _ .
Bagtesia 0.864 0.307 0.066
Actinomycetes 0.481*** —0.615*** 0252 0.556"*
Fungi 0.375°*  —0578°  0.329* 0.432°**  0.656*"
DRB* 0.830°** —0242° —0.143 0,932 0331 0333
Protein ey cas wae e e res
Degraders 0.820 0.387 0.012 0.933 0.613 0.457 0.908
AQB"" 0.343""  —0.602°*  0450°** 0345 0421'** Q.14 0.215° 0.350"*
NOB*"* 0.346** —0074  —0.08) 0.604°°* 0217 0.139 0,639 0616°* 0215

*, Dye resistant bacteria ; **, Ammonium oxidizing bacteria ; ***, Nitrite oxidizing bacteria

at the 10. 5, 1 and 0.1 % levels, respectively. Sample size is 60.

* %, **, and *** are significant

THR) kot (£, Chie L TEREARA TR, REXREHO ) boFatEllE &
EHMAER VY 7 BAEEO 3HRE I COBE L EOEME b - Tl (R2), oW
7, COBE LB HEOE D - HEREHERI > w T, BREAK B 2WEOMEFERL
ONEITHL, BB, BE COBERLETEECMEL TV A0, B3 TRENETER
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Table 2 Correlation_s between concentrations of soil air constituents and

microbial populations in surface soil amended with sewage sludge

O o m e Am e owe Ien o
O ~0.100
N, —0300  —0587"
Aerobic 0779°* 0078 —0316
Actinomycetes —0.085 —-0.375* 0165 —0.013
Fungi 0029  —0401° 0301 0075 0.367°
DRE* 0737°* 0115 —0388* 0895 0064  —0.023
'S;’g‘f;gers 06097 —0014  —0212 DRI 003 0073 0860
AOB** 0119 —0SII** 0468  0.097 0119 —0205 —0050 0077
NOD*** 0229 0102 —0.171 0577 —0052  —0.037 G609 06117 0.109

"Dye resitant bacteria; **, Ammonium oxidizing bacteria; ***, Nitrite oxidizing bacteria. Sample size =30
%, ** and *** are significant at the 10, 5, | and 0.1 % levels, respectively.
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Figures on the right hand side of the symbols refer 10 the number of days afier slﬁdge
application.
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Fig. 4 Changes in estimated concentration of CO, in soil air at 10 em depth
as affected by sludge application
— @ — and ---@--- estimated concentrations in bare and cultivated soils,
respectively, except for the lIst application, where ---#--- soil was not
cultivated.
— and - observed concentrations in bare and cultivated soils, respectively.
The equation for estimation is : log [CO, (%)} =0.863 log (Bacteria] —0.005
log [NOB)—6.951
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Algal Growth Potential of Leachate from Various Soils
Amended with Sewage Sludge

FRFRI - BT - RARES - FikE—

Y uhei INAMORI, Shyuji ISHH?, Osami YAGI' and Ryuichi SUDO?

Abstract
: To evaluate the effect of leachate from various soils amended with sewage sludge on the

fresh water environment, algal growth potential (AGP) was determined. In this study,
sewage sludge or chemical fertilizers were applied to sandy soil, light colored Andesol,
Alluvial soil and humic Andosol in lysimeters, and leachate from lysimeters was used for the
determination of AGP,

The results obtained are summarized as follows.

1) The AGP values of the leachate from each soil amended with sewage sludge were
similar to those of the leachate from soils to which chemical fertilizers had been applied.

2) The AGP values depended upon the kinds of soil to which sewage sludge or
chemical fertilizers had been applied. Particularly, the highest value of AGP was obtained
in the sandy soil.

3} The addition of phosphorus and EDTA 10 tysimeter leachate stimulated the growth
of algae, but no stimulation was obtained by the addition of nitrogen.

1 Brsic
BEHEO FAEY RFEIBHSIE T 26 % ThH o700, B4 RKFAGEER 5 »EFHER TR
BBRISS EX BT, FOURENMNNB I TEE -, BRI SUERFIBF D L
EZoNBHH, TRIEHORETIHROMNT 260 L FRINS, T4 b bIEA 51 EERM
T, 20 Fm¥/y (KIPT0%) Thotess, BHISS ECHYIHED6T6 T m/y %D, 2510
AR 60 AT 1ITO T mY/y KRB Z A TFRIATWEY, Ld->TIOBERONENS

L INERER O AHTERER T 305 KBRS SDEE/NEN 16 & 2
Water and Soil Environment Division, the National [nstitute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

2. BBR0S6EE ENAETWATARFER (FREEAFIFE T 162 EREFERERE 1-3)
Research Collaborator of the National Institute for Environmental Studies. Present Address : Department of
Industrial Chemistry, Faculty of Engineering, Science University of Tokyo, Kagurazaka, Shinjuku-ku,
Tokyo, Japan.
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BRI LML TSBIREHSHMED— DR LD LEL LR D,

FHRONBF IR SR DFETITOA T a3 EAA 501, A8 L B F|
BLIBED b5, BN 2 i BT 2 B ERA T Lo EHERI bHR 2% Y OER
TELFbRTE TR, LiL, KEOTAHRESRRELUETTLRICHET 285K,
NOBEBOWROEREICH 3\ FADEREORRI 4 3BAETL Tind, ZLHRE
LHTHR L CEORR L 75 2 L 2BRE Lwb o 3 REMETOHAI b, Ll Bk
FORFXOBRECAUVHTACRETIREMBBE L >TL %,

hE, ERBMZIREENSZ LIRS VIRE, ThbbBECREEMEBE ICHEE
BHIHERABRT L2, LHROBEROCERARECRIZTRE ST 2 LT, gX&LORE
BrH2-00—20EETH2ENMEOBEEEDN (Algal Growth Potential, BAIFiZH T
X AGP : ) RBELRFO—2Iin 5, BAKEOBERBECORRE, EHE, BFHE, 2
FHOY VR PORERELHAASDOELS LRI THTAFETE 25, ARCATShEE
BOPAPERECC FOBEOBEERIZT 0N, H50EEESHEORRYELE TS 2
ERETY 2700, BENMEOBERD OB EREL LS LT 5 EETHD AGP 8L
Tid, 270 AGP B EXBELOoBRROIPRBO A L ¥ o ¥, BREELCOTARCHECLER
MEEBIDTLBIDEFELONTVA, AGP i, JRkiBEOREEEL T—E&HTT
BHEPTY, BRAOBREEFERERIIESL0OBRER (mg) L LTRLALBDTHEY, 2ok
3RS EET 5 AGP & & 5 BWHRBLOFM A%, AL CRBEEmCERE LTS
HEEHERCHLCLTHEATER O L E 2z BN,

AR, BRERERALLLBEEAL RS ASEAREI L 2 HEERET I E, B
FARDILERAO TR AGP DREIF I & > TH o hic T3 2 & # Bl L L TRBIICRN %
T2726DTHH, I I THRBCHEREAMICBROL LBEOHEBRI DL THET 2 EKT 5,

2 RBHE

21 EREEOWE

FEWHER LI v A =i}, HIIORL-eB g2 L TEY, ERoHMREE
YEalb—bLREETHH, ZDTFA Y A—F—3IB4m, BfT4m, BE 15mpar 7 —
PRI EEBERTALCLD (EBOEX 1.2m) THY, BACHEXN, PAKZBHREN
WEDITHTwd, HERET 15m OEREERFEROBR/I o TH3 BRBTR IO
4y A—F—%BEMHAL ..

22 FALA=F—FETATRRUVLEROEH
FAVA-Y—CHRTALU MBI RE IERE, R1ISRL LB THE, FHRRTE

BREEBHREAILBALID2TRTIELICLE. AL, B, C1, DI MLEREHNERK, A2 B2,
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Fig. 1 Outdoor lysimeter

* 1 A vA—F—FTAIIBOMEE - R CHERY

Table 1 Properties of soils used in this experiment

Lysimeter Soil Amendment
1 . Chemical fertilizers"
A Sandy Soil
2 Sewage sludge®
B 1 Light colored Chemical fertilizers
2 Andosol Sewage sludge
1 . . Chemical fectilizers
C Alluvial soil
2 Sewage sludge
1 . Chemical fertilizers
D Humic Andosol
2 Sewage sludge
1) Compound fertilizers ; 1t/ha
Fused phosphate ; 600 kg/ha

2) Domestic sewape studge ; 7.5 t/ha (dry weight)

C2, D2HRTABREARTHS, I TARREL, BRis@GRERs FTEL, CldiikET
B, DRERI7RELFBERT 2, 28, FOHEARRTAGREEE ONBERICHES T
L, INSOBRAIBORMBER DWW TERESY L VBRES L TH S,

TAREGRE, TRBERFEHCDH 3 EEAMOTAOLER» SHERLL D TH 2, FUBET
EEHA R EEHRRC I VAEL TV, FERLLERIZ Ch ol s RBIGRE
PRLER e BRI CIEME S e B L 8L s INERAL TR b DA RAEKREL
D THD, B8, HRIEELLFIC2EERAL o2 OB pH (H.0) THEL b
101, T-C, T-N, T-Ca CHMMER S 0 84273, 365, 152%RKU212, 271, 84%, T
-PTEZPO:E L T19.7 R U 104 mg/g ¥ &H, T-K THEX3038 RV 9l0ug/g &, C/NT
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E2749, 782 TH 79,

FHROFIVIBFRI A E 6 BB E 10 BiciT>7, ZOFROKRAER, BHELTTS
t/ha tHEETH %, #OFRHERRUMETHBE LR KXV EEshTVLE,
EFIERhC X, €% (N) 8%, V8 (P.O,) 8% RUH Y 7 A (K,0) 5%%&L{eriEs
% 1.0 t/ha, ALY ~ 8% 600 kg/ha FEF L 72, TAAERS 3 iMe B OMA X, B354 %
EHosihihtsh, BrROELETONA TS, AEEBREToBAGEEI6HA 1 H
RUN A BREHABL L TAREREEETLBRE ML ik, o5 ) -5 Aol -
TO~15em £ TOHBTRBAL . LERR S i 0~15em 2 TOLBIRBA L, %EW
K& o fEmEsSE L suite U, £FL-EEREE -1,

23 BEROHEKKE

TA v A== o OREARERE 2] FORKL Iz, HAOERE, EREANC 1, Bk
SIROHEAECOPHIER2OL > C6E, & TEIT- 7, EHFRTRZNFLDRFEARDE
KEERES I ~VITERT 2 Uk, LiIdMAEAT ILSHE 2:8H%, ILIER 480E, IViZ
R 6 MR, VIR 10:8R%, VIR 14808, VIIZRER 16:8/ME %2 Bwt 2,

= 2 T4y A—y—BFEKOEKH

Table 2 Sampling time of lysimeter leachate

I 11 I v v VI Vil
Sludge or after
J————————Fertilizer b
before Application 2 4 6 10 14 16
weeks weeks weeks weeks weeks weeks
(Junel5) {Junel5) (June29) (Julyl4) (July28) (Aug.24) (Sept.21) (Oct4)

24 KEH/MDAE

T4 v A—F—BHEKIDWTIE, pH, COD, NH,-N, NO,-N, NO,-N, PO,-P @#llELL
#i2 Na, Ca, K, Mg RUESBOIHTTo7, pH @KL 2BEAKC OO TERE pH A —
& =iz L DHE L7z, NH,-N, NO;-N, NO,-N, PO,-Pav:¥Fh s F o2 8t — 7+ 7
AF—NEEEALTUTORETHH L. 72b5, NH- N4> k7o —E2FHHEL
FTEEMTEY, NO-NEALZ 7 A7 I FERIGSERL-V 7 ViLEYRHIET 2 8H
SRS, NO-N i b F 79T NOICETHE NO,-N LRI HBAMED  & DRIEL 72,
PO, Pix® ) 777 —OEREFHLEBSMEY L0 IIEL,, $£7CODRFKER
By 7D Wz fELs, 100°Cle B 2 KMnO Bl #ic X 2 FETHIEL 7, Ca, Mg, K, Na g+



TARETHER LEEEAD AGP

WA L D E L 7ze Cr, Mn, Fe, Ni, Zn, Cu, CdZ0OBEERBIL 77 X v FLENEHD
2B (Model 975 Plasma Atom Comp (JARRELAsh)) % Rl THIE L 72,

25 AGP OREHRE

AGP #Ei iz, EASHRATEREY oit-7, PiAE L LTHAR 045m D 3 V) R 7 HA
TanF—THELEAKE, SWMFOCZAT7 A 21100mlF 24 LAGPREBR it L
2o BB A= —BFEKZDWTIE, BEKFO) FBENEL /-2 L LEEBOFE
BTHE NS, RBEEEOCRMER T 7, BNBRCs - TRERME 2> -1k
Lo Ui, Vv EEDTABMC 2L TfiTo7, V) vRBPELTOUImg/lE%e 3 L 3
K;HPOUKEH %, £/7:EDTAZ1.0mg/l1: % 2 & 2 & Na,EDTA « 2H, QK2 HmNL 72,
BEBE LTH, /v x—0 Skulberg oS ERIEAERE % i 02 2 G O R L LTHAL T
2 FR IR O Selenasirum éapﬂcomutum&lf, Byl TROELXELT L2 v BED—BTHD
Microcystis flos-aquae & B\ T, IE T 25°C, 4,0001x, 90rpm, ## Tt 25°C, 1,5001x, 90rpm
DARE YRR ETT o, BEWEOR =S — 32—y —p oy 5 —%FEAL, WENER
ELORMRLAOLIC, Whatman D275 A 7 4 V¥ — TEFEY 28L TEBRER SRS
tro AGP BEXI S. capricornutum oW TI3EEAT, 1, W, V, VI, M. flos-aquae oo
WL, I, I (E2, 3TRI~VI% 1~T7 TE$) w20 TiTFo,

3 BRRUEE
31 SALA—2—BEKOER
TA VA= —RFKOKEMTOBRIERIRFTEBOTH L, 74 v A—F—BFki

% 3 SA4vA—F—BEKONKYE

Table 3 Water quality of lysimeter leachate

A B c D
Parameter
1 2 1 2 1 2 I 2
15-20  14-19  13-1.8  14-17 14-18 1519 14-20 16-18
COD (ppm) 18 1.7 1.6 1.6 156 1.7 17 L7
2720 B9-39  22-28  17-27  14-29 2433 3855  35-62
NO,-N (ppm] 16 24 25 2 22 29 47 49
0-5 1-3 1-8 2-6 1-14 1-12 211 2-16
NO,-N [ppb) 3 3 5 4 8 7 15 9
0-12 0-10 0-1 0-18 0-7 0-10 0-13 0-11
NH,-N (ppb) 6 5 52 9 4 5 7 6
10-28  11-63 5-17 4-14 6-19 7-19 5-1% 6-15
PO,-P [ppb) 17 21 1 9 13 13 11 1t

Note: Above numerals represent maximum and minimum value and below numerals represent mean value.
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EOERTHD, CODRTROBEKTS 20mg/l AT Th -1, BEMEREO I BT v ES
THEHZRFHEHEBEEREIZA TN 3~15ug/l, 4~%ug/l DEBETH >0 L T, WE
HERIT 16~49mg/l LB XA TEL THWEERTL, BEKROEBEEZRDIZL A
ERWEmEERS S TV A IS, PO-PELTOY it i hoBEAdic s 9
~Gug/\FELY, 2REBT2WTYH, Fe, Ni, Mn, Cr, Cu, Cd, Zn 28 L TIHHR%
o7, BREBZLPERTEEDTHo/, EEBEI LEomE, KRPo# X
DEZLBD S &k H - 7255, -Fe 7 0.014~0.125 mg/l, Ni T 0.016~0.055 mg/1, Mn T 0.002
~0.013 mg/1, Cr T 0,006~0.012 mg/], Cu T 0.013~0.029 mg/1, Cd T 0.002~0.004mg/}, Zn T
0.025~0.204 mg/1.OFE D TIEWBESEMICH -7,

£ 4 TAvA-—F-BEROSBREE

Table 4 Metal concentration of lysimeter leachate

aj ‘ {mg/1)
A B C D

1 2 1 2 1 2 1 3

Fo 0014-0.128 0.027-0.226 0.009-0.036 0.01i-0016 0.013-0.078 0.012-0.063 0.017-0.038 '0.011~0,026
¢ 0.071 0.125 0.023 0.014 0,046 0.038 0.028 0.019

Np 00160030 0010-0.021 0.010-0075 0.008-0.098 0.018-0.091 0.0t1-0.053 0.008-0057 0.009-0.04f
0.023 0.016 0.043 0.053 0055 0032 0.033 0.025

My 0000-0017 0.002-0.006 0.001-0.003 0.002-0004 0.001-0.009 0.003-0.009 0.009-0.017 0.002-0.013
" 0009 0.004 0.002 0.003 0.005 0.006 0.013 0.008

o, 0001-0011 0003-0.009 0.003-0014 0.005-0010 0.009-0.015 0.006-0016 0.006-0.014 0.007-0.016
0.006 0.006 0.009 0.008 0.012 0.011 0.010 0.012

¢, 0O00-0040 0:010-0015 0.012-0017 0.013-0022 0.015-0.023 0.012-0.023 0.024-0.034 0.015-0.027
0.025 0.013 0.015 0.018 0.019 0.023 0.029 0.021

cq 0001-0.006 0.001-0.004 0.000-0.004 0.001-0.003 0.001-0.005 0.002-0.006 0.002-0.004 0.001-0.003
0.004 0.003 0.002 0.002 0.003 0.004 0.003 0.002

7y, 0012-0073 0011-0039 0015-0218 0015-0.146 0.019-0.388 0022-0.116 0.056-0205 0032-0.364
0.043 0.025 0117 0081 0.204 0.069 0.131 0.198

Note: Above numerals represent maximum and minimum value and below numerals represent mean value.

» (mg/)

A B C D
1 2 1 2 1 2 1 2

Na 20 18 26 35 47 38 46 42
Ca 37 28 57 5% 76 8 90 8l
K 1 8 9 9 16 14 18 - 15
Mg 13 7 11 u B 2 17 15

Note: Mean value.
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WEt, HEEXTEL, hHAHEHTES, EXA7£#BFLO 4EHAO B4 TABRRE
AL #IER 2 FEA L 72353 81 5 BB DREK AGP % Selenastrum  capricornutum % %
sy LTAELASERRFS LH2 IR L, 4 BEHESETORSBE O AR
BERRO BT 4 ¥ A= —BEKFORSRE] =KL THD. TREREAK & LF50
FAROWTFRCBWLT HRA—O LB B W TIEEENR, V) Y%, V> -EDTA #0&%
LHICAGP iCKEREZEED o T, WEL L 2018 DB BT AGP 2538
Do, LAL, WFRCBWLTHTFAER, FEE 2RO T £ 0REKD AGP 1ZERITR
TiE/NE(, YV E EDTABRMRTR® VW odb o,

T, WEABEKOAZLY RN nT:T:’f«_j"‘C LEWAGPEOEB LN Z Edtbioi,

TABERA L EREAD AGP
|

£ 5 FAvA—F—BEKD AGP (HEREE
Selenastrum capricornutum)

Table 5 AGP of lysimeter leachate (Test Algae:
Selenastrum capricornutum)

(mg/1)

Preparation 1 oI 1l v Vil
standard 10 3 11 8 13

1 P 66 85 62 35 49

A P+EDTA 100 125 110 53 49
standard 50 6 9 7 13

2 P 130 75 70 43 29
P+EDTA 105 74 77 100 49
standard 0 ] 0 [¢] 0
1 P 0 0 0 0 1133

B P+EDTA 0 46 56 71 44
standard 0 0 1] ¢] G

2 P 0 0 ¢] 0 95
P+EDTA 52 62 75 23 27

standard 0 0 0 0 0

1 P 0 16 0 0 10

c P+EDTA 17 4] B2 35 19
standard 1] 0 0 0 0

2 P 1] 14 29 ¢] 6
P+EDTA 68 47 86 19 16

standard [¢] 0 0 0 1]

1 P 0 0 0 0 0

D P+EDTA 79 46 120 34 13
standard 0 0 Q 0 0

2 P 9 15 0 0 4
P+EDTA 73 08 93 22 16

Note ; Standard : Lysimeter leachate without addition of P or EDTA, P:
Lysimeter leachate with addition of 0.1 mg P/1, P-+EDTA : Lysimeter
leachate with addition of 0.1 mg P/l and 1 mg EDTA/L
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Fig. 2 AGP of lysimeter leachate (Test Algae: Selenastrum capricornutum)

DL WETBEK RORR s TEL, BRKETEL EX72BLOREKE 85
DR RIFTHENREZ 2 2 LML, 2B, B% EDTA OFEMa i Z 20 AGP #
RONLHBELT, V2t EDTA BREATOEEE 2L L THELEBH 5, HD L
& EDTA 8B EBFDRNLPTORBICEES ¥ 2 L0k > THE O 2 o 72 b
DTN THHAEINEIN I I TREERKTOESBEBENEL o1 2 oo BEOERICL 2
bDEERAOIE, FLWHLEREKTR Y YOABINL R TS EBHORBESTD & 28,
:nuHﬁA&@%ﬁﬁmwiﬁtm&T@EiﬁﬁmK%<%znfut@,@5mmwﬁ

b
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HnEz oD,

ERMZ sV THEL TR AGP 38, REELX, TEL, BR7EXEL, #AEHTEL
Tk AGP R s iz e o de s, BEBMIIEE ALXOBESBED IEOVL L0 LB THR
SNTVEZLpS, LEEEDZVRTABROVLTRERAL T b EBEKD 2 OBEAEE
RiZyRBRES TIESwb0r#EL5ND, b, BENIEEEEEEES 2 TLHEE,
FNNCREASR T LIS, 4 CHFET 3 {EPEC L ) BENEIRBZ 285055
ZERTAEEL THLLESD B, '

2O ESE, S capricornutum FHRBEE L LROBR-SERAFERBEER L TV
—fit e LRSS, F0BBEKOATIERRIELAYEEL2L I X, HRESE
HOLBCHA S W iES i BE R ) B RRED & 85 S WL KT TREOBERE Y
HEATHMEEHL L, 2hLThOLBOREKTH Z0EEKICY » & EDTA RO 1L
WHEDEEAREL, S BRSNS, BEOMIERIIEL CHE D 2 esis i, k72,
Microcystis flos-aquae HATHE L BEOEEEAKD AGP 3% 6, H3CTRTEEITH
%, S. capricornutum DFE L ETEAZE 4 223, P & EDTA OWEDEFEE L IBE IR
Flahns L RUEFRNRTREESTED skl e 2 PR BEBhh—HL Twa,

PAiED 2 EEOBRE+AVEEERE LY, inokBesu Tty R—TBTHET 5 LT
KERBAK L EFEEERK CRBEXKOBREEERICIZILALEORD o RN LD
Hot, ZHEBFEAD COD, N, P, Fe, Ni ¥ Cu, Crz FOEEBRELLERER LE
BRAR TRERENE LS eh o TRZVLEELSND, A8, PHNO & TRIER O
EFREL T2 DHOREAKCRHBFHEE SRS " EDTA 2 HFML TR U TRIES it
C L EEOMMEEBEAD PBEQAD ST TE ¥ AGP IRNRESED CEERZ L 2 F
BRL T3, :7, Fda), b) 15 L BEAD LGRSO MR L Bz T BRI
ENBEHESTWRALI LR, ChoZERAFIE(EREEZWIE, E5KCN,
P, EDTA LR BRICEETNEIBEEMAES T 258050 L 25, REKOESEHE
PRLEFESEFERDS 20 EDTARYMECHA I LHETE 2, Lk TFARERERE
BT 25E, AERTR LLGEREREROBHECB LTI, ELVITHATW2EEE
EHAr TAEREACESEITYL, T0BFEKOBRARRCRIZTHHIE AGP » 57HEL
TH{EERGH SFHEL T FEREREROBE LB LA LEL LRV THL S e HEXND,
Thbs, TABROMBLISHEMBEL &> TR aFRELT, LFRRHERE & TAGHE
BRIz CLBARBLZTRECE (AR E LI BRE, TARERHENCRE
WS AL EET A EMTHETHL I LEERL WL, LA LAY TARERORE
HWHITIBE KD AGP DA THRDL 6N THwEHOTIRAY, TABFR:REMCRLYT 35HE
Wi, BEAHO AGP, ESRBERVZOMOMBRSBEL Y OAR L, FACEITTS2E
EBERLYOAIR L ERE L L THK L TR 65V, kB, R TAREREUTL
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&6 FAvA-F—FEKDAGP ({tEEE.
Microcystis flos—aquae)

Table 6 AGP of lysimeter leachate (Test Algae:
Microcystis flos-aquae)

(mg/1]
Preparation I I i
standard 0 0 1]
1 P [} 0 0
A P+EDTA 120 48 100
standard 0 0 0
2 P 0 0 0
P+EDTA 5 45 37
standard 0 0 0
1 P 0 0 0
B P+EDTA 0 18 17
standard 0 0 0
2 P 0 0 0
P+EDTA 0 24 5
standard 1] 0 0
1 P 0 0 0
C P+EDTA 0 0 0
standard 0 0 1]
2 P 0 0 0
P+EDTA 0 0 16
standard 0 0 0
1 P 1] 0 0
D P+EDTA 0 100 12
standard 0 0 0
2 P 0 0 ;
P+EDTA 55 18 6

Note ; Standard : Lysimeter leachate without addition of P or EDTA, P:
Lysimeter leachate with addition of 0.1 mg P/I, P+ EDTA : Lysimeter
leachate with addition of 0.1 mg P/l and | mg EDTA/L.
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3 S4vA—F—BEkD AGP (HEREHE Microostis flos-aguae)
Fig. 3 AGP of lysimeter leachate (Test Algae: Microcystis flos-aquae)

SRR R OREE 5 1T V> e VIR 1 6 L 7 B DR T H - 70%, EHOREE LT3
TR T AR, (SRR ORIz TS U5 0 C LSS KO BARE I RIZTE
BRBEICNASL 200 ELOND, '

4 FrW®
KRR TAERPBEM T2 b MIBTL - BS0BE/NEABRE LI BEER
B o TEEREOBELET (AGP) »oFHEL D TH 5, BOINLHREMTOL

—103 —




TEREY - GHEE - RS - FER—

JEehonzg,
1) TAERBARKEEA, FEEEBHEKEEKRE LI AGP I3 uRBOERAED
Shtz.
2 BHEIrBEERRZTREL PREARTEL BAZ7RB+: TRREXRD AGPRL -
72o T b, S capricornutum B HEHEE L U ERNE TEWE LBEKDOAGPIZ10 mg/l
BETH -1, BOBEATE 01mg/lIF T oz, 2AWEEBEADAY VHRMZGT

BEREMLE L < HBE R,
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Statistical Analysis of Element Concentration in Percolating Water of Lysimeter

—— Comparison of Sewage Sludge and Chemical

“Fertilizers in the Four Soil Types*

FHIAZ! - BEHEE

Tomoyuki HAKAMATA! and Kunihiro FUJII?

Abstract

In this report attempts were made to determine which characteristics are useful in
studies on the eflects of chemical fertilizers and sewage sludge on several soil types. A
lysimeter experiment was conducted with 8 treatments (4 soil types [sandy soil, Gray
Lowland soil, light colored Andosol, and humic Andosol] X2 kinds of fertilizers (sewage
sludge, chemical fertilizers) ). Daia on the concentration of Cl, NH,-N. NO;-N,NO,-N,
PO,, K. Na, Ca and Mg and pH in percolating water were obtained for each of the 8
treauments on 102 determinations over a period of two years. The data were statistically
analyzed by using computer programs, CDA 1 (Conversational Data Analysis Program,
Version 1) and MAFP (Multivariates Analysis Program Pacpage), detecting outlyers,
adjusting distributions to Gaussian distribution, condensing the factors to fewer characte-
ristics by principal components analysis, and characterizing the fertilizer treatments (sludge
and chemical fertilizers) by application of discriminant functions. The results obtained were
as follows : The first component (also the second component in some treatments) was useful
for summing up changing patterns of some clements. Sewage sludge effect could be
differentiates from that of chemical fertilizers on the basis of determinations of the
concentration of NH,-N, NO,-N, NO,-N and PO, in the Gray Lowland soil, unlike in the
sandy soil. It was shown that the changes of the first principal component scores and of the
concentration of some elements enabled to distinguish the effect of the sludge and/or
chemical fertilizers in every soil type except in the sandy soil.
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TAER (UT, HREET) 2ERtESo - Bc S cEfl LA BS0BB I >wTR, i
FEHAErSHOMIEND22HE, L, BELLHERETOBBRSEN HBEE K-
T, FTEABTL THTA, A, $MEASZ3FE8ICO0TE LD EEMNLER L FRIMIER
SRTV2, AHTH, ZOLSLRHCEL, 74V A—9 —HRCBT 2BEROWER-R
o, TFT e, BREAOCEESALGSTEELPO LT LHNTT — SR 2T o7z,

W, HEEHHRNOERICE,, SROFT—BNBENLLIERD, ZR6DF—FEF
BUBFT 2 -0 0 FEHRRSENT T o TV 5, ERFE 2V TRSEOHEFEHNA
WBHRB Z NSV, R, EEHEOKE, THAR~OCERER Lot LhEBRE2LD
PR BRMERERL TWD r—AREr o, BNEERLEAELSEL #AT 2 20KE,
CoLitaEERT ALERMSIEF I T WY, B, T /RTAOSERN v E2—%
Fussa (CDAL) MEEFESH, HRCHEAED THENIHETE S LS kol FHRT
i, TELTCDALl 2BHALTF—FORMFHL P LAERC OV TRET 2,

2 F—aulhiE

AR OXSRT — 5 12, HRERRER " 217> TO 3 EULEWRTOAR T (3 2 —¥—(2
Sy b, B, AmX4mx12m i) QEH» 2 ERL 2BEKD 10 §IEEE (Cl, pH,
NH,-N, NO,-N, NO,-N[BLF 3 a A iz, #hEh, NH,, NO,, NO,xi¥], PO,,
K, Na, Ca, Mg) 07— ¥ (K7, $2EBRUBrETHRoN b 20EHBO T —
SOEZNEF-IHLER) Tha, REAZLOSLE (H84 [HWEL, KEEnt, Bons
R4, BRyEIxGER2 [ER, EER]D) oFRICE T, 2EMIzH D 102 ORE%:
FoTEenk8F—yETHE, 48, BHORRE LoR#ER, FEEHERBII-3 127
ENTV3,

ERERQF— B E, CDALIZ XD, REMERE, E¥EED, TRER AR
OB LICEEF—F DB (F—yToy ) > 2iTo7, REEOBRMEL LT, &
HORENSEREINTVLEY, FRZBVWTRHUTO LI @YWz, BHBOT— 7 #id,
BUBX Z /-2 T 5 EREL, EHESFCbTwEEL SN T~ B L Tk
SR AN L TERSMIGIU L 2 FO0Fh NN F -2 REEL L, DEOF—5
RSB LY, HR2TF—FRDOTHHEPSANT P I HLOUER, 07— L FiE
FOEAEREETRLLECKHIEN 25 L RKEn I, FAT Oy PAE&SSANLTY
B2 L AR TTol, £/, FARORER, BEERFLEOHFHEIELZHLORUI T
o Yo kot, B8, theOBEHCY o> TREHER R TRRAL 72,

DEDF—F = I TRBLETF—FBCDE, RO 2HEL, &8, SHEEM
B0 et 52 2B ek, 5HEE CDA L & DABBREATIICH L HEL 72,
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F 7, B 1w & 0, {LEERR & BRE OB 2 E LI HEIC S > T, ZEI LI,
LFRER L BRERAAIC L TR, FOBE, 7=/ 0y RB0T, WX E b EHK
T {Thibr->BSRF 0 FHEAL, YHLoh TERUCHEESE, ERULK EFRUER
PR THITH, BRE ERLLEER, i log. k+ta) KBUZ/N3nAD o« #FERAL
CEWMEIFot, FEBETREFNR 0300y 5 -2 (MAPY® 2R L TITo 7,

3 RRRUEE

3.1 F—3E=2

SERENL L OFMEBIT LT3, FLuF—yHruget2 BB THE, B
F—FDRA, HEVIR, FIEOCERT v 7TRATZEEOBEI P, I Fa—F~DANI
A R FERARY) R, BTSSR KESEEEEz 585, 2, BESMOR
B, WA FECHHR L LT a0, FRANL M FIZEERM LRE2I 630,
FIT, MRLTRETFT—IHOTLSERELREL, AHHERAT SIS0 ELLEY,
£ CRAYELERUNEEROE (AT, #heEn [, [#] BET ) OBFEHEH
E5MELOMEEER I DWTRL, (AW 7 102 @iz s wEE R, XElHEO
FHEERL, B TECE->Tw20, ERELEOERTH 2, (81 oE&HE, pH
1%, K, Na, Camt20~40% TH -z iEdix, BLTKREL, Cl, NO;, NOJE 00 %IALT
botz, MU, BE, RETCERAMEEZRNT 2L, Then(, 3L VHTEAIHEIEBESh
Foo FHGMAGANZEEE LT, TBREEDEELAROLXEBELOND, 21T,
IOWED S LR, pH C2w Tk, REENRH T, SHELERSM L &2 LEL

z 1 BEENERUTTHARONE B0 D EAEITE (WEL, {LFEEK)
Table 1 Fundamental statistics before and after outlyer removal and/or logarithmic
transformation in sandy soil plots amended with chemical fertilizers

Before After
ltems Unit Sample Sample
Mean Min. Max. CV%  Skewness Kurtosis Mean  Skewness Kurtosis a*

rumber number
Cl ppm 100 8.6 00 436 131 1.72 4.77 94 1.35 0.09 2.24 0.05
pH 101 7.29 6.58 1.83 4 —0.05 211 101 729 005 211
NH, ppb 67 52 04 2 81 323 19.20 66 4.86 0.68 282 -
NO, pph 0 27 00 21.0 167 2.45 8.83 0 —0.2% ot 1.58 010
NO, ppm 101 14.1 04 73.2 130 1.54 4.19 101 182  —003 253 0.20
PO, ppb 49 49.1 7.3 118.0 51 0.38 2.49 68 48.07 0.22 2.11 -
K ppm 102 67 31 13.6 EX) 0.7} 349 101 6.60 0.58 in —
Na ppm 102 14.6 18 25.7 21 0.50 4.27 99 14.28 0.38 294 -
Ca ppm 102 522 5.1 1133 39 0.60 .67 99 392 0.23 235 0.00
Mg ppm 98 12.0 2.50 35.3 77 1.06 293 98 220 0.24 1.75 0.00

' a-value in loge {x+a) wansformation.— : outlyer temoved and absence of transformation, and hlank : absence of outlyer removal and
logarithmic transformation.

— 107 —




HEHZ - BRI

%, NO;, NO;, Mgid, #f0O X3k, ¥4, NH,, PO,, K, Na RREHOEEIC &
B, CL Cag@EC LY ERMEb AN LEL OGNS, [Hh] OEE, RECLIRE, T
THENZENO, 3 LARE I Ty, ER7 oy b, BESHERL E LT, TH
REAUTOBTC#LE2BEFORESR RS L sh 3,

HDARK iz 0w TEBOBE 217V, BRI R A~D D & 5 ERsBoh0T, #
e ME L TUTFOEN R T 272,

3.2 AEEOESIC & A RUR

ITEBERCEFTLRROI B, FCRIUTEH L T2 0E0 b, #hs0EE/RDAEY
FREREL, HMEOTER LTI ha k3, £, HREAEOHBERLERRD
ARALBECHEATR a0, ThdBROBE LS ZenTr s, UTF, HEIL,
AHEHEMOABRRERN T 5, CORFTE, Bdd 2 ERSMTEEEREITT S S 5E
LTw3DT, ERAGHOBROERE BT 280TH 5,

WEL (F2) -2, HBEIFHEROMEED 05 L EoisEs -7, Bz, Cl, NO,, K,
Na, Ca, Mg fAE#IEORWEMSED S, &7, NOEHF 4 » (i 2ffi), NOs
& OFEBES S P~FWEERLZ Lo L, NH 340 » 0EE & 80 E» - 7, PO,
—RICEOEHE & EOEBEE TR T4, Ol & NO,T# BR8N, Z s oA, (h2EHE,
BREwrrh s RO 6N, ‘

f 75, LSRR L BRR TERORL 2BE Y ek, EFERXT pH 4t Mg £ DR
S E N RAD EDEM AT L DI L, HREO pH i NO, £ OMTHEMNMESRAORD
FRBEE R Uz, &7, EFEEE T NO, & ClOFWHEEAES s iz L, BRKEIT5
T 5 OROBEGREZ/ NS o7z,

= 2 MHEiBDAHEBERTI (BT HER, GLh: LK)
Table 2 Correlation coefficient matrix in sandy soil. Sewage sludge (lefi,
below) and chemical fertilizers (right, above)

Cl pH NH, NO, NO, PO, K Na Ca Mg
Cl 1.0 —{.160 —{1%96 0.577 0.791 —{0.78¢ 0554 0.616 0.566 0.643
rH —0.226 1.0 —0.009 —0.442 —~0.392 —0.03¢9 —0.348 —0.128 —0.420 —0.541
NH, —0.337 0.112 1.0 —0.020 —0.030 0.237 0.220 0.158 0.135 0.059
NQ, 0.259 —0.623 —(0.095 1.0 0.787 0,387 0.580 0.505 0.697 0.787
NO, 0.862 —0.465 —0.159 0.542 1.0 —0.375 0.783 0.734 0.885 0.935
PO, —0.822 —0.114 0.167 —~0.119 -{.629 1.0 —0.200 —0.389 —0.298 —0.412
K 0.419 —0.285 0.158 049 0.665 —=90.266 1.0 - 0,351 0.952 0813
Na 0.651 —0.122 0.032 0.380 0.744 —0.528 0.889 1.G 0.826 0.736
Ca 0.561 —0.316 0.149 0.571 0.789 —0.412 0.9t5 0.828 1.0 0.908
Mg 0.773 —{.345 —0.059 0.516 0.897 —0.543 0.652 - 0.700 0.761 1.¢
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Linl, BHEEIREOTE, BRE HEFRAESEULERETT 7 —ANE L S0
FAN -

KE(EHE (R3) - HEREOR &% (>05) s EERBIX T 13 4, BRR T 4H7FE
L, 0OfEASbeRMEETEL (ALY K-Ca » MK BT 5 DL TH oz,

mEER s £ (Fe) e HHER S O A 5 23, (EFREET24, FRET6#HTHY, W
Ric@id 284S0 NH-pH, RUVK-CaTh»7, HFRE T #0fttizpH-PO,, pH-
Na, NH,PO,, NO;-NO;D#iZ 0.5~0.6 DFEREREED SNz,

By 4 (F5) - HEREOREZEO D b, EFERK L HRE THET 24813 K-Ca®
ATHY, MEBER b6 TH o7, LFEHMXTE, Na, K, CaiiER, Cl-pH RUC

# 3 REERACE Y 2 HEREETICET - HiRE, Gk (EFERE
)

Table 3 Correlation coefficient matrix in Gray Lowland soils.
Sewage sludge (left, below) and chemical fertilizers (right, above)

Cl pH NH, NO, NOQ, PO, K Na Ca Mg
Cl L6 —0357 —0.615  —0.009 0.617 0204 —0.046  —0459  —0.085 0.643
pH 0.103 LG 0.625 0.033 —0.747 —0.082 —0.245 0.281 —0.326 —0.569
NH, —0.157 0.254 1.0 0246 —0.582 —0382 —0.023 0510 —0.034 —0487
NO, 0016  —0.024 0.187 10 a.081 0.006 0.386 0.400 0.428 0.120
NO, 0.283 0419 —01%8  —0.292 Lo 0.300 0183  -0.358 0.250 0.738
PO, 0416 ~0.164 —0.033 —{.14% —0.243 1.0 —0.060 —0.240 —0.041 0.290
K 0215 —0480  —0.095 0277 05610 0.582 1.0 0.627 0907  —0.096
Na 0.335 0286  ~0.104 0214 —0.064 0022 0.164 190 0548 —0.538
Ca 0.253 —{0.250 —-0.125 0.228 —0.594 0.556 (.883 0.445 1.0 —0.041
Mg 0.445 0.383  —0.105 0.027 0.393 0.083  —0.208 0413  —0.070 1.0

F 4 HEER7 B2 EBRETIIET | HRK, &L e
ARy

Table 4 Correlation coefficient matrix in light colored Andosol.
Sewage sludge {left, below) and chemical fertilizess (right, above)

Cl pH NH, NO, NG, PO, K Na Ca Mg
Cl 1.0 -0.300  —0.33t —.120 0113 —0a12 0374 —0268 0.321 0.469
pH —0.321 10 0.542 n.120 {.345 0.242 0218 0.331 0.179 0.002
NH, —0.050 0.546 1.0 —0.012 0.110 0.388 0.241 0.252 0327 0.103
NO, 0.248 0125 —0.072 1.0 —0.064  —0402 0.264 0.143 0100 —0.146
NO, 0.306 0.084 0076 0.590 1.0 0.031 —{.082 0.013 =151 0.319
PO, —0.056 0.569 0.514 0.085 0.088 1.0 0.186  —0.082 0.297 0.047
K 0.282 0.304 0.303 0.483 0371 0.238 L0 —0.026 0.883 0.195
Na —0.168 0.626 0.489 0.173 0.153 0.390 0.358 1.0 0.064 0.074
Ca 0.330 0.306 0.333 0.442 0.354 0.276 0.920 0.466 1.0 0.107
Mg 0.31 -0043  —D.168 0.029 0.367 —0.110 0.063 (.133 0.049 1.0
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X)
" Table 5 Correlation coefficient matrix in humic Andosol
Sewage sludge (left, below} and chemical fertilizers (right, above)

Cl pH NH, NO, NO, PO, K Na Ca Mg
Cl 10 0.561 0.397 —0.066 0.577  —=0.152 —0432 0.024 —0.460 0.363
,pH 0.110 1.0 0.717 0.131 0.086 0.301 —0.163 0.360  —0.056 —0.155
NH, —0.144 0.441 1.0 0.195 —0.001 0032 —0.004 0.543 0124 —0019
NO, 0.034 0.388 -0.082 1.0 -0.021 0.453 0.230 0.627 0260 —0.103
NO, 026 —0125 —0.230  —0.03) 1.0 —-0.025 0426 —0.241 —0.528 0.428
PO, —0.272 0.182 0.528 —0.111 0.000 1.0 0252 —0.015 0300 —0.270
K —0.163 0.049  —0.288 0.547 0.257 0013 1.0 0.636 0.952 —-0.129
Na 0.172 0218 —0.380 0724  —0.298 -03717 043% 1.0 0.667  —0037
Ca —0.148 0018 —0.309 0.568 0.208 0.101 0.931 0.459 1.0 —0.249

Mg 0.046  —0.23] —0.334  —0.035 0.396  —0.004 0.313 —0.004 0.269 1.G

-NQ,, NH,-pH % U* NH,-Na O IEOFMD, £/, Ca-NOBHOCHEESTEH Nz,
ERK Tk NH,-PO,, NO,* K, Na, Ca & Oi§OHEBEENKRTH >,

LLE, tHESRS AL TRO Z 203935 5, O WHLERY TEFEAX L HRE & 0y
BHEELTRE D, @ LEBORVICHILSIHCRVCERFRHEE R THIE K-CanasaThs, @
L7tioT, BEKCRIZTHROBE L, LBCIIrRDRE2ET1%,

3.3 ERAA/IZL ARRIF

AEEBOEREEH 2, 1002 @b EahF—FBE2LER, I oI v—TicE L
BHpIENTENE, HECLOBFROPEOREEEET S OXRID, ERAMTIE, B
(FIEEE) OESCHLS T 2 REROBRTEMCRET 274 %, B EBEER L 0D
BRTOERSCENT 2 FE THY, SEFIEOTLERCEFRT 2ERTI 82 shh
i, FROBBCESTH 5, BT, S8 L CEERER & BRK & SR+ 5, £ 6~7
W, TRAGRTHONEFERNR (FRSA 27 EXTOAEEEC 7T — 5 L OERRE %
BiF .

WEL - EECABOESWEEN SRR LG LT, BFamEoSuEENE L X
A EL{ETo7, £, ZOHBORE, F1~3EHTE T, LFEHE L BRREEDT
HU LR Th o, BlIERSOERMEIATHY, F5FE 6 XE 9% 5w, 10HE
PO AEMOD BERU LOEHRS ZOEEMCENEINTVLI I EERTE 1 ERSTH,
NH,® PO OBEFARRA/|E {, B2 (BREO NH, 38 3 FHMcE0TREn, —fic
NH (380 o6&, PO G HEEE, 2 0 18N T L oWBHLFR 2 SRR RIC L BIRL Ty
%z (NH, & PO R T [RBHMEERTFI 2RI EFTL L) A, HFAHZOKRE LD
TEZE, NH, R POACLHLARTIEBMNARE w, Thbs, 1RGSR OAS 2 TERSE]
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EEREKOEFAR I L 5 HE
Table 6 Results of principal components analysis: Comparison between
“effect of chemical fertilizers and sewage sludge by factor loading*
in sandy soil and Gray Lowland soil

Sandy soil Gray Lowland soil
Principal { 2 3 1 2 3 4
compenents
Eigenvalue 59 55 16 16 LI 14 39 32 27 22 10 13 09 10
Fertilizers** S C S C 5 C s C S C S
Cl —.18 .15
pH A 28
NQ, —-.29 =27
NO; . ) . ~30 -0 —.03
PO, [T e -7 09 7 s
K a3 t33 A7 3 14
Na 09 —02 .39 33 .07
Ca 24 24 .05 24 g1
Mg 2 ~05 —.14 —03 27 07 =27

*{ 7 ] Facter loading20.7: 1105069

** C: Chemical fertilizers, S: Sewage sludge

= 7 ERSOROER D RAER 7 T RUBR B0 {EFEHE LB
EKOETRAEI & 5 HE

Table 7 Results of principal components analysis: Comparison between effect of
chemical fertilizers and sewage sludge by factor loading* in light colored
Andosol and humic Andosol

Light colored Andosol Humic Andosol

Principal 1 2 3 4 1 2 3 4

compuorents

Eigen value 2.5 s 2.1 2.3 1.6 1.1 14 0.9 13 3l 24 2.1 1.5 1.8 27 1
Fernlizers** C S C S C 5 C S C S C 5 C S C S

Cl
pH
NH,
NO,
NQ,

Na 24 ) —4a1 -3
Ca 37 24
29

Mg .09 39 46 1

* D . Factor loading20.7 ;

** C: Chemical fertilizers, $: Sewage sludge
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Lichio, WEResu T, EFEReEROEEsHETLD, LS, TNH%EA
ALT, BlEgsdabs [THEOREATHES] LE2D [EHREETHE] 083 %
BRI L nHREETHS I

KEEf L FERSCBOTRVEATATR 2 RTED S, (CRREK L ERR & TEL
R ALFEREREWTE 1 EHSE ClL, NO;, Mg D7 v—7 L NH,, Na, pH 70—
TEQERRL, ThEAD S — 7 IZENL TR 2T E2Z 005, H2ERME, KL
CafTE 2T, ThoD2ERIH2ERDIZO2OBEREFEATE D (EHMEDEEHH66),
IALTOERSOETHEREHE 0 H < Qw, Lt T, EFMBRORL 2R T 255,
NO;, Mg, ClOEEHE < (LdEL), NH,OBE (NO, & & b i3%AD pH i2l5 L Tw
) MEV UEEy) BEREESL 22FLT 28T, K (AU Ca) OBsc@ET3.L0E
nbh b, '

fthg, FHRE BT, B1EHMTK, Cak NO,0E, #2 x4 ClL, Mg, Na, 53
3EFSR NOOBBEET, Lid->T, HREOBGR, Jhd0RFHST L OELER
HTALEND L,

BEEN Y e AbFEPX L FERE S QR FEE R, RELES T2 (AL TY
3, B1EIHESE, THOFEEOHRTARNRLETHD, B K & Ca, NH,, pH OFEFAH
BHEKE G, 2L, BRERE, 35 NaOEFANEOAZLENPLRL S, 52 Tl
HERK & b ClicET 2188 % e, BIZMawEL T, EFEERX T NQ,, FREETMgd -
AFRTENIKE:, Lid->T, JOLEOHSE, E1ERSTA 27550t KX Ca),
CloEEHEL, i, BFREKOBESE NO,, tEERRCEHEEE Mg 02 T4k
LERETHS I, ,

R L EFEEXK EFREK £ TE, ETOREBCBLTHEESRoNS, EFEEHRED
BE, B1IEHSMHEK, Cak NO, (RUC Lo, 52 FHSHpH, NH, (RUCD, #3
FE0 PODELEZRL T8, G, #1ERAF1K, Ca KU NO,, &2 544 pH
(BRU'NH,), B3 xRS0 POOELERTLELS, Lttt T, TNFNOERFA TN
BEhS LMROHECEH ORI ERE T2 L EATHES I,

34 HIBISHTIC L B8R

WL, #0080 L SUEEROT 5 ho ERAERD, TONEERNLT, SQE
DR L RTEELSNAEE PIERL . AE TR, BELLReEnLicos, MED
R (IR LSRR A KAT 5 ETOREL 5 T LR, 2BOHRISC & - TR
T, 2BEOUBI T, WHEPSOTAT / CAREBORL wAORB £ ERR L LTRD, &
B FNREFOEELACHENCE > TEE~DFBERET 2%, Lidi->T, TR
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H, FUBRORATHELRD2 Z L cHMH D, TORBEETAL T, L¥BHK L iFR
ROEGEHRRL oL, WHSHTE, AROEVEHLSHT L I L ARCENH S,
# 8, HRIAFOBREZBHNEICLDFLL,

Fz 8 KAt e WE LB A EEEN & BREK & OB
DFEF

Table 8 Discriminant analysis between effect of chemical fertilizers and
sewage sludge in Gray Lowland soil and sandy soil

] Missclassification
Variables used .
ratio

Gray Lawland soil NH,, NO,, NO,, PO, 1.1%
» NH,, NO,, NO,, PO,, pH 1.1
? All variables 490

Sandy soil NH,, pH 46.6%
I NH,, NO,, NO,, PO, pH 293
i All variables 21

Note) In { x + &) was used for transformation of x.

SRERFEA LSS, HLEE L3RR EisiThhie s, LEiRER & HRE R
WEBRE T 2, EROFMEPRTIVAKBECHELER TS i L1,
2T, ERAMMOERERT, EIRAC B sBVWETFARNBEOENAMXRZZHE %
WY bif, snswERL CHIMIET 1, T bbb, WEETE, NH &RV pH, KEEH
+ ik, NH,, NO;, NOs, PO EMER L7z, #ORE, DELTCHRHE T R ERLLOI
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® 9 FEAROREEERIIRCERTRZAEHE
Table 9 Useful factors for analyzing the successive changes in element

concentration in each treatment

Soil Chemical fertilizers Sewage sludge
Sandy soil ~ Z, ["The mobile elements™] , NH,, PO,
Gray Lowland soil l
7, [Difference between (Cl, NO,, Mg) z, [Difference between (K, Ca) & NOs] ,
& (NH,, Na, pH)] , K/Ca 7, [Cl, Mg Na] , NO,
Light colored Andosol '
{z; [K, Ca, NH,, pH] or K/Ca), (z; [K, Ca, NH,, pH, Na] ,
Cl, Mg or K/Ca), Cl, NO,
Humic Andosol
z, [Difference between (K, Ca) & z, [K, Ca, NO:] ,z; [pH, NH.] ,
(NOs, CIj] , z. [pH, NH,, C1] , PO, PO,

Notes) z,, z,: first and second principal component score, respectively. Meaning of the principal component is
shownin [ ] .
* Cl, NOy, NO,, K, Na, Ca and Mg

51 B X ®m
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Table A Fundamental statistics on sandy soil

Chemical fertilizers Sewage sludge
hems  Unit  gample Standard Sample Standard
Mean* . Shewress  Kanosls  a** Mean® Skewness  Kurtasis a**
nember® deviation number* deviation
Cl ppm 94/100 1.35/8.6 1.33 G099 224 0.05 96/ 108 1.02/5.1 131 =042 215 0.05
pH /101 /1.29 029 —0.05 2.13 100/101 7.36/7.35 0.30 —020 1.8% -
NH, ppb 66/67 4.86/5.2 2.86 0.68 2.82 - 62/67 3.60/4.2 1.93 Q.17 2.13 —

NO, ppb 70/70 -0.29/2.7 1.79 0.1l 1.58 010 47/69 0.87/2.1 0.69 024 211 0.20
NO, ppm 101/301 1.82/14.1 138 —005 253 0.20 97/101 2.52/16.5 092 -039% 1.60 0.50

PO, ppb 68/69 48.07/49.1 _23.83 022 2.11 — 66/68 47.77/509 1682 -~0.10 242 -
K ppm 101/102 6.60/6.7 2.08 0.58 in - 191/102 5.53/5.6 1.39 0.54 312 —
Na ppm 997102 1428/146 264 038 294 —  101/102 267/148 017 061 319 000
Ca ppm $9/102 192/522 0.34 023 2.35 0.00 101/102 4295/434 1519 0.09 3.29 -
Mg ppm 98/98 2.20/12.0 075 024 1.75 .00 /98 /7.54 4.14 0.55 225
* Digit/digit: after/before outlyer removal and variable transformation. Other fundamenial statistics were obtained after the weatments,
** g-value in loge (x+ &) transformation. — : with outlyer removal and absence fransformation, and blank ; no outlyer removal and
transformation.

A% B REEHL oW TORRKG

Table B Fundamenta! statistics on Gray Lowland soil

Chemical feniilizers Sewage sludge

liems  Unit Sample Standard Sample Standard

ntmbere Mean* deviation Skewness  Kuriosis a*t sunbert Mean* ceviation Skewness  Kurtosis  o**
Cl ppm 74/84  17.56/16.7 1.27 0.10 294 - 80/87 9.27/%.3 072 —-030 292 —
pH B1/84 7.59/7.59 022 023 2.54 - /87 /112 027 —00% 289
NH, ppb 47/48 2.17/145 0.81 0.66 264 0.00 52/52 1.90/9.1 0.7¢ 031 373 (.00
NO, ppb 51/53 1.44/20.5 1.06 0.28 2.68 0.00 54/57 LIL/17.7 0.85 0.30 300 000
NO, ppm T2/84 323234 009 058 267 0.0 87/87 359/169 Q.19 —093 296 000
PO, ppb 47/53  21.39/223 5.99 007 271 - 51/57 17.58/20.0 &n 002 288 1.00
K ppm /B3 221/9.6 0.33 0.06 243 060 84/88 7.83/8.15 1.63 045  3.08 0.00
Na ppm 82/84 3.44/333 0.26 0.93 291 0.00 84/88 25457266 4.19 0.29 2.67 -
Ca ppm 83/85 5.43/88.5 0.25 .11 1.94 0.00 83/88 73.42/16.4  13.61 0.1 252 -
Mg ppm 75/81 31.05/303 224 —0.50 3.30 - 81/85 24.93/245 193 =035 2.57 -

* Digit/digit: afier/before outlyer remaval and variable transformation. Other fundarental statistics were obtained afier the treatments.
*+ g-value in log, {x+ ) transformation. —: with outlyer removal and without transformation, blank : no outlyer removal and
transformation.
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Table ¢ Fundamental statistics on light colored Andosol

Chemical fertlizers Sewape sludge
Ieras Unit Sample Standard . ) Sample Standard )
Mean* Skewness  Kurosis o ** Mean*® Skewness  Kurtosis a*
number* deviation rumber* deviation
Cl pom /99 /111 1.97 0.53 2719 100/101 1.94/7.0 °~ 015 0.59 3.57 0.00
pH 98/99 7.46/7.47 0.24 0.27 229 - /101 /153 0.26 .39 255
NH, ppb 39/66 1.83/9.1 74 025 225 0.50 66/66 181716 078 052 408 0.40
NO, ppb 67/70 1.63/8.8 0.8% 045 310 0.30 70/70 1.52/6.5 (.88 Q15 In Q.45
NO, ppm 98/99 24.12/240 299  —0.38 2.94 0.00 /101 /24.5 308 —1.12 150
PO, ppb 47/70 2517156 049 —044 240 0.00 70/70 2.65/16.4 057 —062 307 .00
K ppm 97/99 5.51/5.6 1.04  —030 3.65 0.00 98/102 5.53/5.7 1.23 031 274 —
Na ppm 89/99 " 20.70/208 2.10 012 31§ - 997102 3.15/242 0.15 069 396 0.00
Ca ppm 97/99  50.68/51.3 714 =037 361 - 99/102 391/51.8 017 001 255 0.00
Mg ppm 96/98 11.75/11.7 1.24 0.51 1.86 - 94 /98 11.96/12.0 .12 0.63 2.80 -
* Digit/digit : after/before outlyer removal and variable transformation. Other fundamental statistics were obtained after the treatments.
** a-value in log, (x+a) transformation. —: with outlyer removal and without transformation, blank : no outlyer removal and
transformation.

7% D BEsFw >wWTDEEHHE

Table D Fundamental statistics on humi¢ Andosol

Chemical fertilizers Sewage sludge
liems  Unit Sampie Standard. Sample Standard
Mean* X Skewness  Kurtosis o ** Mean* Skewness  Kunasi a*"

- number* deviation number* deviation

Ci ppm 77/82 15.26/14.8 197 —054 2.24 74/89 8.46/8.1 039  —0.51 2.63 —

pH 79/82  T63/T64 024 —005 257 L/ /200 B2z pa7 244

NH, ppb 47/47 2.85/337 1.09 054 300 006 . 51/54 2.05/12.3 0.76 0.14  2.85 0.50

NO, rpb 56/52  11.80/17.0 1.39 0.80 2.66 - 59/59 2.34/17.2 094 0.55 293 0.00

NO, PPM 70/82 57.06/53.8 329 =014 242 - 81/89 59.74/57.8 372 -044 3 —

PO, ppb 52/52 2.85/19.9 0.51 040 321 0.00 56/59  1720/18%6 7.11 028 243 -

K ppm 83/83 2.29/103 0.29 030 267 0.00 88/90 2.15/89 021 035 240 0.00

Na ppm 81/83 3.24/275 0.29 056 248 0.00 88/90 3.12/238 0.20 024 257 0.00

Ca ppm 83/83 4.51/916 0.26 023 27 0.00 89/90 82.51/833 1595 034 - 304 -

Mg ppm 80/81 20.52/204 2.61 0.21 1.72 - /87 /193 245 =049 ile

* Digit/digit : after/before outlyer removal and variable transformation. Other fundamental statistics were obtained after the treatments.
** a-value in log. (x+a} transformation. —: with outlyer removal and without transformation, blank : no outlyer removal and
transformation.
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A Preliminary Studies on Cultivation of Rice in Lysiméters in a Greenhouse,

*

EARE! - BB

Mikiya HIROKI' and Kunihiro FUJII!

Abstract .

Four lysimeters which can control environmental conditions were set in a greenhouse,
and filled with alluvial soil for experiments under paddy field condition.

Prior to the experiments, rice wis piamed in lysimeters and pots without any fertilizer
application to reveal differences in growth and yield of rice between the conditions inside
and outside of the greenhouse, and between lysimeters. ‘

Temperature of the greenhouse was 20°C(night)-25°C (daytime), moisture was 60 % RH,
and the soil temperature was 18°C. Two pots were placed outside of the greenhouse and the
other two pots were placed inside of the greenhouse.

The results were as follows.

L. 1n the pot experiment, plant height of rice was larger in pots inside of the greenhouse
than outside of the greenhouse. Number of tillers was larger in plants cutside of the
greenhouse than inside of the greenhouse.

2. There were no significant differences in plant height and straw weight between the
lysimeters. But the fresh weight of panicles varied with the lysimeters.

3. The differences in panicle weight were attributed to differences in the percentage of
ripened grains. Under the current experimental conditions, the percentage of ripened grains
of plant in each lysimeter was low, ranging from 25 % to 48 %.

4

1 Lz

EZ A EFER DR RN 1 8 EOMBHIHRES A v A -y -SRI ohTW3,
DB 4RI, HERR7 EEFETAL, BHISMET B 0 MRETEBRLHELINT, BHed
COMPEEFTTOE, BOD 4EDTA v A—F —it, KERETOERCAGS 10, K
HEBEFXTAL, 2EHEEDADE L THERTEIRBL R > ORBHSTHEIFTH-
2o LpL, R IBOTRTABTET L ABOMME S A v A —F — 220w Tl, EBET
KEL>THRTASA LT, EFMABTE—TH 5 e nllan Ty, 21, —Ki

1 AIAEWER KELEBUEN T 305 KB A RS HERET B 16 F 2
Watcr and Scil Envircnment Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 3035, Japan. v

— 117 —

- I




LA - EIEE

I OBOMEYELFEBRER CA AN BT sl RIERR LT, T4V A —HEk
U4 A—F—HNOERSHENRT 200EF THD, TIT, KEZ7A ¥ A—F—ZBv
T, RAGHREBREBIAT 210515 T 5745 A 1 0 KIROS—i e v, BRSIERET -
BARGET TOKFETDE, 74V A—F—NTOEFIFMRELZ A v A—T— BT S
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Fig. 1 Location of lysimeters in greenhouses
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B 2 EOERLE
Fig. 2 Location of rice plants in lysimeter
@ ; plants in the center of the lysimeter
O ; plants at the periphery of the lysimeter
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232 INEHE
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FEL 2, ﬁi%i%i, ERLIT BCTERL, HERIERTREL TR, TR LRER
B, B34 ¥ A-F - O EOFEITECKERD, FHOME, 20, #L28RU
TREXHTE L, Hoaiid, LE LG OEAKPTHAL S E2E LA LTHEL,

24 KRy EE

BENFIHERET - BEAHRE T TOXKBOETOE2TAL L0, Ky FEBRET -7
175000 a O #y b ICRBEREEHETOKEBEL (74 v A—F—WA—0+F) 2R TAL,
BAGREEE L, RS E 28272, 20X 2Ry F 2E2EEAT, 2@A2EEAR
BOTHEL L, $RLLARRCREHERR 74 v -y —HBeA—L L,

3 BRRUBE

31 FAvA—s—-MOkBEFNE

311 £ERE

B4y A—F— (L5~L8, LEESTRT) B3 AMOETL2R] (BX) RUK?2 (4
o8 WRU . R, 422 =7 —thko 218 (K2 E8W»wT 9~15, 19~25, 29~35
OB DL TOTHE, MEBEERT I A v A -5 —HOBVEEEERL .

R 1 BIAVA-I-CBIHIELOEL
Table 1 Plant height of rice in each lysimeter

No. 5 Lys. No. 6 Lys. No. 7 Lys. No. 8 Lys.
mean (S. D)} mean (8. D) mean (S.D.) mean (S. D) L s d.*

DATE

7/7 6893 (202) 6356 (2.80) 6190 (343) 6488 (232 218
7/22 7158 (287) 6564 (299) 6442 (273) 6641 (227) 221
8/ 5 7133 (280) 8028 (273) 8092 (388) 7641 (55%) 317
8/19 8941 (312) 9331 (231) 9354 (382) 8942 (391) 271
11/ 5 10905 (3.64) 10962 (351) 109.67 (3.79) 10762 (3.79) 298

* : least significant difference at the 5% levél
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Table 2 Number of rice tillers in each lysimeter

No. 5 Lys. No. 6 Lys. No. 7 Lys. No. 8 Lys. '
DATE Y Y Y lLs. d*

mean (8. D) mean (5. D) mean (S. D) mean (S D)
7/ 7 1152 (227 1029 (2.05) 967 (201 1019 (157 Ll
7/22 1276 (2.41) 11.24  (1.81) 10,19 (227 1081 (L.72) 1.68
8/ 5 1257 (2.44) 11.33  (1.93) 1000 (2.00) 110 (1.92) 1.69
8/19 1233 {(2.22) 1100 (1.64) 1014 (233 1090 (1.76) 1.63
t/ 5 11,29 (2.28) 11.10 (1.89) 1005 (2.31) 10,57 (1.54) 1.64

* . least significant difference at the 5% level

(R, TAZ2HFTRAEFVOLISLE, TRUSIVHSMIEMP -z, LL 8
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8<L6, T oir 2 bid, BEROMBOBRV L2 ENBOSEOLATRHFENL L, T,
RO I 4 v A—F —BLWTORESNE, 21 2 x5 E, LY B W TEFIRIC T o580
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A—F = "RTALLEOIBOREIC LY, 1ELSOBESOMBRIZRLZ 2L THE
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THol, MEKROBEDRERE LT, BESEYD SHERC I TORERESEER R
BT ZrsHonTsY, SEH2 Vi AEE 200CLTFE L 2B IEENELETLE
TEMHEISNTLE™, SEOREIIREBEREM 25°C, 78H 20°0CE L, KBIREHL 272
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KBSIERZEF 2 LB2BERE TN,
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Table 3 Growth and yield of rice plants in each lysimeter

No. 5 Lys. No. 6 Lys. No. 7 Lys. No. 8 Lys. Ls d*
. s d
mean (5.D.) mean (5. D) mean (S5.D.) mean (S D.}

Plant height (cm)’ 109.1 ( 3.6) 109.6 ( 3.5} 1097 ( 3.8) 107.6 ( 3.8) 30
Dry weight of straws (g) 422 ( 98) 391 (74) 382 (11.0) 378 (BO) 89
Number of panicles 1.3 (23) 1L ( 1.9) 101 ( 2.3) 106 ( 1.5) 1.6
Panicle weight of a plant (g) 157 ( 34) 187 ( 3.5) 200 (2.7 188 ( 2.8) 2.5
Dry weight of a panicle (g) 104 (042) 102 (029) 140 (041) 145 (046) 023
Number of glumous flowers 97.0 (18.4) 95.7 (20.4) 945 (23.1) 944 (18.5) 1.8
per panicle
Number of winnowed grains 249 (160) 257 (119) 424 (15.1) 457 (177). 90
per panicle
Percentage of ripened grains 252 (14.1) 277 (14.1) 45.5 (15.1) 484 (15.8) 8.6
Dry weilght of winnowed grains 063 0.65 107 116
per panicle (g)
Thousand-grain-weight {(g) 25.38 2519 25.19 25.32

* . least significant difference at 5% level
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2{ro7: 15 2 BEEHEZE T, BRACEARESBRE2 2 CoEdy» S, EOLEFRICZ
SEBELZ I LB TWEY, 22T, &7 4 v A= —DhRBo&k L BESotkzn
ZHONRBEEEN, 74 v A—F—HNTOKRBNED 7Y+ 2KH L.

F4Z, hR2AKE2CBENT 9~15, 19~25, 29~35 D) R UG 22 %(FAL ¢ 1~8,
16~18, 26~28, 36~43 O#) DTN FhONERABEOER (Ex, Y, EFETFHERUH
FEE) CowTESEREREES R L,

D35, R BEMOBEIC | %Kk TEESSRD Shiz0), L5, 6, TOELRU LS

® 4 FAYRA-F—hRER, RUBEHRCBT 3 ABOLH
Table 4 Growth of rice plants in the central part and at the periphery

No.5Lys. . No.6Lys No. 7 Lys. No. 8 Lys. Ls doe
mean (S. D.) mean (S, D.} mean (S. D)) mean (S. D.)

Plant height {cm)

plants at the periphery (n=22) 104.2{ 5.9) 104.4( 6.8) 104.5( 4.2) 104.8( 6.6) 4.7

plants in the center (n=21) 109.1( 3.6) 109.6( 3.5) 109.7( 3.8) 107.6( 3.8) 3.0
Fresh weight of straws (g)

plants at the periphery (n=22) 131.4(30.8) 117.6(21.2) 101.9(24.9) 107.1(26.0) ‘205

plants in the center {(n=21) 117.9(26.1) 115.2(19.9) 115.3(23.8) 110.2(21.0) 18.5
Number of ears

plants at the periphery (n=22) 12.0( 2.3) 10.6( 1.6) 9.8( 2.2) 10.3( 2.5) 1.7

plants in the center (n=21) 11.3( 2.3) 1L.1{ 1.9) 10.1( 2.3) 10.6( 1.5} L6
Fresh weight of ears (g)

plants at the periphery (n=22) 19.5¢ 4.5) 20.0( 3.9} 19.9( 5.4) 19.8( 4.9) 3.7

plants in the center (n=21) 15.7( 3.4) 18.7( 3.5) 20.0( 2.1 18.8( 2.8) 25

*least significant difference at 5 % level
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HE, SRBWTHEEENEw o, THiE L cB8L TR PRBOKOMESEICE
VI ERZED, 312 TR XD L D RBRUV—HAOTERCES L E &, YLD
BREWSSDEV L > TIEIZRE S, DD, Lb OFRITE B THESE» - OEE
BSEnEpofied b HEEANRLE, COREIC2WTIR, SBECAS L TO { LENH 50,
TAYA—F —2ROGPEEEEHLIERED, TV A—F -HNOBEOTY—MdE
EhBHTHL I,

3.3 £ rEE
EERET-4HEOEY FO3 5, Nl ¥y M (Pl, BTEECED) IEREDCRASES
L olclzs, P2 (BERNCTEE RUP3, 4 (BRAEO2WTHEE oBRizowToas
B,

331 BEARBDRHRy bR 74 v x—y—FF0E

B3, £y b (P2) L34y 2x—F— (L5i~8 £ COFY) w2 BLBUEHEOE(LLE
Lz,

Ay MREEES A Y A= —BIEOKREOEL L HET 2 £, Ry BRI 1 Y A—F —R
BLOEWCEL, £, Ky b TREFEHECELOEL AL E25 9B 1 ek T) 8
FAYRA—F LTS o A OROBLEIET 2L, Ky FFIETIRT A ¥ A—
B OBEASTORBETEL, 2, BIAREFTOWELLY, T4V A-F—TI
T ODUE & A EPEMAT DO LR DML, Fy PESTRBENT OHLIE ST oK
DWIPBEL»o7, .

PLEDERE, Ky pRHBLIA v A—F -HBFEOENIERPCETCENWT, JVEEFL R
D, WESERELIOELIEERLTNE, Jhid, BRPERHTT, 2o, k54
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Fig. 3 Growth of rice plants in pots and lysimeters in the greenhouse
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Fig. 4 Crowth of rice plants in the greenhouse and outside of the greenhouse
P2 ; in the greenhouse
P3, 4: outside of the greenhouse
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332 BEAAOE

H4ic, BER (P2 4 (P3, §) 050 5 ABOSLRUASY DORDLLERL
Bk, BHEESTAE (TE28) s TREZERORy MEBEADRy L OB o2, 8
A 27, 28 BiZE®Ry b oSHHE, BTEL R BIGEERNTELE (B ot ST 28, THS5H
CRESTORERD, BATIE 16~18FIGEL S, BENTR 13ETEY, BAL IR
ot WFRORy b3 75 BLUE, ST REZELSL, HELLOREBEARNE LEEKT
6EXRTH-, .

FOSWIHAEOKRE AT Lz, B, B30, bl (FER+HHEN) E2EEEAAOR Y
bTEENkr ok, BEEREIRAORY P THL, ¥EFERBBRENORY tTEAE
RFED o, LVIEMEUBISRREND Ky batBuik s, HLaRREBADHY b TH
ofz, THERBNOR Y FOANEL 2T,

= 5 \BERACBITSAROINE

Table 5 Yield of rice in the greenhouse and ouwtside of the greenhouse

No.1Pot No.2Pot No.3Pot No. 4 Pot

DW of straws {g) 1.35 8.25 7.79 7.45
DW of ears (g) 0.66 3.46 531 4.40
DW of straws and ears (g) 2,01 12.71 13.10 11.85
number of glumous flowers 31 144 212 176
number of ripened grains 24 122 197 164
DW of ripened grains (g) 0.59 317 4.94 4.07
thousand-kernel-weight (g} 24.58 25.98 25.08 24,82
percentage of ripened grains 0.774 0.847 0.929 0.932

No. 1 and No. 2 pot were laid in the greenhouse, and No. 3 and No. 4 pot were laid outside the greenhouse.

BEHNORy PEBAORY PRI LE, FIHDEBTCSLTIBHNTH LD REE
WTRAT DB Du L, BRLPTWIETHok, HBBBPL L IXERTZ I LI, @Y
—RCEDHENA I ETH L, UL, SR RIBERANTELR UM ZIED s h-»
72 331 TR LRy VR THRECEFT L RAL»OHRERSH 2 -0, Bk
WTRSFOBBEA L, BEARSWTHELOBENEHEL THWATEEL D2, FO12H,
HERE %17V, T REBRFEFOLTREBLLEECBLT, NEROEL R URKICBERSNT
EBEL TR R DD, 27, SROBBRIBLT—HYUL DO LWENEUBETE, B4
RIBEARELOARE- 2 06, —fC, BENTRELLBS I, BA LY RESE
prepTans,
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BRI OEHRmPRRE F685 (R-68-'84)
Res. Rep. Natl. Inst. Environ. Swud., Jpn., No. 68, 1984.

-1
Bk &

Precipitation

LCIRE] « BRI

Takenori YAMAGUCHI®* and Kunihiro FUJII?

SAERRATEERIIG TIRIBM 5 £ & D BKEOF ST TwE, BHADT A v A~
ﬁ—%ﬁwf%ﬁmﬁmfm%KEQEE#k#ﬁ&w%ﬁﬁﬁTb%oug?ﬂ,ﬁﬂ7ﬁ/
A—F— (HE®) DRFE AR ORIE I = 72 BIF1 55 4 5 A 4 68340 58 2 3 H & TOMik
BERLE (R1~%3), ARKER, 24 B8 OB~ BETHY, AV A—F—LLDD
REAIY, HETRDL, BB, T4 YA—F -—FROLBEOREHRE, 16mTH5,

1. EMaFTsAar BT T 305 MRS EEELAEN 16 & 2

Engineering Divigion, the National Institute for Environmental Studies, Y atabe-machi, Tsukuba, Ibaraki 305,
Japan.

2. BENMAEWER KELEBES T 300 FSBAKERS DEu/NE 16 % 2
Water and Soil Environment Division, the National Institute for Environmenial Studies, Yatabe-machi,
Tsukuba, Ibaraki 308, Japan.
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Table 1 May, 1980-March, 1981
Precipitation o .~ Precipitation Precipitation
Date Date Date
mm/d 1/Lysimeter mm/d 1/Lysimeter mm/d 1/Lysimeter
1980 Aug. 21 1% . 190.4 Dec. 2 10.8 1728
May 1 18 44.8 3| 254 406.4 9 0.1 1.6
2 355 368 ] 0.1 te 12 19 30.4
6 0.1 1.6 16 09 144 20 0.2 32
7 0.7 11.2 17 1.9 04 21 04 6.4
9 60 96.0 18| 07 1.2 23 17.0 272
10 200 320 20 5% 4.4 24 9.8 156.8
1 12.5 200 21 ¢S5 8.0 1981
16 0.8 172.8 23 gt i% dan. i 28 44.8
17 08 12.8 25 0.1 1.6 16 09 14.4
18 0.1 1.6 26 12.1 193.6 Feb. 1 kN 4946
20 25 40,0 300 01 1.6 13 0.4 _64
21 224 1584 Sep. 1 14 224 H 15 120.0
25 9.5 152 3 0.4 6.4 17 4.0 64.0
26 1.0 112 [ 1.0 16.0 18 3.8 128
30 0.1 1.6 8 59 944 23 13 1168
3] 0.6 9.6 g; 28 4.8 24 20 320
June 2 17.2 2752 Wl 116 1856 Mar k) 5.9 94.4
7 01 1.6 11 26 4.6 4 43 768
8 6.4 102.4 171 15 240 gl 02 2
9 7.5 1200 21 1.2 15.2 9 49 784
17 0.1 1.6 24 1.9 304 10 0.1 1.6
19 0.1 1.6 25 1.1 113.6 11 21 1.6
20 74 118.4 261 255 408 13 1.0 160
21 04 6.4 27| 21 336 14 241 385.0
23 1.1 17.6 Oct. 6 04 6.4 19 132 211.2
26 L5 240 7 0.1 1.6 21 24.0 184
28 10,1 161.6 1 1.6 256
29 91.5 1464 14| 38.1 09,6
July 1 39 62.4 16| 110 176
2 16.3 2608 18 51 81.6
4 02 32 19 75 120
3 32 51.2 20 202 232
7 316 5056 21 38 60.8
8 19.3 308.8 24 9.6 1536
9 6.9 1104 25 34 544
10 1.5 240 28 1.0 16.0
I 16 516 Naoyv 12 8.2 131.2
15 6.4 102.4 21| 471 7516
17 0] 1.6 22 1.5 C 10
18 1.3 20.8 23 13 20.8
24 1.7 27.2 2] 16 1216
26 0.9 14.4 5 180 288
28 0.1 1.6 28 i7.0 272
30 0.2 4832 29 02 -32
3 0.6 o6
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Table 2 April, 1981-March, 1982
Precipitation Precipitation Precipitation
Date Date Date
mm/d 1/Lysimeter mm/d I/Lysimeter mm/d 1/Lysimeter
1981 July 1 7.1 1136 Nov 2 6.9 430.4
Apr. 1 36 576 2 11.6 185.6 ] 18.8 300.8
2 137 219.2 3 23 368 ] 6.6 105.6
4 0.9 14.4 4| ot 1.4 L5 4] 32
5 1.2 1.2 18 1.4 224 25 1.7 187.2
6 1.2 19.2 20 1.7 27.2 26 L.1 17.6
10 9.7 3i5.2 21 18.0 288 27 1.2 19.2
13 11.0 176 22 9.8 156.8 30 11 17.6
16 15.6 249.6 23 8.1 129.6 Dec. 15 3.3 52.8
19 10.0 160 24 Q.1 1.6 20 0.1 1.6
20|, 270 412 29 1.0 14 Fa _0.4 64
25| 140 224 0| 15 24 0| 10 16
26 o1 16| Aug s 21 136 1982
29 bR 81.6 7 21 16.8 Jan. 4 323 516.8
30 6.2 99.2 8 0.6 2.6 5 0.2 32
May 3 %0 44 11 01 1.6 1l 0.1 1.6
6 26 416 12 2.6 41.6 16 0.4 6.4
7 48.5 176 184 al 1.6 18 33 528
11 0.9 144 20 04 6.4 29 2.0 a2
12 15.7 2512 21 8.1 129.6 Feb. 4 20 144
13 0.2 3.2 22| 721 1153.6 5 5.2 832
15 0.6 3.6 23 1.2 19.2 17 14.7 2352
16 320 512 25 70 112 19 2.5 a0
17 57.0 912 27 46.6 745.6 20 14 224
24 154 2464 2B WO 430 il 50 80
28 1.9 304 Sep. 4 7.1 1136 24 0.6 9.6
k]| 0.1 1.6 8 503 804.8 28 114 1824
June 1 5.8 92.8 10{ 135 216 Mar | 15.8 2528
4 0.9 144 11| 376 601.6 2 0.2 32
5 59 94.4 12 36 576 4 16 25.6
b 0.2 3.2 19| 358 5728 5 0.3 12.8
7 s 56 20 0.9 14.4 3] 1.7 272
11 09 144 24 0.3 4.8 12 9.5 152
12 1.0 16 25 369 590.4 15 48 76.8
14 30 48 26 1.1 171.6 17 0.9 44
15 10¢ 160 0| 248 196.8 19 0.1 1.6
17 0.6 9.6 Oet. 1 44.1 T05.6 20 1.5 280
18 13.5 216 & 436 697.6 21 139 222.4
21 33 528 9| 322 5152 1 1.6 121.6
22 50 80 13 03 4.8
23 43 ARE 4 14 16
25 12.7 2032 18 0.1 L&
26 6.8 108.8 21 30 48
27 0.9 14.4 221 331 5296
28 3.9 14.4 290 13 208
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Table 3  April, 1982-March, 1983 , .

Precipiiation

Precipitation

Date

Precipitation

Date Date
mm/d 1/Lysimeter mm/d 1/Lysimeter mm/d 1/Lysimeter
1982 Aug. 1| 352 8832 Dec. 5 10.6 169.6
Apr. 2 05 8 21 103 168 12 0.1 1.6
3 25 40 3 1.2 19.2 22 12.4 198.4
7 11.1 177.6 7 39 142.4 25 0.3 4.8
- 3 G4 6.4 8 3 4.8 26 7.1 113.6
9 27 432 9 0.1 1.6 28 Q.1 L5
14 12.9 206.4 16 4.2 67.2 33 0.1 15
{3 8.5 1384 17| 16.1 257.6 | 1983
2) 47.3 756.8 18 0.4 6.4 Jan. 5 8.2 131.2
27 0.1 16 20 0.4 5.4 7 19 424
28 02 32 26| 374 598.4 8 02 a2
30 7.0 112 27 6.7 107.2 17 19 62.4
May 1 0.1 1.6 30 07 11.2 18 12.6 201.6
2 1.0 16 Sep. 3 123 196.8 19 0.1 1.6
3 280 448 4 1.2 19.2 30 3.4 54.4
5 0.7 11.2 6 31 49.6 Feb. 1 1.3 208
6 214 4384 8 2.7 43.2 2 71 1136
19 73 1168 10| 39.1 625.6 6 34 544
20 123 196.8 13 716 1241.6 €3] 52 832
30 1.2 19.2 121 2067 32112 i7 56.6 205.6
3 522 835.2 14 9.8 156.8 18 1.9 304
June I 4.5 g s 4.9 78.4 23 i.g 190.4
2 244 390.4 19 41.8 663 8 24 120 192
k] 270 432 20 7.7 123.2 Mar 1 13 20.8
7 04 64 22 1.7 272 2 7.5 120
@ 2.0 a2 231 166 265.6 4 0.2 32
13 15.2 243.2 24 54 36.4 & 02 32
14 289 462.4 251 336 857.6 G 0.1 L6
17 02 3z Oct. 2| 455 728 10 267 4272
19 2238 3648 M 5.3 848 12 16.6 263.6
20 252 403.2 6 a9 6.4 13 47.8- 764.8
23 6.3 100.8 7| 125 200 16 224 3584
24 6.8 108.8 81 579 926.4 17 11.0 176
26 4.6 681.6 9 49 784 21 18.0 288
27 0.9 14.4 10 1.0 16 23 24.7 395.2
July 6 32 512 19 792 12672 24 6.5 104
7 47.2 755.2 20 0.2 32 26 6.6 105.6
8 0.4 6.4 31 0.2 3z 27 6.8 108.8
Il 13 20.8 NOV. 3 06 9.6 29 i6 25.6
16 0.6 169.6 41 223 . 3568
17 15.2 243.2 5 19.1 305.6
19 18.1 289.6 7| 540 864
21 0.6 9.6 8 1.1 76
24 6.8 108.8 &5 102 163.2
25 87.0 1392 10| 348 556.8
26 10.4 166.4 11 20 32
28 12 19.2 15 04 6.4
29 34 544 16 6.9 110.4
30 nz 595.2 22 1.2 19.2
31 241 185.6 29| 519 8304
30 14.2 2272
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BErnEsirfiifts £ 685 (R-658-'84)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No. 68, 1984,

m-2 .
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Amount of Percolating Water from Outdoor Lysimeters

BRI - L CIRE

Kunihiro FUJII' and Takenori YAMAGUCHI?

FAVA—F - ERVIHR-EYRCBS 2 MHOEEHIN T 2 RBRICSVL TR, BEXKED
HAAAR R TH D, T NEWEER IR 4 ZOMBHEBRA S A v 4 —7 —BHEBEah
THEY, TRIKEH~ARET AL BEKRO BEEEEENEIs N T3, F1H
wERE L 16 (RS2 58 ikiZf 50 £ FEBEESBRE2 A, RESA U A5
HEETHSREEE R TS,

AEFRIRFE T, TARERESOLEREF TOXHEEBR T2 DI LR v A—F -0
L 4O TR (WEL, ROBERs L, WEL, BE2L) 22X TALLSENAVSRTYL
B, INBBEDTA VY A—F BT HREKR (BBFIS5E5 A~EBHMBEIRZT) &,
TRt e ThHD, B, HRUBEFIFENTSHY, STERBEYNRE IR,

T4 v A—F —FRBONFIER" 22Bahizny,

5 A X ®

Uy EAREA « BEHER « REEZ « AR (1983) TRGRER - ROMER 7 0 7Y 555
(I, t3EoEe L MEMEOER, HuLEREFRRERSE, 5465, 39-55

L EsAEEER AELDEREI T 305 WIFRREESH RS 16 % 2
Water and Soil Environment Division,.the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

2. FUATWES HATE T 305 SRR BIAERE TN 16 % 2
Engineering Division, the National Institute for Environmental Studies, Yatabe-machi, Tsukuba, Ibaraki
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1. May, 1980
(1/Lysimeter)
Sandy soil L'ﬂ“ colored Alluvial soil Humic Andosol
ndosol

1‘ 2“ ]i 2!. l‘ 2!! 1' 2“

14 0 0 9.6 9.6 2.0 1.6 0 0
15 204 0.1 978 103.8 24.4 25.0 7.6 16.3

16 0 0 98.4 - 99.2 21.1 8.6 0 0
17 0.2 2.0 73.6 126.9 339 n.2 0.2 0.4
18 39.4 57.8 70.2 69.8 25.4 52.5 65.3 64.7
19 51.2 44,9 51.9 532 432 459 498 50.2
20 372 326 36.5 374 3.9 35.6 36.0 36.4
21 220 196 18.2 20.7 £9.0 341 18.5 18.6
22 136.3 127.2 97.9 92.9 63.6 70.9 46.8 53.0
23 120.6 83.1 96.9 96.6 57.0 67.1 75.9 -76.4
24 76.3 58.6 58.7 59.5 439 50.0 54.3 . 547
25 53.4 375 40.) 40.9 3338 38.0 38.7 390
26 7.6 5.1 10.7 12.3 20.5 25.8 9.3 317
27 0.1 03 0.1 2.1 8.7 5.6 0 2158
28 9.1 2.4 0 2.1 14 0.2 36 9.2
29 58 0 0.1 0.2 6.4 0 0.9 9.2
30 35 0 0 0 6.3 0 0.1 10.8
3t 1.8 0 0 3.0 6.3 0 0.1 13.2

Total 585 471 761 230 507 461 407 505

*Fertilizer applied plot
**Sludge applied plog
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2. June, 1980

(1/Lysimeter)
' Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
lt 2tt lt 24\. la 2‘. ll 2"
1 0.6 0 0 56 1.4 0 0 12.7
2 19 0 0 3.6 7.4 0 0 12.4
3 1.0 0 0 2.6 7.8 0 0 1.1
-4 0.3 0 o 1.6 8.3 0 0 12.5
5 0.1 0 0 0.4 7.1 0 0 10.2
6 0.1 0.2 0 0 6.5 0 ] 8.7
7 0 0 0 0 6.9 0 0 15
3 327.5 239.3 261.7 260.8 91.7 196.0 152.9 11.3
9 169.1 90.7 10.8 10.7 52 6.3 3.3 4.1
10 24.1 19.1 B.6 9.5 4.1 5.4 2.3 3.4
1 21.6 17.8 8.6 10.3 35 30 2.1 11
12 20.0 16.8 88 10.5 3.0 3.1 1.4 2.7
13 19:7 5.9 8.6 10.0 2.6 24 1.7 2.5
14 19.4 15.3 7.6 9.3 2.2 20 1.4 2.4
15 19.5 12.2 7.1 8.5 1.9 2.0 1.2 2.3
16 19.0 11.4 6.7 7.5 1.5 1.7 1.0 20
17 18.4 18.3 6.0 6.8 1.2 2.0 1.5 17
18 17.8 9.2 48 58 1.0 1.0 0.7 15
19 16.6 11.7 3.8 5.1 0.8 0.6 0.8 L1
20 15.2 9.7 3.8 45 0.8 0:3 0.7 0%
21 14.3 9.9 3.7 37 0.6 0.8 0.9 0.9
22 12.9 6.9 1.1 35 06 0.9 0.3 0.7
23 12.1 7.0 2.9 3.3 0.5 "1l 0.6 0.6
24 11.4 12.8 2.9 3.2 0.3 0.8 0.7 0.5
25 11.0 7.1 22 3.1 04 02 ] 0.4
26 10.7 6.4 25 31 0.3 0 0 0.5
27 10.8 5.4 2.6 30 0.4 0.8 0.7 0.4
28 1.2 6.7 14 2.7 0.2 0.4 0.5 0.3
29 302.7 288.3 2379 350.7 469.2 104.0 199.3 445.8
30 451.3 416.2 496.4 6429 265.0 339.6 568.9 319.9
Total 1560 1254 1058 1392 908 674 943 884
*Fertilizer applied plot

**Sludge applied plot
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3. July, 1980

(1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
1‘ 2“ 1‘ 2!‘ la 2" ll 2"
1 391.5 328.4 363.0° 265.6 56.7 279.6 180.2 100.0
2 3202 234.9 205.4 61.9 69.6 161.3 57.6 57.5
3 210.0 56.0 101.5 87.6 123.5 101.3 92.7 95.5
4 133.2 51.9 98.7 86.4 68.6 80.2 90.9 92.0
3 92.8 48.1 61.3 54.9 45.0 68.8 56.2 56.6
6 64.1 34.7 385 384 338 37.4 386 38.9
7 44.7 322 28.5 28.3 60.8 49.5 27.6 27.6
8 203.1 259.8 102.2 152.6 601.3 336.0 581.7 581.9
9 219.2 265.9 — — 266.5 347.0 213.5 201.8
10 196.2 188.2 e — 65.3 278.6 127.7 134.6
1 159.6 138.4 — o~ 58.7 165.2 72.0 73.9
12 128.6 4.7 - — 45.4 50.0 48.6 51.4
13 99.0 35.2 — — 414 370 44.4 44.7
14 72.7 27.2 — — 36.1 21.9 36.8 36.8
15 55.5 23.4 — - 301 23.6 283 28.3
16 39.8 212 —_ — 24.2 43.8 214 20.6
17 30.8 21.4 - — 19.4 35.1 16.3 16.1
18 26.6 20.9 — — 16.0 17.0 12.4° 12.4
19 211 18.7 — — 13.8 14.6 10.3 10.2
20 18.4 18.1 — — 12.1 14.8 8.4 8.9
21 16.3 16.2 — — 11.3 9.5 7.5 7.8
22 16.2 16.8 — — 100 6.9 6.6 6.8
23 15.0 17.5 — — 9.2 6.0 6.0 61
24 13.5 15.1 —_ — 8.4 7.6 48 5.2
75 1.9 14.0 — — 7.2 7.7 40 4.4
26 28.9 14.6 — — 6.0 9.4 30 7
27 334 13.2 — — 49 10.2 25 2.9
28 313 1.7 5.1 4.8 38 3.7 18 2.3
29 28.7 9.5 3.9 4.0 28 24 1.5 19
30 24.6 14.1 3.3 5.1 54.5 23.8 13 1.5
31 3.3 121.6 49.6 82.7 257 44.2 29 13.4
Total 2778 2154 1061 872 1809 2294 1808 1746

*Fertilizer applied plot
**Sludge applied plot
— Not measured
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4. August, 1980

(1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
lt 2.3 1: 2.: ll 2-: la 2.‘
1 79.2 1010 120.0 99.3 1.9 6.0 16.1 3.8
2 65.4 50.4 57.8 592 1.8 12.1 25.8 412
3 58.1 36.8 70.4 973 1232 108.2 130.6 143.3
4 45.4 828 303.5 3135 2195 265.7 273.1 272.7
3 378 55.2 122.4 113.6 737 1153 95.5 96.1
6 2971 999 56.2 61.6 480 516 ST.1 56.6
7 259.7 43.8 374 410 36.0 40.2 382 38.1
8 150.9 28.0 26.0 29.4 28.0 3.2 279 272
9 106.0 214 19.0 2.1 22.2 24.1 20.6 20,1
10 66.3 17.1 14.7 16.9 176 19.6 15.4 14.8
1 12.9 318 11.6 13.5 14.3 15.8 1.9 1.5
12 23.8 9.2 9.2 1.1 11.9 12.8 9.4 9.3
13 23.8 10.7 7.6 9.1 9.7 112 7.1 7.3
14 16.6 9.1 6.6 72 79 77 5.5 58
15 12.2 6.8 5.1 6.4 6.3 4.6 3.7 4.6
16 9.1 8.5 A8 53 48 4.3 30 35
17 8.5 75 39 4.1 36 1.3 20 26
18 72 52 33 3.6 25 2.3 1.7 2.1
19 6.9 59 27 32 18 1.6 12 1.7
20 8.0 43 23 26 14 1.4 1.1 1.3
21 8.6 5.0 20 2.1 0.9 1.0 0.8 1o
22 89 5.6 1.6 L5 0.8 0.8 0.8 0.8
23 8.2 4.7 1.5 1.5 0.6 1.5 0.6 0.7
24 8.9 4.7 2.1 1.5 0.6 0.7 0.5 0.6
25 8.8 4.4 1.2 1.4 0.4 0 0.4 0.5
26 9.6 4.7 12 1.4 0.5 0.5 0.3 0.5
27 100 6.6 14 18 0.3 0.2 0.3 0.4
8 9.9 9.4 43 6.9 0.4 I 0.5 0.5
19 10.7 42 118 125 0.3 0.6 0.3 12
30 10.1 18 0 0 0.4 0.2 0.3 20
3l 9.8 22 0 0 0.3 0.1 0.5 31
Total 1379 572 912 951 6562 748 752 803

* *Fertilizer applied plot

**Sludge applied plot
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5. September, 1980

(1/Lysimeter)

Light colored

Sandy soil Andosol Alluvial soil Humic Andosol‘
1. 2.’ I‘ 21‘ l‘ 2&- 1‘ 2“
1 9.6 3.6 10.6 10.8 0.3 0.2 0.5 4.0
2 8.4 2.7 13.3 12.6 0.4 1.0 0.8 4.4
3 10.5 1.8 7.8 1.9 0.5 0.8 0.9 4.6
4 10.0 43 6.6 8.6 0.7 0.3 1.3 4.8
5 9.5 4.7 4.3 7.5 0.7 1.3 1.1 4.3
& 9.2 4.6 3.7 6.4 0.8 1.2 1.1 37
7 3.9 54 32 54 0.7 2.0 12 3.0
8 8.6 29 24 4.5 0.7 1.9 1.1 3.2
9 8.7 2.1 2.2 39 0.7 1.3 0.3 2.1
1G 8.6 30 24 3.0 3.6 1.3 1.6 1.5
11 8.8 30 2.3 3.1 0.5 1.7 0.5 1.1
12 8.6 30 4.0 54 0.5 0.5 0.5 1.0
13 3.7 1.4 6.7 8.9 0.5 1.2 0.3 1.1
14 8.6 3.0 9.4 10.4 0.4 0.7 0.6 1.1
15 8.7 34 7.6 10.0 0.4 1.1 0.4 1.3
16 8.5 28 6.8 9.1 0.5 1.1 0.4 1.3
17 8.6 4.6 6.2 7.2 0.4 2.0 03 1.2
18 8.6 4.4 4.8 5.9 02 1.2 0.4 1.1
19 8.6 36 4.7 5.3 0.4 1.5 0.2 0.8
20 8.3 38 34 3.9 0.4 1.5 0.4 0.8
21 8.2 18 3.3 3.7 0.4 1.3 0.4 0.6
22 8.2 1.8 3.1 30 0.8 1.2 0.5 0.7
23 1.7 34 2.2 1.8 0.4 0.9 0.6 0.9
24 6.2 2.1 2.6 1.6 0.3 0.4 0 0.4
25 18 1.7 2.6 2.0 2 0.3 ] 0.3
26 5.7 2.0 1.9 1.7 0.2 0.7 0.2 0.3
27 6.2 2.4 131.6 175.1 63.4 126.6 11.6 45.5
28 58 1.4 146.4 169.0 92.6 115.1 70.0 142.4
29 4.9 2.2 80.3 78.9 539 63.6 75.7 78.6
30 1.7 4.0 44.7 50.2 38.4 42.9 49.4 49.4
Total 244 91 531 627 261 3% 222 366

*Fertilizer applied plot
**Sludge applied plot
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6. October, 1980

(1/Lysimeter)
Sandy soil L‘EA“; Jolored Allyvial soil Humic Andosol
l' 2“ l‘ 2¥t l‘ 2“ l' 2“

t 153 38 335 0.1 293 136 38 345

2 151 6.0 229 209 229 26.3 25.8 25.5

3 137 6.0 11.3 10.4 18.6 218 19.7 (9.2

3 136 53 130 12.6 15.8 17.7 15.4 15.1

5 142 4.1 11.2 12.1 13.5 154 i2.1 11.9

6 122 40 8.0 98 (1.3 13.4 9.7 9.6

7 73 42 70 8.0 9.3 9.6 75 78

8 6.4 3.0 6.0 6.4 8.1 85 58 6.1

9 68 32 57 44 6.6 6.5 44 49
10 — — ~ — — — — _
11 10.0 316 4.2 34 4.4 4.4 2.6 33
12 — ~ - - — — — Z
13 16.0 3 32 2.9 28 26 16 23
14 Y4 33 2.7 39 46.1 170 1.1 2.3
15 430.7 142.4 $9.9 66.9 149 8.4 12,9 0.9
16 468.5 83.0 109.3 85.4 149 24.6 21 24,1
17 4023 519 672 56.5 174 50.7 57.0 613
i 3276 368 67.1 4.3 460 533 65.5 65.4
19 246.4 177 55.0 494 476 415 50.5 50.6
20 1733 86.6 169.0 157.0 2539 2783 216.5 2145
21 2139 158.9 2711 252.8 265.1 1737 1872 286.2
2 208.7 1225 146.6 533 96.2 95.3 1256 124.0
23 164.7 703 74.0 56.5 582 57.0 68.9 68.3
24 81.7 426 462 278 421 44 4.7 445
25 53.8 25 35.7 19.3 344 406 319 320
%6 3.1 338 vy 236 s 26.5 30.5 301
27 336 139 448 2.6 334 27.0 348 349
28 419 434 33.3 195 304 30.6 312 310
29 371 aL6 273 153 26.0 259 25.4 248
30 390 6.5 116 121 225 23.1 201 198
3 310 33 17.4 9.7 18.7 19.7 15.9 15.7

Tolal | 3133 1371 1450 119 1246 1299 1301 1362

*Fertilizer applied plot
**Sludge applied plot
— Noi measured
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7. November, 1980

(1/Lysimeter)

Light colored

Sandy soil Andosol Alluvial soil Humic Andosol
lt 2“ lt 2“ 1‘ 2‘1 lt 2“
1 26.3 26.4 13.9 79 15.4 16.6 12.0 12.1
2 23.3 233 11.6 6.5 13.2 14.2 9.8 9.9
3 20.3 20.8 9.2 5.4 11.1 11.8 7.1 1.7
4 19.6 19.0 8.1 4.4 9.5 106 5.8 6.2
5 16.8 16.2 6.7 38 8.1 8.9 4.5 5.1
6 13.9 139 57 32 6.9 7.5 32 4.1
7 9.6 12.2 4.9 28 59 6.6 2.6 33
8 9.4 10.9 4.0 2.3 50 4.9 1.6 25
9 9.6 9.9 35 1.9 4.0 35 1.0 20
10 9.1 9.1 30 1.7 33 33 0.8 1.6
11 8.8 8.8 2.7 1.5 2.7 2.5 0.6 1.3
12 3.6 8.2 25 1.3 2.1 2.3 0.2 0.8
13 7.5 7.3 2.0 1.2 1.7 1.4 0.2 0.8
14 1.5 6.9 1.5 1.0 1.3 1.0 0.2 0.6
15 6.8 6.6 1.8 09 1.0 1.0 0.3 0.4
16 6.1 6.1 1.5 09 0.7 0.9 0 0.4
17 55 58 1.2 0.8 0.5 0.6 0 0.3
18 54 55 1.2 Q.7 .5 0.6 0 0.2
19 5.2 5.2 1.1 0.7 0.3 0.5 05 .2
20 4.9 4.9 1.0 0.6 0.3 0.5 0 0.2
21 5.4 16.8 1.0 0.6 34 26.2 0 0.2
22 329 382.8 106.7 55.2 30.7 18.5 0 6.5
23 39.6 113.2 158.8 80.1 245 25.6 10.6 45.5
24 302 68.0 92.4 46.4 30.5 416 353 64.1
25 38.9 83.8 815 48.9 2209 2379 110.1 117.8
26 398.3 273.6 2227 236.6 220 16.4 227.9 235.6
27 150.6 105.8 118.1 124.6 72.2 73.3 97.4 98.4
28 97.5 46.5 62.5 62.5 46.1 71.3 51.1 59.1
29 833 317 60.3 67.3 128.1 103.6 58.4 66.3
30 51.5 74.8 98.5 97.5 70.2 56.1 95:7 101.4
Total 1152 1430 1092 869 742 770 737 855

*Fertilizer applied plot
**Sludge applied plot
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8. December, 1980

(1/Lysimeter)
Sandy soil Ll%:];;:slg{ed Alluvial soil Humic Andosol
1‘ 2’! 1! 2!‘ lt 2“ It 2!!
1 44.8 55.4 68.4 67.0 47.5 44,7 63.5 67.3
2 40.0 41.3 47.0 47.0 427 48.3 432 48.5
3 36.2 30.1 363 36.3 436 41.1 331 378
4 26.2 25.4 41.2 41.2 41.3 34.5 347 41.1
5 20.5 23.1 39.5 387 48 335 354 41.1
6 16.6 233 31.2 30.6 28.0 28.9 29.2 34.6
7 13.4 240 24.7 24.2 23.1 234 234 27.9
8§ 9.8 20.7 19.2 20.4 19.2 19.5 18.5 22.6
9 6.5 16.5 15.5 13.8 16.6 17.9 14.6 18.4
10 4.4 13.1 12.8 138 14.2 14.5 11.9 15.1
11 1.3 7.5 10.6 11.8 12.5 15.4 10.0 i2.8
12 0 o] 9.1 10.1 1.2 12.9 8.5 10.6
13 Q.5 10.9 7.6 8.6 9.8 11.2 6.8 9.0
14 7.5 9.0 6.6 73 8.8 10.0 5.9 7.5
15 2.6 6.3 5.6 6.3 7.8 7.5 4.8 6.5
16 1.5 36 49 5.5 7.0 7.5 39 53
17 6.5 6.8 4.4 4.8 6.2 6.6 34 5.1
18 1.1 31 37 4.3 5.8 6.1 29 4.2
19 0 0 35 3.7 5.1 4.7 2.3 37
20 10.3 4.6 2.1 27 38 31 1.2 20
21 0.9 0.6 4.2 35 4.8 50 1.0 31
22 238 4.1 24 2.6 35 3.2 0 32
23 1.2 3.0 2.2 2.4 32 29 0 22
24 6.9 4.9 1.9 2.3 3.7 4.0 0 1.9
25 50 7.3 6.3 7.4 38 32 [H] 1.7
26 3.0 154 22.6 19.8 39 3.5 0 33
27 531.3 39.6 290 278 5.4 6.2 0 7.8
28 43.9 33.4 27.0 26.2 6.7 7.2 1.0 12.0
29 355 272 22.5 228 8.0 9.1 5.1 13.9
30 289 22.3 18.3 18.0 8.5 9.8 54 14.5
3l 243 18.6 13.0 14.8 8.4 7.8 4.6 13.2
Total 942 502 552 551 449 453 374 498

*Fertilizer applied plot
**Sludge applied plot
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9. January, 1981

(1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
lt 2st 'It 2t- lt 2!4 ll 2-:
I 20.8 15.5 14.5 12.8 8.6 1.5 24 12.4
2 18.3 14.2 10.5 11.9 8.3 9.0 [¢] 10.8
3 16.2 13.0 9.2 9.5 7.6 8.4 0 9.5
4 14.2 10.2 6.8 0.9 7.0 6.7 0.4 7.7
5 10.7 5.6 5.7 6.2 53 6.1 1.2 6.4
6 13.7 8.0 7.8 6.8 7.2 6.4 ] 7.9
7 11.0 9.7 5.4 6.0 59 8.6 0 5.7
8 10.0 8.3 49 5.5 52 5.6 2.3 5.0
9 7.8 8.6 4.0 4.1 4.0 4.8 29 4.4
14 7.9 7.6 4.3 4.4 3.7 4.6 34 4.1
11 7.5 6.0 3.3 36 3.6 3.6 2.0 3.1
12 6.2 38 30 3.0 30 3.6 2.0 2.6
13 6.1 2.8 2.6 28 26 2.5 1.5 2.1
14 7.1 0.7 2.7 3.1 1.4 2.4 1.5 2.5
i5 8.7 0 33 37 3.7 4.2 0.5 34
16 4.4 2.4 1.5 1.8 i.5 1.5 0.4 1.4
17 34 2.8 1.9 1.9 1.8 1.4 0.9 1.4
18 6.0 4.1 2.1 2.2 18 1.5 0.2 1.7
19 6.1 4.4 1.9 2.0 1.5 1.7 0.1 1.6
20 33 2.7 1.1 1.1 0.7 0.8 0.2 0.8
21 57 la 1.7 1.8 1.1 1.0 0.2 0.8
22 5.1 2.8 1.4 1.6 0.7 0.7 0.2 11
23 4.1 39 1.1 1.1 0.5 0.5 0.2 0.7
24 44 3.3 1.3 .2 0.2 Q.7 0 0.6
25 4.0 34 1.1 1.2 0 0.3 0 0.5
26 29 2.6 0.7 0.7 0 0.2 0 0.3
27 1.8 1.8 1.1 0.8 1] 0.2 0 0.4
28 1.8 17 0.8 1.0 0 0.2 0 0.3
29 1.7 1.6 0.8 0.8 0.2 0.2 0 02
30 1.7 1.5 0.7 0.7 0.1 0.2 0 0.3
31 1.5 1.1 0.7 0.8 0.1 0.1 0 0.2
Taotal 224 158 108 1035 87 99 23 100

*Fertilizer applied plot
**Sludge applied plot
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(1/Lysimeter)
Sandy soil L'Eii];;(?;g;‘ed Alluvial soil Humic Andosol
I' r 2“ 1‘ 2“& IR 2” li. 21‘
1 2.6 1.1 0.2 05 0.1 0.1 0 0.2
2 2.5 25 0.9 038 0.1 0.1 0.3 0.1
3 23 23 0.3 0.6 Q 0.1 0 0.2
] 24 22 09 0.6 0 0.1 0 0.1
5 32 32 0 0.6 0.1 0.1 0 (.1
6 2.8 27 0 0.5 [ 0 0 0.1
7 24 20 0 0.5 0 0.1 4] [¢N]
8 19 25 0 0.5 24 0 0 0.4
9 2.7 1.5 1.5 0.5 i 0.1 0 0.1
10 2.6 1.8 1.0 04 0 0 0 0.1
11 2.2 1.4 {14 0.4 0l ¢] 0 0
12 2.8 1.8 0.3 0.4 0 0 ] 0
13 2.4 1.6 G 04 O o 0 0
14 14 1.6 0 0.4 0 0 0 0.1
15 24 1.4 0.1 0.3 0.1 0.1 0 0
16 23 1.5 0.4 0.3 0 0 0 0
17 1.4 0.8 0 02 0 0 0 0
18 2.9 2.1 0 0.4 0 0 0 0
19 24 30 0 0.3 0 0 0 0
20 2.6 34 0 0.3 ¢] ¢] [0} a
21 2.8 32 0 0.5 0 0 0 0
22 kR 34 0 0.% 0 0 0 0
23 34 36 0 1.6 0 0 0 0
24 4.0 39 0 22 0 0 0 0
25 4.4 45 4.7 28 02 0.1 0 0
26 3.7 33 1.6 30 1.6 0 0 0
27 6.9 29 5.5 59 01 0 0 0
28 13.1 12.8 11.2 102 8] 0 0 0
Total 92 78 29 36 25 0.9 0.3 1.2

*Fertilizer applied plot
**Sludge applied plot
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11. March, 1981

{1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol

ll 2!! 1! 2!! ll 2“ 1!( 25!(

i 12.2 13.5 9.9 9.0 4] 0 Qg U

2 13.9 13.1 7.3 8.3 0.1 0 ] o]

3 16.3 16.1 1.3 8.2 0 0 0 0

4 16.4 15.6 8.3 8.0 0 0 0 0

5 18.2 16.2 8.0 8.2 ¢] 4] a o

6 19.3 17.5 10.3 9.7 02 0.2 0 0

7 222 19.9 12.8 11.1 0 0 0 1]

8 25.1 233 13.6 11.4 0 0 0 0

9 258 236 13.6 12.5 0 4] 0 0
10 24.4 232 1.6 101 0 0 0 0.6
11 207 20,4 12.2 10.3 0 0 1) 0.7
12 20.2 18.4 10.7 10.3 0 0 0 0.7
13 18.4 16.8 1.1 9.6 4} ] [B] 0.9
14 16.9 13.7 9.8 9.5 0 0 0 1.0
15 89.2 40.7 40.9 37.3 0.3 0.3 0 2.6
16 22.6 12.4 98.5 93.8 0 0 0 228
17 —_ —_ 04.8 64.4 0 1.3 [¢] 40.6
18 — - 43.5 422 0 94 5.7 39.5
19 — — 320 30.8 0 32 10.4 3.2
20 — — 24.5 25.6 0 0 10.9 25.0
21 -~ — 25.1 26.4 0 3.0 10.9 204
22 — — — — — — — —
23 — — — — — — — —
24 — — — — —_ - — —
25 — — — — — — — —
26 — — - — — - — ~
27 — — — — — - — —
28 - — — — — - - -~
29 — — — — — — — —
30 — — — — — — — —
3l — — — — — — — ~

Total 383 304 479 458 0.5 17.4 379 186

*Fertilizer applied plot
**Sludge applied plot
— Not measured
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12. April, 1981
(1/Lysimeter)
Sandy soil Ll“’;}:;;::g;ed Alluvial soil Humic Andosol
1! 2“ 1‘ 2‘. l‘ 2“ lt 2“

1 —_ —_ —_ —_ f— — —_ JE—

2 — - — — — — —_ —

3 —_ — —_ — — — — J—
4 — — 47.6 41.7 17.6 17.8 235 329

5 — — 38.4 34.6 19.0 17.6 26.8 34.3
] — — 303 26.5 18.3 17.3 25.6 297

7 - — 23.9 215 16.4 15.2 219 24.8

8 18.8 9.1 19.7 16.7 150 14.1 i8.9 21.1

9 21.6 154 16.5 14.7 13.7 13.9 16.3 17.7
10 204 209 15.0 9.6 16.6 30.7 14.7 15.2
11 314 28.0 28.2 18.4 15.8 18.2 14.1 17.0
i2 415 50.5 4.5 218 17.2 17.%9 20.3 25.1
13 9.6 10.4 35.3 19.6 16.6 202 24.6 28.6
14 — — 314 15.9 16.4 17.3 24.0 27.8
15 — — 351 17.9 18.7 16.8 24,5 29.4
16 — — 33.5 16.3 28.6 37.8 257 29.8
\7 414 48.4 0.4 271 49.3 285 38.6 495
18 1.3 28.2 62.2 KRR 40.5 31.7 53.2 62.8
19 — — 44.0 233 78.6 134.7 44.2 47.9
20 13.1 130 196.0 725 170.6 115.3 2049 2223
21 — — 105.9 44.2 64.5 59.7 106.9 111.5
22 - — 56.8 242 432 424 60.9 64.6
23 — — 38.2 239 321 317 41.4 444
24 — — 28.2 18.2 254 255 30.2 329
25 8.8 18.2 225 13.2 200 218 23.7 25.1
26 18.6 18.0 19.7 12,1 16.5 16.9 18.2 19.6
27 18.4 17.7 235 14.4 139 14.2 149 16.8
28 20.8 18.6 231 11.1 12.1 12.8 13.0 15.5
29 22.1 222 200 12.1 10.8 11.4 11.6 14.4
30 227 22.8 17.4 7.5 9.9 9.8 101 13.2

Total 328 341 1113 613 817 812 954 1074

*Fertilizer appiied plot
**Sludge applied plot
— Not measured
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13. May, 1981

(1/Lysimeter)

Sandy soil

Light colored

Alluvial soil

Humic Andosol

Andosol
ll 2“ ll 2“ 1‘ Ztt 1. 2“
1 23.2 231 144 9.0 8.8 8.9 9.5 11.8
2 22.7 223 13.7 9.0 78 8.1 79 10.4
3 21.7 219 131 83 70 7.2 7.1 9.3
4 30.6 234 14.4 1t.4 6.5 7.2 6.7 8.6
5 66.8 62.8 26.5 17.4 57 6.1 5.5 9.8
6 59.5 59.6 35.0 18.2 55 6.1 6.1 12.]
7 114.1 118.6 87.0 45.6 328 88.5 323 50.3
8 — — 190.6 86.2 76.3 70.7 131.4 170.9
9 — — 86.5 522 42,6 474 84.0 88.3
10 — — 50.6 25.9 299 359 51.1 55.5
11 — — 33.8 17.5 233 28.6 354 39.5
12 — — 24.7 12.1 19.0 235 26.5 29.4
13 — — 19.4 10.0 16.4 18.5 212 22.2
14 13.3 i34 17.3 94 149 16.4 17.0 18.2
15 14.8 154 16.5 11.3 134 14.3 15.2 16.1
16 14.1 14.1 149 9.7 12.5 12.9 13.3 14.3
17 31.1 (8.7 4.0 8.5 40.7 491 13.2 12.5
18 14.7 4.6 122.5 49,4 44.8 60.0 772 78.8
19 — —_ 96.1 3%0 35.0 47.6 59.5 81.2
20 — — 56.0 284 29.5 377 45.4 54.1
21 — — 36.9 13.6 258 28.4 34.2 38.6
22 - — 26.7 1L.6 21.2 22.7 26.6 29.4
23 — — 200 11.2 17.3 10.3 20,9 232
24 — — 16.4 92 13.0 16.6 17.6 18.5
25 2.4 1.8 13.5 9.1 12.4 14.1 14.4 14.9
26 4.4 1.4 12.8 3.0 11.6 12.2 11.6 12.4
27 — — 12.7 7.7 10.1 10.5 9.5 16.7
28 0.7 0.6 12.5 7.6 9.1 9.5 9.0 9.6
29 12.8 11.0 11.0 7.1 8.2 79 7.5 8.5
30 2.3 1.8 9.1 5.1 9.6 6.8 6.0 7.4
31 — — 8.5 58 6.0 6.2 5.5 6.4
Total 449 415 1127 576 667 740 B28 979

*Fertilizer applied plot
**Sludge applied plot
— Not measured
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14. June, 1981

(1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
1. 2‘. ll 2“ ]’ 2“ 1‘ 2‘.
t — — 1.4 49 5.3 56 4.7 5.6
2 14.2 13.5 6.5 4.4 44 4.3 3.8 4.7
3 15.5 14.7 5.3 3.3 36 38 2.5 39
4 14.9 13.5 49 3.6 30 29 25 33
5 14.5 13.3 4.1 2.7 24 2.2 1.4 2.7
6 13.5 12.7 36 2.5 1.9 1.9 1.3 22
7 <11.7 12.1 34 2.4 1.5 1.5 1.1 1.8
8 52 11.4 29 1.9 1.0 1.2 1.0 1.5
9 11.6 10.5 2.9 1.7 0.9 1.1 0.8 1.2
10 11.2 10.5 2.3 1.6 0.6 0.7 0.6 1.0
11 10.3 9.4 22 1.5 0.6 0.7 0.3 09
12 9.9 89 2.0 1.4 0.5 0.5 0.5 .7
13 — — 1.7 1.3 0.4 0.6 0.3 0.7
14 - 0.6 102.1 49.2 0.7 4.1 0.7 12.0
15 112.4 101.4 164.9 146.1 0.8 719 32.8 81.1
16 15.4 13.7 1215 122.9 6.7 19.5 108.9 114.3
17 8.2 7.6 71.3 75.8 2.1 7.6 71.2 74.2
18 51.7 539 46.1 493 20.6 315 46.8 49.6
19 319 41.7 313 5.6 213 213 335 353
20 3238 31.8 254 27.1 230 234 26.6 27.2
2] 259 25.6 21.0 21.3 204 20.6 22.1 323
22 16.8 21.6 17.5 17.4 18.0 18.8 182 18.4
23 16.0 18.7 13.9 14.9 15.5 16.3 14.9 15.2
24 15.6 16.7 t1.5 12.3 13.6 14.3 12.3 12.8
25 11.5 15.7 10.4 11.0 12.5 12.8 11.0 11.2
26 24 15.4 9.4 9.3 11.4 1.6 9.8 99
27 1.9 15.4 8.8 88 11.0 11.3 88 9.0
28 12.6 16.6 9.0 89 10.0 10.2 8.4 8.7
29 16.5 17.6 P13 9.2 10.1 9.8 9.4 9.7
30 18.2 19.3 12.9 12.1 9.9 9.7 9.5 10.7
Total 522 564 738 664 234 284 466 552
*Fertilizer applied plot

— Not measured

**Sludge applied plot
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15. July, 1981

(1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosal
l. B 2" 1‘ 2“ ]i 2" lll 2“
1 20.1 221 13.7 124 10.1 10.3 10.4 11.0
2 21.7 239 12.1 11.7 10.1 10.1 10.1 10.4
3 232 25.6 10.5 10.3 9.8 9.3 LAY 9.1
4 26.7 271 10.9 11.0 9.1 9.1 8.9 84
5 29.8 208 14.7 14.0 9.0 89 8.0 92
6 322 335 18.2 15.9 9.4 11.4 9.4 10.6
7 34.0 36.5 17.9 16.1 9.6 9.5 10.3 11.1
8 342 349 15.6 14.7 9.8 9.5 9.9 109
9 32.7 328 13.4 13.0 9.7 9.7 4.3 10.0
10 30.3 303 114 10.5 9.2 8.8 7.9 8.8
il 21.3 27.5 9.7 9.2 8.5 8.0 6.7 1.6
12 247 25.4 8.6 6.2 1.7 7.1 5.6 6.3
13 233 236 72 7.2 7.0 6.3 319 5.4
14 205 21.2 6.3 5.9 3.6 50 31 4.2
15 6.1 59 4.7 5.1 4.1 4.3 4.8 49
16 16.8 17.6 4.7 33 3.5 2.9 1.6 2.6
17 15.2 16.0 4.1 39 2.5 22 1.3 2.1
18 14.1 14.4 36 2.5 1.9 1.6 1.0 1.7
1% 12.7 13.1 3.0 2.8 1.3 1.3 4.7 1.3
20 1.6 12.0 2.7 2.6 1.1 1.1 0.7 1.1
21 10.7 0.9 23 23 0.9 0.7 0.5 0.8
22 99 10,1 2.1 21 0.8 0.7 0.3 0.8
23 A} 9.4 21 1.9 0.7 0.6 0.8 0.7
24 8.3 8.9 1.7 1.8 0.7 0.6 0.1 0.6
25 8.0 8.6 1.7 1.0 0.6 0.6 0.6 0.5
26 16 8.0 1.3 1.6 0.5 0.6 0.3 0.6
27 7.4 16 1.3 0.8 0.4 0.2 0 0.4
28 1.2 73 1.4 1.2 0.3 0.3 0.3 0.4
29 6.9 6.9 1.2 0.8 0.3 0.2 0.5 0.4
30 6.7 6.8 1.1 1.2 0.2 0.1 0 0.4
3 6.6 6.6 1.1 1.0 0.2 0.2 0 0.3
Total 546 . 564 210 194 145 142 126 143
*Fertilizer applied plot

**Sludge applied plot
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16. August, 1981
(1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
lt 2ll I‘ 2!‘ lt 2‘. 1‘ 2.*
1 6.5 6.7 09 0.3 0.2 0.2 0 0.2
2 6.5 6.8 1.0 0.5 02 0.1 0 0.3
3 6.3 6.8 1.0 0.7 0.1 0 0 0.2
4 6.4 7.0 1.1 0.4 0.2 0 0 0.2
5 6.4 7.1 0.3 0.1 0.1 0 0 0.2
6 6.3 7.0 0 0.4 0.1 0 0 0.2
7 6.2 7.2 0 0.4 0.1 0 0 0.1
8 6.0 7.1 Q 0.6 0.1 0 0 0.1
9 5.8 7.1 0 0.6 0.1 0 0 0.2
i 5.8 6.9 2.3 0.1 0.1 0 c 4]
11 5.6 6.9 0.6 0.7 0 0 0 0.1
12 5.5 6.8 0.2 0.5 0.1 0 0 0.1
| 13 5.4 6.7 0.4 0.5 0 0 0 0.1
— 14 5.4 6.5 Q 0.3 4] 4] 4] 0
8 15 5.2 6.5 0 0.2 0.1 0 0 0
| 16 4.8 6.4 0 0.1 0 0 0 0.1
17 4.8 6.2 0 0.2 0 0 0 0
18 5.0 6.2 0 0 0 0 0 0
19 47 6.0 0 0.2 0 0 0 0
20 4.8 5.9 0 0.1 0.1 0 0 0.1
21 4.7 58 ¢ 0.1 0 0 ¢ 0.1
22 6.7 7.7 0 02 0 0 0 0
23 183.6 180.9 0 0.4 0 0 0 O
24 117.9 113.6 0.1 3.0 0.2 0.1 Q- 0.3
25 65.7 64.4 12.9 7.1 0 [¢] 0 4]
26 44.4 43.5 243 13.9 0.1 0 0 0
27 333 332 23.0 15.5 0 0 0 0
28 3609 358.6 173.6 150.8 21.4 4.1 0 0.8
29 152.4 147.7 165.6 165.5 59 1.6 0.1 22.9
30 71.5 67.9 86.8 84.5 52 09 26 378
31 44 8 45.2 54.0 36.3 4.6 0.6 8.7 40.5
Tatal 1199 1202 548 435 39.0 1.6 11.4 105

*Fertilizer applied plot
**Sludge applied plot
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17. September, 1981

{1/Lysimeter)

Sandy soil

Light colored

Allyvial soil

Humic Andosol

Andosol
]t 2“ l! 2“ 1! 2‘! 1! I ztl
1 355 35.5 362 26.6 4.1 0.4 12.6 335
2 284 28.8 25.8 25.1 3.6 0.4 12.0 24.6
3 24.1 242 197 21.3 3.0 0.4 10.3 18.0
4 20.2 20.6 14.9 16.2 2.6 0.4 8.1 13.1
5 18.0 18.0 1.6 11.7 2.1 0.2 6.0 9.3
[ 158 15.6 8.9 5.4 1.6 0.4 43 6.7
7 13.9 13.8 7.2 1.6 1.3 0.3 2.9 4.7
8 14.5 14.7 5.8 1.1 1.0 0.4 2.1 36
9 54.5 42.7 123 8.0 1.0 0.5 1.6 2.8
10 89.1 94.3 40.2 17.5 1.3 0.4 1.2 3.7
it 69.7 69.5 48.7 14.5 6.9 0.5 1.1 6.1
12 231.5 220.3 153.2 105.5 69.1 321 28.5 78.8
13 137.6 151.7 i38.3 1355 31.8 5L0 98.4 117.7
14 60.7 83.5 R1.9 80.9 231 48.4 68.4 749
15 53.2 57.0 52.5 49.6 19.0 388 452 50.8
16 42.6 42.6 35.9 19.5 16.3 30.5 325 359
i7 31.4 334 258 20.2 14.3 24.6 242 26.3
18 27.3 27.3 19.5 13.8 12.3 20.2 18.0 19.5
19 22.8 22.9 15.0 130 10.2 16.0 136 14.6
20 30.0 23.7 13.9 16.5 12.8 15.2 10.0 10.8
21 52.8 52.5 375 36.5 15.2 14.0 8.4 155
22 73.0 73.0 475 46.2 15.7 16.2 10.2 17.3
23 55.4 56.1 379 38.6 16.1 17.9 124 204
24 29.1 438 28.2 28.5 14.1 174 12.7 19.8
25 375 36.9 21.6 24.2 10.9 18.3 11.9 17.0
26 65.0 60.0 55.3 534 40.6 47.9 18.8 331
27 125.0 132.8 114.2 82.5 26.1 66.8 74.0 88.8
28 86.9 89.1 74.2 39.6 5.6 51.3 62.1 69.6
29 63.7 63.7 48.4 44.3 23.6 38.7 41.6 47.5
30 49.2 48.8 33.7 35.2 15.5 314 30.6 34.0
Total 1658 1697 1266 1033 421 601 684 914

*Fertilizer applied plot
**Sludge applied plot
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' 18. October, 1981
(1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
l! 2" lt 2“ lt 2“ lt 2‘.
| 1 205.9 187.3 97.6 718 109.0 303.0 126.2 139.3
2 466.9 146.3 381.3 3718.8 15.7 179.4 314.5 326.5
3 124.7 112.5 120.5 109.0 0.3 78.4 94.8 104.6
4 64.3 61.1 64.4 50.2 2.6 51.1 538 60.3
5 42.3 40.1 41.3 30.4 0.2 36.5 36.0 39.9
6 34 30.8 28.9 30.8 0 28.3 25.8 282
7 24.5 24.3 2i.2 230 0 21.9 18.9 203
8 23.1 222 16.6 19.2 0 279 14.2 154
9 493.9 - 328.2 3043 2893 288.6 298.3 234.4 259.0
10 140.3 140.9 164.3 1120 86.0 92.9 1359 138.1
il 68.7 67.2 85.6 39.1 55.2 60.2 73.5 71.6
12 43.2 43.4 51.5 18.1 39.9 42.5 45.5 50.1
1 13 318 326 352 236 308 133 39 35.2
” 14 259 25.1 25.3 27.3 25.1 26.1 23.4 25.7
= 15 21.1 20.7 19.7 20.8 204 21.4 18.0 19.6
| 16 18.1 16.1 15.0 16.3 16.9 17.6 14.0 15.3
\7 148 159 12.0 133 14.2 150 10.9 116
18 12.9 14.0 9.8 10.9 12.1 12.7 8.6 92
19 10.2 12.5 7.6 8.8 10.4 10.7 6.6 7.1
20 10.0 1.4 6.3 4.7 8.9 8.7 50 3.6
21 10.4 10.6 5.2 5.3 16 74 19 45
22 1984.5 1310.3 200.1 1034.6 934.6 972.3 500.6 332.7
23 264.3 135.3 317.8 221.0 344.4 160.0 269.4 298.2
24 879 87.6 105.3 85.6 735 727 87.8 100.6
25 51.3 354 58.1 41.6 46.8 46.5 50.9 59.2
26 357 30.6 37.8 350 339 345 343 31.8
27 27.1 233 27.1 28.0 26.7 27.3 245 22.3
28 L2241 18.9 204 213 222 22.7 18.6 16.8
29 18.4 16.0 159 17.1 18.0 18.5 14.4 13.1
30 16.0 13.7 12.3 13.0 14.9 15.3 1.t 10.1
31 10.9 12.1 10.1 6.3 12.9 13.2 8.8 3.8
Total 4403 3047 2319 2812 2272 2757 2316 2287

*Fertilizer applied plot
**Sludge applied plot
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19. November, 1981

(1/Lysimeter)

Light colored

Sandy soil Andosol Alluvial soil Humic Andosol
lt 2“ l- 2“ ]i 2!* 1‘ 2!'
1 10.7 8.5 15 11.4 11.4 7.0 8.2
2 72 9.7 7.3 6.8 10.4 10.6 5.8 6.9
3 6.1 10.0 6.7 8.3 9.3 9.3 4.8 59
4 7.8 9.9 8.9 11.2 9.1 8.1 4.9 6.0
5 8.6 10.1 12.5 13.3 9.1 8.1 53 6.7
6 11.9 12.3 15.6 15.6 11.5 11.0 6.7 8.7
7 15.2 223 36.7 31.0 30.2 19.1 13.9 18.4
8 217 51.6 534 45.0 424 28.6 27.5 328
9 285 515 45.2 440 37.0 339 34.6 376
10 290 41.1 339 30.3 311 31.6 30.2 318
11 236 33.8 26.0 251 264 21.8 24.3 254
12 17.5 284 20.4 212 220 22.5 20.1 21.2
13 14.5 248 154 16.5 18.6 19.6 16.1 16.8
14 13.8 21.6 13.4 139 15.9 16.9 13.4 13.8
15 10.5 19.3 11.3 11.9 13.9 15.2 11.0 £S5
16 9.2 17.5 94 5.4 12.8 13.3 9.9 9.5
17 8.5 16.3 7.8 4.2 11.2 11.4 1.7 7.8
18 8.2 144 6.5 1.2 9.9 10.1 6.2 6.5
19 74 132 5.9 1.6 9.0 9.5 5.4 5.7
20 8.0 12.4 53 1.1 84 8.7 4.9 54
21 6.9 11.4 4.3 2.1 7.5 7.5 3.6 5.1
22 37 10.5 38 0.7 6.6 6.3 3.0 3.5
23 53 9.8 36 0 6.0 6.3 2.5 2.7
24 6.0 9.3 33 0.1 5.5 5.7 23 24
25 6.5 8.8 27 0.1 49 4.4 1.6 2.0
26 5.7 8.2 24 42 4.4 4.3 1.4 20
27 6.2 8.2 2.1 2.2 38 36 1.1 1.7
28 8.0 124 2.3 33 37 32 1.0 1.4
29 11.5 15.1 9.8 938 3.6 32 0.7 1.8
30 19.9 20.2 20.4 15.8 4.0 4.1 1.4 3.0
Total 346 545 405 353 400 369 278 312

*Fertilizer applied plot
**Sludge applied plot
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20. December, 1981

(1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
B 1 2% 1* ] 2+ Ie 20 1* 2ms
1 219 26.8 23.1 18.8 4.9 5.3 35 6.0
2 209 27.5 211 18.7 53 6.3 52 82
3 171 25.4 18.6 16.3 3% 1.7 6.3 9.5
4 13.6 225 16.2 14.9 6.5 8.8 6.8 0.2
5 1.6 19.6 14.0 12.8 6.9 9.3 7.0 16.4
6 117 17.6 12.0 11.1 6.9 9.0 6.8 96
7 10.4 16.1 10.3 9.6 6.8 8.5 6.2 82
8 9.1 14.7 8.9 8.3 6.5 8.0 55 75
9 6.1 134 7.9 74 6.3 7.4 49 6.5
10 7.3 12.3 6.8 6.6 5.7 6.6 4.1 5.0
1 7.0 11.3 6.0 5.8 5.4 6.2 37 4.7
12 1.6 10.5 53 5.1 9.5 5.8 32 42
13 4.3 9.8 45 4,5 4.0 4.8 26 36
14 20 94 4.1 4.1 3.8 4.3 22 33
15 27 8.1 3.6 a5 32 30 1.4 29
16 4.3 8.6 3.1 30 28 4.8 0.9 25
17 4.2 16 28 2.8 26 29 0.4 22
18 4.0 7.2 2.3 25 23 25 0 2.0
19 3.6 6.5 24 2.3 2.0 2.5 0.8 1.7
20 5.0 6.7 2.1 2.3 1.9 20 1.0 1.5
21 4.7 6.3 1.7 1.9 1.6 1.6 1.1 1.3
22 4.2 6.1 1.6 1.7 1.3 1.4 0.6 1.0
23 4.2 5.7 1.4 1.6 1.1 1.3 0.5 0.9
24 39 5.6 1.4 1.4 0.9 1.1 1.0 0.8
25 38 5.2 1.2 1.2 0.7 0.9 0.1 0.7
26 4.1 3.1 1.1 1.2 0.7 0.7 0.7 0.5
27 39 4.3 1.0 i.i 04 0.7 0.3 0.5
28 2.8 4.7 1.0 1.1 0.4 0.8 0.4 0.4
29 3.4 4.5 0.8 1.0 0.4 0.7 0.2 0.3
30 2.8 4.4 1.1 1.1 0.4 0.7 0.3 0.3
31 2.6 4.2 0.6 0.9 0.3 0.4 a.1 0.4
Total 209 339 188 175 107 126 77.8 17

*Fertilizer applied plot
**Sludge applied ploc
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21. January, 1982

(1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosol
Andasol ;
1* D 1* Jx= 1* L 1* 2xe
1 21 4.0 0.6 0.8 0.3 0.4 0.4 0.2
2 2.9 38 0.6 0.7 0.2 0.3 0 0.2
3 3.3 38 .5 1.0 0.6 0.3 0.1 0.2
4 31 3.6 0.7 0.7 0.2 0.4 0.1 0.2
5 [ix: ] 58 0.4 0.7 0.1 0.3 0 0.1
6 9.5 7.2 0.4 14 v} 0.1 0 0.1
7 8.8 7.1 1.5 4.3 0.2 0.1 0.1 0.1
8 9.1 18.1 9.6 492 0.1 01 0.2 0.1
9 5.0 20.8 11.9 10.5 0.1 0.1 1) 0.1
[0 i} 21.4 i3.1 i3 (4 O [ 0
11 12.9 20.5 12.7 11.3 0 [¢A1 ¢ .2
12 13.6 18.8 11.8 10.8 0.1 0.1 ¢} 0.3
13 11.3 17.0 10.5 10.0 0 0.1 0 0.5
14 11.0 15.5 9.0 2.8 0.1 0.2 0 0.7
15 1.7 14.3 8.3 7.9 1] 0.2 0 0.8
16 13.7 13.0 7.2 7.0 0.2 0.4 0 0.8
17 8.0 8.6 4.5 6.1 0 0.4 0.1 0.5
18 14.0 14.3 7.4 5.3 0.2 i.5 0.2 1.2
19 9.7 10.2 5.1 50 0.2 1.3 0.2 0.8
20 6.5 7.6 36 3.9 0.2 1.4 0 0.7
21 9.0 10.8 4.5 4.3 0.3 1.9 .1 1.0.
22 5.8 8.6 3.5 35 0.2 2.6 0 08
23 3.1 3.2 29 33 0.5 1.8 0 0.8
24 83 1.6 29 3.2 0.3 1.4 0 0.8
25 8.1 7.2 2.5 2.7 0.2 1.2 0 07
26 7.6 6.8 2.4 2.4 0.1 1.6 0 0.6
27 6.8 6.4 2.1 22 0.7 1.3 ] 0.8
28 5.4 53 1.6 1.3 0.1 0.8 0 0.4
29 53 5.0 14 1.6 0.1 0.4 t] 0.4
30 6.0 5.7 1.7 1.6 0.1 0.7 0.6 0.6
31 6.1 5.7 2.2 1.9 04 1.3 0.3 0.7
Total 239 313 147 145 5.8 228 2.6 154

*Fertilizer applied plot
**Sludge applied plot
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22. February, 1982

(1/Lysimeter)

Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
‘l‘ 2.‘ 1! 2!3 ]‘ 2.‘ la 2!:
1 5.5 5.2 0.8 1.3 0.1 0.6 0 0.3
2 1.6 33 1.3 0.9 0 04 0 02
3 1.5 37 1.3 1.4 0.1 .4 0 0.4
4 5.0 4.1 1.0 1.1 0.1 0.5 0.2 .3
5 18 4.1 1.0 1.0 0.2 .4 0.1 0.2
6 29 5.3 1.2 1.2 0.1 0.4 0 0.2
7 3.0 3.6 0.7 1.0 0.1 0.3 0 0.7
8 4.4 4.0 1.3 0.7 0.2 0.3 0.2 02
9 5.6 39 1.2 1.1 0.1 0.2 0 0.2
10 4.1 3.9 0.5 0.8 Q 0.1 0 0.1
11 4.6 4.0 0.6 0.8 0 0.3 0 0
12 4.4 39 0.8 0.8 0.1 0.2 0 0.2
13 4.3 36 0.5 0.8 0 0.3 0 0.1
14 4.2 36 0.7 07 0 0 0 ;
15 29 36 0.8 08 0 0.1 0 0.1
16 2.1 34 0.6 0.7 0 ¢] ¢] 0
17 20 34 0.4 0.7 0 0 0 0.1
18 2.1 33 0.8 0.6 0 0 0 0
19 1.7 34 0.2 0.7 0 0 0 0
20 20 34 0.5 0.7 0 0 0 0.1
21 20 34 08 0.6 0 0 0 0
22 20 39 0.6 0.6 0 0 0 o
23 27 4.4 0.4 0.7 0 0 0 0.1
24 33 4.9 0.8 1.5 0.1 [ 0 0.1
25 38 54 1.1 22 0 0 G 0
26 4.1 6.1 1.8 32 0.1 0 0 0
27 5.3 7.0 29 39 0 0 0 0
28 6.9 8.4 38 4.3 0 0 0 0.1
Total 104 120 28.4 34.8 1.3 4.5 0.5 3.7

*Fertilizer applied plot

**Sludge applied plot
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23. March, 1982

(1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol

l‘ 21!! l’ 2“ ]t 2“ l‘ 2!‘

1 68 10.1 4.1 4.6 0 0 0 0

2 384 333 7.0 8.7 0 0 0 0

3 79.7 89.2 27.3 21.8 0 0 0 0

4 52.6 68.4 379 309 0 0 0 0
5 54.7 49.8 36.2 315 0 0 0 0.3
6 38.1 326 249 239 0 0 0 1.2
7 357 309 27.9 26.5 0 0 0 2.2
& 28.8 26.6 327 3035 0 0 0 39
g 252 236 32.5 30.0 0 0 0 7.1
10 24.6 2.2 278 26.2 0 0 0 108
11 252 220 23.8 22.4 0 0 0 13.4
12 79 220 20.1 19.4 [ 0 0 14.6
13 23.5 21.3 16.8 16.3 0 0 0 13.6
14 234 20.6 14.4 14.4 0 0.z [¢] 12.0
15 224 19.5 13.7 13.3 0 3.3 0 10.7
16 8.3 18.6 126 12.7 0 6.6 0 9.7
17 0.6 17.4 11.9 11.7 0 7.3 4] 8.7
18 6.7 16.7 11.2 11.0 0.2 7.5 24 8.1
19 12.9 15.9 10.6 10.3 Q0 T4 1.7 1.4
20 16.5 15.2 10.0 9.6 0 6.8 1.7 7.0
21 19.0 i6.4 9.7 9.6 0 7.6 2.1 6.5
22 4).3 34.3 20.0 17.5 0.1 7.2 2.0 12
23 56.3 62.3 35.2 28.4 o7 7.6 28 11.4
24 441 54.0 35.3 30.9 1.1 8.3 4.1 15.7
25 30.2 42.7 29.6 27.4 1.5 9.4 5.6 18.0
26 21.7 34.1 23.8 23.0 2.2 10.6 6.5 17.7
27 19.0 28.5 19.4 19.3 2.8 11.1 6.7 15.8
28 19.6 24.1 15.9 16.1 33 11.0 6.7 135
29 15.2 20.8 13.4 13.5 3.4 10.3 6.1 11.4
30 10.9 18.5 11.5 11.5 3.6 10.2 5.7 9.7
3 12.2 16.4 9.4 9.8 3.6 8.3 4.9 8.1

Total 822 928 627 583 22.5 141 39.0 266

*Fertilizer applied plot
**Sludge applied plot
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24, April, 1982
. {1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
lt 2;; lt 2!: lt 20¢ lt 2!4

1 10.6 14.8 8.0 8.4 34 72 4.2 6.8

2 12.7 12.3 3.3 9.9 2.8 6.2 33 53

3 9.1 12.2 6.1 6.5 2.9 5.3 29 4.8

4 9.5 10 32 5.6 2.5 4.3 2.4 4.0

5 2.0 10.2 5.1 52 25 4.1 1.9 34

6 L3 5.4 4.6 4.7 1.9 3.6 1.6 3.0

7 55 8.8 4.0 4.4 1.7 3.0 1.4 27

8 0.9 83 7 4.0 1.6 2.3 1.2 24

9 1.7 8.1 36 3.9 1.6 4.2 1.0 21
10 6.3 7.6 33 R 1.3 2.1 09 1.8
11 2.0 7.2 18 4.2 0.9 1.4 0.8 l.e
12 5.5 7.0 4.2 4.6 0.8 1.7 0.9 L6
13 4.9 7.0 4.5 4.6 0.7 1.3 0.7 1.5
14 1.1 6.7 4.5 4.7 0.7 1.2 07 1.4
15 2359 443.9 220.3 177.6 109.5 1449 38.6 110.6
16 379 187.1 253.0 236.3 75.4 91.3 179.4 205.1
17 0 71.7 103.1 95.0 43.7 54.0 867 92.3
I8 0 458 60.5 517 315 39.5 51.3 57.8
19 ] 32.9 40.9 39.7- 244 309 36.5 40.5
20 01 25.7 29.7 305 19.9 25,4 27.2 299
21 0 20.9 227 234 16.6 20.3 20,7 22.9
22 0] 248 26.5 25.8 14.9 20.7 16.3 18.4
23 Q 629 60.7 525 15.1 19.7 14.6 237
24 53 68.1 59.0 52.5 16.5 21.4 19.7 32.3
25 34.8 50.7 431 40.8 17.4 23.0 21.7 323
26 33.5 39.6 31.6 317 17.0 22.3 20.3 274
27 364 325 245 24.8 15.7 20.2 17.7 224
28 30.2 273 19.9 19.8 14.3 18.4 15.1 18.3
29 258 235 16.6 16.3 2.7 16.0 129 14.8
30 174 20.5 13.0 13.9 11.1 13.7 10.2 12.8

Total 536 1309 1094 1013 431 630 613 804

*Fertilizer applied plot
**Sludge applied plot
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25. May, 1982

(1/Lysimeter)

Sandy soil

Light colored

Alluvial seil

Humic Andosol

Andosol
1‘ 2“ l' 2.‘_ ]l 2“ 1‘ L 2“ 7
1 19.0 18.0 1.4 11.7 9.9 1.9 8.4 10.1
2 16.3 15.9 9.7 10.0 8.7 10.3 7.0 8.2
3 8.5 14.3 8.4 8.7 76 8.5 54 6.8
a — 13.8 7.3 8.3 6.6 6.7 45 5.7
5 — 13.1 9.7 109 5.8 6.2 3.3 49
6 — 135 13.1 13.3 53 59 29 a6
7 — 16.9 15.7 15.2 5.0 59 34 4.6
8 - 30.8 23.5 228 8.0 5.7 2.5 4.8
9 — 52.3 3.6 28.6 44 56 33 5.9
10 — 49.3 28.7 278 45 6.1 34 7.4
11 — 402 24.1 24.4 4.4 6.4 4.0 8.2
12 — 315 19.7 20.3 4.6 6.8 4.6 8.4
13 — 28.9 15.8 17.3 4.5 7.1 3.9 7.9
| 14 27.1 25.4 12.7 13.5 4.1 5.4 3.3 6.7
o 15 25.6 24.2 10.8 12.7 38 5.3 2.6 5.5
o 16 24.3 24.8 12.3 14.4 34 5.0 2.3 4.6
' 17 22.7 26.5 14.0 15.4 30 44 1.6 4.1
18 223 27.2 13.5 14.8 2.8 38 16 3.7
19 23.6 26.3 1.1 13.4 24 30 1.0 33
20 50.5 37.0 11.2 12.9 2.0 30 1.5 29
21 7.6 105.3 88.6 29.8 48 32 0.9 2.6
22 83.2 78.6 434 435 1.7 25 1.0 2.6
23 50.3 54.7 36.5 39.4 1.5 28 0.6 32
24 37.6 41.1 2758 311 1.6 30 06 40
25 26.3 32.9 21.3 24.9 1.6 13 0.4 4.1
26 24.2 275 16.9 19.8 1.8 37 0.6 42
27 233 23.6 13.1 15.8 1.5 34 0.5 36
28 19.5 212 10.8 13.1 1.3 2.9 0.2 3.0
29 17.4 188 8.5 10.9 1.1 2.4 04 26
30 15.8 16.7 7.3 9.1 1.0 1.8 0.1 2.2
31 148 15.1 6.0 7.7 0.7 1.3 0 1.7
Total 565 967 583 562 119 153 75.8 152

**Sludge applied plot

‘ *Fertilizer applied plot

— Not measured
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26. June, 1982

(1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosei
Andosol
I‘ 2“ 1. 2" 1. 2“ ]' 2.‘
1 26.5 21.7 6.5 10.1 0.7 1.8 0 1.4
2 67.3 62.6 234 26.9 07 1.1 0.4 1.2
3 91.2 82.9 78.5 79.1 0.5 54 0.2 6.3
4 2422 2179 2240 2208 9.7 18.7 0% 146.8
5 125.0 113.5 1111 110.8 300 24.0 17.9 97.6
6 78.9 718 67.8 68.0 320 28.3 47.2 63.7
7 57.0 51.6 46.0 46.1 27.6 285 39.9 44.6
8 43.5 9.8 3.1 34.0 22.7 25.3 29.6 32.6
9 34.7 320 24.2 25.9 18.8 21.7 228 24.4
10 284 26.4 18.3 20.3 16.1 18.8 17.7 189
1 21.5 22.8 15.2 16.6 13.8 15.9 E4.4 14.8
12 19.3 19.5 11.9 13.3 11.8 13.7 10.9 1.7
13 18.1 17.1 9.5 11.4 10.2 11.0 8.3 9.2
14 20.1 19.2 9.1 11.4 8.5 10.3 6.9 7.0
15 58.0 417 28.2 33.0 7.5 8.7 48 6.7
18 86.6 79.2 50.1 49.5 7.4 8.2 5.2 10.5
17 62.9 594 431 42.5 7.4 8.9 7.5 14.0
18 494 43.7 319 324 79 9.9 89 15.2
19 8.6 36 244 252 8.2 10.4 9.6 14.4
20 27.6 30.2 200 212 8.2 12.6 8.7 127
21 1129 94.5 56.0 452 10.9 15.0 10.8 17.1
22 1131 104.1 76.6 66.7 18.1 20.9 224 333
23 721 65.4 52.6 519 21.0 24.4 309 38.3
24 52.2 46.1 37.0 374 19.8 24.5 28.3 31.3
25 393 359 28.1 30.3 17.2 20.6 21.6 24.0
26 316 29.1 27.6 28.0 235 41.0 18.5 20.8
27 157.4 139.5 97.8 8.6 117.3 113.3 65.0 79.6
28 156.8 1333 118.1 113.6 64.7 724 103.4 106.2
29 86.0 711 66.5 19.4 420 50.0 62.1 842
30 55.2 52.3 45.7 47.0 35 37.5 41.9 43.5
Total 2073 1871 1481 1420 616 703 667 1032

*Fertilizer applied plot
**Sludge applied plot
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27. July, 1982

{1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
l‘ 2:! lt 25‘ lt 2“ l‘ 2“
1 40.0 38.9 315 34.0 244 294 29.1 311
2 33.1 30.8 23.8 25.5 19.2 22.9 216 2.6
3 26.6 25.3 17.4 19.6 15.3 18.7 15.5 16.7
4 26.6 255 174 19.6 15.3 18.7 155 16.7
5 19.2 18.5 10.4 12.4 10.1 11.9 8.1 9.1
6 16.6 16.5 8.7 10.1 8.4 9.5 5.3 6.8
7 3.0 240 24 11.1 7.3 222 4.1 5.0
8 124.8 96.1 45.0 40.4 6.4 15.6 2.6 4.4
9 93.2 80.0 66.1 59.7 6.5 12.3 2.4 74
10 14 54.2 47.5 48.5 6.8 11.3 EX" 11.8
11 45.5 40.7 34.0 36.3 6.7 10.5 5.5 14.3
12 356 325 24.6 217 6.5 9.8 6.5 14.3
13 292 26.7 18.9 21.5 6.1 8.7 6.7 12.7
i4 24.7 22.6 13.8 17.0 5.5 7.8 5.8 10.7
15 21.0 19.6 18.9 13.6 4.7 6.5 4.5 85
16 18.0 17.2 8.3 1.0 39 5.0 32 6.8
17 16.6 15.8 6.8 8.9 5.0 4.6 2.5 52
18 159 15.1 59 9.7 2.2 13 1.8 4.2
19 17.9 13.7 3.4 13.3 1.8 2.4 1.4 35
20 21.1 14.8 12.6 18,7 I.2 20 1.2 36
21 30.3 16.8 23.4 279 1.0 1.6 1.1 51
22 43.8 212 26.2 298 0.9 1.8 1.0 89
23 44.9 25.4 220 26.1 0.7 1.7 1.1 12.2
24 39.2 26.2 16.2 21.3 0.5 1.5 0.8 12.5
25 40.1 269 124 17.1 10.5 51.7 1.0 11.3
26 695.0 556.8 464.4 450.3 266.1 3.7 281.3 120.3
27 139.4 126.1 154.1 160.9 68.9 81.8 - 137.1
28 67.5 58.5 74.6 82.1 380 45.7 — 728
29 44.0 317 457 518 27.5 34,1 -— 46.2
30 35.0 29.3 314 36.6 43.7 71.1 - 321
31 83.9 393 80.3 72.4 89.1 88.1 - 60.1
Total 1921 1593 1379 1435 710 926 434 734

*Fertilizer applied plot
**Sludge applied plot
—-- Not measured
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28. August, 1982

(1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol

1‘ 2“ ]' 2!’ I' 2“ 1‘ 2“
1 360.1 316.3 330.5 293.9 305.3 174.5 — 374.2
2 3716 315.2 307.4 319.6 144.0 101.3 — 2523
3 67.5 585 74.6 82.1 38.0 46.7 — 72.8
4 100.2 73.1 131.1 135.0 106.1 114.5 — 123.6
5 3.3 76.8 7.3 77.3 61.6 76.0 — 60.2
6 74.2 55.6 36.0 46.6 41.3 452 — 43.5
7 52.5 39.2 21.5 29.8 30.0 335 — 304
8 38.0 27.9 139 20.1 228 257 — 224
9 28.7 20.9 78 13.1 17.5 10.8 — 16.8
10 22.8 16.0 5.0 8.0 13.4 13.7 — 12.9
11 19.1 12.4 29 4.4 10.3 10.1 — 9.8
I2 164 9.9 1.5 2.8 7.6 6.6 — 74
13 14.5 8.2 1.2 2.0 57 4.3 - 5.5
14 13.0 6.5 1.1 1.8 38 2.8 — 4.0
15 11.5 54 8.5 .4 2.5 1.7 7.7 2.6
16 0.8 4.7 0.6 1.2 TS 1.0 L5 1.7
17 9.9 4.0 0.5 1.1 1.0 0.9 0.9 1.2
18 2.1 34 0.5 1.0 0.7 0.6 0.8 0.9
19 8.4 3.1 0 0.8 0.4 0.5 0.7 0.6
20 7.9 3.0 0 0.8 0.1 0.3 0.3 0.4
21 7.5 28 0.1 0.7 0.2 0.3 0.3 04
22 7.1 2.8 0 0.5 0.1 0.1 0.3 0.2
23 6.7 2.7 0.1 0.5 0.3 0.1 0 0.2
24 6.4 2.6 0 0.4 0.1 0 0 0.1

25 6.2 2.5 0 0.3 0.1 ] 0 0

6 7.1 2.6 ¢ 0.2 1.7 1.5 Q Q
27 20.7 40 0 0.3 0.5 0.8 0.1 0.1

28 38.0 4.8 0 0.1 0.2 0.4 0 0
29 47.7 4.7 [¢] 0.2 0.1 0 0 0.7
30 © 429 5.0 ¢] 0.1 0.1 0 0 0.1

31 34.9 57 1] 0.1 0.2 0.1 0 0

Total 1465 1145 952 1046 817 674 13.1 1045

*Fertilizer applied plot
**Sludge applied plot
— Not measured
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29. September, 1982

(1/Lysimeter)

Light colored

O - Gl

Sandy soil Andosol Alluvial soil Humic Andosol .
1*: Qs 1* bRl 1* pLL 1* PRl
1 284 5.9 0 0.1 0.1 0 0 0
2 238 6.2 4] 0.1 0.1 0 0 0
3 204 6.3 0 0 0 0 0 0
4 17.8 6.4 0 0.1 0.1 0 0 0
5 15.5 6.0 0.1 0 0.2 0 0 0
6 13.8 5.8 0 0 0 0 0 0
7 12.6 5.6 0 0 0.1 0 0 0
8 1.5 53 0 0.1 0 0 0 0.1
9 10.5 48 0 0 0 0 0 0
10 10.9 5.6 0 0 G 0 0 0
1t 243.6 159.3 0 0 41.0 320 0 0
12 2249.8 1363.3 1490.7 1725.8 615.4 1211.5 1526.1 1491.8
13 161.2 130.4 201.9 6.7 521.7 105.3 179.7 179.7
14 70.3 54.8 85.7 — 78.7 49.1 81.7 81.9
15 45.1 355 49.9 — 454 33.7 49.2 49.1
16 34.1 25.2 371 — 42.4 25.6 333 338
17 274 18.8 3.6 — 36.4 209 26.6 27.0
18 224 14.7 259 — 28.6 18.0 222 22.6
19 19.7 12.3 21.7 — 311 33.6 18.3 18.7
20 1161 50.6 722 L5 149.9 130.5 45.8 56.4
21 163.5 120.7 129.5 4.7 793 79.8 112.7 E16.1
22 88.3 71.2 76.5 8.7 48.3 49.4 71.2 71.4
23 60.7 49.4 4%9.6 3.7 60.8 65.8 48.3 48.3
24 96.2 74.3 125.4 10.8 128.6 133.8 119.5 120.2
25 987.7 709.9 788.7 — 746.7 676.1 7722 744.4
26 134.7 113.3 187.1 — 125.5 111.5 163.8 155.4
27 69.0 58.1 88.1 0.9 60.7 60.7 78.9 79.0
28 48.1 38.5 51.4 53.6 40.1 40.4 47.0 47.0
29 352 271 334 345 29.4 29.3 30.2 300
30 27.2 20.7 233 262 22.4 21.6 21.1 20.6
Total 4866 3206 3570 1878 2935 2929 3448 3394

*Fertilizer applied plot
**Sludge applied plot
— Not measured
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30. Qctober, 1982
(1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosol
Andoso)
I‘ 2“ ]t 2“ 1‘ 2.‘ 1‘ 2“

1 118 16.1 169 19.7 17.8 16.2 15.4 119

2 19.3 14.0 12.5 15.5 37.2 40.2 10.8 9.2

3 50.9 19.5 339 327 44.5 399 10.5 14.1

4 94.4 27.6 57.5 49.3 40.4 39.6 30.0 28.4

5 69.0 38.8 432 422 318 320 3338 314

[ 50.0 353 31.1 10.0 26.0 26.1 27.2 21.4

7 38.1 271 229 11.8 214 21.7 221 18.5

8 214.6 180.6 172.7 45.4 359.3 463.7 120.4 226.6

9 556.3 468.9 491.3 — 324.3 274.5 289.9 3958
10 155.3 131.3 142.1 - B4.3 86.3 B7.6 115.9
11 70.9 62.2 75.9 1.4 18.2 19.8 15.3 8.9
12 d44.4 38.1 53.5 — 384 394 44.0 441
13 327 271 45.7 19.5 33.6 331 39.7 32.7
14 26.1 20.9 357 35.6 298 28.6 32.7 24.8
15 222 47.2 27.6 27.5 255 251 259 19.2
16 16.7 12.4 17.1 17.9 18,2 17.9 17.0 11.9
17 18.4 13.3 15.8 15.8 18.2 19.8 15.3 3.9
18 17.6 12.5 124 12.7 15.6 16.8 11.9 6.8
19 356 18.6 10,0 10.8 116.7 136.0 9.3 5.8
20 380.9 281.7 196.9 160.3 140.2 1449 180.3 130.9
21 118.5 105.4 121.5 16.4 60.4 69.7 108.3 94.6
22 580 56.2 67.6 I8 409 469 630 376
23 37.8 37.0 436 31.3 312 36.2 43.5 399
24 28.4 283 30.4 333 25.2 29.1 303 28.0
25 224 224 224 25.1 21.0 24.3 16.5 21.2
26 18.4 18.2 17.3 19.5 1.6 20.2 133 16.5
27 155 15.5 13.9 15.6 15.1 174 12.3 13.4
28 13.6 13.6 11.3 12.9 13.0 15.2 12.8 11.3
29 11.9 11.8 9.3 10.8 11.6 13.0 10.4 10.2
30 11.1 10.9 19 9.1 10.3 11.5 8.9 8.5
31 9.8 9.7 6.0 7.7 9.1 10.0 7.1 62

Total 2281 1822 1867 742 1657 1815 1366 1475

*Fertilizer applied plot
**Sludge applied plot
— Not measured
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31. November, 1982
(1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosot
Andoesol
l‘ 2.‘ lt 2&! 1‘ 2!! ll 2!(3

I 9.1 9.1 5.7 6.0 8.1 8.6 5.9 53

2 8.8 R4 4.6 5.6 7.1 6.7 36 19

3 3.1 . 7.6 4.3 49 6.3 6.7 3.8 3.5

4 R 7.2 3.7 4.2 5.6 59 33 33

3 R7 8.2 32 4.0 7.5 10.3 2.7 27

[ 12.0 9.3 4.3 6.6 57 6.7 2.1 2.6

7 127.5 121.5 69.4 48.8 146.0 147.7 15.4 223

8 230.7 213.1 206.9 180.0 49.7 76.1 1434 130.2

9 99.2 934 99.8 71.7 36.7 51.5 89.1 74.6
10 61.3 62.2 91.4 87.1 208.8 228.4 88.0 76.5
11 2104 198.8 2722 142.5 161.2 172.9 2244 196.8
12 1412 130.4 128.2 — 67.9 78.1 30.1 95.9
13 81.4 77.2 73.6 — 43.9 nz2 11.8 58.3
14 54.1 53.5 48.0 — 33.6 384 4.8 384
15 39.0 389 343 — 274 3.3 1.1 28.9
16 299 29.9 25.6 20.7 22.9 26.7 4.9 24.1
17 235 23.5 19.8 17.0 19.6 223 0.7 174
18 19.5 19.6 16.2 14.0 16.9 19.5 1.2 14.1
19 16.5 16.5 14.3 11.3 15.1 17.2 1.7 £2.0
20 14.4 14.4 13.0 10.0 13.8 15.4 24 4.4
21 12.9 12.9 11.9 2.9 12,9 139 2.8 0.3
22 1.6 i1.6 11.0 8.4 12.0 13.4 31 0.3
23 10.7 10.7 0.9 R0 11.4 12.3 1.6 0.1
24 9.7 938 3.4 6.5 1.3 11.0 2.6 6.2
25 9.0 9.1 7.3 5.6 . 9.2 10.1 09 59
26 8.8 8.5 6.3 4.7 8.5 9.5 0.8 54
27 8.7 1.9 5.4 4.1 17 8.8 0.9 4.5
28 7.6 7.4 4.7 34 6.9 7.7 0.5 39
29 6.9 7.1 4.5 31 6.6 9.9 1.4 34
30 49.5 148.1 13.5 11.5 71.4 78.6 1.1 39

Total 1338 1376 1221 700 1061 1177 656 849

*Fertilizer applied plot
**Sludge applied plot
— Not measured
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32, December, 1982
(1/Lysimeter}
Sandy soil ng}:]':df;:,{l)red Alluvial soil Humic Andosol
1‘ 2!1 1‘ 2!’ 1‘ 2“ l‘ 2“

1 122.8 120.2 89.8 57.2 25.8 28.8 1.t 1.r

2 63.0 62.0 152 56.7 21.2 247 5.2 316

3 41.3 41.3 50.8 39.6 17.9 20.8 7.0 410

4 30.1 30.1 36.5 24.8 15.8 19.5 4.7 32:6

5 239 239 27.9 18.0 14.1 18.0 238 25.1

0 19.7 19.7 21.3 11.0 12.4 15.6 6.5 209

7 16.8 16.8 17.5 8.3 11.7 14.7 29 17.6

8 14.5 14.5 15.0 7.5 10.7 13.7 2.2 15.0

9 12.8 12.8 13.2 59 10.3 12.4 12.6 14.1
10 11.2 11.2 11.6 5.2 9.6 11.9 12.5 11.8
il 10.4 104 10.7 5.2 9.6 11.8 11.9 10.4°
12 9.4 9.5 8.8 50 9.1 10.0 10.1 9.2
13 8.7 8.7 7.7 43 8.2 9.0 9.0 8.8
14 8.1 8.1 6.7 43 7.7 3.9 8.0 1.7
15 7.6 7.6 6.0 35 74 8.4 7.1 6.2
16 7.3 7.3 5.3 29 7.0 8.4 6.4 6.0
17 6.9 6.9 4.8 3.0 6.8 7.4 38 5.5
i3 6.7 0.7 4.3 1.7 6.1 7.1 4.9 35
19 6.2 6.4 35 1.0 5.7 6.2 4:2 3.6
20 6.1 6.2 33 1.2 54 6.0 3.8 3.4
21 59 6.1 30 0.6 54 6.2 35 3.5
22 5.6 59 2.6 1.6 5.1 5.1 3.2 32
23 53 5.7 2.3 0.7 4.7 4.8 25 28
24 52 55 2.2 0.3 4.2 4.5 24 2.5
25 5.0 5.4 2.1 0.5 4.1 4.4 2.0 22
26 50 5.2 2.0 0.4 38 38 1.8 2.1
27 4.9 5.1 2.0 0.2 36 37 1.7 1.9
28 4.9 4.9 22 0.9 35 36 1.6 1.2
29 4.8 50 2.5 0.4 3.4 34 1.7 1.1
30 4.6 48 31 0.8 35 35 i.6 0.3
31 - 46 4.7 33 0.3 36 37 1.6 1.4

Total 439 489 447 273 267 310 173 297

*Fertilizer applied plot
**Sludge applied plot
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33. January, 1983

(1/Lysimeter)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosal
- 1' 2.‘ 1’ 2“ ln 2“ 1‘ 2“

1 42 4.3 33 0.6 34 3.1 1.8 1.8
2 4.3 4.6 6.7 1.5 35 7.1 1.8 pA)
3 39 35 33 1.0 2.8 5.8 14 1.8
4 5.6 5.5 4.6 1.0 4.3 8.4 2.7 2.0
5 4.5 4.5 36 0.4 3.6 4.5 1.8 2.1
& 4.5 4.5 31 20 35 4.0 1.7 20
7 4.6 4.6 19 0.5 3.5 3.7 1.6 1.8
8 4.8 4.8 2.6 0.7 3.5 1.6 1.4 1.3
9 5.0 5.0 25 0.5 31 32 1.2 1.6
10 4.9 5.1 26 L5 31 31 1.2 1.7
11 42 4.5 20 0.4 2.5 24 0.9 1.3
12 6.0 6.1 4.4 2.1 31 3.6 1.3 1.7
13 53 5.5 36 04 30 35 1.3 1.6
14 39 4.3 2.7 1.8 22 23 0.6 1.1
15 6.9 7.0 4.4 0.9 33 1.7 1.4 1.7
16 5.7 55 32 0.2 2.6 1.5 08 0.7
17 6.2 6.0 32 0.9 2.6 5.6 1.4 0.3
18 6.1 6.0 23 11 2.7 28 09 1.0
19 6.0 6.3 2.9 0.2 24 2.7 1.0 0.6
20 6.5 6.6 2.2 o 2.3 23 0.7 1.2
21 5.7 6.0 2.1 0 21 1.9 0.4 0.8
22 4.6 5.0 21 0.4 1.4 1.1 0.7 0.5
23 48 1.1 3.0 0.4 L6 0.5 0.6 0.2
24 94 12 5.3 0.7 25 1.2 0.6 0.4
25 10.0 8.0 48 0.9 26 24 0.7 0.6
26 0.0 9.9 4.0 0.1 2.0 1.5 0.8 0.6
27 1.1 10.6 38 1.7 1.9 1.6 0.8 0.6
28 12.0 10.9 35 0.2 1.8 1.2 0.7 0.9
29 12.0 10.8 34 0.8 1.7 1.4 05 0.9
30 12.5 10.9 30 1.8 1.9 1.3 0.6 0.5
31 12.2 10.5 2.6 1.0 1.5 1.1 0.5 0.7
Total 207 189 104 26.6 82.0 90.1 338 36.0

*Fertilizer applied plot
**Sludge applied plot
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34. February, 1983
(1/Lysimeter)
Sandy soit Light colored Alluvial soil Humic Andosol
Andosol
1. 2:— lt 2‘a i‘ 2!! lt 2..
1 1.9 10.2 25 0.4 1.5 1.1 0.4 0.3
2 11.4 9.3 22 0.6 1.4 - 0.9 0.4 0.7
3 10.4 9.1 1.6 1.0 1.2 0.9 0.5 0.5
4 10.3 9.2 3.3 1.0 1.3 6.3 0.6 0.6
5 9.5 8.6 1.8 1.1 1.1 18 0.4 0
6 9.4 8.3 20 24 10 | 1.2 0.4 0.4
7 9.0 8.0 1.4 0.9 0.8 0.8 0.1 0.3
8 8.4 74 12 10 0.7 0.6 0.3 0.3
9 8.8 7.4 2.1 1.1 038 0.7 0.4 0.4
10 82 7.0 1.3 0.4 0.7 0.7 0.2 0.2
11 7.6 5.8 1.5 1.0 0.6 0.5 0.2 0.3
12 6.1 5.4 1.1 0.6 0.4 0.4 0.1 0.2
13 8.0 0.6 1.3 1.1 0.5 0.4 0.3 0.4
14 7.8 0.3 1.8 0.8 0.5 0.5 0.2 0.2
15 7.0 0.1 1.2 0.8 0.4 0.5 0.1 0.2
16 6.8 58 1.2 4.0 0.3 0.3 0.3 02
17 18.9 19.6 0.9 1.2 119 6.7 0 0.1
8 234.2 186.9 36.2 18.5 6.7 52 0 0.4
19 1284 107.7 80.1 48.5 4% 4.6 0.6 5.3
20 71.6 62.5 69.0 24.4 4.6 6.2 39 10.1
21 46.7 42.8 47.5 19.0 4.6 8.4 9.6 16.2
22, 34.0 32.0 34.7 12.0 5.0 9.9 12.7 17.5
23 26.6 26.1 26.8 33 5.2 10.9 14.1 16.5
24 22.1 21.9 215 0.8 6.7 118 14.0 14.8
25 19.6 19.6 22.1 23.6 6.4 11.7 13.2 10.7
26 19.0 17.7 28.3 23.8 6.4 1.2 13.7 13.3
27 20.2 18.2 10.0 24.1 6.6 11.0 14.7 142 .
28 23.7 20.6 15.8 21.4 6.6 B 10.6 14’8 14.1
Total 806 679 420 239 8.8 126 116 138

*Fertilizer apptied plot
**Sludge applied plot
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35. March, 1983

{1/ Lysimeter)

Light colored

Sandy soil Andosol Alluvial soil Humic Andosol
1‘ 2“ l‘ 2" ]‘ 2“ ll 2‘.
1 26.4 229 37 6.8 6.8 10.6 142 12.8
2 26.3 27 0 0 6.9 10.1 13.3 114
3 250 21.6 49 6.4 6.8 9.6 121 10.7
4 223 19.9 6.0 3.0 6.6 4.1 10.7 9.2
5 20.3 18.6 20 2.1 6.3 8.4 9.4 8.2
6 18.7 17.3 0 0 6.0 8.0 8.4 7.1
7 17.7 16.1 28 36 57 7.4 117 6.8
8 16.3 4.9 9.7 16.3 5.2 5.6 6.6 6.0
9 15.3 14.0 74 55 49 8.3 6.4 52
10 14.4 13.2 6.6 15 4.9 6.1 5.6 49
11 14.5 14.1 6.4 5.4 4.8 59 5.0 37
iz 2.0 16.7 10.0 6.3 45 55 4.4 4.0
13 144.5 1289 41.8 15.4 104.7 102.0 16.1 17.7
14 3231 265.8 209.0 152.4 63.0 84.8 152.3 153.2
15 137.1 1113 97.6 59.4 415 51.6 90.4 81.8
i6 78.7 65.8 382 31.0 311 385 54.8 532
17 52.3 4.3 272 08 46.5 50.3 39.8 39.8
18 55.3 49.9 8.0 4.9 44.5 50.2 49.0 48.6
19 80.3 73.0 l6 21 355 42.6 52.9 520
20 68.5 581 349 27.7 254 339 42.1 41.3
21 54.0 447 356 25.8 38 28.8 326 325
22 439 36.2 29.5 20.9 24.5 24.4 25.6 248
23 36.8 33 301 18.9 239 257 215 19.3
24 421 34.9 358 24.2 378 353 20.2 19.2
25 111.4 95.6 778 51.4 51.6 43.3 379 34.9
26 97.9 80.6 68.7 46.6 452 44.6 52.8 al.6
27 68.3 570 43.9 36.0 36.1 36.3 439 326
28 51.8 437 41.6 35 323 324 35.1 26.0
29 415 355 420 26.0 318 s 34.6 246
30 36.1 313 36.5 1.9 29.9 313 326 218
3 329 30.5 30.6 18.7 277 27.4 27.9 18.6
Toial 1794 1530 997 659 811 915 966 873

*Fertilizer applied plot
**Sludge applied plot

IO Gl




M NEFEMMLHE H688 (R-68-84)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No. 68, 1984,

-3
BAFM2 -2 —REXKESHOEDBHER
Results of Analyses of Substances in Percolate Samples
from QOuidoor Lysimeters
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Kunihiro FUJII', Mikiya HIROKI:, Takenori YAMAGUCHI?
and Yasuaki MATSUZAKA?
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DFA A= —ho@ohBEARROMIER (B 56 £ 5 A~IBF 58 4 2 A
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1. pH(1)

Sandy soil Light colored Alluvial soil Humic Andosal
Andosol
| ]l 2“ ‘Il 2’. ]l 2" lt 2‘.
| 1981
May 26 690 7.10 7.29 7.37 7.33 7.50 7.43 7.49
Juve 15 7.40 7.80 7.80 8.00 8.00 810 7.80 7.80
% 658 6.98 721 7.33 7.36 752 7.42 152
July 14 117 727 7.80 785 785 8.07 8.00 210
B 744 7.62 801 8.1 8.39 843 8.28 8.30
Aug M 74l 7.5 758 7.73 7.92 8.22 8.15 8.06
Sep. 5 T8 7.32 748 7.52 7.65 8.18 197 7.86
0w 738 7.45 763 7.54 7.90 §27 8.25 803
2 7.60 7.63 7.32 7.32 734 7.35 7.63 7.68
7 7.20 1 7.50 7.55 7.50 7.55 7.42 747
1 708 117 7.39 7.40 7.40 7.45 747 7.56
19 721 736 7.45 7.52 7.49 153 756 7.68
2t 136 7.39 7.47 747 7.46 769 774 7.75
B’ R 735 7.50 7.53 729 738 7.42 747
00 11 720 7.24 7.31 137 743 7.47 752
ot 2 668 6.84 709 7.14 707 706 714 721
4 695 7.04 6.99 7.14 7.20 717 724 727
6 701 7.06 7.2 7.19 7.24 7.19 722 7.32
8 685 © 107 720 7.23 727 731 742 747
0 675 6.87 6.98 7.07 7.21 7.20 7.28 7.36
13701 709 712 717 723 7.25 7.29 7.32
16 710 209 724 7.28 7.29 730 7.40 7.46
19 703 725 7.41 7.50 7.50 157 7.63 7.74
2 .54 7.60 7.69 7.75 77 179 7.85 793
5 181 M 7.56 762 7.68 764 7.66 762
2’ 693 702 714 7.26 7.33 7.48 7.45 756
1 746 751 757 157 7.52 766 7.61 i
Nov. 4 765 765 7.64 771 7.67 774 780 183
7 im 771 768 7.66 7.68 783 778 7.86
12 767 7.64 758 762 7.57 7.72 7.66 173
16 763 764 7.58 7.66 7.60 775 770 7.79
20 7.6% 7.72 7.67 7.72 7.63 7.69 7.74 7.82
YRR 774 7.74 7.82 770 187 7.86 7.95
B LR 753 7.77 7.83 7.73 797 7.95 801
Dec. 2 758 768 177 7.68 7.70 7.96 7.96 7.85
6 768 7.70 174 771 7.69 791 7.73 783
0 75 7.68 1715 774 7.68 788 779 7.86
4 765 774 179 781 7.76 7.92 7.91 7.84
AL 7.36 7.5 7.69 7.65 7.90 782 7.91
2 756 7.60 768 775 7.70 7.96 7.87 795
0 763 771 7.78 7.87 7.86 8.06 7.93 8.09
1982

Jan. 3 749 7.74 7.81 7.93 792 8.13 - 8.14
7 783 7.84 743 7.89 - - - -
TR X 7.5 762 7.53 - - - -
5 7.43 7.57 7.60 7.58 - - - -
19 747 761 167 767 - - - ,
3 7w 745 757 7.66 - - - -
1 149 7.5 763 772 - 8.02 - 8.01
| 31 758 7.63 8.19 8.27 175 792 7.84 £.00

*Fertilizer applied plot
**Sludge applied plot
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1. pH(2)
Sandy soil Light calored Alluvial soil Humic Andosol
Andosol
l’ 2“ l* 2‘[ l‘ 2‘. l‘. 2"(
(983

Feb. 4 761 7.66 7.69 782 771 8.0 - 8.03
g8 770 77 7.0 7.82 ~ 787 . 7.98
12 7S 7.69 7.75 787 - - -~ -
16 765 .72 7.8 7.88 - - -~ -
20 762 772 77l 7.86 - - - -
¥ 10 7.82 7.78 7.93 - - - -
B 765 71 7.79 7.90 - - - -
Mar. 4 750 7.56 757 7.54 - - - -
8 745 7.58 747 750 - - - 791
12 710 730 725 7.27 - - - 7.41
6 719 736 7.30 7.36 - 7.90 - 7.63
0 1w 741 7.36 7.40 - 7.88 7.79 7.68
4 ® 741 7.38 7.34 778 7.89 7.81 7.66
2 728 7.43 733 7.39 761 772 7.58 761
Apr. 1 7.28 7.40 7.40 7.45 7.67 775 7.66 7.68
5 729 7.45 7.43 753 267 174 173 7.8
9 741 751 751 162 777 782 7.7 7.86
13 705 7.45 7.39 7.55 777 77 7.78 7.87
16 100 732 722 7.34 755 7.63 7.52 761
17 110 7.40 7.24 7.34 751 761 7.47 7.56
21 7.17 7.43 7.32 7.37 7.49 761 740 7.5
5 675 6.49 7.08 736 6.92 7.67 6.85 7.50
0 579 6.64 711 7.36 4.98 757 6.88 7.47
May 3 687 6.82 7.16 7.38 711 7.54 7.08 7.56
7 608 6.94 722 7.37 7.25 7.50 7.31 7.65
i 699 6.95 7.23 7.34 136 7.65 7.43 762
15 10 6.98 1.1 7.32 1.39 7.69 152 7.58
19 705 .99 7.28 7.34 751 772 764 172
B 708 697 7.9 730 7.65 7.80 7.78 7.85
7109 6.9 7.31 7.35 776 7.84 7.86 743
31 7.16 71 7.39 7.45 7.96 791 7.95 7.94
Jure 4 704 491 7.20 7.23 7.76 7.80 7.84 7.63
8 705 6.80 7.20 7.25 160 7.60 7.3 7.51
w7 703 7.8 7.3 755 764 156 7.56
6 12 7.07 7.35 7.8 158 7.75 7.74 7.66
M L6 7.06 7.33 7.31 758 770 7.65 7.62
M 107 697 721 723 7.49 7.65 7.48 751
B 710 702 7.22 7.23 7.46 7.50 7.41 745
Mly 2 710 7.08 721 7.23 7.78 7.30 7.39 747
& 710 7.00 732 747 7.54 7.57 755 7.60
0 714 7.06 7.3 73] 7.59 772 7.7 7.66
14 e 7.06 7.29 731 159 7.84 7.68 7.56
AT 7.19 741 7.47 781 7.98 7.95 7.0
n 11 7.20 7.46 7.35 8.05 R.08 206 775
% 149 7.47 742 7.28 763 7.82 7.86 7.58
w73 7.19 741 7.8 7162 7.60 7.54 7.48
Aug 3 718 7.24 721 717 7.36 7.29 745 7.30
7 121 .16 741 731 772 7.44 152 7.46
1 7.39 7.26 .72 7.66 7.62 7.59 757 7.58
15 159 7.39 &1 7.96 771 7.94 176 7.9}
9 176 751 - 8.16 793 8.00 R.04 8.05
1n1m 7.91 - 812 7.96 - - 7,95
7 117 766 - 7.50 £.00 7.63 - 7.95
31 718 7.68 - 723 747 Z - 7273

*Fertilizer applied plot
**$ludge applicd plot
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L pH(3)
Sandy soil Light calored Aliuvial soil Humic Andosol
Andosol
lﬁ 2“ lt 2'0 l‘ 2" ]‘ 2"
1982 _
Sep. 4 7.9 7.89 - - - - - -
B 724 7 -~ 7.80 - - - -
2 11 7.43 6.98 6,82 735 6.98 6.48 6.93
16 716 7.45 7.2 7.29 7.48 7.20 733 7.37
0 T4 7.40 7,29 7.35 7.28 706 7.29 734
U 2 747 7.30 7.40 7.36 717 7.3 7.50
8 714 7.48 7.38 738 7.48 7.34 7.45 7.48
Oct. 2 121 7.50 7.46 754 7.59 7.53 7.53 775
6 716 747 7.50 .51 750 743 750 796
0 709 7.39 7.38 742 7.46 7.23 7.46 761
4N 7.37 7.48 746 7.54 737 751 7.66
s 709 7.44 7.60 7.59 7.58 7.39 7.66 781
2 M 7.2 742 7.47 753 7.68 7.58 7.82
% 7 7.42 7.50 7.52 7.57 745 257 774
W0 705 7.33 7.55 152 7.66 7,53 761 776
Nov. 3 117 743 7.36 7.46 7.88 277 182 7.28
7 752 744 751 757 7.48 6.74 7.60 217
I 73s 7.45 7.37 733 747 6.78 741 7.12
15 731 7.44 732 735 740 6.93 7.39 123
19 731 7.45 7.42 7.41 7.64 7.09 7.45 137
B 136 7.48 7.55 749 7.4 7.34 751 741
7 738 7.50 7.66 755 778 7.34 7.58 157
Dec. 1 729 .39 751 7.32 7.64 7.30 750 7.54
s 728 7.44 7.46 737 7.69 7.32 7.46 745
9 726 7.44 751 741 7.73 7.34 7.42 7.45
3Ty 7.48 757 7.45 7.5 7.45 747 7.50
17 136 7.50 767 751 7.78 747 7.53 765
A 737 7.53 767 7.61 781 751 7.54 7.65
s 740 756 7.79 767 796 762 7.60 7.69
¥ 739 7.59 781 271 794 794 7465 735
1983
Jam. 2 133 7.59 7.73 763 7.82 753 7.57 7,61
6 733 7.62 275 7.66 7.88 768 761 7.70
0 729 7.64 7.78 767 7.82 7.1 7.65 778
4 730 767 777 7.64 740 7.74 767 7.80
% 13 768 778 7.68 7.84 176 767 7.75
2 7127 7.69 7.77 7.66 7.85 7.75 7.68 176
2% 697 7.70 7.72 7.65 7.98 7.90 771 7.84
00 710 1712 774 1765 7.89 784 772 1.86
Feb. 3 711 167 7.66 7.59 7.83 7.66 167 1.77
7118 772 7.70 766 7.92 787 7.70 7.86
o 726 7.70 772 7.71 7.95 797 768 789
15 723 7.7 275 773 8.03 8.00 769 7.94
19 714 772 7.65 7.85 7.90 2.88 7.73 7.93
B 704 7.76 746 7.44 778 7.76 7.57 770
7 7as 7m 7.44 7.39 7.40 776 751 762

*Fertilizer applied plot
**Sludge applied plot
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2. NH,-N()
{g/m))
Sandy soil ng:;gglg;ed Alluvial soil Humic Andosol
]‘ 20‘ l. 2!' lt 2.‘ ‘l' 2‘.
1981
May 26 30 14 — - — - - ~
June 15 - - - - - - - -~
29 - - - - - - - -~
July 14 12 10 12 18 5 k] 13 11
28 2 1 3 2 - ~ — ~
Aug. 24 — - — - - - - -
Sep. 5 12 6 8 12 3B 53 56 19
10 7 6 7 4 13 19 20 ]
12 7 4 8 4 5 6 11 9
17 6 4 4 b 4 4 7 6
138 7 6 7 B 6 6 13 10
19 11 7 7 7 7 10 13 4
21 4 2 4 [ 7 10 14 9
28 8 5 7 7 12 8 3 5
30 8 9 g 9 1D 9 12 12
Oct. 2 3 5 1 5 3 4 4 5
4 3 3 3 4 3 5 6 4
3 4 2 3 k] 4 4 6 5
8 6 - 6 2 2 4 5 1
10 1 1 1 3 3 4 3 3
13 3 2 1 3 4 5 3 -
16 1 1 — 1 7 6 g 3
19 4 4 7 5 5 7 16 10
22 7 7 6 9 6 9 14 11
25 9 7 1] 4 [} 9 10 11
28 7 [ 3 3 7 10 8 6
3 3 5 6 3 9 4 8 9
Nowv. 4 [ 11 12 13 6 [} 18 8
7 ] 6 12 6 5 5 g 8
12 8 7 8 9 9 8 14 10
16 7 6 ] 8 5 10 15 12
20 8 6 9 9 10 10 2t 12
24 12 14 13 16 12 12 24 20
28 1 1 5 10 5 3 23 23

*Fertilizer applied plot
**Sludge applied plot
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2, NH,-N(2)
{x8/ml)
Sandy soil Light colored Alluvial soil Humic Andosol
. Andosal
l' 2:- |- 2-: 1‘ 2es lt 2“
1981
Dec. 2 4 2 4 4 9 8 17 16
6 3 3 to 9 1 9 19 21
10 3 3 11 9 5 5 19 13
14 3 4 10 12 7 7 8 31
W % 3 15 7 15 14 102 19
by) 5 2 24 27 26 23 228 58
30 4 3 18 22 54 24 258 61
1982

Jan. 3 7 7 47 3 101 az - 100
7 4 7 12 14 - — - -
11 7 3 15 10 - - - .
15 7 4 13 12 - - — -
19 4 4 33 23 - - - -
23 2 5 6 3 - - - _
27 3 4 2 3 — 1 — 9
3 3 3 2 4 10 3 127 5
Feb, 4 8 3 1 11 40 3 - 3
8 q 3 13 10 — 4 - |
12 1 1 40 0 = - - -
L6 3 4 16 6 - - . -
20 3 3 35 13 - - - -
24 1 3 29 1 - - - -
28 5 5 10 6 - - - —
Mar. 4 4 4 6 7 - - — -
8 4 4 4 4 — - - 27
12 0 1 1 | - - — 5
16 3 3 3 4 - 5 - 3
20 L Q 2 1 - L 9 2
24 3 3 3 3 49 3 33 3
28 3 2 4 3 18 5 21 6
Apr. 1 3 4 2 3 17 3 72 3
5 2 0 0 0 19 7 7t 1
9 2 2 2 2 38 16 () 4
13 4 2 2 4 a1 19 50 6
16 4 4 1 6 4 7 2 3
17 2 2 0 2 3 4 6 4
21 4 3 1 3 5 7 14 5

*Fertilizer applied plot
**Sludge applied plot
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3. NO,~N(1)
{ug/ml)
Sandy soil Light colored Alluvial seil Humic Andosol
Andasol
1. 2“ lt 2‘. 1; 2*‘ lt 2!‘
1981
May 24 & 7 10 [ 13 6 13 8
June 15 | 0 8 6 14 9 14 ]
25 5 5 7 46 9 8 13 12
hy 14 1 1 1 2 1 1 2 2
28 4} a i i i { 26 16
Aug. 24 3 2 4 4 [ 12 14 12
Sep. 5 8 s 6 5 3 7 9 g
10 3 3 3 2 42 43 111 26
12 H 3 3 3 3 4 6 6
17 1 5 7 7 14 12 21 18
18 10 10 12 12 18 14 26 17
19 12 11 11 10 13 11 29 14
21 4 4 5 5 7 6 27 12
28 1 3 3 3 3 k] 6 4
30 2 3 2 2 4 4 8 5
Qct. 2 1 i} 7 B 5 6 8 8
4 2 4 s 5 6 8 10 6
6 3 6 5 5 6 ki 10 &
] 5 Hu i4 17 11 16 26 17
10 0 3 4 5 3 5 7 V]
13 1 3 4 5 4 5 8 6
16 1 3 4 5 4 7 11 6
19 0 2 2 15 k] 4 12 [
22 1 1 2 2 3 6 13 5
25 4] { 3 k] 2 2 3 4
28 | 2 4 5 { 4 5 4
31 Q 0 4 4 2 4 14 8
Nov 4 g 1 4 3 1 3 8 4
7 o 0 1 1 1 2 4 3
12 0 1 3 3 1 2 4 2
16 0 ! 4 4 3 4 12 8
20 0 0 2 2 2 3 7 5
24 1 1 7 7 4 4 19 il
28 1 2 & 6 2 4 16 20

*Fertilizer applied plot
**Sludge applied plot
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3. NO,-N(2)
(pg/ml)
Sandy soil Light colored Alluvial soil Humic Andoso!
Andosol
1" Jan 1" padd * g 1* il
1981

Dec. 2 0 0 2 2 3 3 7 6
6 I 1 2 2 2 2 5 5

10 0 0 2 2 1 2 i5 5

14 0 0 2 2 2 2 19 12

Pl 0 0 5 3 5 6 10 2

7 0 0 5 5 9 12 5 30

0 0 0 6 5 23 15 11 55

1982

Jan. 3 0 0 10 4 29 2 - 55
7 D 0 1 0 - - - -

1 0 0 0 0 - - - -

15 0 0 1 1 - - - -

19 0 0 1 3 - - - -

23 0 1 17 8 - - - -

27 2 2 15 12 - 28 - 45

B 0 0 18 1 266 17 17 15

Feb. 4 1 1 33 18 429 147 - 7
8 0 0 47 by - 343 - 160

12 0 0 EX! 17 - - - -

16 1 0 37 41 - - - -

20 0 1 105 19 - - - -

24 0 0 12 5 - - - -

7% 2 1 7 5 - - - -

Mar. 4 0 0 0 1 - - — -
g 1 0 t [ - - - 3

12 0 1 ( 1 - - - 5

16 5 2 4 3 - 5 - 13

20 4 2 4 2 - 3 12 12

24 ] 1 3 2 6 3 5 18

28 9 3 4 3 3 3 6 12

Apr. | 12 2 5 6 5 6 7 35
5 18 3 6 5 6 9 1 16

9 19 5 8 6 20 2 27 8

13 21 5 6 4 64 82 183 37

16 2 1 2 1 2 3 ! 2

17 a 1 3 2 4 4 3 6

21 6 2 5 3 7 9 9 5

*Fertilizer applied plot
**Sludge applied plot
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4. NO,-N(I)
{(ug/ml)
Sandy soil Light colored Alluvial soil Humic Andoso!
Andosol
l‘ 2&* ]i 2‘! 1! 2': 1! 2"
1981
May 26 25 13.2 26.7 258 22.0 25.0 537 54.9
June 15 2.7 8.9 28.4 27.1 18.4 26.5 495 . 405
29 49 16.3 25.3 255 216 271 51.3 514
July 14 6.2 19.3 24.6 254 20.5 254 44.6 49.6
28 6.5 20.0 23.0 25.1 13.7 239 44.1 46.3
Aug. 24 26.3 26.1 215 16.8 16.7 24.1 376 35.3
Sep. $ 732 40.0 232 278 251 231 42.8 52.8
10 60.8 452 247 240 2390 235 42.0 50.8
12 8.9 35,3 24.8 24.1 212 22.7 443 46.1
17 45.4 41.9 247 217 275 3.0 53.2 61.1
¥ 445 40.8 204 280 215 304 55.2 61.5
19 40.7 41.1 223 28.3 278 30.8 574 61.5
21 293 39.3 24.2 257 284 3L 547 61.3
28 222 372 18.4 26.0 26.8 31.6 538 56.2
30 i8.9 36.4 23.) 26.6 26.9 122 526 57.9
Oct. 2 10.9 0.7 17.5 236 28.5 355 536 54.6
4 77 29.1 21.7 27.4 29.1 325 54.5 61.6
6 76 28.8 24.1 215 289 30.7 54.6 62.0
8 7.7 289 240 217 28.9 36.9 56.1 63.2
10 4.6 20.9 20.3 248 274 7.1 60.2 62.1
13 4.2 19.8 22.7 26.1 28.3 8.6 60.0 67.5
16 40 19.3 215 26.3 28.0 38.6 62.5 67.1
19 4.4 18.6 .20.2 255 275 36.2 56.1 58.5
22 45 19.7 218 25.7 28.1 38.0 56.3 60.2
25 1.2 3.3 217 226 21.7 28.9 58.8 56.7
28 1.0 3.7 27.8 26.9 25.7 39.1 60.8 62.3
3l 1.9 4.6 26.9 26.8 25.7 36.4 58.5 60 8
Nov. 4 2.1 44 26.8 26.6 253 37.5 60.6 60.4
7 1.7 3.1 26.7 24.0 237 384 57.4 8.5
12 1.9 3.6 26.9 26.8 26.2 403 60.6 61.5
16 2.1 17 271 26.9 26.8 40.7 59.6 61.9
20 - 215 31 26.2 26.7 26.7 95 61.9 62.7
24 1.8 13 26.3 275 26.7 359 61.0 63.7
28 Lo 2.5 24.8 259 249 365 58.3 59.7
Dec 2 1.1 2.6 - 260 238 258 372 54.0 53.7
6 Lo 25 26.5 251 25.3 376 56.3 56.9
10 1.1 2.6 27.0 259 252 347 57.5 58.5
14 1.1 25 26.1 25.7 25.1 9.7 582 59.3
20 k1 27 249 25.6 243 351 559 38.1
22 11 26 25.1 258 239 34.2 56.1 558
0 1.1 2.6 24.3 26.1 2315 356 56.1 57.8
1982

Jan. 3 1.0 26 249 26.3 233 36.3 - 58.5
7 1.1 22 240 253 - - - -
1l 1.7 3. 25.1 232 - - _ -
15 1.7 33 26.4 244 - - - -
19 1.7 33 25.9 24.7 - - - -
23 23 1% 25.6 25.4 - - - -
27 2.5 4.0 26.0 25.5 - a0.4 - 61.4
31 25 4.0 23.4 25.7 19.5 290 49.6 61.1

*Fertilizer applied plot
*+Sludge applied plot
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4. NO,-N(2)
(ug/ml)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
[ 2 1+ Al 1*) 2% it pAdd
1982

Feb. 4 30 4.3 24.5 27.6 229 36.8 - 65.0
8 34 5.0 237 278 - 24.3 - 65.0
12 9 4.8 270 286 - — - -
16 19 4.3 211 28.7 - - - —
20 4.1 51 117 28.6 - - - -
24 4.1 4.6 26.9 275 - - - —
28 53 53 26.3 213 - — — -
Mar. 4 10.1 1.5 236 21.8 - - - -
8 18.5 10.8 27.3 259 - - — -
12 21.0 12.0 234 248 - - - 539
16 258 14,2 244 25.3 - 392 - 59.0
20 30.5 16.4 29.1 25.6 - 373 550 587
24 414 223 235 24.4 22.8 40.4 51.4 517
28 536 256 217 26.1 218 38.7 532 59.4
Apr. 1 5%.0 278 242 26.5 248 39.1 567 60.0
5 61.6 294 27.4 26.5 247 K3 59.2 59.6
9 62.4 29.9 6.2 26.5 24.5 380 62.4 59.2
13 61.4 28.6 5.6 253 234 369 62.5 589
16 55.2 36.0 25.5 26.0 260 418 517 60.2
17 44.6 36.8 26.6 26.5 250 46.3 38.6 64.8
21 49.1 376 26.8 215 26.6 46.0 60.2 65.7
25 34.1 321 26.2 18.4 25.8 45.0 61.0 60.0
29 30.6 324 257 18.9 26.7 4318 64.5 61.7
May 3 29.6 325 3 19.3 26.8 44.3 59.7 61.2
7 24.7 9.6 284 18.5 16.3 432 60.2 6.2
11 19.3 251 311 18.9 25.6 43.2 59.7 60.1
135 15.3 24.3 26.3 19.0 24.4 43.1 58.4 8.8
i9 13.8 231 254 18.9 24.4 43.6 56.5 588
23 9.4 18.2 235 19.6 233 42.0 56.8 385
27 89 18.9 214 20.4 231 43.2 53.4 57.4
3 19 19.0 0.6 0.5 W08 40.2 511 551
June 4 6.4 17.1 18.3 20.7 20.7 38.8 52.1 50,0
8 6.5 19.2 210 21.7 25.6 388 574 64.0
12 6.5 19.9 225 222 26.1 40.1 59.0 66.5
16 58 19.0 20.7 206 6.7 40.6 54.7 61.9
20 59 19.3 220 225 26.7 41.7 58.1 61.8
24 49 19.2 224 222 252 438 52.4 59.7
28 4.4 19.4 19.8 23.6 259 44.5 57.3 58.4
July 2 4.4 20,4 20.6 24.8 27.7 46.1 61.8 65.3
[} 4.6 20.7 21.2 24.8 217 459 60.8 65.8
10 4.3 19.9 21.1 242 277 46.4 58.7 60.5
14 4.4 19.9 220 24.9 24.4 4318 58.4 589
18 43 19.2 21.7 25.6 237 44.8 56.3 63.1
22 4.1 18.0 225 4.8 224 44.1 55.2 59.5
26 2.7 11.2 17.4 17.3 1.2 29.1 41.0 316
30 35 12.6 0.9 27.0 18.0 40.2 54.0 62.9
Aug 3 18.6 4.2 20.0 26.1 122 351 36.0 51.0
7 1.2 1.3 17.5 25.7 12.4 40.2 316 59.0
tl 0.4 0.1 15.7 20.7 9.4 379 29.4 57.6
135 N.D. N.D, 1.7 15.2 53 318 17.1 54.0
19 » N - 15.6 35 25.6 47 407
23 I 03 — 20.5 1.1 - - 4.5
27 » 0.1 — 18.6 0.8 11.4 — 16.4
31 i N.D. - 7.6 1.6 - - 12.2

*Fertilizer applied plot
**Sludge applied plot
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4. NO,-N(3)
{(pe/ml)
Sandy soil L1g‘,:1;;§slglred Alluvial soil Humic Andosel
la 2tn lt 2.- lt 2!‘ l! 21[
1982
Sep. 4 - - - — - - - -
8 - N.D. - 1.4 - - - -
12 N.D 0.2 39 14.2 0.6 0.8 20 19.5
la 0.3 0.2 2.4 12.7 N.I> 02 1.4 17.8
s} N.D ND 10 9.4 i 0.2 0.9 10.8
24 i » 1.7 10.2 i 0.1 0.5 0.1
28 i L' 0.9 8.0 ] 0.2 0.1 6.3
Qct. 2 » 4 1.3 12 N N.D. N.D. iR
6 " »n 0.1 54 2 0.1 » Q.l
10 01 7 N.D 3.5 n N.D ” N.D
14 ol 7 H 2.1 :} 0.1 " H
18 N.D # i 0.9 i N.D i 0.)
22 0.3 » N 1.1 i 7 A 0.3
26 03 i 4 1.5 # 01 » N.D
30 0.3 u i 1.5 » N.D N o
Nov. 3 0.3 n 7 1.7 " # # 0.6
+ 0.3 Vi » 1.6 1.0 09 0.3 038
11 0.6 0.1 # 0.9 0.3 0.3 3.8 09
15 0.8 0.3 # L.t N.D 02 1.0 1.1
19 0.9 04 I 1.2 ” 0.2 1.1 1.1
23 0.9 0.4 0.1 1.4 7 02 I.2 1.2
27 12 0.3 0.1 1.4 0.1 0.3 1.3 1.3
Dec. { 11 09 Q4 11 0.4 0.6 1.1 1.3
5 1.1 11 0.1 1.2 0.2 0.5 1.5 1.4
9 1.k 1.3 0.2 1.2 0.2 123 1.6 1.5
12 1.1 1.3 0.2 1.5 02 0.6 1.6 1.5
17 11 1.4 0.3 1.5 0.3 0.5 1.7 1.5
21 1.2 1.4 3 1.6 03 0.3 1.7 1.5
25 1.2 1.4 0.3 1.7 0.3 0.5 1.7 1.5
9 i.2 1.4 0.3 1.7 0.3 0.6 1.7 1.5
1983
Jan. 2 12 14 Q3 1.8 0.3 0.5 1.6 1.3
6 1.2 1.5 0.3 1.7 0.3 0.6 1.6 1.5
1 12 1.5 D4 1.8 .3 0.6 1.4 [.5
14 1.2 1.5 0.4 1.8 0.3 0.6 1.6 1.5
18 1.2 1.6 0.4 1.8 04 0.6 1.6 1.5
22 1.1 1.6 0.4 1.8 0.4 0.5 1.6 1.5
26 1.1 1.8 0.4 1.7 0.4 0.6 1.6 1.5
30 1.2 18 0.4 1.8 0.4 0.6 1.6 1.5
Feb. 3 1.2 1.3 0.4 1.9 0.4 07 1.5 1.5
) 1.3 13 04 10 04 0.7 1.5 1.5
11 1.3 1.3 0.4 21 035 0.6 1.5 1.5
&) .3 14 0.5 21 0.5 0.7 1.5 1.5
19 1.3 1.3 0.5 1.4 0.7 1.0 1.5 1.5
23 1.4 1.4 04 1.6 0.6 0.9 1.6 1.5
27 1.4 1.4 0.4 1.5 0.6 09 16 1.5

*Feruilizer applied plot
**Sjudge applied plot
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5. POL(I)
(ug/ml)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
l! 2‘. l‘ 2“ l. 2!. l‘ 2“
1981

May 26 52 50 25 23 2 29 29 27

June 15 gs 193 52 a4 50 57 s a6

e 31 » 21 17 19 20 16 17

Nty 14 55 50 37 3 43 44 a7 45

28 35 i3 21 26 44 26 49 34

Aug. 24 35 37 44 44 59 47 49 44
Sep. 5 7 9 7 7 12 6 8 g

10 12 12 5 4 14 6 9 8

12 94 12 3 28 3 80 36 e

17 42 33 10 10 33 3 26 27

18 45 4l 21 20 33 27 2 15

19 44 36 16 18 31 24 17 23

21 64 16 17 T3 27 n 28 26

28 32 23 17 12 14 20 14 14

30 43 % 3 1 16 8 14 Ia

Ot 2 0 61 9 5 14 14 s 13

4 70 4 16 13 2 n 15 15

6 70 54 s 15 2 16 s 8

8 60 46 8 8 27 2 23 26

10 7 56 5 14 23 18 17 17

13 66 50 9 9 2 19 17 I8

16 68 54 17 17 3 (7 17 18

19 62 2 16 s 19 16 13 18

22 62 53 24 24 31 26 62 28

25 (18 7 14 13 25 13 s 14

28 91 68 5 8 2l h 0 12

3l 90 7 13 s 2 13 8 13

Nov. 4 8 78 18 19 23 15 23 2

T 101 280 19 16 27 18 16 19

12 7% 69 17 14 2 tg 16 8

16 73 69 22 18 21 17 15 21

20 70 68 20 20 19 18 19 2

24 7 67 23 2 2 21 25 28

28 83 79 35 26 25 20 25 2

*Fertilizer applied plot
**Sludge applied plot
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5. PO,(2)
{ug/ml)
Sandy soil Light colored Alluvial soif Humic Andoso!
Andosol

l‘ 2" l' 2.' l' 2“ l‘ 2!!

1981
Dec. 2 68 71l 18 15 26 24 24 20
6 66 67 18 17 23 22 18 22
10 — - 20 20 23 20 20 22
14 61 65 24 25 25 22 23 22
20 48 48 7 12 17 10 9 16
22 45 51 14 17 18 12 14 19
30 47 50 19 12 14 12 15 15

1982
Jan. 3 52 51 17 23 9 10 - 8
' 7 76 69 12 31 - - - =
1) 4] 42 20 16 - - — -
15 48 52 18 17 - — - —
19 44 49 18 17 - - — -
19 44 49 18 17 -~ — - -
23 43 57 0 23 - - — -
27 45 53 11 16 - 10 - 11
31 18 40 5 9 N.D 5 5 9
Feh. 4 38 40 5 & ] N.D. - 4
8 29 48 ] 20 - 16 - 8
12 29 43 5 17 - - — -
16 31 43 9 18 - - - -
20 30 43 B 19 — — — —
24 39 56 16 26 — - - -
23 45 53 14 26 — - - -
Mar 4 37 54 11 15 - — - -
8 35 55 14 11 - - — 26
12 22 M 8 3 - - - 5
i 17 28 9 5 - 13 - 13
20 i3 26 9 & - 19 13 3
24 14 23 11 5 8 19 13 9
28 15 25 9 7 0 19 12 10
APpT. 1 13 20 14 10 19 19 13 14
5 10 21 11 11 21 17 17 18
9 15 23 14 14 23 23 19 19
13 17 23 11 11 18 1% 15 19
16 22 27 4 4 17 13 10 5
17 24 33 5 5 16 I3 10 9
2] 28 40 8 6 17 16 . 10 10

*Fertilizer applied plot
**Sludge applied plot
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6. CI(l) ' :
(ug/ml}
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol .
1* FLA 1* pALI R 1 2 1* s
1981 -
May 26 1.7 2.6 12.7 9.3 16.6 - 8.8 '8 8.9
June 15 — - 6.3 35 8.1 .27 6.1 -
29 222 4.4 13.7 © 98 17.8 %1 15.2 1.6
July 14 39.5 9.3 13.0 9.7 19.0 10.0 © 126 83
) 28 43,6 10.1 13.5 9.4 16.1 9.2 133 . 16
Aug. 24 36.7 142 119 5.7 11.0 8.9 9.3 5.6
Sep. 5 16.1 14.6 13.0 10.1 16.4 8.9 14.6 120
10 1640 l6.6 160 t0.0 175 1.3 130 10.0
12 7.0 10.7 14.2 8.2 18.2 8.3 10.0 59
17 8.0 10.3 14.5 9.7 18.6 10,3 133 - 84
18 7.9 10.3 1.7 9.6 184 9.5 148 8.1
19 7.7 102 18 © 94 18.5 94 15.6 16
21 5.4 9.2 13.9 5.0 18.3 . 108 135 7.8
28 33 6.0 8.2 7.3 17.2 7.8 10.7 5.7
30 30 57 11.6 1.3 17.8 8.0 1.3 6.3
Oct. 2 2.1 4.6 78 6.7 18.6 9.2 » 108 69
4 1.6 39 9.7 1.6 18.3 8.6 11.7 6.7
6 1.6 38 12.4 7.9 N B | 8.6 12.3 6.5
8 1.8 42 12.2 8.2 18.8 9.2 113 6.5
i) 26 4.3 9.6 7.7 19.5 9.7 12.9 81
13 1.6 37 12.6 84 206 104 13.4 7.9
16 1.9 34 11.6 8.2 222 10.0 132 7.9
19 1.4 2.5 10.7 7.8 19.8 9.1 13.0 7.2
22 1.2 2.6 10.4 7.5 19.8 9.0 12.5 7.3
25  "N.D. N.D. 9.1 6.6 18.2 7.6 17.6 8.1
2707 0.7 10.6 1 16.7 8.3 14.7 8.3
it - 04 0.1 9.5 6.8 T 178 8.3 13.3 79
Nov. 4 0.1 . 0.1 4.4 6.3 18.5 83 15.3 79
7 N.D. 0.1 10.1 6.0 17.0 9.0 15.3 8.1
12 n 0.1 9.8 . 64 18.4 9.3 16.6 8.5
16 " N.D. 9.4 6.4 18.9 9.4 16.1 8.5
20 n n 9.5 6.5 19.7 93 17.3 8.7
24 n 7 9.7 6.6 203 9.4 . V) 89
28 0.4 0.6 9.3 6.7 17.6 9.0 "7 158 8.4
Dec 2 0.8 .6 9.7 60 174 93 148 8.2
6 0.8 0.6 9.9 6.4 17.4 0.4 156 - 84
10 0.7 0.6 9.9 6.5 17.3 94 15.6 8.5
14 0.7 0.7 9.7 6.5 17.5 9.5 158 8.5
20 08 0.6 2.5 6.6 17.1 9.0 16.1 8.3
22 08 0.7 9.4 6.6 17.0 9.1 15.5 83
30 0.6 0.4 9.4 6.4 17.0 920 15.6 89
1982 : -
Jan. 3 1.2 0.5 9.4 6.8 169 © BE - 83
7 1.2 0.6 9.8 6.2 B = - -
11 30 0.4 9.0 6.0 - - - -
15 24 0.6 9.8 5.8 - = - -
19 2.7 0.6 10.0 5.9 - - - -
23 34 1.0 9.8 6.3 — - - -
27 39 0.5 9.8 6.5 — 9.1 - 8.3
31 3.3 1.0 9.0 6.3 14.3 73 129 8.3
*Fertilizer applied plot
**Sludge applied plot
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6. Cl(2)
(ug/ml)
Sandy soil Light colored Alfuvial soil Humic Andosol
Andosol
‘ll- '2“ l‘ 2" l‘ 2‘1 ‘l! 2.-
1982

Feb. 4 45 L1 9.1 6.5 160 8.3 - 8.6
8 5.5 13 8.7 6.4 - 58 - 8.9
12 5.1 1.5 9.6 6.4 - - - -
16 53 1.4 9.5 6.4 - - - -
0 54 1.6 9.5 6.7 - - - -
24 6.1 17 9.5 6.1 - - - -
28 7.7 20 94 5.5 - ~ - -
Mar. 4 14.0 4.3 9.1 5.4 — - - -
8 22 58 97 59 - - - 78
12 241 79 9.4 6.5 - - - 83
16 276 87 9. 6.5 - 9.7 - 89
0 296 97 11.4 6.4 - 9.8 14.6 8.8
4 129 13.0 8.5 6.3 15.4 100 14.2 8.6
2B 370 138 105 6.5 15.7 9.4 143 8.5
Apr. 1 379 14.5 8.4 6.6 16.6 9.4 £5.1 8.5
5 379 149 10.2 6.5 172 9.3 15.7 8.6
9 369 14.8 9.4 6.4 17.1 9.6 16.3 8.4
13 360 15.8 159 6.4 19.1 9.3 17.2 8.4
15 222 17.0 15.5 6.0 19.5 145 162 8.4
17 19.9 162 15.4 6.2 19.1 132 16.9 9.1
21 18.7 16.0 16.1 6.3 19.5 12.1 17.3 8.8
25 12.2 139 9.8 5.2 (7.7 102 17.5 8.6
29 115 139 9.3 6.7 17.9 9.5 180 9.1
May 3 10.8 13.9 12.4 6.8 17.7 97 17.1 g8
7 9.8 127 10.9 6.6 17.5 97 17.1 87
1 a1 10.6 115 6.8 175 9.5 17.0 8.6
s 72 9.1 10.6 6.6 16.9 9.2 16.5 8.5
19 6.4 9.0 £12 6.9 16.9 9.4 16.2 8.5
23 6.5 6.7 10.6 6.3 16.6 93 15.6 8.5
27 43 6.5 12.2 7.0 16.3 93 15.5 80
3l 4.5 6.4 1.9 7.1 158 93 154 81
Jure 4 15 39 105 67 15.6 8.7 15.7 80
8 3.1 40 12.3 74 17.0 95 (7.0 8.9
12 28 16 129 72 17.0 9.0 17.7 8.9
16 28 Rl 1.9 67 17.5 9.4 16.9 8.8
20 24 29 12.9 7.3 17.1 10.0 172 8.7
24 22 26 13.0 73 16.7 9.9 16.7 8.7
28 19 26 17 7.6 17.3 10.0 172 8.7
hly 2 20 28 127 15 17.3 10.3 182 9.1
6 21 2.7 12.6 74 172 10.5 17.8 9.0
10 20 15 125 7.3 16.9 10.5 176 89
14 19 25 13.1 73 16.7 10.4 17.7 8.7
18 1.9 16 12.6 7.7 16.6 10.4 17.4 8.8
2 1.7 22 128 7.2 16.2 16.5 16.8 £9
26 L5 19 115 6.9 2.5 7.5 126 6.3
" Il 1.6 13.3 73 14.6 9.1 172 90
Aug. 3 20 06 13.5 8.1 115 8.2 137 8.3
7 08 10 13.2 8.2 118 9.4 128 8.4
§ 0.4 0.3 13.2 6.8 LL.4 9.0 124 8.3
(5 0.3 0.3 12.0 5.4 89 8.2 9.4 7.5
19 0.4 0.3 - 5.5 77 7.6 59 49
7 0.4 03 - 45 78 - - 21
27 0.5 0 - 45 25 5.1 ~ 23
3t 0.6 N.D. ~ 33 18 —~ - 42

*Fertitizer applied plot
**Sludge applied plot
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6. CI(3)
(zg/ml}
Sandy soil Light colored Alluviak soil Humic Andosol
Andosol
lt zll l! 2" ]l 2“ ll 2“
1982
Sep. 4 0.5 02 - ~ - - - —
8 0.5 N.D. - 4.4 - - - -
12 1.0 0.2 6.6 a7 1.4 0.9 0.7 1.2
16 0.5 N.D 6.8 4.1 0.4 0.9 08 1.3
20 0.5 # 6.3 33 03 0.7 0.6 1.1
24 07 » 6.1 3.5 0.3 0.5 0.3 0.6
28 o8 # 4.7 3.5 N.D. 0.5 N.D ¢4
Oct. 2 09 " 38 2.4 i 0.4 " N.D,
[ 0.9 i 2.3 28 0.2 0.5 i H
10 1.2 » 1.2 2.0 N.D 04 » »
14 1.2 H 0.8 1.3 0.3 0.4 n y
18 0.9 ” 0.8 0.8 0.4 0.4 » ”
22 0.9 # 0.7 0.7 N.D 0.3 " p
26 1.1 " [UF 10 0.3 0y 02 pi
30 1.4 Yy 1.2 1.0 0.4 0.4 0.1 i
Nov, 3 1.7 H 1.6 2.1 0.4 0.4 07 1.1
7 1.6 1.2 1.2 2.1 1.2 09 0.7 0.9
11 1.7 1.0 1.5 14 0.8 09 0.6 Q.6
15 2.1 1.1 1.3 1.4 0.6 09 0.6 0.8
19 24 1.2 1.2 1.3 0.6 1.0 0.5 -
23 15 1.8 1.4 1.4 0.5 0.9 0.6 0.8
27 2.6 1.4 1.5 1.2 0.7 0.8 0.6 0.7
Dec | 23 1.9 1.0 1.t 0.7 0y . 0.5 0.8
5 2.4 1.9 0.9 1.1 0.6 0.9. 0.5 0.6
9 24 22 1.0 1.1 0.6 0.9 0.5 0.8
13 2.6 2.2 1.1 1.1 0.5 09 0.6 0.7
17 2.4 2.2 1.t 1.2 .3 0.8 0.6 0.7
21 24 2.1 1.1 1.0 0.5 0.8 0.5 08
25 25 2.1 1.3 1.1 Q0.5 0.9 7 0.9
29 23 22 i4 0.9 0.4 0.9 0.7 1.0
1983
Jan. 2 2.3 23 0.9 09 0.4 0.7 0.6 0.8
6 14 14 1.1 07 04 a7 06 Q8
10 2.3 2.3 1.1 0.9 0.5 0.8 07 0.9
14 23 2.2 1.1 0.8 0.6 0.8 0.6 0.9
18 2.1 24 1.0 0.7 0.5 0.8 0.6 0.9
22 2.0 2.6 09 0.8 0.6 0.8 C.6 0.9
26 23 2.5 10 0.3 0.5 08 0.6 1.0
j0 23 2.6 08 0.7 0.6 0.8 0.6 0.9
Feb. 3 2.4 2.2 0.9 0.7 0.6 0.7 0.6 1.0
7 2.3 2.5 0.9 0.8 0.5 0.8 0.6 1.0
11 1.9 2.9 0.7 0.8 0.5 0.9 06 1.0
15 2.1 2.6 0.9 0.8 o7 09 0.7 1.0
1% 2.0 2.8 08 0.6 1.6 1.2 0.6 1.0
23 29 kA 0.7 0.6 1.1 1.0 0.6 09
27 3.0 2.9 0.6 0.6 1.0 1.1 0.6 0.8

*Fertilizer applied plot
**Sludge applied plot

— 185 —




BN - LA - L DORAY - RIEEE

7. Kl
(ug/ml)
Sandy soll Light colared Alluvial soil Humic Andosol
Andosol
1* 2+ 1" PA 1* 2% 1 2e
1981

May 26 5.5 5.1 5.3 4.8 1.0 6.0 6.1 6.6
June 15 1.6 6.9 7.5 8.0 13.2 9.3 12.0 8.7
29 6.9 6.0 5.8 5.6 8.9 7.5 8.3 1.6

Juiy i4 ) 7.4 7.2 7.6 8.2 8.9 1.1 9.1
28 9.5 8.8 9.0 10.4 17.2 12.3 17.2 15.7

Aug. 24 12.1 10.3 9.9 11.5 14.1 14.5 20.2 18.7
Sep. 5 13.6 9.9 8.4 7.9 134 15.0 14.3 124
10 12.5 1.1 8.0 6.6 14.7 15.4 17.3 13.3

12 1.9 10.1 6.8 6.5 14.3 14.6 136 11.8

17 10.8 8.5 6.6 6.3 9.8 10.7 1.5 10.0

18 10.8 8.4 6.4 6.1 9.8 9.1 9.5 9.8

19 11.0 8.6 6.2 6.6 10.3 9.1 9.3 10.0

2] 9.9 8.9 6.3 5.4 9.8 10.7 11.5 10.0

28 95 85 5.6 6.6 12.7 3.9 11.2 1.2

ki) 4.4 8.1 57 6.2 1.2 8.0 104 100

Qct. 2 9.6 8.5 7.0 8.0 1.9 9.2 13.9 13.4
4 7.2 6.6 4.6 5.6 5.5 1.6 8.6 8.7

6 7.5 6.9 5.5 5.6 8.9 15 8.3 8.3

8 7.4 6.6 4.1 55 85 835 24 84

10 6.4 5.6 4.8 6.2 9.6 7.4 10.0 101

13 5.6 5.5 4.5 4.3 7.6 7.4 8.0 73

16 6.0 5.3 53 4.5 13 1.6 7.9 70

19 6.4 56 5.1 4.9 7.8 7.0 .0 74

22 59 5.0 54 5.0 7.0 7.1 9.2 7.7

25 31 32 2.8 36 5.7 38 6.0 64

28 33 3.2 4.2 34 5.0 53 6.1 5.8

3 39 36 4.9 4.2 5.2 5.4 5.2 6.2

Nov 4 4.4 38 5.4 4.6 5.4 6.2 79 6.7
7 4.0 34 52 34 6.9 6.0 6.8 6.0

12 4.6 44 54 438 6.7 6.5 7.0 6.8

16 4.6 4.3 3.7 4.9 6.3 6.2 6.4 6.8

20 4.8 4.2 6.0 53 6.0 6.4 7.3 6.9

24 4.9 4.3 6.4 5.7 6.0 6.7 8.3 7.5

28 4.7 4.2 6.2 6.0 6.0 7.3 9.3 7.8

Dec 2 4.5 4.5 5.5 4.6 6.0 10 9.0 6.7
6 4.4 4.0 52 4.6 5.8 6.6 7.0 6.1

10 4.4 4.0 5.2 46 5.9 6.5 6.9 6.5

i4 4.4 4.0 54 52 5.9 6.5 7.3 7.1

20 3.1 23 4.2 45 4.8 5.7 7.8 6.8

22 32 2.7 44 4.6 4.5 5.9 7.4 7.0

30 34 2.7 48 5.5 5.8 6.3 8.9 9.2

1982

Jan. 3 38 30 4.9 6.0 6.6 6.6 10, 9.4
7 4.3 2.8 - 5.5 — - - -

11 38 33 4.2 4.0 - - - —

15 4.1 39 4.1 19 - - - -

19 32 2.7 4.9 4.4 - — - —

23 4.9 4.1 3.6 6.2 — - - -

27 5.2 44 58 6.3 - 1.4 - 9.9

3l 5.6 4.4 5.6 6.6 7.9 7.0 9.5 9.8

*Fertilizer applied plot
**Sludge applied plot
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7 K(2)
(ug/ml}
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
i 2 1+ e 1* aex 1+ g
1982

Feb. 4 52 45 57 74 9.0 72 - 107
8 52 45 55 70 - 5.1 - 109
12 55 45 6.2 7.4 - - - -
16 56 48 6.4 8.0 - - - -
20 59 a8 6.3 8.1 - - - -
24 6.2 49 6.6 79 - - - -
28 6.0 46 59 6.8 - - - -
Mar. 4 6.3 56 41 48 - - - _
8 59 48 41 48 - - - 9.2
12 5.4 36 32 40 - - - 72
16 50 28 10 3 - 6.4 - 73
20 57 36 46 15 - 78 115 72
24 6.3 47 3 29 13.5 69 11 69
28 13 45 2.8 32 10.8 62 9.2 72
Apr. 1 78 51 4.3 4 10.5 60 9.4 73
5 72 44 45 40 104 58 (.4 8.0
3 85 6.0 6.0 62 1.7 8.1 12.4 98
13 85 6.2 6.4 62 (26 79 13.8 104
16 8.3 6.3 5.8 6.9 1.2 72 109 102
17 77 6.0 51 52 9.1 6.7 8.4 73
21 79 6.2 54 48 79 69 73 71
25 73 6.1 50 46 74 6.6 75 6.5
29 7.3 59 5.1 a7 73 6.5 69 70
May 3 19 6.4 58 5.4 8.0 71 94 8.0
7 8.6 6.6 56 4.9 8.4 80 102 89
1 8.4 6.6 58 48 9.1 8.3 8.2 8.6
15 84 65 6.3 54 9.6 8.4 120 92
19 8.3 63 6.4 53 105 9.2 12.7 10.1
23 75 6.0 5.9 49 1L6 97 13.4 13.6
27 77 6.0 6.3 56 12,5 98 147 1.1
ki 8.4 6.4 7.3 6.6 14.1 10.8 15.6 12.5
June 4 8.1 6.5 59 73 15.0 160 144 118
8 6.7 58 56 52 14.8 80 103 £8
12 73 6.1 6.2 56 10.6 8.6 106 9.1
16 71 6.5 6.2 47 106 9.0 127 9.3
20 6.9 6.1 6.2 54 103 04 1.0 8.6
24 6.5 6.1 55 5.4 101 10.0 104 8.6
28 66 6.3 4.8 5.7 120 76 142 10.7
July 2 6.3 6.0 53 5.4 8.9 15 1.6 87
6 6.7 6.1 6.0 59 83 8.3 95 89
10 6.4 6.3 56 5.2 92 8.7 12.2 9.3
14 6.7 6.4 6.1 58 9.5 9.3 1.7 3
18 71 6.5 6.7 6.5 10.9 9.8 13.4 108
2 6.1 6.6 6.5 52 126 104 15.0 103
26 9.7 1.4 64 59 72 93 208 143
30 6.0 6.0 5.6 52 9.2 8.6 8.8 8.1
Aug. 3 53 5.1 5.4 56 9.0 75 83 19
7 52 al 46 49 73 74 72 76
1 54 26 5.1 58 8.1 82 17 77
15 56 17 6.5 75 10.3 9.0 8.4 8.6
19 60 33 - 8.6 14.1 10.2 89 8.1
23 71 8.4 - 9.8 19.0 - - 6.6
27 78 16 - 108 206 2.5 - 57
31 15 53 - 106 22 131 - 57

*Fertilizer applied plot
**Sludge applied plot
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7. K(3)
(g/ml)
Sandy seil ng‘:t col‘ored Alluvial soil : Humic Andosol
ndosol
]‘ 2‘! l‘ 2‘!3 lt 2“ ]t 2..
1982
Sep. 4 14 32 - - 249 - - -
8 78 6.2 - - - — - -
12 7.6 6.9 4.0 55 9.7 37 6.6 6.9
16 4.9 7.2 29 4.5 6.6 5.8 5.8 57
20 55 5.6 4.0 4.4 8.2 71 6.6 6.6
24 4.7 4.1 a5 4.5 89 6.9 59 8.9
18 4.1 38 4.1 4.2 6.0 6.6 4.9 6.6
Oct. 2 4.7 3.8 1.9 4.2 5.8 6.3 6.2 5.0
6 42 4.2 42 39 6.0 6.5 5.7 37
10 35 33 37 4.3 6.2 5.1 59 6.7
14 38 35 31 34 4.9 5.1 59 4.2
8 4,1 35 31 32 55 4.6 6.0 19
22 36 35 33 4.0 6.0 5.3 5.8 6.2
26 36 34 30 38 5.6 4.9 49 4.8
30 39 s 4.2 4.1 5.6 5.7 6.0 5.1
Nov 3 4.3 35 5.4 4.6 64 6.0 3.7 47
7 4.8 3.9 5.2 4.4 6.4 38 6.1 4.8
11 4.1 37 4.3 4.3 740 4.6 53 4.6
15 33 33 32 35 52 36 37 34
14 25 32 33 3.6 5.1 3.6 35 32
23 38 34 4.3 37 5.1 3.7 4.0 33
27 39 34 49 19 5.1 39 39 33
Dec 1 36 33 35 13 4.8 4.3 38 32
5 33 32 31 35 4.3 39 14 3t
9 33 30 3.7 33 4.7 3.5 33 28
13 35 31 39 35 47 4.1 35 29
17 35 3t 4.3 37 47 kA j6 30
21 35 3 4.3 40 4.6 13 38 31
25 36 31 4.7 43 4.7 7 4.2 33
29 36 32 48 44 4.8 40 4.4 33
1983
Jan. 2 ER4 3.0 4.1 42 48 k] 4.1 33
6 3.6 11 4.1 42 47 39 4.2 34
i0 36 31 4.5 44 4.8 43 43 35
14 3.7 31 4.0 43 4.8 19 4.5 .6
18 36 30 4.2 4.4 4.8 4.1 4.5 3.6
23 34 30 EX 4.3 49 16 4.4 36
26 35 29 36 4.1 4.7 38 4.8 38
30 3.5 30 3.6 4.3 4.8 36 4.7 39
Feb. 3 3.6 30 1.6 4.6 St 4.1 4.7 4.0
7 36 30 37 49 5.2 4.1 4.7 4.3
11 31 36 36 51 5.3 35 4,7 4.4
15 7 11 33 32 3.6 4.1 5.1 4.3
19 3.7 12 35 3.3 5.5 4.7 5.2 4.5
23 32 29 28 36 33 4.5 31 28
27 32 2.8 28 32 50 4.4 : 35 29
*Fertilizer applied plot ’
**Sludge applied plot
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8. Na(l)
(gzg/ml)
Sandy soil Light colored Alluvial soit Humic Andosol
Andosol
]l 2“ ]' 2‘! ll 2.‘ ]‘ 2'!
1981
May 26 96 10.2 15.0 15.2 2.6 18.2 13.8 13.1
June 15 176 22 204 25.0 512 294 336 252
% 152 15.2 19.2 22.8 328 256 19.6 192
Wy 4 164 173 25 255 3.1 309 300 252
¥ 200 20.5 2.3 36.2 67.2 357 479 451
Aug. 4 28 210 341 530 55.0 50.3 64.0 62.8
Sep. 5 257 218 245 266 a5.5 53.8 372 327
0 210 207 242 206 470 418 160 29.7
12 204 218 18.6 104 29.1 46.7 305 275
(7 17 17.0 17.8 203 283 2.3 233 203
18 183 17.2 19.3 07 9.1 249 03 0.0
19 186 17.5 19.5 120 30.8 253 20,0 214
i 17s 18.1 18.5 207 285 9.1 250 217
8 170 16.9 20.4 20 29.8 265 240 242
0 1 16.8 180 17 282 22 26 210
Oct. 2 168 16.6 20.2 212 25.5 230 24 22
4 12 14.0 16.8 19.2 248 219 19.4 18.5
6 140 145 168 19.7 25.1 207 19.2 18.1
§ 143 139 166 1.8 239 216 200 172
10 133 142 19.4 222 287 2438 221 207
13132 4.6 16.8 204 2.9 217 210 18.2
6 139 139 19.9 223 276 25.1 20 9.2
19 17 14.3 202 225 287 282 206 19.7
2153 15.2 20.9 259 300 250 2.5 2.1
25 78 10.7 19.3 204 2456 16.1 19.4 18.1
28 9.5 10.7 19.1 12 A NETY: 186 18.0
31 114 2.2 2.1 230 248 07 175 19.0
Nov. 4 127 13.0 219 250 25.1 28 2.1 19.8
76 12.5 19.9 208 28.8 213 2.1 19.4
1 103 W 180 W7 2% 19.8 18.2 18.4
16 10.9 1.8 18.6 20.3 221 19.3 16.7 17.6
T 1.2 19.3 2.8 219 19.9 19.7 18.1
W7 1.7 204 0.6 224 24 212 19.7
B N8 121 210 25.2 229 223 242 2.1
Dec. 2 108 12.5 18.4 19.5 123 210 3632 18.7
6 109 1.4 18.4 209 23 223 2001 201
0 112 1.5 18.9 21.8 231 246 210 213
& 1S s 19.6 27 17 233 226 218
0 128 115 233 28.3 278 5.7 280 258
2 12.3 223 275 2.4 255 2.8 259
B 134 126 246 .7 133 215 105 32.6
1982

Jan. 3 143 135 250 34 36.0 286 356 343
7187 14.5 - 338 - - - -
o1 136 TR, 235 - - - -
15 137 14.6 203 250 - - - -
19 136 13.1 235 280 - - - -
3 22 1.8 20,0 235 - - - -
27 128 12.2 209 244 - - - -
T 122 20 254 296 208 25.5 26.6

*Fertilizer applied plot
**Sludge applied plot
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8 Na(2)
{pg/ml)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
lt 2‘t lt 2" ll( 2“ lt 2(!
1982
Feb. 4 133 13.0 199 20.6 32.3 228 - 28.7
8 131 12.8 20.2 212 - 16.6 - 29.4
12 137 12.8 230 277 - - - -
16 14.1 13.4 231 287 - - - -
20 4.8 13.7 234 298 - - - -
24 16.3 13.8 139 29.3 - - - -
28 14.5 13.5 218 258 - - - -
Mar 4 13.5 12.5 17.7 18.4 — - - -
8 126 1L6 6.9 19.6 - - - 5.3
12 144 12.6 227 226 - - - 7.0
16 123 1.8 238 nz - 341 - 30.6
20 13.0 11.8 19.3 204 - 332 46.0 257
24 159 136 226 219 67.8 323 39.1 254
28 16.6 14.1 19.0 219 51.8 28.6 25.6 71
Apr. 1 17.7 14.9 25.0 239 529 29.8 344 276
5 17.1 14.5 22.0 24.8 47.0 289 46.3 283
9 19.0 16.6 222 24.3 389 29.7 382 8.4
3 20.2 {7.2 225 24.4 - 29.6 41.3 30.2
16 160 14.7 19.3 21.6 303 26.0 28.4 23.1
17 15.6 15.0 19.2 19.2 275 135 116 18.8
21 i6.4 158 187 19.2 259 22.6 19.5 17.8
25 14.9 14.9 19.6 19.7 26.1 216 19.2 18.3
29 5.0 14.6 19.8 20.3 26.3 210 17.8 18.5
May 3 16.2 15.4 19.3 26 274 222 234 19.8
7 16.8 16.4 20.3 212 300 24.3 27.0 218
11 15.6 15.2 - 199 226 ko) 249 27.4 20.7
15 5.7 15.1 20.6 226 334 26.2 316 29
19 15.7 15.3 20.8 225 12 27.1 34.1 255
23 139 13.6 21.3 221 428 28.0 27.9 28.6
27 14.5 14.3 20.6 219 49.9 36.3 42.4 220
31 15.8 15.6 220 24.6 53% 324 46.1 324
June 4 14,9 14.9 21.4 237 62.8 307 45.1 317
8 12.7 118 20.2 211 34.3 237 25.0 201
12 13.1 14.4 205 223 E1) 255 234 214
16 13.2 15.1 215 212 38 215 30.2 21.4
20 13.5 14.7 mn.9 227 315 276 24.7 216
24 12.4 4.1 19.2 222 319 284 257 22.4
28 12.2 13.8 2038 2.7 30.2 24.9 25.1 232
July 2 12.0 13.6 208 22.6 26.7 241 20.1 202
6 i3.2 14.4 217 241 27.8 244 21.8 209
10 1.8 14.0 21.0 23.0 29.0 24.7 26.9 214
14 12.7 15.0 213 240 300 269 24.6 220
18 139 15.8 221 26.3 304 302 299 24.7
n 13.0 17.5 220 237 439 315 359 242
26 231 4.9 228 274 26.3 29.2 59.0 359
30 11.8 15.1 210 232 281 223 216 18.8
Aug. 3 9.8 iz6 19.7 227 27.0 219 18.9 18.0
7 10.4 131 20.8 232 5.7 213 3.1 17.4
11 12.4 14.3 219 253 28.1 226 18.8 18.5
15 i4.4 15.7 215 30.5 335 26.0 224 21.6
19 163 18.8 - 34.8 4.6 310 26.9 251
23 18.9 21.4 - 393 524 - - 286
27 18.2 230 - 43.4 51.3 35.6 - 25.5
3! 14.6 21.4 - - 55.7 359 - 25.2

*Fertilizer applied plot
*+Sludge applied plot
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8. Na (3)
(ug/ml)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosel
l‘ 2.& 1‘ 2"‘ l.‘ 2" ‘ll 2‘1
1982
Sep. 4 14.9 17.0 - - 60.9 - - -
8 15.6 20.7 - - - — - -
12 138 15.7 20.7 225 258 10.7 15.7 15.0
16 10.5 12.5 20.1 219 227 17.2 15.4 14.5
20 10.1 15.8 222 215 24.9 19.5 17.2 6.7
24 10.0 11.9 209 21.3 26.3 20.1 16.3 14.6
28 %2 10.8 211 19.8 21.7 17.6 14.4 134
Oct. 2 10.5 1.3 19.4 21.0 22.8 18.5 15.2 13.2
& 8.8 118 0.8 207 233 19.5 16.5 14.0
10 7.1 8.3 19.1 18.6 21.8 17.3 14.6 13.7
14 8.6 10.1 20.1 189 219 16.4 14.8 12.4
18 9.7 10.6 19.8 0.0 230 16.7 154 144
22 7.4 9.0 19.9 19.0 219 18.2 14.8 131
26 8.5 0.8 19.6 19.8 21.8 16.8 14.2 12.7
30 9.4 10.0 210 2.3 223 18.9 15.9 13.5
Mov. 3 10.5 10.9 19.9 218 2318 19.7 17.6 16.4
7 10.5 10.7 19.7 21.8 214 15.9 20.8 17.3
il 85 10.1 17.6 18.0 20.3 17.4 14.7 1.4
15 7.1 8.4 16.7 17.5 200 158 13.3 10.5
19 8.0 89 17.2 18.2 19.2 15.6 13.3 10.8
23 87 9.4 18.0 19.0 20.1 16.0 14.8 11.3
27 9.0 9.7 18.6 19.7 20.4 17.5 14.8 LS
Dec. 1 7.1 7.9 17.6 17.9 19.3 17.2 14.8 12.0
5 74 8.4 17.1 18.0 19.8 16.9 14.0 11.6
9 7.4 8.6 17.5 17.8 19.8 6.2 13.9 109
13 8.3 89 180 186 199 18.0 14.7 11.3
17 8.7 9.1 18.7 19.6 20.2 16.8 14.7 1.8
21 8.9 9.1 18,1 208 202 16.4 158 12.4
25 9.3 9.5 200 224 204 17.9 17.0 13.5
29 9.5 9.7 204 232 206 18.9 17.6 14.2
1983

Jan. 2 9.5 9.4 19.0 22.5 204 17.1 16.8 13.6
[ 9.8 99 18.8 120 20.3 18.9 174 13.8
10 10.0 10.1 19.7 22.6 20.8 203 18.1 15.0
14 10.2 10.1 19.2 225 21.2 19.0 19.0 153
18 10.7 10.1 19.4 22.8 20.9 19.8 19.1 158
22 9.3 10.1 18.6 222 215 18.3 14.2 16.3
26 5.2 99 19.0 21.8 21.3 19.5 21.0 17.0
30 9.3 10.0 19.0 220 218 19.0 0.7 17.6
Feb. 3 9.4 5.8 13.8 233 22.6 20.8 215 i8.3
7 9.4 9.8 18.9 24.8 237 208 221 19.5
11 %9 9.5 19.0 258 249 19.2 22.3 20.7
15 28 9.9 19.7 26.5 26.5 208 243 218
19 7.7 8.4 19.1 18.6 25.8 230 252 21.2
23 7.3 82 16.8 18.0 235 22.0 15.2 13.0
27 7.7 8.6 16.8 i7.0 22.2 208 16.2 143

*Fertilizer applied plot
**Sludge applied plot
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9. Ca{(l)
(g/ml)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
1" 2‘: l! 2“ 1* 2‘! 1' 2‘!
1981
May 26 78 39 316 34.7 63.5 45.0 535 50,5
June 15 5.1 45 1%} 348 56.8 47.6 53.3 43.0
29 8.0 5.1 380 36.0 64.0 49.5 55.0 52.0
July 14 50.6 428 61.0 57.1 929 71.6 88.6 8L.1
28 59.1 52.6 66.5 75.6 132.0 99.4 129.0 120.8
Augp. 24 88.1 76.1 86.7 o1.4 116.1 130.4 167.1 154.8
Sep. 5 1133 74.0 66.4 64.6 119.0 122.6 118.5 105.3
10 108.7 90.2 71.3 60.0 133.6 135.1 150.9 121.1
12 100.0 83.0 634 51.0 127.9 129.1 118.5 106.0
17 91.7 73.8 64.8 61.7 94.5 102.4 117 100.8
18 94.0 70.9 58.1 57.0 916 83.0 88.7 9.6
19 96.2 69.6 56.2 5.2 95.8 §2.3 86.2 91.9
21 834 7.3 56.6 51.7 90.9 97.4 105.7 92.8
28 79.2 70.9 525 59.6 115.8 80.0 105.3 97.7
30 75.3 66.3 54.1 58.8 105.5 83.1 99.6 98.0
Oct, 2 71.7 68.5 639 T0.8 107.7 - Bl.2 120.0 1154
4 61.2 56.5 46.2 54.2 89.2 7319 339 84.6
6 62.3 56.9 519 531 84.2 70.6 .7 80.8
8 0.0 51.9 53.1 49.6 81.5 76.9 86.9 79.2
¢ 417 43.2 44.7 54.7 86.4 64.4 87.7 88.5
13 41.5 37.2 385 388 69.7 64.1 68.9 67.6
16 438.0 424 49.6 41.6 70.0 65.7 732 66.3
19 523 41.7 527 49.4 4.0 67.3 71.4 73.0
2 53.7 48.1 57.3 535 76.3 734 93.7 - 812
25 26.7 28.6 335 40.3 62.2 449 64.1 65.2
28 274 25.7 44.0 38.0 553 54.4 65.9 634
31 314 290 47.2 42.1 57.4 53.7 54.4 619
Nov, 4 34.3 29.8 50.6 44.1 57.5 59.6 771.5 67.9
7 333 304 509 371 66.9 61.8 68.8 65.3
12 346 325 4528 438 66.0 §1.8 68.5 65.8
16 348 308 534 46.6 63.5 61.3 64.0 66,2
20 348 308 53.8 452 61.5 62.2 74.2 67.3
24 375 308 538 492 61.3 65.0 79.6 731
28 313 34.2 5%9.6 57.3 63.4 721 89.0 16.9
Dec 2 36.1 35.3 522 415 60.3 68.4 84.8 64.9
[\ 3.9 37 48.3 4315 500 £5.0 £8.0 61D
10 328 300 48.8 46.4 60.0 63.0 68.5 64.0
14 336 293 48.8 48.0 6l1.2 65.3 71.4 69.4
20 315 258 48.9 52.2 58.7 65.2 79.8 69.2
22 304 287 50.4 50.8 56.1 63.5 79.5 74.2
30 26.8 26.9 48.8 58.2 63.2 65.6 87.1 B5.4
30 29.8 26.9 43.8 58.2 63.2 65.6 87.1 854
1982

Jan, 3 3.7 25.5 49.9 56.6 65.2 65.2 94.6 85.2
7 38.1 28.2 48.0 58.3 - - - -
11 31.9 28.6 41.7 40.9 - - - -
15 335 35.2 43.0 429 - - — -
19 319 28.2 50.2 47.0 - — - —
23 36.5 30.4 49.6 523 - - — -
27 369 30.8 48.8 538 — 67.7 — 850
3 40.4 30.4 49.2 54.6 68.8 61.2 80.4 B8.1

*Fertilizer applied plot
**Sludge applied plot
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9. Ca(2)
(g/ml)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
l‘ 2!0 l. Ztt IG 2‘3 lt 2“
1982

Feb. 4 8.5 45.0 469 61.2 76.5 63.1 - 91.9
8 3.7 327 46.2 58.1 - 44.6 - 94.2
12 38.8 335 535 61.9 - — - -
16 419 358 55.8 654 - - - —
20 388 354 53.8 67.3 - - -
24 442 354 554 65.0 — - — -
28 438 342 50.4 56.5 - - — -
Mar. 4 46.1 40.4 373 42.3 - - - -
8 45.8 36.2 385 42.7 — - - 80.0
12 41.6 29.7 29.7 37 - - - 65.4
16 50.1 310 43.2 41.1 - 744 - 80.9
20 56.1 39,7 50.8 44.2 81.0 1112 15.7
24 64.0 480 40.6 394 1239 155 1071 722
28 61.0 414 315 35.6 97.6 61.9 79.5 69.2
Apr. 1 75.0 46.0 48.5 42.0 994 64.8 90.0 75.0
5 72.9 454 52.8 42.3 62.2 68.8 113.5 85.6
9 69.4 480 51.0 52,0 935 71.0 98.0 BL.S
13 3 510 851 525 995 70.5 1284 90.4
16 71 531 49.5 56.0 90.2 64.7 84.7 B6.4
17 64.1 50.5 449 44,5 758 6.6 74.8 727
21 65.2 51.5 475 425 68.6 62,1 67.4 67.9
25 63.1 48.7 44.8 41.2 73.6 64.0 70.8 63.5
29 64.4 48.3 459 42.7 730 63.5 67.6 68.1
May 3 64,7 51.1 51.8 472 716 68.7 88.3 75.6
7 69.1 517 51.8 453 9.5 75.3 974 85.1
11 66.4 52.1 53.0 437 R5.5 779 104,2 81.6
15 67.4 52.0 572 482 88.0 83.1 112.4 86.3
19 64.9 50.6 56.3 48.2 96.8 86.3 1189 98.7
23 59.2 48.0 52.7 448 105.3 89.4 126.5 103.3
27 59.9 484 54.4 50.3 1138 924 1364 105.9
3l 65.1 507 64.4 58.6 125.1 100.0 1415 1174
June 4 61.1 587 522 63.0 133.0 94.1 130.2 107.3
8 51.1 46.8 49.6 490 109.0 7.1 94.0 86.8
12 55.3 48.8 55.0 520 97.9 B1.B 96.2 B6.5
16 54.5 520 55.1 45.5 97.1 853 114.6 89.4
20 51.7 48.8 55.4 50.4 96.2 83.2 101.9 86.5
24 49,] 482 51.0 50.6 937 924 94.3 82.8
28 51.6 48.3 45.4 52.5 109.0 74.1 102.7 100.1
July 2 43.7 46.3 49.3 513 84.9 4.4 82.1 86.0
[ 52.4 474 53.9 554 84.9 81.8 90.3 87.1
10 49.6 484 51.2 49.4 87.5 84.4 113.2 90.6
14 52.6 49.1 56.4 536 89.2 879 108.1 89.4
18 56.8 51.1 60.6 58.9 101.3 938 1200 99.5
12 518 510 38.6 48.6 1160 97.1 134.7 96.1
26 737 51.0 56.7 522 65.1 853 179.4 121.7
30 46.4 472 51.0 50.0 89.7 827 84.3 80.2
Aug. 3 42.6 41.7 49.7 520 89.4 75.9 798 713
7 41.5 34.0 45.0 46.9 - B2 72.9 70.2 75.3
11 427 212 48.1 538 83.7 20.0 76.4 719
15 432 14.5 55.8 66.4 103.6 88.8 80.7 87.4
1% 46.4 27.3 - 74.3 138.2 100.6 B4.9 822
23 534 65.7 — 83.3 1750 — - 66.4
27 58.2 59.4 - 879 181.9 1159 - 55.4
31 549 44.0 - 80.9 197.4 104.7 - 55.6

*Fertilizer applied plot
**Sludge applied plot
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9. Ca(3)
{ug/mb)
Sandy soil Light coloréd Alluvial soil Humic Andosol
Andosol
lt 20! It 2!‘ ]l 2ts lt 2‘«
1982
Sep. 4 57.2 44.4 - - 206.6 - - -
8 58.1 478 - - - - - -
12 36.1 S30 5.4 50.1 915 317 59,7 60.0
16 38.7 35.2 343 453 720 54.2 58.0 54.1
20 39.0 44.2 4.8 42.1 %4.8 62.7 614 515
24 39.0 34.1 36.3 4438 91.1 62.4 56.6 439
28 334 311 40.0 430 67.5 624 526 41.9
Oct. 2 379 312 38.9 427 69.6 59.9 55.4 39.1
6 342 34.1 42.0 415 70.6 617 59,1 334
10 29.1 219 37.8 425 716 50.4 59.1 1.6
14 310 288 33.9 36.5 64.3 49.8 50.7 374
18 334 29.8 339 358 69.9 46.1 56.0 430
2 28.8 29.1 36.2 412 60.3 512 57.2 481
26 30.2 280 329 405 60.3 48.1 515 45.8
30 320 290 429 424 61.3 574 57.5 49.0
Nov. 3 347 312 49.4 438 65.3 59.4 62.9 535
7 382 304 49.2 415 56.6 44.9 65.5 51.6
1 321 28.8 40.6 396 66.4 49.6 57.0 49.9
15 26.3 25.3 311 340 52.1 428 452 39.7
19 28.3 25.1 32.5 342 52,0 423 4.0 39.2
23 30.1 26.2 411 35.5 52.8 44.3 47.4 400
27 26.9 26.6 461 38.1 53.2 46.9 46.5 413
Dec 1 27.9 258 33.9 318 485 48.3 46.2 39.8
5 25.8 243 304 340 49.3 455 42.6 37.2
9 25.3 234 5.2 330 49.2 417 415 352
13 26.7 218 3.0 346 490 47.6 43.1 36.1
17 27.7 24.2 20.6 36.3 490 44.0 44.] 37.3
21 27.8 218 408 38.7 49.6 423 45.7 38.5
25 28.2 242 45.2 41.8 9.8 445 49.2 96
29 28.9 251 459 429 50.2 46.9 50.2 422
1983

Jan. 2 29.3 2.4 39.4 39.5 49.8 43.6 48.7 40.1
6 29.5 25.2 39.3 39.4 49.0 46.6 49,0 40.7
10 29.7 24.8 42.3 40.6 49.3 49.9 49.5 42.1
14 30.3 24.9 38.2 39.6 50.0 46.6 516 43.1
18 29.7 242 39.8 40.7 49.4 47.4 515 430
2 7.5 239 36.1 39.6 50.6 432 50.9 44.]
2% 27.9 23.0 34.9 378 48,7 458 54.7 44,7
30 28.6 235 35.0 39.8 49.5 438 53.9 45.4
Feb. 3 28.8 24.0 34.3 42.4 5.0 4738 54.1 6.8
7 29.3 246 353 45.0 523 47.6 54.4 9.2
1 25.3 24.7 34.5 46.3 527 422 529 49.7
15 20.7 29.2 36.6 47.4 55.6 47.0 56.9 53.3
19 288 24.9 32.8 36 514 50.9 58.4 s1.6
23 249 26.1 27.1 326 50.4 48.9 3.3 34.0
7 5.7 743 27.4 95 48.3 48.3 42.0 35.5

*Fertilizer applied plot
**Sludge applied plot
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10. Mg (1)
(zg/ml)
Sandy soil Light cotored Altuvial soil Humic Andosol
Andosol
l‘ 2.‘ l‘ 2" l‘ 2" ]l Ztl
1981
May 26 58 45 15 . 2 201 182 169
June 15 15 33 130 130 L0 230 19.2 145
29 55 6.0 120 12,0 27 230 180 18.0
mly 14 110 70 12.5 120 34.0 25.0 8.5 18.0
8 100 6.7 110 135 280 5.0 19.7 20.0
Aug 24 165 80 140 1.0 15.0 23.0 16.3 152
Sep. 5 330 14.0 115 125 26.0 22.3 170 18.3
0 275 140 12.0 125 6.0 250 155 18.0
12 213 1.5 (3.0 15 330 25.0 170 160
17 210 135 10.5 113 30.7 2.0 17.3 185
18 25 15.2 10.5 120 320 220 19.0 190
19 215 135 10,3 (1.5 310 213 18.7 18.3
2N 230 135 s s 137 590 200 12
8 198 123 105 (LS 320 235 180 18.5
X 190 125 102 1.0 320 - 20 185 185
Oct. 2 130 9.5 9.8 98 3.0 200 175 17.0
4 137 100 107 140 2.0 230 18.7 19.0
6 138 1.0 107 12.0 34.0 250 19.0 185
8 135 100 105 1ne 127 247 18.5 RE
10 538 8.8 10.5 108 12.0 23.0 19.5 185
13 105 8.7 108 1.7 34.0 26.0 19.5 19.5
16 105 85 105 1.8 350 26.0 19.5 19.5
19 95 75 105 s 330 240 18.7 19.0
2 97 8.0 (0.5 12,0 330 250 190 19.5
25 45 45 10.8 (1.5 28.7 18.7 19.5 18.5
28 40 38 115 (LS 29.7 20 19.5 18.0
31 40 15 1.0 1.3 300 210 192 185
Nov, 4 40 35 1.2 s 10 249 205 18.5
7 17 10 ) 1o 260 230 18.7 175
12 15 30 10.8 10 193 240 19.0 177
16 45 35 1.0 nz2 293 240 190 17.3
20 35 25 1.0 105 30.0 230 19.0 178
24 4.0 30 1.0 1.5 310 233 18.5 180
28 25 25 75 8.5 230 170 13.2 12.3
Dec. 2 35 30 108 105 30.0 250 18.8 16.7
6 40 30 1o 11.0 30.7 25.0 19.0 175
10 40 30 113 1.2 3.0 255 19.0 18.2
14 40 30 1o ‘Lo 300 350 188 17.8
20 40 T 12 1.0 3.0 240 19.5 18.5
2 35 25 10.7 1.0 303 240 195 18.3
) 45 35 120 12.0 307 24.0 (9.7 18.5
1982

Jan. 3 4.0 30 (.5 15 303 25.0 25 195
7 15 35 1.0 18 - — - -
1 a2 15 1.5 15 - - - -
15 40 40 1.0 1.5 - - -
19 43 35 1.2 1.0 - . —
23 40 25 108 108 - - - -
27 40 15 13 1.2 -~ 250 - 175
3 49 30 100 (1.0 140 173 2128 170

*Fertilizer applied plot
**§ludge applied plot
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10. Mg(2)
(pg/ml)
Sandy soil Light colored Alluvial soil Humic Andosol
Andosol
1‘ 2‘. I‘ 2“ ]t 2“ ‘l‘ 2&‘
1982
Feb. 4 4.5 3.5 1.5 11.8 26.3 230 - 18.5
8 4.5 35 10.2 11.3 - 14.0 - 18.0
12 4.5 30 L0 11.2 - - — —
16 4.5 3.0 11.0 1.2 — - - -
20 4.5 33 11.2 1.5 - — - -
24 4.3 30 11.5 1.5 - - - -
28 4.5 a5 10.8 10.5 - - - -
Mar. 4 54 30 10.2 9.5 - - - -
8 9.0 4.3 10.5 10.7 - - - 14.0
12 10.0 4.5 10.0 A1.0 - - - 15.5
16 12.0 5.5 10.5 1.0 - 26.0 — 17.0
20 13.0 6.5 110 1.5 — 5.0 -17.0 17.0
24 16.5 7.5 10.0 11.0 24.0 25.0 16.0 16.5
28 21.5 85 10.5 11.0 25.0 24.0 17.0 17.5
Apr. 1 297 124 10.7 12.6 268 26.6 200 20.7
5 30.7 129 1.7 12.6 28.5 26.1 211 213
9 30.8 12.7 1.1 12.7 294 248 222 214
13 30.6 13.0 113 12.6 29.9 25.1 221 215
16 352 16.9 12.4 119 30.1 27.0 224 212
17 353 17.2 12.3 12.7 309 272 238 22.7
21 337 17.3 12.3 13.2 317 28.1 242 230
25 278 15.2 12.7 13.1 317 28.2 247 2.0
29 210 152 12.5 134 320 276 252 230
May 3 254 149 13.8 135 319 283 247 233
7 20.1 12.8 12.5 123 311 252 240 212
11 19.1 11.3 12.8 134 2.2 5.6 237 19.6
15 175 10.8 12.7 123 318 26.1 238 2.1
19 17.0 10.1 129 12.6 30.5 26.4 24.1 217
23 144 8.3 12.3 12.6 30.1 25.7 22.8 22.0
27 14.4 8.5 13.0 123 30.1 26.4 23.1 220
31 13.8 8.3 13.1 13.1 305 26,9 237 22.0
June 4 109 6.9 12.6 12.5 216 258 227 179
3 1.6 8.4 133 13.6 30.8 259 211 227
12 I1.3 84 139 129 313 25.8 240 227
16 10.6 7.8 13.7 12.7 326 26.1 233 218
20 11.t 8.3 138 136 326 26.6 226 212
24 10.1 8.3 13.7 13.7 3.7 28.2 218 205
28 8.7 79 13.0 13.5 320 25.5 23.1 20.6
July 2 5.3 8.7 13.6 14.2 313 26.6 238 230
6 9.2 8.7 13.8 14.4 340 27.2 244 22.4
10 8.3 8.5 135 139 3138 25.6 24.6 212
14 8.5 8.7 i4.0 14.4 339 270 24.0 209
18 8.3 85 14.2 14.6 34.7 21.7 24.0 220
22 7.4 54 14.2 14.0 36.2 219 244 208
26 31 5.5 12.4 10.8 14.0 22.0 17.0 11.8
30 7.3 8.6 13.8 15.4 334 26.2 235 2.7
Aug. 3 6.0 6.2 14.1 15.0 29.6 25.2 202 21.8
7 6.1 5.8 13.9 15.3 307 210 18.4 215
11 6.4 7.1 159 154 331 28.3 18.5 219
15 - - - - - - - -
19 59 9.0 - 14.4 382 - - 214
23 5.8 7.3 - 149 39.9 - - 20.1
27 4.5 55 - 15.0 376 - - 21.3
3 5.8 5.4 - 6.2 39.0 31.6 213 20.1
*Fertilizer applied plot
**Sludge applied plot
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10. Mg (3)
(up/ml)
Sandy soil Light colored Alluvial soil Humic Andosol
Andesol

]t 2!! l‘ 2tt I. 2“ l’ 2.&

1982
Sep. 4 58 59 - - 392 - - -
8 5.8 57 — — — - — -
12 33 2.5 8.2 7.8 1440 18 10.8 9.3
16 19 33 19 9.1 pAR: 12,6 13.3 10.1
20 24 31 83 8.5 20.6 136 11.5 9.2
24 27 28 79 84 19.7 14.4 12.1 8.5
28 22 2.6 7.7 3.0 22.3 13.2 12.9 3.6
Oct. 2 25 28 1z X 24.i 14.1 15.7 9.6
6 20 25 7.7 18 221 14.5 14.3 8.1
10 1.6 19 7.7 1.2 216 129 4.1 1.5
14 1.9 2.0 7.5 7.3 237 ., 148 144 M. 78
18 1.9 22 74 76 . 24.3 142 14.8 9.1
21 1.5 16 72 790 213 125 141 18
26 1.6 1.6 1.3 1.5 232 ’ 13.1 14.1 8.2
30 1.7 L6 8.0 7.8 23.6 15.3 14.4 8.4
Nov, 3 1.9 1.7 10.4 4.2 24.1 16.0 14.0 9.3
7 1.9 1.8 10.1 9.4 15.0 14.2 13 6.5
11 1.6 1.6 84 1.7 18.3 11.9 t2.4 6.7
15 1.7 1.6 8.3 9.1 228 4.3 13.5 7.4
19 1.9 1.6 8.3 7.6 234 14.1 14.1 7.6
23 2.0 1.6 42 8.5 234 14.6 13.4 7.6
217 19 1% 92 87 - 16.2 128 78
Dec. 1 1.5 1.3 8.8 8.9 18.4 13.1 13.0 15
5 1.8 1.5 8.3 8.1 20.6 132 130 1.0
9 1.9 1.5 8.5 85 Z1.3 13.7 13.0 7.1
i3 1.9 i.6 89 8.5 221 14.6 12.8 7.2
17 1.9 1.6 3.9 8.6 222 144 12.8 7.3
21 1.9 1.6 9.2 8.9 224 14.4 12.4 T4
25 2.0 1.7 9.6 9.2 228 15.4 12.7 1.6
29 1.9 1.7 9.5 89 225 15.6 119 135

1583
Jan. 2 1.9 1.6 RO 89 221 15.3 12.3 7.2
[ 1.9 1.7 9.1 8.6 226 15.5 1.7 - 7.2
10 20 1.6 95 83 220 15.7 1.2 7.4
i4 1.9 1.6 9.3 8.4 217 15.1 1.7 7.3
18 1.9 1.6 9.1 8.4 2.6 15.3 11.9 7.1
22 1.8 1.6 8.8 8.6 214 15.3 11.4 7.0
26 1.8 1.6 89 8.3 21.0 16.0 12.7 7.3
30 1.9 1.6 8.8 8.1 20.7 154 12.8 7.1
Feb. kl 1.9 1.7 i 8.3 203 15.1 12.1 70
7 19 1.7 8.8 8.9 20.3 15.2 12.3 12
1l 1.7 20 87 8.9 1.8 14.8 11.6 7.3
15 2.0 1.8 9.0 9.0 200 164 12.8 7.3
19 1.5 1.5 8.4 7.2 13.0 15.0 12.5 1.4
23 1.8 1.7 14 7.9 14.0 14.0 10.1 5.4
27 1.8 1.8 8.0 8.0 15.6 133 11.3 5.9

*Fertilizer applied plot
*+*Sludge applied plot
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FE b & B KRR OTHE & e i 5 RN — WIRS1, S2ER  BFREEG.
(1978 )
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A comparative study of adults and immature stages of nine Japanese species of the genus
Chironomus (Diptera, Chironomidae). (1978) '
(BEE2ZY HF Chironomus BOBORE, ++ &, Ghokikd L)

RE I F oy - R AR BE —ERREYFRACERIEOW L — WAS2ERE  hRiH
&, (1978)

5 BRALKE — E R RO R B R ISR & B b A D IS BRI R 4
B PR 2 HgE — WIA051, S24ERL ERSTHEAR.  (1978)

5 BREORREUCHTSESTAE) — Byt s LT — MAs3EE. (1979)

A morphological study of adults and immature stages of 20 Japanese species of the family
Chironomidae (Diptera). {1979)

(BAE 2 Y AH0BORE, 7+, $hoRBEERD

AREAGRAHEOY —& L CE&HROAEERICHT 5 R84 2 HERMIR — Mf52, 534
B OREES (1979)

RE w7 F v v KR BRILKE - ERBEMRAE RGO HE — BT DE®
&, (1979

B2 LM & 2 KRR O S WS T ET D BRI — WIS ~03EE B
] (1979)

Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)
(KEBLWEOEMEEL LT OMME O BB+ 2 53

Multielement analysis studies by flame and inductively coupled plasma spectroscopy utilizing
computer-controtled instrumentation. (1980)

(22— FHAEBARR L7 b — L BLURBELET 5 X R L AE TR F &
SHR)

Studies on chironomid midges of the Tama River. {1980)

Part 1. The distribution of chironomid species in a tributary in relation to the degree of pol-

lution with sewage water.

Part 2. Description of 20 species of Chironominae recovered from a tributary.

(BRI FEAETE22 Y ADFR
—H1IH To—IpicRilEica 2 YV AEEOSHETAKIC L B/5HE L ORI —
W2 Fo-—XikkAME N7 Chironominae HHO20E K> T—)
HERERY, SRERILAY TeRICHEFERICLITEELACETIHE —®
053, S4HERF FERIFIFEEG. (1980)
REGEMEO B—6 LU EEHEROEE T 5 BH MY 5 ZRWPIFE — RIFUSM4ER
HRRRE.  (1980)
SHRIEE L — ¥ — L — & — i & 5 RTEEERETRL  (1980)
kDB B L USRI RETENDE — BiEngo KR - MRITHREONA
— W53, BAEERE  FeBlEFsTRIS.  (1980)
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Preparation, analysis and certification of PEPPERBUSH .standard referénce material. (1980)
(RBEHREN ) a9 7) ORY, SFBLICRITE .
EEREOZRF M4 28 80% (ID —Eiff(fﬁ (Fami) Dl — BT0s3, S4EEE.
{1981)

EEAE OB RBLC BT 2 AT (V) — R Biflotl, [EkHtsl oz Ol
REBEICRE TRE — B53, hERE,  (1981)

BRI EREILIC T 2S5 (V) — & rm AR OF AR ELE T OFFEm—
BRF053, SASFEREE, (1981) .
BAROERE BT ARATE (v1)—séif;?@@ﬂ&%@%iﬁ&&%ﬁ*@a‘Tuafuss.
SMERE. (1981)

EEOERE Y SEAHR (VD) — 7331{”03 EFRBR ST 4 2 BlRe)HR —
FRFO53, LA, (1981)

BEKEDERBEILIC T 2R EHE (W) — BRE( AR Fﬁdcwi THEEBCERLITE T
5 HFL— BH#IS3, RAEERE (1981)

Bk BRBICB T 2B ATE (DO —  Microeystis  (BEEE%) O WREFHE — #3053,
SAERE. (1981)

EEKIEOERB LY 2 BaHT (X) — ﬁiﬁ%ﬁa’ﬁ&lc; %5 AG P ORIE— WEHs3,
S4fEME.  (1981)

Mk OB Rt bic B4 2 AR (D —Bf%%%—ﬂﬂm, S4EEME,  (1981)
WOAKEROMYIL BB T 5 st — W54, S5 WAIBRES. (1981)

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

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and their distri-

bution in relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey.

(BEIIZRET 222 ) AFDHR
—RIW HiEolscRdizhics) 22 ) #HH Orthocladiinae EEO TR E, £ D4

FAOFRERE - OBEFIK20T—

— 48 mRINoLHOFATRHESNWABHOAGF LT —)

B ICH T SEREL L FEOREE BT 2 BT E — WF054, SSHERE  HSRITFAE
&, (1982)

AKEREDAOCN—E L EEEROE R 2 28184 5 HERITTT — RIFISSHHE
RIS . (1981)

ATy TF ¢ Y-k BRAUKE - ERRLMFRRAFRICOHE — BEAK BT 3
FAL BTG P T PR HED BFSE (7 4 — v FBFR 1) — WIFSAAEHE 459 BRASHss . (1982)
PR O Rtk & AL REOFR — KEEH L AREHERD Y § a v —va v
— [ns5iEBE ARG, (1982)

B GinoEBE R« FHEFEORRBICET IHE — BHSSER #5500 as.  (1082)
BHSIH & 0 & IS A R M S BERITETE.  (1982) ,

BHESEc L AERORIAE = ) v S TR 205 — WI055, S6ER BRI HE s,
(1982)

RERRD v 2 7 4 M XBHFOMRBICBET o mE . (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference material. (1982)
(B (EE ) oF%, S RURaE

BEGROERIH - FHFEOMRBICHT 508 — IBRISSER #IFeEEs, (1982)
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BlERA L. (1983)

4 EREOITE S W A BRI, (1983)

EREODHR O ESE BT 5 HBROMFE.  (1983)

Studies on chironomid midges of the Tama River. (1983)

Part 5. An observation on the distribution of Chironominae along the main stream in June with
description of 15 new species.

Part 6. Description of species of the sybfamily Orthocladiinae recovered from the maijn stream
in the June survey.

Part 7. Additional species collected in winter from the main stream,

(BEIICRE T 222 ) AKOBFI

— HB5H FWMCRETEZAZNHRADHHICHEYT 2 6 HOREERE 2 2 Y AHikhcET

A IGFHFOLRE —
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LAt AR A B E R O (7 0 — 0 KIS 2 ) — WIFDSAGEEE.  asmImi TRt

& (1982)

HHRERY, SHERLEY ELEFOLEERRCRETEELS BTy — @
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PR BOERFR LT 5B EmE () — By BREACSO 2REXKREF AL~

BREBHIEFEOMR — HMHS5~5TER  Hapeis. (1984)

BEKE O R HE (b L IC M 2880 (V) — B4 #HORBNCHRFRERC TR Lk

& ERR — BfSs~5THE HABRHE. (1984)
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55~5THERE R HIFaCERE. (1984)
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BAbKF# - SRRy — RRBRIMFOLERISO B — HALFL 7 o VoL s DHR
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(19845

BEBEMEICL 2REEROL CAERBIRBIRICHEY 253 — HiI56~58FE  Frhleh
FprEweG. (1984)

HICds 1 B EEIL & RO R B B 2 B0 — WRFISGERE R RIH TR
(1984) —

HAKIERO BN BT MY SR — Bi054~56EE BTG ARE. (1984)
Studies on effects of air pollutant mixtures on plants—Part 1. (1984)
(HARARROEMICRESEE — B 1 5D

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

BRo:ERET LT OREICHT DEITE — RIS6~5TEN BRI s, (184)
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Studies on chironomid midges in lakes of the Nikko National Park (1984)

Part I. Ecological studies on chironemids in lakes of the Nikko National Park.

Part I Taxonomical and morphological studies on the chironomid species collected from lakes

in the Nikko National Park.
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Report of Special Research Project the National Institute for Environmental Studies

No. 1* Man activity and aguatic environment — with special references to Lake Kasumigaura — Progress

report in 1976. (1977)

No. 2* Studies on evaluation and amelioration of air pollution by plants — Progress report in 1976-1977.

(1578)

[Starting with Report No. 3, the new title for NIES Reports was changed to:]

Research i{eport from the National Institute for Environmental Studies

#¥No, 3 A comparative study of adults and immature stages of nine Japanese species of the genus Chironomus

No.

No.

No.

% No.

# No.

No.

4*

5*

6*

9*

Ne.10*

No.11
No.12

No.13

No.14%*
# No.15*

No.16*
¥ No.17*

No.18
# No.19*

No.20*

(Diptera, Chironomidae). (1978)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1977. (1978)

Studies on the photooxidation products of the alkylbenzene-nitrogen oxides system, and on their
effects on Cultured Cells — Research report in 1976-1977. (1978)

Man activity and aquatic environment — with special references to Lake Kasumigaura — Progress
teport in 1977-1978. (1979)

A morphelogical study of adults and immature stages of 20 Japanese species of the family Chirono-
midae {Diptera). (1979)

Studies on the biological effects of single and combined exposure of air pollutants — Research report
in 1977-1978. (1979

Smog chamber studies on photochemical reacticns of hydrocarbon-nitrogen oxides system — Progress
report in 1978, (1979)

Studies on evaluation and amelioration of air pollution by plants — Progress report in 1976-1978.
(1979)

Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)
Multiclement analysis studies by flame and inductively coupled plasma spectroscopy utilizing com-
puter-controiled instrumentation. (1980)

Studies on chironomid midges of the Tama River. (1980)

Part 1. The distribution of chirenomid species in a tributary in relation to the degree of poliution
with sewage water.

Part 2. Description of 20 species of Chirenominae recovered from a tributary.

Studies on the effects of organic wastes on the soil ecosystem — Progress report in 1978-1979. (1980)
Studies on the biological effects of single and combined exposure of air pollutants — Research report
in 1977-1978. (1980)

Remote measurement of air pollution by a mobile laser radar. {1980)

Influence of buoyancy on fluid motions and transport processes — Meteorological characteristics and
atmospheric diffusion phenomena in the coastal region — Progress report in 1978-1979. (1980}
Preparation, analysis and certification of PEPPERBUSH standard reference material. (1980)
Comprehensive studies on the eutrophication of fresh-water areas — Lake current of Kasumigaura
(Nishiura) — 1978-1979, (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Geomorphological and hydrome-
teorological characteristics of Kasumigaura watershed as related to the lake environment —~ 1978-1979.
(1981)
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No,21*

No.22*

No.23*

No.24*

No.25*

No.26*

No.27*

No.28*
No.29

# No.30*

Comprehensive studies on the eutropkhication of fresh-water areas — Variation of pollutant load by
influent rivers to Lake Kasumigaura — 1978-1979, (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Structute of ecosystem and
standing crops in Lake Kasumigaura — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Applicability of trophic state
indices for lakes — 1978-1979. (1981}

Comprehensive studies on the eutrophication of fresh-water areas — Quantitative analysis of entrophi-
cation effects on main utilization of lake water resources — 1978-1979. (1981}

Comprehensive studies on the eutrophication of fresh-water areas — Growth characteristics of Blue-
Green Algae, Mycrocystis — 1978-1979. (1981)

Comprehensive studies on the gutrophication of fresh-water areas — Determination of argal growth
potential by algal assay procedure — 1978-1979, (1981)

Comprehensive studies on the eutrophication of fresh-water arecas — Summary of researches - 1978-
1979.(1981)

Studies on effects of air pollutant mixtures on plants — Progress repot in 1979-1980. (1981)

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

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and their distribution
in relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey.

Eutrophication and red ftides in the coastal marine envirenment — Progress report in 1979-1980.

©(1982)

No.31*

No.32*

No.33*

No.34*

No.35*
No.36*

No.37*

No.38
No.39*

No.40*

Nodl1*
No.42*

¥ No.43

Studies on the biofogical effects of single and combined exposure of air pollutants — Research report
in 1980. (1981)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1979 - Research on the photochemical secondary pollutants formation mechanism in the
environmental atmosphere (Pajt 1). (1982)

Meteorological characteristics and atmospheric diffusion phenomena in the coastal region — Simulat-
ion of atmospheric motions and diffusion processes — Progress report in 1280. (1982)

The development and evaluation of remote measurement methods for environmental pollution — Re-
search report in 1980. (1982)

Comprehensive evaluation of environmental impacts of road and traffic. (1982)

Studies on the method for long term environmental monitoring — Progress report in 1980-1981.
(1982)

Study on supporting technology for systems analysis of environmental policy — The evaluation labo-
ratory of Man-environment Systems. (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference material. (1982)

The development and evaluation of remote measurement metheds for environmental pollution —
Research report in 1981. (1983)

Studies on the biclogical effects of single and combined exposure of air pollutants — Research report
in 1981. (1983)

Statistical studies on methods of measurement and evaluation of chemical condition of soil. (1983)
Experimental studies on the physical properties of mud and the characteristics of mud transportation.
(1983)

Studies on chironomid midges of the Tama River. (1983)
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No.44*

No.45*

No.46*

No.47*

No.45*
No.49#*

No.50*

No.51*

No.52*

No.53*

No.54*

No.55*

No.56*

No.57*

No.58*

No.59*

No.60*

No.61*

Part 5. An observation on the distribution of Chironominae along the main stream in June, with des-
cription of 15 new species.

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

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

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1979 — Research on the photochemical secondary pollutants formation mechanism in the
envitonmental atomosphere (Part 2). (1983)

Studies on the effect of organic wastes on the soil ecosystem — Outlines of special research project —
1978-1980. (1983)

Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979-1980, Part L.
(1983)

Studies on the effect of organic wastes on the soil ecasystem — Research report in 1979-1980, Part 2.
(1983)

Study on optimal allocation of water quality monitoring points. (1983)

The development and evaluation of remote measurement method for environmental pollution —
Research report in 1982, (1984)

Comprehensive studies on the eutrophication control of freshwaters — Estimation of input loading of
Lake Kasumigaura, - 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — The function of the ecosystem
and the importarice of sediment in national cycle in Lake Kasumigaura. — 1980-1982. (1984)
Comprehensive studies on the eutrophication control of freshwaters — Enclosure experiments for
restoration of highly eutrophic shallow Lake Kasumigaura. — 1980-1982. (1984)

Comprehensive studies on the eutrephication control of freshwaters — Seasonal changes of the bio-
mass of fish and crustacia in Lake Kasumigaura and its relation to the eutrophication. — 1980-1682,
(1984)

Comprehensive studies on the eutrophication control of freshwaters — Modeling the eutrophication of
Lake Kasumigaura. — 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Measures for eitrophication
control. — 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Eutrophication in Lake Yunoko.
— 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Summary of ‘researches, —
1980-1982. (1984)

Studies on the method for long term environmental monitoring - Outlines of special research project
in 1980-1982. (1984}

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Photochemical
ozone formation studied by the evacuable smog chamber — Atomospheric photooxidation mecha-
nisms of selected organic compounds - Research report in 1980-1982 Part 1. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Formation
mechanisms of photochemical acrozol — Research report in 1980-1982 Part 2. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Research on the
photochemical secondary pollutants formation mechanism in the envirotimental atmosphere
(Part 1). —Research report in 1980-1982. (1984)
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No.62*
No.63*
No.64*
No.65s
No.66
No.e7*

No.68*

No.69*

No.70

No.71*

Effects of toxic substances on aquatic ecosystems — Progress report in 1980-1983. (1984)
Eutrophication and red tides in the coastal marine environment — Progress repert in 1981, (1984)
Studies on effects of air pollutant mixtures on plants — Final report in 1979-1981. {1984)

Studies on effects of air pollutant mixtures on plants — Part 1. (1984}

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

Studies on unfavourable effects on human body regarding to several toxic materials in the environ-
ment, using epidemiological and analytical techniques — Project research report in 1979-1981. (1984)
Studies on the environmental effects of the application of sewage sludge to soil — Research report in
1981-1983. (1984)

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

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

Analysis on distributians of remnant snowpack and snow patch vegetation by remote sensing. (1984)

%* in Japanese

"% out of stock
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