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Microflora in Soils Amended with Sewage Sludge (I},
Effect of Heavy and Continuous Application of Limed Domestlc
Sewage Sludge to Light Colored Andosol on
Soil Microbial Population
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Abstract

Effect of heavy application of sewage sludge on soil microflora of a light colored
andosol was studied in lysimeters.

Limed domestic sewage sludge was used in the experiments. Dried and ground
sludge was applied twice a year to the top 10 cm of soil at a rate of 50 dry metric
tonsfha per application. Soil samples were collected from the top 5 cm of seil,
and numbers of microbes (iotal bacteﬂa,-éctinomycetes, fungi, crystalviolet resistant
bacteria, proteoiytic bacteria and actinomycetes, ammonium oxidizing bacteria
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and nitrite oxidizing bacteria) were determined with the following results.

The number of soil microbes increased in the period following the application
of sewage sludge, and then decreased. Period of increase lasted 3 or 7 days (bacteria
and crystalviolet resistant bacteria), 1 or 3 weeks (actinomycetes) and 1 or 6 weeks
(fungi), respectively.

The number of actinomycetes increased conspicucusly, and the values were
identical with those of total bacteria 3 weeks after the application.

C/B value (crystal violet resistant bacteriaftotal bacteria) was higher in soil
applied with sewage sludge in the early period than in soil without sludge application,

The increase rate of nitrite oxidizing bacteria was the highest of all the microbes
studied.

Continuous application of sewage sludge caused fluctuations in the number of.
microbes in a short period.

Continuous application of sewage sludge caused numbers of total bacteria,
actinomycetes, crystalviolet resistant bacteria, fungi and nitrite oxidizing bacteria
to decrease in the later period after the application.
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Table 1  A/B value (actinomycetes numbers/total bacteria numbers) in soil
applied with sewage sludge and the control

Days First sludge Second sludge Third sludge
after application application application
application Control Sludge Control Sludge Control Sludge
bafore® 1173 0.570 0.507 0.456
0( 0)*¥ 0.984 0900 3.296 1.582 1.265 0.794
I Q.77 g.112
3 1450 0.046 1.909 0.223 0.654 0.083
6 1.280 0.182
TC1) 1.200 0.143 L000 0.216
10 0753 0.445
11 1.000 1.000
14( 2) 1.545 0.37 1400 0533 1.370 0.708
21 3 1.167 0.546 o l210 1.067 1872 0.899
28 ( 4) 1.857 0.606 1.066 0.746 0.901 0537
35( 5) 1.083 0.925 0.575 0.395
42 ( 6) 0.824 0.657 1.151 0.583
49( 7} 0.833 1.141 0.600 0.418
56 ( 8) 0587 0.500 1326 1.180
63( 9) 1.000 0.758 0.658 0.454
70 (10) ) 0.720 0.586
77 (11} 0.789 1.244 0.533 0.708
84 (12> 0.659 0570
91 (13> 1.333 0.785 0.862 0.897 -
105 (15D 1.250 0,947 0.890 0.938
112 (16) 1.143 0.865 0651 0522
119 (17> 0.624 0.379
133 (19) 0.521 0.869
140 (20) 0.895 0.741

* . Before sludge application
#% Weeks after application
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--o- SECOND APPLICATION

200
——  THIRD APPLICATICN

€.R.B. (10B/¢ DRY SOIL)

0 5 0 15 20
KEEKS AFTER SLUDGE APPLICATION

3 TkiGRERATECH 2 BRHEHEROES _
Fig. 3 Fluctuation pattern of population of crystalviolet resistant bacteria in
soil applied with sewage sludge

— 8-

“u.

2




el

ign
L

TRERSREEANK BB 7 LRAEMPA~ DR

22, £ CCLMENICHT 3 ERTBEMBHROL (C/ BIE) %K%, Miller 0 & % B 6
(LBOOMELSREL, ThoD s 7 ARBHABRZLVHIERNAFETRLC) ckld
BrilLh (£2). | BHOBRBASOBRKO BRAHHIENE 2MENO13~2%TH Y,
HaFE 7 BE E TOC,/ B, WAEE (08) OERFEAER L DEEES -0 9#E
BB 5V THEEER D C / BEAEAROZ i tE 28855 -7:, 2EH0BREAOE
HRUESRD C / BIEEMER HE D - 145, 3 BAMS 6 BHE THAKIC 51 TERENE
¢, 3ERRIEELEENREBSORBCEVELT UL, 6 BRUBELEROENERK
L0B<, coMifd, 3EHOMAELIE L . 05K, MILEKDC /B EHERIER
R& DB A-LFEREL TR, AXOTBASREORNHEEL NG, TEPD S5 22

£ 2 TAREEERLEIKEDSC/BE (BRMEHER 2HEH OBt

Table 2 C/B value (crystalviolet resistant bacteria numbers/total bacteria
numbers) in soil applied with sewage sludge and the control

Days First shdge Second siudge Third sludge
after application application application
application Control Sludge Control Sludge Control Sludge
be fore® 0.337 0.204 0.761 0.418

0¢ 0¥ oom 0.071 1.148 0.759 0.539 0.508
1 0.356 0.326
3 0.026 0.132 0.420 0.534 0.648 0.269
6 o . 0.600 0.590
T(C 1) 0.160 0.376 0.330 0.424
10 0.441 0.018
11 0.331 - 0.526
14 ( 2) 0.182 0.358 0.149 0.564 0.500 0.282
21¢ 3) 0.233 0.624 0.556 1.024 0.474 0.317
28 ( 4) 0.143 0.338 0.492 0.481 0.302 0.238
35( 5) 0.167 0.523 0.254 0.355
42 ¢( 6) 0.176 0.376 0.623 0.500
49 (C 7) 0.078 0.360 0.625 0.586
56 ( 8) 0.551 0.446 0.717 0.859
63 ( 9) 0.800 0.273 0.717 0.423
70 (10) 0.804 0.423
T7 (112 0.210 0.346 0.555 0.504
84 (12) (.599 0408
91(13) 0.267 0.170 0.793 0.410
105 (15) 0.200 0.181 0.571 0.530
112 (16} - 0.286 0.231 0.407 0.408
119 (17} 0.578 0.152
133 (19) 0241 0.354
140 (207 ‘ . 0.809 0.990

% Before sludge application
*% ! Weeks after application
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Fig. 4 Fluctuation pattern of population of fungi in soil applied with sewage
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Fig. 5 Fluctuation pattern of population of proteolytic bacteria and
actinomycetes in soil applied with sewage sludge
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Microflora in Soils Amended with Sewage Sludge (II),
Seasonal Fluctuation of Soil Microftora of Light Colored Andosol
Applied with Limed Domestic Sewage Sludge

Mikiya HIROKI', Kunihiro FUJII', Hiroyuki HATTORI',
Toru KUBOI', Mineo KOBAYASHI?, Jinya YAZAKI®
and Hidenori WADA®

Abstract

Effect of sludge application on soil microflora was studied in the field. II-I
field (not amended with manure) and II-2 field (amended with manure) were used
in the experiment. Limed domestic sewage sludge was dried and applied to the
surface soil of plots in the fields. In some plots sludge was applied for the first
time whereas the others were subjected to continuous application. Soil samples
were collected from the top 5 cm soil of the plots, and numbers of microbes were
determined with the following results.

In summer, sludge application resulted in the immediate increase of the num-
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bers of microbes. The effect of the first application of sludge was more conspicuous
in II-2 field than in II-i field. The increase in the number of microbes was rapid
and large. '

In 1I-1 field, the increase in the number of microbes was faster after the second
or third sludge application than after the first application.

Studge application resulted in the increase of the CfB value (crystalviolet re-
sistant bacteria/total bacteria). The effect was remarkable in I1-1 field,

A/B value (actinomycetes/total bacteria) was higher in plots applied with sewage
sludge than in contro! plots. But in II-1 field, contihuous application resulted in
the decrease of AfB value.

Sludge application in autumn caused the numbers of total bacteria and crystal-
violet resistant bacteria to increase in October and in the next spring.
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BAX (L) T3, HROBARIEME LTITS (DR), 7.5 hE) RU15 (B8t ha
Thd. EFERR i, LRI (8 ~8—-5) 1.0t/ha, £LHK 1.0t ha, £ 0.6
t/haZfFE 2BIEA L ZRODTARBERRGIEFEERNE, £ 1 EOBHK T B OBEN
i, £2MDEAR TRAFNOBERUAENOBE I EhThiER L, SERIEERK
CEREMA LERL#ET S &b, FRLHERAKB LERARG 1, $7b b, DRIE?2
EEAR (S, 3.75 t/ha), PRE ZEKAK (M’, 75t/ha) RUSERE 1 EEAK (L', 15t
/ha) Thp. ThooH LORRRKIRSEE I EERA TS RE LR REgsss) sm
K& (1R 18 EENTIEY 3EFREOBREAREE, S M, L'#1E, M1 &
L2E, SEM2H3ETH-e CHhODERBHKIBROBMBATS »1, Ak, LFE
BRE2EERA L, HBXOEFENRPERR &R, MnoBRCBERICEHEL 72,

2.2 HEAKIRD

SMEEEMOCEIRNRUTBROBAIIR 6 H13BIRTV, EfMTHS > XOHEIR 6 B2081
T =1 TOWHIER 8 A13HICITY, MERKASUSMEX & bHEL, {tZIENLFBR LA
FTYINANLEBABIIERE Ui, Y 2RRPTUOBSTI0H 138 $THEE Lk, BRFE?2
EEAX (5, M2, & MRK) RUMEEEHR R, BRECSEEREZEA (10H238),
REZSUL2NEX & bR LTI0ANBREMEY THE NEEBE L. O/, EE (xR
Cvosis) EhicE, 2RBRik20T 1 ~28J& k1B EHIMTLSHT), /D
KRMBR, {tFEEX, PRF2EHAX (4EHAE) RUPRE 2EHAR (4E#BR)
K220 T1~68Ei8h @RBDA), THEE2RNL, ToMEMHEBEE L.

5%, BRERGICFER GHFRCES L®, o—9 ) —$ERTEBI2 cm O EIES L,

2.3 HHFER

fEH LB, IETROSEMRETRUBIE TR Lo a R R OB LS g Bms L7
BERTRBEILOBRA Y — 2 ThHoto THEKAEE LTHV I, S44ER R IFSHER B354
FE6HARERUILTERE, s5EEAEICISHFEINRIIERL ABERAH V., £ 1 CZ0BRNEE
é%ﬁ?bf:o I
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BUERALDEB 0~5 cmDLM% 6 ~9RIFHL, 2 mm®D&H5VEE LAk, LERC
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SHENE BRESE T VT § YRR BV RRERET, ARERE 0 - X<V A VER
BE RO BRESET, AEMEEBERR 7 VA vt Ly FEMN (5%) TAT I VE
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Table 1  Properties of sewage sludge used in the e;cperiment

pH(HK0) T-¢* T-N° T-P 1-k™71-ca® oo

Sludge I 10. 1 27.3 3.65 19,7 3038 15.2 7.49
Sludge I 10.1 21.2 27 10.4 910 8.4 7.82

Sludge I applied in winter 1979 and in summer 1980
Sludge M ® applied in winter 1980

¥ % dry matter

*% I PO mg/g dry matter

¥%% . ag/g dry matter

KIEi%E FOARFRERET, 7o 7 BEAREHT, €7 F YBmMR ) 2 v P BEREHEHL
LHRFCEHET, $h, Tre=T7TRIGEEN, HHBB BRI REEEC L DT T hille
L 1)0
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BN, CO&IiE, BERABKARORAEYITHRER RSN THMEED S5, BHT.
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Table 2 Changes in the microbial population in surface soil of plots in II-1

field in summer

DATE
Treatment 674 6,19 626 773 7710 7724 8,7 821 974 918 108
(1* 2y (3 4} (8 (8) 40 (2 14 an
C 4.7 2.9 7.0 152 8.9 0.6 89 7.8 8.0 8.1 8.2
CF 6.7 4.0 13.7 234 142 7.3 154 156 122 112 131
Y 2.7 4.7 163 149 201 36 71 188 5.1 101 5.0
Total M 38 92 165 185 247 T5 13 208 9 92 63
bacteria L 45 150 133 195 265 56 11.2 275 90 98 54
10/ dry soil S 106 80 208 236 200 103 96 17.3 129 156 9.9
M1 96 117 39.1 695 340 81 185 209 109 14.7 8.4
M2 1.9 133 440 748 362 126 182 228 135 124 9.1
L 7.2 55 65.0 860 43.0 128 160 286 {37 183 115
Cc 1.4 0.8 1.3 2.7 1.4 6.7 1.0 2.3 0.9 1.2 1.1
CF 1.2 1.8 1.5 4.3 3.8 1.3 26 4.3 26 2.6 1.5
Crystalviolet S’ 0 05 32 18 66 09 19 40 1.9 29 14
resistant M’ 1.8 1.7 48 8.2 9.0 1.8 4.1 100 3.2 3.5 1.9
bacteria L 1.0 2.2 4.2 101 12% 3.4 5.1 13.4 6.4 2.5 3.1
10%% dry soil S 50 44 7.7 126 124 22 5.3 7.3 3.9 5.9 33
M1 34 50 182 148 164 2.0 6.4 121 3.5 7.1 31
M2 .73-105 19.2 239 17.0 35 95 145 5.6 6.9 2.6
L 1.3 7.9 369 351 283 53 140 242 7.9 6.9 4.4
C 30 32 4.4 4.1 5.4 2.9 5.0 5.6 6.8 7.7 4.8
CF 4.2 45 5.3 7.9 6.6 4.3 6.0 82 84 6.9 6.4
g7 27 31 8.3 58 125 3.7 9.2 886 7.6 11.3 7.0
Actinomycetes M’ 1.9 65 138 171 141 136 161 19.0 11.1 157 9.6
L’ 24 105 133 187 240 186 227 208 180 149 122
105 dry soil S 58§ 9.1 115 134 123 9.1 86 103 119 169 120
M1 10.0 11.0 250 315 176 10.3 140 17.1 129 169 121
M2 109 118 188 333 206 11.6 147 161 154 140 12.8
L 68 141 327 334 234 126 199 214 176 165 145
C 3.6 30 0.6 2.9 8.2 1.1 9.8 6.2 8.1 6.8 48
CF 3.8 8.2 38 40 102 10,1 19.1 88 107 121 7.8
Proteaolytic 1Y 1.5 2.8 3.0 33 113 50 88 11.7 6.2 7.5 5.3
bacteria and M’ 7.7 6.8 7.2 56 164 197 136 197 68 164 83
actinomycetes L’ 1.0 93 40 65 217 17.7 128 200 80 180 6.5
1054 dry soil S 31 9.5 7.9 58 146 1.0 189 141 128 231 1.5
M1 105 13.2 103 139 21.3 9.1 112 191 124 213 4.5
M2 - 15.6 9.3 226 303 183 251 208 139 143 101
L 44 168 164 201 341 137 230 244 155 13.9 109

% 3 weeks after sludge application
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Table 2 ( continued )

DATE
Treatment 674 6,19 626 73 710 724 87 8/21 974 918 1078
(n* {2y (3 (4 (8) (8 10 @2 44 07
c 129 54 73 715 89 70 65 64 82 92 83
CF 70 76 82 (03 928 1107 103 72 82 78 w02
57 58 62 134 75 180 106 80 91 97 102 84
Fungi M 60 82 110 253 150 125 125 84 82 109 108
i’ 58 157 126 273 21.8 48 105 &1 120 43 115
104 dry soil s 106 81 1056 269 133 131 108 98 112 126 13.7
M1 105 132 103 139 213 91 11.2 191 124 21.3 45
M2 183 11.1 156 424 21.6 157 17.0 138 120 122 135
L 1.5 11.6 204 61.6 257 7.1 167 240 153 137 114
C 1 02 20 05 21 11 1.2 28 08 28 04
CF 1.2 18 349 58 282 239 178 88 52 151 118
Ammonium - 8’ 37 02 12 13 45 154 110 28 12 08 38
oxidizing M’ 12 06 20 21 151 180 256 151 37 58 3.6
bacteria L’ 1.3 11 08 180 115 239 232 22 274 88 108
10%% dry soil s 20 48 146 40 582 241 148 88 51 58 47
M1 52 7.0 266 28 756 154 147 57 76 88 25
M2 36 172 560 58 361 134 147 88 2 39 118
L 25 21,0 145 877 151. 181 27.0 280 189 39 71
C 1.2 17 84 05 08 05 1.2 1.3 20 39 02
CF 52 209 146. 304, 265, 49.2 743 880 109 573 105
Nitrite- 8/ 20 01 26 08 39 11 38 18 51 21.0 05
oxidizing M 0.5 02 20 1.3 89 127 87 IL1 108 214 07
bacteria L’ 02 03 17 88 151 18 51 267 32 75 10
10% dry seil S 143 23 253 3282 116 18 39 262 51 891 21
M1 240 3.1 845 180 151, 336 147 261 122 15l 4.9
M2z 364 04 560 577 213 76 87 150 508 358 142
L 236 3.2 145 879 573 239 445 114 147 568 102

% § weeks after sludge application
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Table 3 Changes in the microbial population in surface soil of plots in II-2
field in summer
DATE

Treatment 6.4 619 626 773 710 7724 8.7 821 974 918 1078
(1 12y (3) (4r 6y (8 Qo0 0z a4 an
C 148 44 102 170 140 75 122 174 124 167 8.8
CF 124 53 89 199 177 114 141 217 - 156 127
Total S: 82 106 155 234 251 7.0 210 241 B9 6§ 133
M 10.5 13.3 166 415 30.7 137 151 285 132 116 6.6
bacteria L 9.0 309 289 40.1 348 149 289 257 166 126 14.1
10%g dry soil 132 72 132 258 184 109 139 260 127 17.2 122
M1 95 62 152 453 21.1 147 205 255 130 139 11.8
M2 307 60 191 365 229 128 245 304 132 206 157
L 258 6.0 151 374 255 142 283 325 143 186 -
_c 18 09 31 33 29 12 20 48 17 30 20
CF 34 11 30 32 52 30 23 51 - 44 38
Crystalviolet S’ .6 66 86 106 B4 28 29 74 36 40 53
resistant oM 28 42 135 171 147 48 26 128 39 65 41
bacteria L’ 2.1 129 252 218 238 68 105 183 58 58 4.2
10%% dry soil ] 82 31 52 98 73 27 35 11B 35 36 43
M1 36 44 T2 141 130 57 8D 163 45 55 6.0
M2 146 54 130 124 103 53 62 218 42 82 44
L 85 45 200 229 171 87 89 264 45 96 7.4
C 65 60 81 71 65 45 76 88 100 111 66
CF 84 63 60 94 114 56 93 106 114 133 104
s’ 7.1 107 135 139 107 76 105 151 126 128 133
Actinomycetes M’ 7.8 104 17.4 179 152 92 71 188 156 135 11.B
L’ 53 30.2 220 204 176 134 209 389 159 174 160
16%% dry soil S 97 74 121 1.8 124 87 106 154 133 148 121
Ml 96 121 171 181 18.0 125 155 163 142 156 .14.3
MZ 167 119 199 179 143 128 154 232 17.6 169 150
L 184 137 165 176 17.6 134 137 205 138 180 -
C - 45 78 653 81 85 101 5% 81 110 7.7
CF 42 42 45 109 11.7 106 175 71 162 105 156
Proteolytic s’ 58 16 82 175 152 109 111 136 124 89 165
bacteria- and M’ 49 76 87 163 140 102 92 85 156 120 187
actinomycetes L 28 111 128 23 213 91 139 170 189 147 218
10%% dry soil S 93 84 99 116 128 121 170 9B 164 188 168
M1 71 50 73 185 163 17.7 219 144 176 125 228
M2 86 74 83 244 160 96 262 160 151 200 21.0
L 4.0 100 6.1 232 255 10.1 341 147 166 155 20.6

% ; weeks after sludge application
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Table 3 ( continued )
DATE
Treatment 6 /4 619 626 773 710 124 871 8,21 974 9/18 108
(n* 2} {3) (4) (6) (8) 4o 2 14 un
C 16.2 9.6 17.0 176 10.1 6.7 B.3 7.3 9.5 9.9 7.9
CF 36.1 8.9 73 193 7.3 7.6 8.6 74 11.3 11.3 8.1
5’ 152 11.9 240 286 132 125 96 113 117 93 205
Fungi M’ 15.0 99 260 415 116 129 92 169 13.2 8.9 135
L’ 18.0 135 440 348 133 11,3 142 139 173 10.2 159
!0‘/g dry soil S 252 (1.2 21.0 259 10.2 8.1 8.2 116 0.8 114 105
M1 29,7 157 340 350 136 8.3 6.1 95 131 128 120
- M2 31.8 13.2 300 277 13.3 127 111 131 157 12.9 149
L 3.9 167 350 40.1 18.Fr 144 133 126 152 129 154
C 5.7 3.4 3.7 3.9 8.8 1.8 1.1 2.1 1.2 2.8 0.8
CF 17.7 221 529 g8 881 229 8.6 276 199 2586 7.5
Ammonium- S 0.8 2.4 55 150 2.7 128 25 8.7 7.0 3.5 2.6
oxidizing M’ 1.1 5.0 28.0 9.0 88 127 0.5 260 11.8 5.6 3.6
bacteria L’ 2.1 131 575 981 57 128 85 259 255 11.2 118
IO'/g dry soil 5 0.5 3.3 54 152 148 7.6 20 211 120 87 4.0
‘ M1 14.8 1.5 a2 89 17.6 7.8 56 39.2 262 8.7 3.7
M2 384 125 245 358 561 135 44 391 196 176 118
L 151 332 535 397 571 342 148 573 197 227 74
C 5.7 3.4 373 1.3 B.8 1.8 38 5.7 2.0 57 1.7
CF 274 484 816 265 391, 77.2 175 114 36.7 385 198
Nitrite- 5! 8.7 152 5.5 8.8 8.6 24 174 39 120 383 3.6
oxidizing M 28 7.7 216 282 150 48 56 149 74 147 28
bacteria % 1.8 7.7 575 115 67 126 221 178 27.0 559 49
10% dry soil S 28.0 223 248, 285 148 49 317 228 74 257 73
M1 148 4895 258 254 861 101 386 228 108 869 122
M2 3.4 95 368 570 56! 130 381 879 488 865 7.4
L 15.1 332 245 265 261 656 584 573 197 B&BB7 3864

% 3 weeks after sludge applicatien
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BERUD, $BROS v X7 BHRER, BERUEETEERN 2 {FRICELERLLN, D,
HRROBERE, DRED S v BAREIIZ 20— 2 285 2EBERT LOD, TOE—7
EmiERThehd4 L1488, 31088, 6 S1068BTH -1, RIREHOERELY—2E—
L@y ohd, PBRI48H, b, SRBEKIB3IEATH -1, 4, FRERO7 v 2= 7B
Bizhth, sRUSHBICE 72K >&ZWHER L, FRRTIE 4,808 L10BEKEKDRE
BLNTDD E— 7 EHOEHET L, PREOBINMELMEILIGERI v -2 AR L, &
BRTHIH6 2148, 2BRTR4LVERRENTFN Y -7 2R EHET L. b, EBROY
— 7RO ThLBRHOENEVERTH - 3BT — 1 OFREBERRSEL i~
& REEETR LI

I -2 @3 BoFEAEKBARIK DV TEOREN 7o50XF 2R L, BRREMEMCOWT
RIEEAGIOL~AHT — 1 3BI0EVAHITT - | BREYHRETR LW, HRERBEbIC
BEAEML T3, 2 LTHERIBEB: 8 v LIGHBI v —7 2K >EB5 R L, RERH
& 2~ 388 L1080, HEEE 1 ~2RBL 8 ~10BBCEZh TN o0 -7 2 2£H
#RLk. BRRKEP 3N COBENMORTOE -2, 2EHOC-2 LR L3R %
T L. RHBERUS v/ BAMER, BHBCE - TEhThEBU -LE#HER LI, Zhb
ORFIOE— 7 IHRREN 2 ~ 3 BBEBEEN, BEEMER L. —F, § v/ BAEEO
E¥or— 733~ 4B EN, 7T re=TE{bER 1 BEOHENAEREGT L DS
K@, mAREGcHEmL, PRXT38E, PERRT2E8BY -7 4R L, £0%,
2EEGAARE 2O -2 2ER LA, B3o-7IhEREKTISEHIERENI, &
MR L S 7 v E - TRMLIE S R, HERIRE MmUY, Z0X&H 5y -3, &
ROMHBIZ L > TRE - Thke $bs, PRRG 1, 3, 8, 16HEH, FRRIE3, 10, 16
AH, #8KiE 2, B8, 6BHshFhte -7 2F>EBER LI,

LlED2 Bk 5EROBARN T IREER~E &, I- 2 300RENOHHT - 113
BOZhLLINEBMLE 1 O -2 KR ET AT LMo sk, £, ENOY—7
FpOEKE RT3 &, Hl, BRMNEEE, ARERUVEHNBRBICHEc>VTI-2>T -1
OERIBES G,

W3 BoNEHEARORENR ERECHN K 2WITHEERREOMEEA 5L, BEH
B>V TROASBohicERI, T - 1 ZBOEKEMHEERRRZR/DIVE, EHEO
Ik > THREMT 2EEEZH oh, 1 - 2 3 B0HEH, LREMEEE, RERUT Y227
BRI T - 1 BBo2 O LD AR ZREMC D, BHROEMITH - THBLHDS
ML, RRERT Y Y0 BABRERIC OO THABREENERTEVES bH 55,

HERR O > THS b Y 2EERRD Shic. Thick U TERRRLEERICOL

T, BAREEROBCHERELSEEIZD LNED T, HBERFILEEHRORESHREER
ROo+hiEed 2 ER00 LS LhicX L, HRRICHEXTHLACEVER (EREERY




ST 2Bl E, WEETILIEDL) BEYohiol, 1- 138THAROEBEHTEERER
U7 ve=T7TER{LME, b, LEROKRE, AMERC Y v /HARETHD, 1-235T
HEROBEGHENE, T, SRROME, ARE, EBXOT v TRIMETHE L E, 1t
BEHEEORBETRECHERMEB OO, - 138 THP, SEROMEE, #RE, &
LR TH O, -2 3BTRS, 2EEOARE L 2ROBEMEAETH 1. T/, &
BEMORBEHC 2DV TARBOEESHD L, HBREE S Y7 HIREERVTHT - 1 @15
I - 2 3EOEmSED o,

RICH R % O0EOREMBES SBMEYM O RHERYD (F4), TONEXMEEEHD
L, I~1RUT—2RIFOME, HRE, BRMEMELCENRRECHEER, 1~ 1135805
v BARE, 1 -2 3B0ORKERD, BHBEME/NEVSOOEABOEMIE -~ THE
TE5LENELhK ENS, T, NBROEH (T ith~T2EL LOEEER LMK

F& 4 I-1 T-2m\i3H, SLEXICED5HEHOESEN (B ¢ £1)
Table 4 Means of microbial population in soil of plots in I-1 and -2 field
in summer (populationfg dry soil)

BACT. C.R.B. ACT. FROT, FUNGI A 0.B. NO.B.

Field Treatment .
(1¢%) 10%) (16%) (10 C1wh (ev (1Y

c - 7.56 7 1.33 4.99 515 7.48 1.39 2.06
CF 13.01 2.63 6.46 9.04 8.50 15.32 112.54
S’ 10.55 2,52 7.71 6.49 10.11 4.22 4.06
M’ 12.69 4.83 13.66 12.05 12.28 9.18 .17
m-1 L’ 14.28 6.32 17.37 13.46 12.45 12.72 T.12
5 14.96 6.50 11.51 12.82 12.94 14.49 19.55
Ml 23.58 8.87 16.84 13.64 16.40 16.67 66.05
M2 25.69 11.32 16.91 17.49 18.03 16.03 26.74
L 30.04 17.09 20.61 18.83 20.75- 37.79 42.25
C 12 05 2.49 7.62 7.70 10.39 2.95 7.15
CF 1794 5.84 9.37 10.88 9.71 36.40 124.68
S’ 15,75 6.02 12.07 15.30 11,19 6.87 11.56
M’ 19 37 841 13.89 12.08 16.36 10.90 12.84
om-2 L’ 2475 13.51 19.27 16.04 18.84 20.00 22.27
8 15.74 5.48 11.83 12.89 13.36 9.50 19.42
M1 i8.72 8.47 15.38 16.01 15.41 13.34 36.86
M2 2108 g.12 16.49 16.46 16.40 23.50 44.21
L 21.37 12.99 16.12 19.37 18.54 33.95.  87.57

BACT.: Bacteria,, C.R B.; Crystalviolet resistant bacteria, ACT.; Actinomycetes
PROT.; Proteolytic bacteria and actinomycetes, A.0.B.; Ammonium-oxidizing
bacteria, N.G.B., Nitrite - oxidizing bacteria

% ; Number is mean of ten times counts after sludge application.
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HENiE, 1 - 13BTED, SEXORBERY Y v/ HARE, 2XOBEMEMETH
b, I-23BTRERKOME, KRE, 5 v s HORHE, 2ROBRMEHETH -~ H
LBV THBEO 3. 3L OEKERLAZOE, I- 13Bod, SHEROmMLEE I-
2RBOT VE=TRBALMETH » 2o —4, (EEENXOBEKICH T 2 &L LoFEHER LE
ARKEREDRD - 13ETHD, 2RROMEHE, PRROBEHMETE T tH, T- 21345
T, FEROBEMMENE SEXOMBRETH -, BEEIK DV TILEENR I 05
PIREVER (33 M E2RLEREEIZEE DO D o1, F 1, BEEHOFEEEEICD
WCHERBOELLBEHRE L S vV BARERU T v E= 7RI LR TH - 11338<
I - 2 B0 ERBED S i, .
Z D& HRBEROPRER Y 2 T EREMOREHEIIB TR, BEMROEVI -2
BERENTENWI LB, SN,

3.2 BEAARICHEIIBEHROTH

I-13B0FREMK (S, M1, M2, L) K& 3MEmBo@Eigl G2) go0
TROTEDSH LR SN, $8bh, 2MERUERHEMERE 3 RCIEELThTh
— 7 EROEE sy —vERL, LRE (8) OHIERABROTENOC —s0EIOE—-24D
BHATE, Bih, EBK (M1, M2, L) OSHEBEOZTAOHE L(SVERETRTCL,
BHRRE (S) DAOKSERULROARENR 3BRICH -2 2B BEWMETTC L, LR
VPADS vy BAREORYIO Y —7 IFEEREK LRz GERRREST 248, L h#ibe —
yERBTE, TYESTHRAVBEOR LV 6 BLNCET LIEEAK & 2 OXBIE b
A& B E, ENMBRICMEZVEBAR EABICLBIcb i > TEROEHHSRY SN 51,
FOE(ETERARL OB LT L EMESAEL 153) THD, ¢ D& i EEKOA
B, ARMEMERCHSERIVEBRARIC T DRMMEMPEEL L, *OXBELEK
DELHERBAGRINMIET 32 LRz, v—LAHY BERNERITE T LB H
J 5 FAEROREOTMOMECHENEE LTHME LTVA T EERE LTS, FTARFBRI
RELDS YAIESSETNTED EE, B Y), & v GOMITRME O RS
FREHBESE LTVACEbMONTNE D, COkSic, T Hd 3 FRERDMENBN
SOWMEMIC L > TIThNAL LREBKFRENDELATHS, LLRKFLELSIC, DR
B B TRABE O MG ER OV OB ASEROEMICE > TRHES LV IREMNES R,
DT ek, T BB FABEROGMONMESL, FROBAICX ~TEE 5L LEFHT 3 b
DTH5 o COWRIE, CORBiCET ZHFRENTPOT v = TREXOEH EREER
DR HEROEAK L ~TREB LS LBAT NLS WRES ¥, i, WEBOH
RAERAKIC 7 2MERSoMNE, 12380 HR REIETLERLIY, Thod
ZERI- 23 BOBERIEEBECST ABEROSFER T - L 3BeBI 24l BN t%
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I-23BoFeEAR (8, M1, M2, L) REBJAMEMMOEREL (£3) KO20T
RO EBHLhIz &N, THbL, 2HBENOCER ¥ — /1138 LI10BBK >0 -2 %
BofEe T Lz, 2EEAX (M1, L) ORBIOC— M 2BEDE—2 L DEL -1IODK
HLT, IEEAR (S, M2) THIOOE—Z70EIREBESLVEVSBRAEKOER VIZE
AMESEDONBC L, BEWMEEEL VL THRARKORV L 2EE)/ Y7 — v OHEIR
B, 3EEAR THIIHOEECEEELLFES ShEy (10BBike—72ERKT 5) Oic
HLT, 2EHARTII3 BB L10BEKBESEDE LN 20 _t“-—ﬁbi‘ﬁéﬁk‘éﬂ% [P ¢
B REE T EROEERE SV S, MREZNERARK &R NPOHEROELHSED
o dh, BARICEVWTREMGOEENE L, BAKV -AE L CEDL dkEmL 7ob8,
E-sBOEBIREROEN L EER%L, ThUTTH5CL, PEREUPREIER (S
EM 1) O vy ENBERRIIZVER LB UL Y — v ERLAH, PREZEXR (M 2)
i3BE: 8 BAK C— 2F X8 %, 2RKX (L) RHRAEX EEKROELETTHOD
AR5 SEBIRASHE - 7 A2F>EHERTCLE, TYE=TRIEERISUEX T LiC
BotZg sy —riRL, EXEOfERSED LRV, ZOEHOEIVEIX L HARE
{130, po2ERicbl s TEHMRCALHIKL B L, BNBRLERG T v E=T78(LA
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Table 5 Changes in soil moisture in surface scil of plots in -1 and II-2 field

DATE

Field Treatment 64 6,19 626 7.3 1/10 7,24 8.7 821 94 9/18 1078
(* @ @ 4y (6> B a® a2 a9 a»n

C 33.5°%24.9 358 388 388 287 365 382 348 384 329
CF 323 265 37.0 361 400 289 381 387 350 390 33.0
§' 353 21.5 341 383 381 284 365 387 842 381 315
M 850 236 363 389 39.2 277 37.6 390 349 392 327
I-1 L’ 381! 27.0 345 387 392 287 310 401 344 389 321
s 35.5 264 36.7 397 39.9 294 37.8 388 351 394 334
M! 332 229 361 388 301 286 37.4 388 345 390 326
M2 340 262 375 39.2 390 290 37.6 385 347 385 330
L 32.2 23.8 365 . 386 39.0 283 3870 384 343 384 314

c 387 287 357 391 384 204 365 389 355 3B2 349
CF 37.9 277 338 39.2 386 300 371 384 346 376 345
s’ 38.0 277 366 388 375 284 2367 381 339 373 334
M 38.8 29.4 38.4 397 388 282 37.0 384 334 374 339
I-2 L’ 38.0 296 39.1 3854 381 218 367 382 334 373 332
s 428 282 356 362 377 289 363 385 341 379 331
M1 38.0 28B4 342 394 374 309 378 387 352 38O 3590
M2 37.6 26.6 347 386 375 205 370 386 338 378 2333
L 38.9 286 347 396 386 299 379 389 340 383 341

* lweeks after sludge application
*%* Smoisture % dry soil
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Table 6 Correlation coefficient between soil moisture and microbial population
in -1 and 1I-2 field

w

Field Treatment BACT. C.R.B. ACT. PROT. FUNGI A.0.B. N.O.B.
C 0.7086% 0.6026% 0.6195% 0.4751 0.2572 0.6051% 0.1467
CF 0.8007%% 0.70658% 0.6880% O0.1688 0.0778  0.3037 0.5644
T-1 3 0.7075% 0.6893% 0.4535 0.3096 0.3653 0.2106 0.5130
M1 0.4994 0.5836 0.5745 0.5008 0.3554 0.2797 0.5992
M2 0.5266 (.5516 0.5858 0.1467 0.4123 0.2586 0.5296
L 0.5770 0.6033% (.6019 0.4945 0.5334 0.3672 0.6825%
c 09283 0.7312% 0.5203 0.3109 0.3965 0.3347 0.0924.
CF 0.2492 0.0400 0.6769% 0.2180 0.3406 0.2651 0.4699
I- 2 3 0.5346 0.6271% 0.5054 0.0266 0.4881 0.4625 0.4782
M1 0.5943 0.5427 0.4523 0.3273 0.1822 0.3810 0.0924
M2 0.8536%% 0.6082% 0.6508% 0.5513 0.2827 0.6423% -0.704
L 0.8630x¢ 0.5700  0.7534%% 0.3657 0.3059  0.1510 0.42590

BACT.; Bacteria, C.R B, i Crystalviolet resistant

bacteria, ACT.; Actinomycetes

PROT.; Proteolytic hacteria and actinomycetes, A.0.B.; Ammonium-oxidizing
. bacteria, N.O.B.} Nitrite - oxidizing bacteria

*and**:signtficant at 5% and 1% levels
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Table 7 C/B value and A/B value of surface soil of plots in II-1 and I-2 field
in summer (mean of ten times counts)

C/B value A/B value
Treatment

n-1 n-2 I-1 I-2

Cc 0178 0.201 0.697 0.699
CF 0.219 0.159 0.561 0.651
S’ 0.242 0.443 0.898 0.942
M’ 0.373 0.442 1.281 0.815
L’ 0.456 0.508 1.545 0.858
S 0.425 0.337 0.843 0.811
Ml 0.393 0.473 0.917 0.999
M2 0.472 0.474 0.844 0.946
L 0.567 0.648 1.042 0.950

g, SBROMER 18D EELD, HREHROSHENE LR ¥/, I-1E3B0ZBEARRY
I-2RBodbEHEAR CIRMERE BESLVEKLEE -, I -1 3HOFEEAROA /B
HTHEAROMMICTE > THATAEARETR L), BAKOE%A43 L WTFhoHER & 4
EHEAR L DES, BAICL > THREERGED T 2EMED SNl ThITHLTT ~ 2135
TRINWOCDBRFIED Sl o1,
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Table 8 Changes in the microbial population in surface soil of plots and mean
of the counts in -1 field in winter

DATE

Treatment 1078 1030 1176 11714 1120 1211 178 219 3,12 mean™
Wy @ @ @ Ay an e

Total C 8.2 103 7.3 33 6.0 129 75 126 7.3 84
bacteria CF 13,1 134 84 120 133 137 1.8 162 104 12.4
10 dry soil s 9.9 290 179 117 207 262 191 26.7 261 222
M2 9.1 325 189 202 27.3 258 21.0 49.2 698 33.1

Crystalviolet C 1.1 3.6 2.3 11 1.2 1.7 1.3 20 15 L8
resistant CF 1.6 4.5 2.0 29 23 4.4 1.8 36 23 30
bacteria S 3.3 191 102 134 99 11.2 3.8 7.2 9.2 105
1054 dry soil M2 26 211 144 271 237 168 6.8 201 257 19.5
C 48 9.3 6.0 4.8 48 54 37 6.8 65 59

Actinomycetes CF 6.4 9.1 8.6 9.2 6.5 9.0 7.0 7.5 58 1.8
10%%  dry soil S 12.0 11.6 139 169 1.0 119 110 121 10.1 12.3

M2 128 135 138 158 166 185 139 159 151 15.4

Proteolytic C 4.8 9.5 7.6 74 103 7.1 5.4 5.0 9.3 1.7
bacteria and CF 7.8 9.6 6.8 133 86 11.4 103 12.2 11.1 104
actinomycetes s 165 157 13.2 226 231 253 1406 11.3 158 176

16 dry soil M2 10,1 139 19.8-275 29.3 369 237 27.6 164 24.4

c 8.8 84 6.4 6.1 .0 81 73 71 86 6.6
Fungi CF 10.2 55 7.8 88 69 91 97 87 86 81
10%g dry soil s 13.7 856 9.4 95 110 111 8.2 1ls 16.1 107

M2 13.5 9.5 11.0 135 8.6 146 110 14.2 220 13.2

Ammonium- C 0.4 '5.3 1.2 03 0.7 0.2 1.3 0.2 1.2 13
oxidizing CF 1.8 5.3 7.6 21.0 50.7 11.4 27.0 56 178 111
bacteria S 4.7 12.7 51 8.0 5.1 54 112 0.6 7.7 L0

10‘/g‘ dry soil M2 1.8 7.3 12.0 278 204 27.7 206 2.4 383 19.5

Nitrite - C 2 13 7.3 0.8 0.7 28 09 22 51 26
oxidizing CF 10.5 52,7 50.8 210. 538 179, 78.0¢ 134 77.6 165.
bacteria 5 21 53 123 54 122 278 1.8 &7 521 16.1

10%% dry soil M2 142 126 19.8 278 220 797 125 4.1 112 36.3

% {mean of eight times count after sludge application
#% ! weeks after sludge application

TEY > W B REAIERUEED BEMOLEHE  GATEERH TLRD LN HRERED
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EMLEREAEE» S 2A (178 L TRRLALE LD 122, 3 ARBLRERY
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Table 9 C/B value and A/B value of surface soil of plots in -1 field in winter
{mean of eight times counts)

Treatment C./B value A/B value
C 0.214 0.702
CF 0.242 0.629
S 0.473 0.554
M2 0.589 0.465
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Microflora in Soils Amended with Sewage Sludge (III),
. Microbial Population in Soils Applied with Sewage Sludge

Mikiya HIROK!I!, Kunihiro FUJI!, Hiroyuki HATTORI!
and Toru KUBOI!

Abstract

Fluctuations in microbial numbers in four soils (sandy soil, light colored ando-
sol, alluvial soil and humic andosol) applied with sewage sludge were studied in
lysimeters for ¢leven months, Limed domestic sewage sludge was used in the ex-
periment. Dried sludge was applied twice a year to the surface soil at a rate of
7.5tons/ha While chemical fertilizers were applied to the control. Soil samples were
collected from the top 5 cm of seil, and numbers of microbes (total bacteria, crystal-
violet resistant bacteria, actinomycetes, proteolytic bacteria and actinomycetes,
fungi, ammonium oxidizing bacteria and nitrite oxidizing bactetia) were determined
with the following results.

In summer, the number of microbes increased after sludge application. In
winier numbers of actinomycetes and fungi showed small fluctuations in each
soil, and numbers of total bacteria in alluvial soil and humic andosol increased with-
in a month after sludge application (in October) and in early spring (in February).

In the lysimeters applied with sewage sludge, numbers of heterotrophic mi-
crobes were higher than in the lysimeters qpplied with chemical fertilizers. But in
sandy soil, the differences were less conspicuous than in the other soils, The dif-
ferences in the number of actinomycetes in alluvial soil and of fungi in humic

f andosol were negligible. Numbers of nitrifiers were not higher in the soils applied
with sewage sludge than in those with chemical fertilizers.
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Water and Soit Environment Division, The National Institute for Environmental Studies. Yatabe-machi,
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Table 1. Mean and maximum numbers of heterotrophic microbes in soils applied
with sewage sludge or chemical fertilizers

Treatment

Summer Winter

Sandy Soil

Light Colored
Andosol

Summer Winter

Alluvial Soil

Summer Winter

Humic Andosol

Summer Winter

Total Fertilizer 26.8 * 5.6 107 56.8 297 139 236 128
Bacteria : ( TLO** (107 | (153 ) ( 80.0) [ (539 ) (205 ) | (387 ) (229 )
87.1 88.8 223 215 474 457 555 517
Cx109 Stwdge |7y (132 ) |(s00 ) (325 ) | (08 > (1007 > [(1303 ) (127 )
Crystalviolet Fertilizer 3.2 0.5 25.8 7.0 69.7 47.3 94.3 34.4
Resjistant C1eo ¢ 1.0 |¢450 (1000 |11z ) (116 ) | (247 ) (7500
Bacteria S ludee 21.7 23.9 89.4 103 160 207 257 247
(x109 & ( 42.6) (47.1) |54 > (173 ) |ca00 > (300 > (872 ) (365 )
Fertilizer 5.1 2.9 47.7 33.3 61.1 40.6 92.1 54.1
Actinomycetes ¢ 82) ( 44 |C(erL®m (470> |(880) ( 56.0) [(168 > (710
(%109 S1udge 28.9 13.1 87.5 56.3 77.3 45.1 140.3 84.5
£ (52.8) (17.8) | (144 ) (650) |(115 ) ( 780) |(262 ) (101 )
Proteolytic Fertilizer 1.4 4.0 81.4 415 95.2 66.4 174 119
Bacteria and (23 ) ¢ 8 ) |82z > (59 ) |(247 > (119 ) [(531 ) (145 )
Actinomycetes $1udge 34.1 26.5 135 118 158 138 239 1983
(x10% (55 ) (66 ) |(243 ) (252 ) |¢587 ) (@69 ) [(524 ) (237 )
Fertilizer 32.6 15.3 95.0 49.5 196 75.3 324 126
Fungi ( 46.0) ( 23.0) | (167 > ( 63.0) | (387 » ( 98.0) [(514 ) (179 )
(x10% Sludge 86.4 59.0 196 109 238 108 336 141
(156 > (BLO) | (345 > (124 ) |(320 ) (146 > | (488 ) (202 )

Number is microbial population

¥: arithmetic mean ;

in 1g dry seil

¥¥, maximum
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Table 2 C/B value and A/B value in soils applied with sewage sludge or chemical

fertilizers

. C/B value A/B value

1

Soi Treatment Summer Winter Summer Winter
Sandy Soil Fertilizer 0.119 0.088 0.190 0.520
¥ Sludge 0.249 0.270 0.331 0. 147
Light Colored Fertilizer 0.242 0.123 (.448 0. 6585
Andosol Sludge 0.401 0.479 0.393 0, 262
Alluvial Soil Fertilizer 0,235 0.339 0.208 0.291
Sludge 0.337 0.453 0.163 0. 099
Humic Andosol Fertilizer 0.400 0.270 0.391 (. 425
[+]

° Sludge 0.463 0.477 0.253 0.163

WELT VB, EONTHSIE, WEL, REREN7 LROBK, £ICEL THRIAROREHE
HOMEFRERD 250 L m A0 &, ITHORBRAKN 7L TIRE8 ~ 0.8 FLERICTVERE
AT E, £, HREHRKOSMBERICH T2 HREROL (A/B#) #, FEEHROZH
IOBOEERTZEEREL TV B, REROEFOI N OO 3 WOTIEOMMEH (FHEED
ZOWTES EFERRKOZ A LEERED 2ED L& -~ 2ORBELEITED, A/BME
(£2) HEEEHRE FRZ20BELOBTHY, COPELOBHREOA/ BELEETIR
{EZERROZNL D {ED -1, ZOLI KEROBAIE » TRER K L RUEF 7 TOHR
BIC B B {LEEHE L BERROENNS (LB L AR LMCES N, Thid, EHROBER
DEHHSHEL 2BETRAESIP >LORH LT, (LFENKOBER, BMULILLDTHY,
3EBokA (EF) CilE, tFEPFHREFREROEVBELRNEL B2 DTHbB, DL
RHBERAZ TR BVTHBEROBHIKEEROBMNE b bE VT LERET HEANED
i, |

% 3 KBHEAO EHREMR O RBEEETR L. BB 5 LEENRORLEOTHERE
Har, BXs+4, MRIRUOBRERY 7 LHOZE, FETRAV (3. 3EUEDRE V)
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SkmELs L>PHELOETH - 103, He 0L EMERPELLOTRIP -7 LbL, B
B & it RO R A 2 + & ORI S0 LS Shic, EFIEREDT v &2 7 BILAE
oBEEN, EFRUAEL LPEL MO I OMICHO M EHED O, PELDE
PO~ 1205, B8O HBRICIZ &0 ZHTD SIS D> oo —F, BBBHEROR
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Table 3 Mean and maximum numbers of ammonium oxidizing bacteria and nitrite
oxidizing bacteria in soils applied with sewage sludge or chemical

fertilizers.
Sandy Seil Light Colored Alluvial soil Humic Andesol
Treatment Andeosol

Summer Winter Summer Winter Summer Winter Summer Winter

Ammonium Pertilizer 2.6 % 2.7 45.1 19.3 30.2 19.6 73.1 50.2
Oxidizing ( 5.6Y*% ( 51) | (196 ) (41,0) | ( 68.5) ( 40.4) | (164 » (121 )
Bacteria $1udge 1.4 2.6 18.7 12.6 31t 27.5 32.6 22.5
(x10% ( 2.5 ¢ 7.3) | € 39.40 (35.2) | € 97.0) ¢ 620> | C 801y ( T1.4)

Nitrite o 20.1 30.6 94.4 82.6 194 123 75.1 138

.. Fertilizer

Oxidizing (85.7y  ( 94.6) | (391 ) (249 » | (302 ) (290 )| (240 ) (350 )

Bacteria Siudge 20.9 136 46.3 200 127 80.1 69.5 166
(x10% (67.1) (555 ) | (140 Y (1365 ) | (441 ) (103 )| (253 ) (793 )

Number is microbial population in 1g dry soil
%, arithmetic mean, ¥¥ maximum

VXY Y RO A T AL
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Microflora in Soils Amended with Sewage Sludge (IV),
Microbial Numbers in Sand-dune Regosol and
Andosol Amended with Sewage Sludges

Kunihiro FUJII!, Hiroyuki HATTORI', Mikiya HIROKI®
and Toru KUBOI

Abstract

Stndies on the effect of sludge application on the microflora in upland soil
were carried out by using soil samples collected from a Niigata sand-dune regosol
and Memuro andsol to which sludge had been applied.

Dehydrated municipal sewage sludge, digested sludge from a nightsoil treat-
ment plant and composted domestic sewage sludge were applied to the Niigata
soil at rates of 0, 15 and 30 dry metric tons/ha each year for a period of three
years from 1978 on. Soil samples were collected at 4 and 9 month after the third
sludge application (July 1 and Dec. 7, 1980} from the conirol and sludge-applied
plots,

A significant increase in the population of each of the heterotrophes, totat
bacteria, actinomycetes, fungi, proteolytic bacteria and crystalviolet resistant bac-
teria, as a result of application of digested sludge or composted sludge was recog-
nized on both sampling dates, while a significant increase in the population of
ezch of the beterotrophes as a result of application of municipal sewage sludge was
found only at the first sampling time. At the first sampling time, marked increase
in the number of actinomycetes and proteolytic bacteria was observed in soil
samples collected from composted sludge or digested sludge- treated plots as com-
pared with those from the control. The number of fungi was markedly increased
as a result of composted sludge application on the two sampling dates.

Limed municipal sewage sludge and its composted matter including wheat
straw were applied along with chemical fertilizers to the Memuro soil at rates of
0, 20, 40 and 60 dry metric tons/ha each year for a period of four years from 1976

ErAEmamn KETHERES T 305 HHRRREESHSEI/NE16% 2
Water and Soil Environment Division, The National Institute for Environmental Studies. Yatabe-
tachi, Tsukuba, Ibaraki 305, Japan,
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on. Soil samples from control and sludge- applied plots were collected on August
11, 1979.

The numbers of total bacteria and proteolytic bacteria increased as a result
of composted sludge application. With the heavy application of composted sludge,
40 and 60 dry metric tons/ha, nitrifying bacteria and proteolytic bacteria were
markedly increased as compared with the control. The numbers of actinomycetes
and nirite-oxidizing bacteria were increased with increasing application rates of
municipal sewage sludge. And the numbers of proteolytic bacteria and ammonium-
oxidizing bacteria were increased with increasing application rates of composted
sludge.

1. LB
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Table 1  Analyses of sewage sludges applied to Niigata sand-dune regoso]g)

Water H T - C[T-N|T-RGT-K, O
Sludge content (I-‘;O) C./N| Flocculant
% 2 % dry weight
Dehydrated s]udge* 67.1 7.08|17.33| 1.97( 294 | 0.18 ] 8.80
Synthetic
Digested sludge " | 29.3 7.31[30.45| 2.79 ! 8.52 | 0.33 [10.91
flocculant
HH
Composted sludge 54.8 6.94143.03; 2.681 1.48 | 0.09 116,68

© %, Sludge from a municipal sewage treatment plant; %%, Sludge from a nightsoil
treatment plant ; %%  Sludge from a domestic sewage treatment plant,
composted with sawdust.

£ 2 FRDEMTHICHER SR TR REED S

Table 2 Analyses of composted domestic sewage sludges apphed to Niigata
sand-dune regosol 9

Wat - - - -
Composted ater pH T~-C T-N| T-F 0| T-K,O
with content " C/N
%* (H,0) ¥ dry weight
Sawdust - 54.8 6.94 43.3 2.58 1.48 0.09 16.68
Rice chaff 43.7 5.28 27.3 2.11 2.03 0.39 12.94
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Table 3 Analyses of municipal sewage sludge and its composted matter applied
to Memuro andosol1®)

Water | . | T-C|T-N|T-BO; T-K,0
Sludge content — C/N| Flocculant
M (H,0) i
% % dry weight

Dehydrated sludge 81.9 12.01 19.3 2.5 1.9 0.18 7.1 .
’ Slaked lime and

ferric chloride

Composted sludge¥| 722 7.0 27.9] 14] 190|076 129

1

¥ Composted with wheat straw.
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Table 4 Microbial population in sludge-applied Niigata sand-dune regosol samples
collected from 0 to 5 cm seil depth on July 1 and Dec, 7, 1980, Sludges
had been applied each year since 1978
Chemicat Municipal Digested night- Co:r{posted dom-
fertilizer | sewage sludge soil .sludge estic sewage
X ) Sampling sludge a LSD
Microorganism Sludge metric tons,ha {(dry weight)
date level 0.05
0 15 30 15 30 15 30
Bacteria Jul 1 1980 (4)% 8.8 20.0 38.0 20,0 24.0 17.8 23.0 0.01 4.3
105/g dry soil Dec 7 1980 (9)% 6.2 11.1 10.4 13.0 15.9 9.6 138.7 0.01 2.6
Actinomycetes Jul 1 1980 {4)* 3.8 18.3 26.8 40.0 610 17.3 26.8 0.01 8.6
100/g dry soil Dec 7 1980 (9)* 6.5 23.3 25.3 29.0 37.0 18.8 23.5 0.01 11.6
Fungi Jul 1 1980 (4)* 3.3 9.3 11.0 5.3 9.3 12.3 20.0 0.01 1.5
10'/g dry soil Dec 7 1980 (9)% 2.8 B.4 10.5 6.1 6.4 15.3 16.1 0.01 1.6
Proteolytic bact, Jul 1 1980 (4)»* 4.0 29.4 53.4 56.8 60.6 27.4 33.4 0.01 13.7
10°/¢ dry soil Dec 7 1980 (9)* 22.0 27.5 25.5 94,0 81.0 50.5 67.5 0.01 221
C.V.R, bacteria Jul 1 1980 (4)% 12.5 355 107.5 27.0 80.3 29.3 46.5 0.01 9.9
10578 dry seil Dec 7 1980 (9)% 14.8 54.3 20.8 44.5 340 30.5 58.8 0.01 15.4
A.0. bacteria Jul 1 1980 (4)% 1.8 0.3 2.6 2.3 1.8 0.7 - -
10%g dry soil Dec 7 1980 (9)% 3.9 0.3 0.4 4.0 4.0 0.6 - -
N.O, bacteria Jul 1 1980 (4)% 2.6 3.7 9.8 25.2 5.6 9.8 6.0 - -
108 dry soil Dec 7 1980 (9)% 1.9 1.4 2.7 6.2 4.0 0.6 4.1 - -

¥, Months after sludge

Ammonium-oxidizing bacteria ; N.O, bacteria, Nitrite— oxidizing bacteria,

application; C.¥.R. bacteria, Crystalviolet resistant bacteria ; A.O. bacteria
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Table 5 Microbial population in composted sludge-applied Niigata sand-dune
regosol samples collected from the 0 to 5 ¢m soil depth on JFuly 1 and
Dec. 7, 1980. Composted studges had been applied each year since 1979
Bacteria Actino— Fungi CY.R. Proteplytic A.O, N.O.
Sludge Studge Sampling mycetes bacteria bacteria bacteria | bacteria
composted| mt/ha date 105/g 10°/¢ 10°/g 105/ 10°g 10%g 10%g
with  [(dry weight) dry soil dry soil | dry soil dry soil dry soil dry soil dry soil
Sawdust 15 Jul 1 21.8 16.8 40.0 46.8 23.4 3.8 10.0
Chaff 15 1380 {4)% 22.5 12.5 31.5 49.8 42.4 0.8 18.0
Sawdust 15 Dec T 1.8 17.0 60.0 24.5 50.3 6.1 10.4
Chaff 15 1980 (9)* 18.0 22.5 80.8 63.0 47.8 6.0 T 3.9
¥, Months after second sludge application; C.V.R. bacteria, Crystalviolet resistant bacteriay A Q, bacteria,

Ammonium - oxidizing bacteria ; N,O. bacteria, Nitrite—oxidizing bacteria,
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Table 6 Results of moisture, pH, inorganic nitrogen and watersoluble phosphate
determinations on soil samples of the control and sludge-applied plots in
Niigata sand-dune regosol collected from the 0 to 5§ ¢m soil depth on July
1 and Dec, 7, 1980.
Sludge Sampling Moisture Soil NH,-N | NO,-N |NO;- N | W-PO,
Treatment mt/ ha date centent pH
(dry weight) of soil % | (H,0) sg/% dry soil
Chemical 0 Jul 1 1980 (4)* 6.90 6.7 0.77 0.06 ND 3.5
fertilizer Dec 7 1980 (9)% 9.29 6.9 0.41 0.16 ¢. 80 2.3
15 Jul 1 1980 (4)* 4.52 5.3 6.89 0.04 2.53 4.5
Municipal Dec 7 1980 (9) % 9.84 5.4 1.33 0.16 1. 31 3.4
sewage sludge 30 Jul 1 1980 (4)* 6.43 5.5 17.70 0.06 23.5 3.9
Dec 7 1980 (9)x 12.20 5.2 3.60 018 7.01 35
15 Jul 1 1980 (4) % 4,77 6.1 1.00 0.05 0. 64 58.3
Digested night— Dec 7 1980 (9% 12,21 6.0 0.95 D.09 1. 54 20.2
soil sludge 10 Jul 1 1980 (4) % 4.23 6.0 2.54 0.06 3.09 | 229
Dec 7 1980 (9)% 13.22 ‘5.9 1.05 0.16 2.33 31.2
15 Jul 1 1980 (4)% 578 5.4 2.26 0.08 .80 10.7
Composted domestic Dec 7 1980 (9)* 10.98 5.1 1.69 0.12 1.92 7.3
sewage sludge 30 Jul 1 1980 (4) % 10.35 5.5 1.99 0.07 ND 17.1
Dec 7 1980 (9)% 14.59 51 3.63 0.12 1. 55 9.9
Composted sludge s Tal 1 1980 ()% 7.69 6.2 1.41 | 0.06 ND 8.7
with sawdust Dec 7 1980 (9)* 11.16 6.2 0.74 0.06 0.72 5.5
Composted sludge 5 Jul 1 1880 (4) % 5.80 5.9 273 | 0.08 2.43 7.3
with chaff Dec 7 1980 (9)% 10.65 6.0 0.72 0.05 1.11 7.1
%, Months after sludge application ; ND, Not detected.
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Table 7 Microbial population in soil samples of the control and sludge-applied

plots in Memuro andosol collected from the O to 5 cm soil depth on
August 11, 1979. Sludges had been applied each year since 1976

Sludge Bacteria Actino- Fungi Proteol)rtlc A'O'. N.O..

T . mt/ ha mycetes bacteria bacteria bacteria
reatment 10°%g 1055 10V g 10°/g 10%g 10

(dry weight)| dry seoil dry soil dry soil dry soil dry soil dry soil
Chemical fertilizer 0 34.3 24,8 210 2.0 2.6 3.6
L. 20 47.8 22.0 26.8 15.3 5.3 0.6

Deh"d”te]d ;““E“‘”pa’ 40 62.5 25,5 40.0 39.8 5.4 2.0
sewage sfucg 60 44.5 33.3 41.5 37.5 5.3 5.3
a jevel 0.01 0.05 0.01 0.01 - -
LSD 0.05 13.0 6,9 1.4 7.6 - -
Chemical fertilizer 0 22.0 14.8 29.0 13.3 6.2 G2
Composted municipal 20 35.0 25,3 33.8 36.5 0.3 0.3
w: Lodoe P 40 415 16.3 65.0 0.8 19 4.1
saWage sludg 60 42.0 14.8 51.0 52.0 3.6 1.2
a level 0.01 0.01 0.01 0.01 - -
LSD 0.05 8.4 52 9.0 8.2 - -

A 0. bacteria, Ammonium- oxidizing bacteria i N.O. bacteria, Nitrite-oxidizing bacteria .
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Table 8 Results of moisture, pH and inorganic nitrogen determinations on soil
samples of the control and sludge-applied plots in Memuro andosol
collected from the 0 to 5 cm soil depth on August 11, 1979. Sludges
had been applied each year since 1976

Sludge Moisture Soil NH,- N[ NOy-N
Treatment mt, ha content pH
{dry weight}| of soii% (H,0) | #gg dry soil
Chemical fertilizer ¢ 33.8 5.8 1.43 22.8
Dehydrated municipal 20 34.0 6.3 1.217 27.1
40 34.7 6.3 1.39 21.7
sewage sludge
60 33.6 6.6 1.76 48.4
Chemical fertilizer 0 30.3 5.4 1.14 43.3
i 20 31.4 5.6 1.08 34.4
Composted municipal
sewage sludge 40 32.4 6.0 1.10 2.2
& g 60 32.7 6.7 | 118 2.5
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Microflora in Soils Amended with Sewage Sludge (V),
. Microbial Numbers in Paddy Soils Amended with
Municipal and Industrial Sewage Sludges*

Kunihiro FUJII', Hiroyuki HATTORI', Mikiya HIROKI!
: and Toru KUBOT!

Abstract

Studies on the effect of sludge application on the microflora in paddy soil
were carried out by using soil samples collected from Akashi and Yamaguchi
alluvial paddy soils to which sludge had been applied.

Limed and digested municipal and domestic sewage sludges and sludge from
a tanning wastewater treated plant had been applied each year since 1979 to
the Akashi soil at rates of 0, 5, 10 and 20 dry metric tons/ha each before sowing
of the winter crop. Chemical fertilizers were also applied with sludges. Soil sam-
ples were collected from the control and sludge-applied plots three times during
the 1979 winter crop growing season and twice during the 1980 winter crop season.

A marked increase in the number of each of nitrifiers as a result of limed
slﬁdge applications was recognized on 2ll sampling dates. In the plots applied with
tanning wastewater sludge, a marked increased in the ammonium-oxidizing bac-
teria counts was found during all sampling times as a result of sludge application,
while the nitrite-oxidizing bacteria population was decreased as compared with
that of the limed sludge-applied plots. And at the last sampling time in the 1979
winter crop season, nitrite-oxidizing bacteria in the sludge-treated plots were less
numerous than in the control plot. Crystalviolet resistant bacteria among the
heterotrophes showed the highest response to the sludge applications. With the
continuous sludge applications, fungi populations were markedly decreased, and
with the continuous applications of a tanning wastewater sludge, actinomycetes
populations were also decreased. A significant increase in the population of each
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Water and Soil Environment Division, The National Institute for Environmental Studies. Yatabe-
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of the heterotrophes as a result of the application of tanning wastewater sludge
was observed during three sampling times in the 1979 winter crap season, From
this result, it was agsumed that the effect of the application of tanning wastewater
sludge on soil heterotrophes persisted for a long period of time.

Two sludges from plants treated with industrial wastewater, fermentation
and synthetic resin plant, have been applied each years since 1979 to the Yama-
guchi soil at rates of 0, 5, 10, 20 and 30 dry metric tons/ha each before sowing
of the winter crop. Chemical fertilizers were also applied with the sludges. Soil
samples were collected once each in the 1979 and 1980 winter crop growing
season from the control and sludge-applied plots.

A significant increase in the population of each of the heterotrophes was
found as a result of the application of both sludges. Especially, crystalviclet
resistant bacteria showed the highest response to the sludge application. With
the continuous application of a sludge from a synthetic resin plant, a decrease in
the population of scil actinomycetes was recorded. This phenomenon was also
observed in the case of the Akashi soil applied with a tanning wastewater sludge.
Although a marked increased in the population of each of the nitrifiers as a result
of the applications of limed sludges was found in the Akashi soil, the same phe-
nomenon was not observed in the Yamaguchi soil with the exception of the plots
applied with the 20 and 30 dry metric tons/ha sludges from a fermentation plant
that contained a large amount of calcium.
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Table 1  Analyses of sewage sludges applied to Akashi alluvial paddy s0ill?
Sludge | Water oH T-N {T-B O |T-K,0|T-Cal
Sludge used Coantent (H,0) T-C C/N Flocculant
in %* 2 % dry weight
Digested municipal 1979 83.5 12.9 12.1 2.31 2.46 0.10 31.3 5.24
sewage sludge 1980 81.6 11.0 17.9 1.96 2.05 0.11 29.8 9.13 .
Slaked lime and
Digested domestic | 1979 83.9 88 | 126 | 257 | 204 | 010 | 266 | 510 | "crric chloride
sewage sludge 1980 1.7 10.9 29.1 377 2.57 0.37 271 7.72
Tanning factory’s 1979 72.7 9.0 30.6 5.50 0.49 0.19 9.0 5.56 N
sewage sludge 1980 73.7 82 | 386 | 540 | 205 | 0.06 7.10 on
% 2 WCPEUKE LI S A TSR RO M E
Table 2 Analyses of industrial wastewater sludges applied to Yamaguchi alluvial
paddy soil!®
S ludge Sludge| Water pH T-C T-N |T-BR O | T-K,0[T-CaO0
used content CN Flocculant
from ) (H,0) .
in # % dry weight
Fermentation plant| 1979 3.4 6.0 43.7 8.70 2.11 0.55 1.57 5.02 Synthetic
(Sludge F) 1980 4.1 10.6 16.5 1.21 5.87 0.20 20.81 13,64 flocculant
Syathetic. resin 1979 26.2 6.9 42.8 7.70 616 0.60 379 5. 56 Non
plant (Sludge S 1980 B 7.7 5.5 54.1 7.93 10.59 0.48 3.35 6.82
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10 110 {10 20 | 20 | 20 5 5 5
BA |SA|2A|9A | BA[3A |14 |10A]7A | 4A |Treatment No.
TFS | DSS |[MSS[TSS |DSS [MSS| CF | TFS [DSS [MSS [Applied sludge

5 5 5 10 | 10 | 10 20 | 20 | 20 |Apptication rate
{dry metric tons/ha}

B 1 RESRFARSBERIE (AaixBELE K02 0BROEE
Fig. 1 Arrangement of treatment plots in the experimental paddy field of Hyogo
Agricultural Research Station ( Akashi alluvial paddy soil)
Since 1979, sludges had been applied each year immediately before sowing the
winter crop. Soil sampies were collected from plots of A series.
CF: Chemical fertilizers (N 300 kg/ha, P,O, 288 kg/ha, K, O 396 kg/ha), MSS:
Municipal sewage sludge, DSS: Domestic sewage sludge, TPS: sludge from a tanning
wastewater treated plant.

N
16B|10B|13B|11B|14B|12B| 8 B| 9B '
SRS |FSS|SRS|FSS SRS SRS| CF |FSS /

30 [10 |10 20 ] 20| 5 5
1SA|TA|BA|2A|4A | 6A|3A]|7A |Treatment No,

FS5| CF | SRS|FSS |FSS|SRS |F3S |SRS |applied sludge

30 5 5 |20 |10 { 10 | 20 |Application rate
(dry metric tons/ha)

R 2 LORBRHERSEREE (LOMNEKALE) i 5 WERORESE

Fig. 2 Arrangement of treatment plots in the experimental paddy field of Yama-
guchi Argicultural Research Station (Yamaguchi alluvial paddy soil)
Since 1979, sludges had been applied each year just before sowing of the winter
crop. Soil samples were collected from plots of A series.
CF: Chemical fertilizers (N 450 kg/ha, P,0, 450 kg/ha, K,0 450 kg/ha), FSS:
Sludge from a fermentation plant, SRS: Sludge from a synthetic resin plant.
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Table 3 Microbial population in soil samples of the control and sludge-applied
plots in Akashi alluvial paddy soil collected from the O to 5cm soil depth
Sludges were annually applied before sowing of the winter crop.
Chemical Municipal Domestic Tanning factory’s
Mi croorgan— Sampling fertilizer| sewage sludge sewage sludge sewage sludge o LSD
isms date Sludge metric tons/ha (dry weight) level] 0.05
0 5 10| 20 5 10 20 5 10 20
Jan 31 19803 9.8 12.8 11.0 20.3 7.5 8.0 16.8 4.0 11.0 12.5 0.01 2.0
Bacteria Mar 3 1980{4)* 5.5 11.0 13.0 23.8 8.3 10.5 15.8 17.5 18.8 34.3 0.01 6.8
May 29 1980(T1* 17.1 21.3 12.9 18.4 16.3 14.7 - 22.8 310 27.0 0.01 2.8
107/@ dry soil |Dec 4 1980{1h¢ 15.5 9.0 18.3 11.3 18.5 24.3 30.3 22.8 30.0 22.8 0.01 2.3
Feb 27 1981#4)%x| 8.3 15.0 18.0 17.3 18.0 22.0 25.5 i1.8 20.0 41.0 0.01 3.3
Jan 31 1980(3)% 7.8 9.5 7.8 10.0 9.3 13.0 14.0 11.0 23.0 18.0. 0.01 6.5
Actinomycet- [Mar 3 198040 7.3 4.0 27.8 12.0 10.0 20.0 15.3 31.0 45.8 53.0 0.01 11.4
es May 29 1980{7)% 5.3 6.8 8.5 14.0 9.8 9.3 - 15.3 48.3 43.3 0.0t 9.5
10%¢ dry soil |Dec 4 1980(1%%| 2.3 2.6 5.0 2.7 5.5 6.7 5.1 4.9 3.4 5.0 0.01 12.0
Feb 27 1981{4)%x| 3.5 13.8 145 8.5 12.5 23.3 18.8 12.8 21.5 315 0.01 8.3
Jan 31 1980(3)* 5.8 5.9 45 5.4 4.8 4.0 9.4 4.6 71 12.9 0.01 24
Fungi Mar 3 1980041 9.3 15.8 21.0 21.3 16.0 13.0 16.8 27.0 32.3 47.3 0.05 15.2
. May 28 19807k | 29.3 17.0 19.0 36.0 21.8 29.0 - 47.3 101 11.0 0.01 6.9
10°4 dry soil [Dec 4 1980{1)%* 7.8 5.5 6.0 6.8 7.8 8.3 8.8 15.8 18.0 16.0 0.01 2.7
: Feb 27 1981l4be¢| 7.1 8.4 6.9 8.0 7.5 9.4 10.4 11.9 18.8 25.3 0.01 2.5
Proteolytic [May 29 1980(7}¢ | 29.3 26.0 22.8 45.0 45.3 13.8 - 19.5 79.5 66.8 0.01 18.1
bgcteria Dec 4 1980{1)%% 26.8 21.3 24.3 19.8 31.0 30.3 38.0 40.5 75.5 86.3 0.0t 8.5
10° £ dry soil [Feb 27 19B144kx| 16.0 17.3 15.3 118 36.0 32.0 18.0 10.5 30.8 33.0 0.01 7.5
Crystalviolet Jan 31 1980(8}% | 20.5 26.8 20.8 29.3 13.0 12.0 24.0 7.5 15.8 19.3 0.01 5.5
resistant Mar 3 1980(4)% 1.8 15.5 25.0 87.0 26.3 14.3 13.5 15.3 32.8 113 0.01 18.7
bacteria May 29 1980(7h% | 24.3 37.8 39.5 41.0 30.8 25.8 - 57.0 94.3 98.0 0.0 205
1054 dry soil Dec 4 1980{1)%% 33.3 29.0 67.3 6535 52.8 77.0 112 70.8 i18 127 0.01 11.7
Feb 27 1981{4b¢| 14.5 33.3 30.3 40.0 40.3 54.8 66.0 21.3 26.0 84.3 0.01 3.3
Ammonium - | 327 31 198043 18.2 235 132 2348 35.1 230 233 132 229 230 - —
oxidizing Mar 3 1980(4)* 1.8 56.2 19.0 86.5 27.3 86.7 0.9 71.9 85.9 194 - —
bacteria May 29 1980{7T)* 1.4 31.5 45.5 69.4 70.1 123 - 46.1 74.5 123 - -
10%% dry soil Dec 4 19B0{1)%* 4.9 132 241 165 134 159 227 131 344 335 - -
Feb 27 1981{4%x| 2.9 114 66.0 | 174 48.0 | 485 172 43.0 10.8 85.0 - -
Nitrite— Yan 31 1980(3)% 1.1 7.2 1.1 11.4 2.5 2.4 6.7 1.9 4.7 4.7 - -
oxidizing Mar 3 1980(4h* 2.7 27.6 8.7 18.9 18.7 42.6 131 4.2 5.5 9.7 - -
bacteria May 29 1980(7)* [ 30.9 315 455 694 455 1228 - 9.2 12.7 7.2 - -
10% dry soil Dec 4 1980(1)»x 3.4 24.4 49.7 | 225 50.9 71.9 227 6.6 18.6 48.9 - -
Feb 27 1981¢**| 0.3 3.8 325 | 174 48.0 108 317 4.3 10.2 3.7 - -
%, Months after first sludge application, ¥, Months after second sludge application.
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Table 4 Results of moisture, pH, inorganic nitrogen and watersoluble phosphate
determinations on soil samples of the control and sludge-applied plots
in Akashi alluvial paddy soil collected from the 0 to 5 cm soil depth
Sludges were annually applied before sowing of the winter crop.

Chemijcal Municipal Domestic Tanning factory’s
Sampling fertilizer sewage sludge sewage sludge sewage sludge
date Sludge metric tons~ha (dry weight)

0 5 10 20 5 10 20 5 10 20

Jan 31 198013)* 29.6 318 30.5 31.0 32.5 311 31.5 30.6 30.8 31.1

Water Mar 3 1980{4)1% 28.5 an.2 30.5 30.1 29.5 30.2 38.6 29.6 30.5 37.5
content May 29 1080(7)* 22.4 23.8 24.1 22.2 230 25.1 21.8 24.1 215 25.1
% Dec 4 1980(1)*% 28.6 30.3 29.5 28.9 31.2 30.7 38.4 29.9 29.6 30.2
Feb 27 1981{4)%x 24.7 31.0 26.2 25.3 31.2 27.9 24.3 27.0 27.0 248

Jan 31 198C{3)* 5.1 6.9 7.3 1.5 6.4 6.8 8.0 5.0 7.4 7.2

Mar 3 1980{d)* 5.1 6.9 7.3 7.5 6.4 6.8 8.¢ 5.9 7.4 7.0

Soil pH May 29 1980(7)* 4.5 5.2 6.1 7.0 5.2 6.3 7.0 5.2 6.4 6.5
(H,0 Dec 4 1980(1)%* 5.8 8.2 7.2 7.8 6.3 6.7 7.3 ‘5.8 6.5 6.6
Feb 27 1981 (4% 5.7 6.4 6.6 7.3 6.0 6.3 7.6 5.8 5.9 6.5

Jan 31 1980(3% 10.9 34 1.7 1.9 2.8 1.6 2.6 1.4 8.4 5.5

NH _N-x-x—» May 29 1980(7h* 49,5 63.6 2.8 2.3 40.3 49.2 2.3 29.9 8.2 7.3

' Dec 4 1980(1hex 221 171 265 143 164 110 95.7 156 425 201
Feb 27 1981 {4)%x 319 81.1 41.4 16.6 109 25.6 3.8 19.7 161 385
Jan 31 1980(31% 0.23 0.27 0.29 0.22 0.26 0.16 Q.14 0.24 0.27 0.12
NOZ_N—M—H— May 29 1980(7)* 0.15 0.28 0.17 0.47 0.17 (.89 0.26 0.186 0.36 0.47
Dec 4 1980(1h+* 0.06 0.19 0.75 2.49 0.23 0.84 1.98 0.27 0.33 0.68
Feb 27 1981 b 0.24 0.85 1.30 .98 5.25 2.06 0.53 005 0.15 0.61

Jan 31 198003% 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 | 0.3

NO,- N¥*¥* May 29 1980(7T)* 10.8 20.3 3.6 7.6 9.3 24.7 12.9 2.5 4.5 4.5
Dec 4 1980(1)%% 6.1 47.2 63.8 86.6 50.6 67.5 7.1 45.3 448 63.7

Feb 27 1981 {d)%x 39.4 150 91.5 102 64.7 125 61.4 21.1 77.6 68.5

Jan 31 198003* | 200 30.4 1.7 1.4 . 6.6 1.4 Q.7 372 1.9 1.6

W- po, May 29 1980(T)* 9.1 6.7 517 1.¢ 41 1.6 0.5 4.7 2.9 1.1
¢ Dec 4 1980{1)%* 95.8 122 43.8 21.5 178 68.5 69.9 26.5 | 107 62.4

Feb 27 1981 d)*x 71.1 27.5 19.3 27.8 83.0 40.8 7.3 4.4 39.3 41.5

¥, Months after first sludge application ; %% , Months after second sludge application; %%, g/ g dry soil.
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Table 5 Microbial population in soil samples of the control and sludge-treated
plots in Yamaguchi alluvial paddy soil collected from the 0 to 5 cm soil
depth
Studges were annually applied just before sowing of the winter crop.
Chemical
fertilizer Sludge F Sludge S
Mi ) Sampling o LsD
icreorganisms date Sludge metric tonsha{dry weight) level 0.05
0 5 10 20 30 5 10 20
Bacteria Mar & 1980(5)% 5.8 9.9 27.8 348 32.3 6.0 10.8 22.8 0.01 4.0
1007 dry soil Feb 26 19814)%x 10.0 18.3 20.5 24.8 52.0° 22.0 25.0 34.5 Q.01 8.8
Actinomycetes Mar & 1980(5% 9.5 42.5 93.0 27.3 7.5 18.5 29.3 51.8 0.01 7.0
105% dry soil Feb 28 1981{4)%¢ 4.5 25.0 16.5 16.8 8.0 11.8 11.4 8.8 0.41 6.4
Fungi Mar 6 1980(5)* 6.3 21.5 56.3 75.0 45.0 29.5 42.5 80.3 0.01 13.9
10%g dry soil Feb 26 1980(4)%x 4.5 125 |. 12,0 11.5 45.3 9.0 |131 63.0 0.01 10.7
Proteolytic bacteria [ Mar 6 1980(5)% - - - - - - - - - -
10%g dry soil Feb 26 1981(4)*x 12.3 50.0 67.3 | 104 59.8 59.5 53.8 [135 0.01 29.3
Crysialvialet resistant | Mat € 19BQ{O}* 3.0 16.8 38.5 485 13.8 6.5 | 20.3 29.3 0.01 10.0
bacteria 10%% dry soil| Feb 26 1980(4)¥%% 16.5 217.8 36.8 71.0 | 119 46.3 76.5 | 131 0.01 5.1
Ammonium- exidizing Mar - § 1980(5)% 42.3 32.4 11.0 | 343 136 12.4 38.8 | 136 - -
bacteria 10%% dry soil| Feb 26 1981(4)%* L 2.3 74.3 34.0 4.7 11.1 8.8 i5.8 18.9 - -
Nitrite-oxidizing Mar 6 1980(5)% . 7.3 15.4 3.4 0.2 4.7 14.8 23.7 - -
bacteria 10%g dry soil] Feb 26 1981(4}xx L1 34.4 7.0 | 113 99.0 6.8 1.6 1.2 - -
%  Months after first sludge application | ¥¥, Months after second sludge application,
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Table 6 Results of moisture, pH, inorganic nitrogen and watersoluble phosphate
determinations on soil samples of the control and sludge-treated plots in
Yamaguchi alluvial paddy soil collected from the @ to 5 cm soil dpeth
Sludges were annually applied before sowing of the winter crop.

Chemical

Slud F Sludge S
Sampling fertili zer udge g
date Sludge metric tons/ha (dry weight)
0 5 10 20 30 5 10 20

Water Mar 6 1980(5) % 17.2 258 | 286 | 301 | 256 | 278 | 224 22.4
content % |Feb 26 1981(4)»x| 28.5 298 | 30.1 | 306 | 29.4 | 28.9 | 309 31.1
Soil pH [Mar § 1980(5)% 4.6 4.7 5.4 5.7 4.6 5.2 5.6 5.8
(H;0) |Feb 26 1981(4)%x 6.2 6.9 6.7 7.5 8.3 5.9 5.5 5.1
NH,- N3¢ | Feb 26 1981(4) %% 2.46 242 2.718; 2.63 4.18; 415 | B.06 5.46
NOy N | Feb 26 1981(4) 3% 0.05 011 0197 035 0.3, 006 | 0.01 0.04
NOy—N%ot| Feb 26 198104) %+ 0.50 1.84| 512 6.32 9.64| 358 | 819 | 10.29
W- PO, #%% | Feb,26 1981(4)x 1.07 1.54| 1.86| 4.28 7.16| 160 | 570 | b5.14

%, Months after first sludge application § %%, Months after second
sludge application | %¥¥, pg/g dry soil
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Microbial Numbers in Upland Soil Amended with

Organic Wastes ™

Kunihiro FUJII', Mikiya HIROKI', Hiroyuki HATTORI!
and Toru KUBOI!

Abstract

Studies to evaluate the effect of application of organic wastes on soil micro-
flora were conducted by using soil samples of the control and waste-amended plots
in Usa brown forest soil which were collected three times during the 1979 and
1980 winter crop growing seasons from the 0 to 5 c¢m soil depth. Seven kinds of
wastes, limed municipal sewage sludge, two kinds of wastewater sludges from a
paper mill and an oil-chemical plant, two composts made from rice straw or bark,
feces of earthwarms and pultry manure, were applied since 1979 aiong with chemical
fertilizers twice a year in the spring and autumn before sowing or transplanting of
the summer and winter crops. The application rates of these wastes were as follows:
5, 10 and 20 dry metric tons/ha of municipal sewage and paper mill’s sludges, 2.5
dry mt/ha of sludge from an oil-chemical plant, and 10 dry mt/ha of two composts,
feces of earthworms and. poultry manure. A standard rate of chemical fertilizers
for each crop was applied to the control plot.

Although a significant decrease in the population of one or two of the ac-
tinomycetes and nitrifying bacteria as a result of waste applications was observed
in the soil samples collected the first time, no definite evidence of decrease in micro-
bial numbers was recognized at the last sampling time except in the plots applied
with 10 and 20 dry mt/ha of municipal sewage and paper mill’s sludges. A signifi-
cant increase in the population of each group of microbes was found with the highest
frequency throughout the three sampling times as a result of municipal sewage
sludge applications, followed by the application of poultry manure and sludge from
a paper mill. The application of composted rice straw was the least effective. The
numbers of nitrifying bacteria were markedly increased as a result of heavy ap-
plications of municipal sewage sludge at rates of 10 and 20 dry mt/ha, presumably

AREDES, HMCFHAATSERESMETHASIKKENTRELT.

Bia®mas AELHMEHET T 305 KIREANELS D@/ NEF)16% 2 .

Water and Soil Environment Division, The National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki -305, Japan.
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due to the increase of soil pH by addition of the sludge that contained a large
amount of slaked lime. Numbers of crystalviolet resistant bacteria were increased

with the continuous application of these wastes as well as with increasing applica-
tion rates of municipal sewage sludge in soil samples collected the first and third
times,
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CnETEHE Ok 5 cEE SR, FREENDS b FASARIEKOEMIMERC ¥ - T
Rt BERENSIC, FhoOEE~OKANHEREN 7 05 K5 AHBE, BERHS
AR BT L OB 7 0 5 SR AT LItk > THOMI LT &, BEHTHA
SNTVAEBTOHASNE S & LTOAEBERYIEBERTHY, ThoOTMEEENK
EZ ZRBLINTHhREECEHTFHING, #-T, TNFROGHBEEHCOLTEA KL
HEAMICSA BHBARE L TEL & &b, TALOMMNIEEETSCEN, ThE0H
SFIRAEL D L CRBREATE S H o RAEICH T 5 HERRYIE LSO EMECET 3
BT, SXMOHASNTL AERYICELTIE, FEEb SRIBICOV TOREE - B85
DEE, R RESARCOVTOME - BRDBEHH D, £/, AREERENOS5 T
*ﬁﬁ%ﬁ@ﬂﬁbfﬁ%ﬁ%ﬁmm,ﬂﬁﬁiJyﬁbeﬁLfd&K-m@mmﬁgﬁbgo
UL L1Ehis , SMOEMBEYO HEMEMHICS R 5 BB EERE L HER TV,

BEGE, COTHBEMRCEZ 5 EEORMERERNMELH S I B bORRER
EL, 208 LT THOERBEMAER XN TY 3 ANEBERE € ¥ 5 - OMIEH L DT
B L 72 S C DV T 2 DR EMBE Bl L, ARBEMOBAORES BRI EEL
too AWZIL, IO USEEOREHRTH B,

2. EBRFE .

AHEE X, ASRFHEHRFET 3K EBEBN+ v 5 — OEKRBBTIT ~ . ERIZHO
i, RLELEH ET A RERKLTSY, Tk ARRD ch 5. AGREREY QT
ﬁﬁ%&ﬁ?)ﬁ,7@@?50,%®ﬁﬁﬁmuﬁlmﬁtkmﬁo%ﬂ&zwﬂguu?ma
C BUTHB. MEXTHIERMEHEARIBIEFYOBELEIERELVERIIOTTHERLTHS
CLUFEEERK L) » BATAER CITFTFABRE D), 8% 0 7 TROBEKLESR
CLFren7HBR LD, Db EIBOREKOMEER CITLLER LT, fib oM, R
R, 33 x0sAT BT I RBAERT) RULH7 2L BRERRBS S0 0&HA

ClFdwsiAsid) oaSBmEBEE, CEESLERMBEASDE TR LTV 5. &
HmomAst, TABRRUASVIERSS,10,20t , b OHERE, BEHIE, I I1XHAR
P AB10t, BILERH2.5 t THY, Vb ha HBLDOEMELLTOBHRRTSH 2,

waﬁﬁgm%®ﬁﬁ%mm8®ﬁﬁmﬂa®ﬁ&ébﬁﬁmu,IEE&UZEBm%ﬁTM,

- 104 -




'}

£ 1 FEEOEATCHES hEREEEy o SEE D

Table 1  Analyses of organic wastes applied to Ura brown forest soil 14,15

- 801 -

Moisture | pH T-C l T-N lT-P, O I T-K, O [ T - Cal
Organic wastes used content C/N Flocculant
n % (H,0? % dry weight
Municipal 1979 63.2 8.9 27.1 2.99 2.36 0.07 17.3 9.1 Slaked lime and
sewage sludge 1980 39.3 11.3 39.6 2.77 2.19 0.08 18.1 1432 ferric chloride
Sludge from a 1979 60.3 7.5 33.2 0.74 0.30 0.06 4.5 44.9 Aluminium sulfate
paper mill 1980 67.7 8.1 31.5 0.71 0.28 0.06 1.8 44. 4 and Slaked lime
Sludge {rom an oil 1979 4.7 - 40.1 8.92 3.25 2.11 - 4.5 Synthetic
chemical plant 1980 5.1 5.1 38.1 5.54 3.64 1.70 0.9 6.9 flocculant
Composted 1979 58.8 - 31.3 1. 46 0.49 2.11 - 21.4 ™
rice straw 1980 . 78.2 2.1 25.7 2.20 0.46 1.70 34 11.7
Composted 1979 64.9 - 43.9 1.14 0.28 0.40 - 38.5
bark 1980 67.9 6.7 48.9 1.15 0.31 0.87 1.5 42.5
Feces of 1979 55.9 - 28.8 1.59 3.85 0.50 - 18.1
earthworms 1980 56.9 8.4 27.4 1.25 2.48 0.53 6.2 21.9
Poultry 1979 47.6 - 34.4 2.67 4.39 2.52 - 12.9
manure 1980 54.9 9.4 43.3 3.24 4.10 0.86 10.5 13.4

=, Not determined,
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w|iZB 9B 4B 1B TREATHENT No,
Prt ors MSS CF APPLIED MATTER
10 2.5 20 MT/HACDRY WE1GHT)
118 ZB 8B 5B
FE MSS Pss
10 5 CRS10 5
108 6B 3B 7B
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114 4R & A 2 A
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1Z A 9 A 14 g A
PM 0Ps CF CRS
10 2.5 10

B 1 ROEBEREE Vs -2 (FERERKD) Kt s uBXORE
Fig. 1 Arrangement of treatment plots in the experimental field of Qita Agri-
cultural Research Center (Usa brown forest soil)

Soil samples collected from plots of A,
CF: Chemical fertilizet (N-P,Q,-K,0Q 200-150-190 kg/ha), MSS: Municipal sewage
sludge, PSS: Studge from a paper mill, CRS: Composted rice straw, OPS: Sludge from
an oil-chemical plant, CB: Composted bark, FE: Feces of earthworms, PM:
Poultry manute

f
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Table 2 Microbial population in soil samples of the control and organic waste-
applied plots in Usa brown forest soil collected from 0 to 5 c¢m soil
depth
Chemical Municipal Sludge from a |composted Sludge ™ cympogsie{ Feces of | Poultry
Microorga - Sanpling fertilizer :T:;g: paper mill :;Cr:w :2;;11:}32; d back |earthworms manure | & LSD
nism date Organic wastes metric tons/ha (dry weight) level | 0.05
0 5 10 20 5 10 20 10 2.5 10 10 16
Bacteria Feb 19 1980 {5k« 49.5 103 | 158 | 2% 415| 85.8| 735 60.5 63.3 62.0 46.3 71.8 | 0.0} 25.4
10§/g dry soil Dec 16 1980 (3bex 24.8 80.3 150 144 54.8| 41.0| 725 55.8 37.5 43.0 683 71.3 { 0.01 14.0
Feb 26 1981 {Shex 45.0 77.5| 206 | 227 71.8| 68.3] 133 62.5 70.0 90,8 74.8 61.8 | 0.01 27.3
Actinomyce—|Feb 19 1880 (5P 26.0 18.0| 34.3| 430]| 13.0| 183)| 17.5 19.5 22.3 17.0 20.5 15.3 7 0.01 6.6
tes Dec 16 1980 (3pee 12.5 15.5| 158 298 9.5! 9.8( 115 9.0 10.8 58 1.0 10.0 | 0.01 5.9
10‘/? dry soil|Feb 26 1981 (5p* 9.3 17,5 26.5; 40.8| 14.3) 16.5| 15.0 11.5 20.0 13.8 22.0 19.3 | 0.01 6.8
Fungi Feb 19 1980 {Gh* 26.3 32.0| 28.3| 45.0( 27.8| 39.5{ 37.G 39.5 32.3 43.5 30.3 510 0.01 13.4
10 dey soil Dec 16 1980 (3% 33.0 37.8| 39.8| 31.8( 43.3| 305 30.8 30.3 37.0 29.3 25.3 45.0 | 0.01 6.8
Feb 26 1981 (5pe* 35.8 57.3| 655 458 35.5| 42.0( 44.3 26.0 33.3 30.5 39.8 33.3 | 0.01 11.7
Prote. bact. .. 16 1080(3p%| 15.0 | 20.8| 33.3| 58.0, 128] 168| 20.0| 188 38.5 17.0 18.5 20.0 | 0.01 | 10.2
10%g dry soil
C.V.R, bact— |Feb 19 1980 (5 7.0 17.0( 29.8] 38.8 6.6| 1051 133 6.8 6.3 4.8 6.3 50| 0.0} 4.9
eria Dec 16 1980 {3pex 2.8 10.31 315! 30.5| 135| 108, 12.0 5.5 3.3 4.5 9.8 11.5 | 0.01 31
I(]G/g dry soill Feb 26 1981 {5p* 11.0 21.3| 41.8| 54.B| 168 178 32.8 10.3 16.3 18.8 16. 5 36.3 | 0.01 2.6
A.O,bacter— |Feb 19 1980 (5p¢ 21.6 10.0| 69.6| 459 | 14.2| 209 29.1 1.7 21.8 6.3 6.3 16.8 - -
ia Dec 16 1980 (3pe# 4.2 13.2] 657 | 342 4.2 41113 6.4 4.2 6.4 6.4 39.3 - -
10°/g dry soil pep 26 1981 (5pex L0 | 17.7]101 |308 6.3| 59| 173 4.1 43 3.1 9.8 280 | - -
N.O. bacte-|Feb 19 19805k 6.0 13.9| 45.1131% 1.0 17.0 46 3.1 1.0 7.0 3.1 1.4 - -
ria Dec 16 1980 (3pex 0.09 28.71 426 | 428 0.9 0.6 6.6 0.9 0.2 1.6 4.1 2.9 - -
104z dry soill Feb 26 1981 {5pe¢ 0.2 42.0( 217 | 629 0.6 2.9 2.8 0.3 0.4 0.4 3.0 3.2 - -

%, Months - after second application ; %%, Months after fourth application ; Prote.bact,, Proteolytic bacteria; C.V.R.bacteria, Crystalviclet
resistant bacteria; A.Q. bacteria ,

Ammonium-oxidizing bacteria ; N,O, bacteria , Nitrite- oxidizing bacteria.
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Table 3 Results of moisture, pH, inorganic nitrogen and water-soluble phosphate
determinations on soil samples of the control and organic waste-applied
plots in Usa brown forest soil collected from 0 to 5 ¢m soil depth
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Chemi cal Ml;z‘ifaig‘;al Pap:erw?;ell’s COT?::ted(il;"df]‘:e [fn';:rll Composted|Feces of | Poultry
Determ inat ion Sampling |fertilizer sludgr s]udge ciraw plant bark |earthworms| manure
date Organic wastes metric tons/ha (dry weight}
0 5 10 20 5 10 20 10 2.5 10 10 10
Mo isture Feb 19 1980[5) % 21.3 206 | 224 | 23.7 | 226 | 236 | 244 231 21.9 22.8 21.9 228
content % Dec 16 19B0{3)%% 15.6 164 | 17.8 | 18.2 | 164 | 14.7 | 18.3 15.1 15.6 15.9 15.2 16.1
Feb 26 1981(5)%%¢ 23.6 21.1 | 219 | 21.9 | 224 | 18.0 | 248 204 23.3 23.3 19.8 24.3
Soil pH Feb 19 1980(5)* 4.3 5.1 7.2, 8¢ 4.4 4.7 | 6.1 5.0 4.5 4.6 5.1 6.1
(H,0) Dec 16 1980{3) % 4.4 5.1 66 716 4.8 49 | b6 4.9 44 46 49 5.5
Feb 26 1981(5) %« 4.8 5.9 6.9 7.2 4.6 501 54 47 46 4.7 4.7 6.2
NH, - N Feb 19 1980(h)* 3.6 1.1 0.9 1.4 | 234 4.5 1.6 - - - - -
ng/g dry soil Dec 16 1980{3)%¢| 139 69.9 80| 0.8 |123 105 55.1 295 285 75.5 135 17.5
Feb 26 1981(5)%¢| 198 135 31.0 1.2 (163 127 22 239.0 38.1 13.7 70.5 1.5
NO, - N Feb 19 1980(5) % 0.03 003 0.06] C10| 004 0.04( 0.04 - - - - -
ug/g dry soil Dec 16 1980{3) ¢ 0.05 008 0.21; ¢09| 005 0.06] 0.11 0.05 0.06 0.06 0.05 0.08
Feb 26 1981(b) %% 0.03 0.11] 045 0.26 0.047 0.06| 0.03 0.03 0.02 0.01 0.03 0.02
NO,- N Feb 19 1980(51 % 17.6 36.2 | 19.0 | 53.0 | 94.4 | 854 | 13.6 - - - - -
ag/g dry s6i) Dec 16 1980(3} %% 32.0 714 1100|137 55.9 | 7258 | 75.5 38.4 70.1 19.1 53.5 90.4
Feb 26 1981{5) %% 59.0 212 330|308 113 99.9 3.2 34.4 12.8 4.2 41.5 2.7
W-PO, Feb 19 1980(5) % 2.9 2.8 1.9 2.8 0.6 0.5 | 0.04 - - - - -
ng/e diy soil Dec 16 198(K3)*x 2.0 5.1 43| 53 1.3 1.0 | 0.7 3.0 2.6 4.1 18.2 31:9
Feb 26 1581(5) %% 1.7 2.6 2.9 5.6 1.1 0.7 04 2.0 2.3 3.3 16.2 24.0

%, Months after second application %%, Months after fourth application; - , Not determined.
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£, RUOB#GHAR OB SIBRLEER LI, UL, 2hliliconTaa s
BETidotre T, AREBICOVTIE, HEMMZEESH T -,

PlEwR Uik 5 c BBy ORAR X » CHEREYHZT 2 BB 4O SEET 5 & Tk
FROESASR b AINEEELSL LB LhICENT,

BIEHCFT » o LB OERL SRO T P L e s hin, THEKASRIE, GREHEY
EEEEXEDEL, TRERRFSAVFHBRE TR, BAROEINCE>TKkYERLERTS
HRIDSED iz, T pH (H0NC 20 TiE, (EEERRDHE D EVEER L, Y75k
5 t KA SR CEER L 2SS, SaRMEHARO pH dE¥ERRoznL 050
AR . BRRERKBHE$ 5 TREROMKAX CHEiERROMMCH > THEL LA
BHONT, BBEERRCKEE ) VB, LFIERR, TREERG S VTHERERICOVTS
Frlsz, NH, - N@&, 75ROt RERAEETR LI, oA THRER TRERROEMIT
HoTNH-NiEFgb L, —F TFTAREBRTRAVIEREDE HE—EO@ELRIIEH T
BHBOCFEERE L 0 Db 720 NO - NIDBTH-71ohs, FRERKTHHARDEMC
P THI L e FBRRBAKONO- N, 7 ER0 t REBRHTHFhbEFERREL S
Rt ah, ~7EREER, NH NECERROSEMCH > TRD Lz, LEPOER
BERRSHEAROM i BEELiED bhiibs o,

: KiEH Y VB, T EREAEEIEEK, ThERRE DhE008L, ~ATBRERAT

AR ORI - TR T SERNSED S, (PIERRE FRERRC A SEGRD
SNTHEREACKEEIAAONE LT

3.2 Fw 4 EEGAR 3D BEBHO LHMEDY

BilE] (554E 2 B 19E) OBH kW THA 2 F 8 (A EKER) 02T s 5 HIEMEYECEER
®anAHESPABEE L, 2 TR 3MABORERKRLC OV TN,
AEHOABHOEARTON T, S 3HAPER Lo LEMENHY (R2) PoREY
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B R R e i

DORERH TEM MBI 54 2 B LW & [—oLEic it » THRE L.

TARBREMAXTRME BRMEMERCEHRBRLERERER, 7re=7BAMRRCS v
2y BRI D20 t K, BRIt K, RREE 10t RTehFhEEERRos o X
VRO EVERERL, TREROBEMCLI2EBAED NI, BHTLRLERCSAS
BEBEIELL, Tre=7ERALERIZ, LEERKD 3 ~1568%, TR aENEE U< 320~
4,760 fEICE L1z, COMTEMEEAN 3 ~ 615, BRMEMERY 4~ USETH -1,

NAFEREBR TR, #E, cRMENERVBHESRLAERILX, 5 v rEaREky
T e = TERGREE20 L K, RRER S t RCERENTARBR:FEOEEBHED Shi. L
pL, TREERICHET S SEFEHXOMEYRCHT 28R, HEKT2~ 315, OF
HEMER T4~ 515, BHERBILEERT 7T~BEEVThGEDL -1,

HEREUACEBMBHX T, EHBRILEESAIEIEFERZRL 2ERBYEAXT,
ENALERUAOCERYEAR T, BEREREN L I ASARTPEVLART, AREST
SHART, & v BRREN R EERR TENENTARERRP A 7HRE & REOEHEIC L
BHBHED D, $5, NEORERCEY O LIRS 3RS HRIMEK
OEPHBEZIEK 02N L OESRICEVEVHIRR) &, BHohiih-ds, BRETER
REIBR TROEBHED bhis ,

WLEKIT >0 T, FTRERBADLETT v = 7 EULMEELE R LAERLE 2,
BN OMBOBEETH - 1e FREEEKTRAEOMCENBD SATRELTHE DL
EZibhd,

TARERERUGSATERRCHSVTHERLBEMBROMOBEES 2 &, TABRRIRBWT
9 2% 0 T YRR M BR D RIIIT F » THIM L 7B0oh TR & & W 73 BIER IR & 475 Ao -
teo 188, FPARBRED S vy 7 GRREK S BAROBEMNBCHIE L2 BINTREEH» -7, Bl
LRI AR OFERYEE (FARUASALTHREGI0t RAEMER) 245 &, Ml KEHE,
BREHEMERUBLE S b TARABRESRGE(, v HAAHEGRHLERR & A TRE
BEER LI TKERIENOFEEMMER, WHETEL » . COLH iz T, FkiF
EORASLIBRMEYMCBAROREEXE5A 5 LML hCE N,

TEBAEYHOUEL BIRHCIT - L HESFTOHR (K3) HoROT EMBAESMILE » 1,

THARSE, 2RELFEORBHIVET LTV, TABRERTRILEENR L 295
s OBAROBIKCH > TER T 2E8RMBED o, SATERKE, 0WIRTERNLOD
ZE TFARGREK &EERBEOKIER Lz, thoBBHX EEENEDOZRHOHTEL 1.
T pH B, TAARRTHIEE AMCEBNR L 0EV pH 250, BAROHEMICE >TE
Rl $F, "A7BEERTHLHERAROMMICES pH © LRARH SN, TKERREH
ATHADP -t FOSLARTOMEAIRE 3 pH O LESED S0,

NH,-N&, TABREOI0ED20 t X3 10ppmPF, B0 HAXSEWNppmEl FTH - fz0ext L
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BN - EOAR Y - IBERISZ - AE

TIhSPADRTH, 50~300ppm EBRicHUS hi, Hic, BbOHRERUELERE TS
BicBibahiz, TARBERRUOASVZHRE TR, BRAROHMCE > TRPLE, ZotiEtbo
NH - NEBHLREOBMFEAA 5 &L 7 v 2= TR{EHIBEO S O FAFRI, 20t KRFTVLAK
TNH, - NS, FEODOETNH, -NBSWHERSED 50 5. NO,-Nit, 2icbR
TH-1el, FREROIDt REREAVTHRON t EAE L, [LFEHXD 2 ~ 45 Th 1.
NO;-NR, BEHPEEUTEL OBEREROTHTHoR S SRR L ) ERBeBH S
N, TAHERDIOED2 t Kid, 100ppm PEDEE -, §/, TABRRE SVFHERKT
(3, MERIELE NH-N OBk & daliic, MAROBMICR -~ THINY 2EmHED S hiz,
NOs- N EBEEOBRIC oL T, FTRBRR THENBECAEENEORXTNO:-N 50
TEHBBD ORI, UL, ORI TE, +HPONOs-N i Kk LT H MM LA
e IR RS BR#AH B & IZV AT,
SATHRUAGEBMERAROASE ) B, WTRLEENROEAINEC, Fuk
ART Y 3 ZHARTHEEENRD 9 ~ 16/ 6Bh - oo ST ERETREE & F AL
HE L 9L o1,

33 BRwAEEKMRSH IR0 T RMENY (564 2 5268)

BilE (O 554F 125 16 B D HEAIE 3 4B H i T 5 pH B AEORE T 70 COBWE, B
4T - 755 1 B E O & 5 M6 2 0 B8 I i 1 —B T B,

AFESOLEREY (R2) b OHEMOMEE S LRBEMRIC S A 5584 2 0 & [
KBH LT, B3, & v 7 BARERE, BREEORESHE TN - b HNTET]
Hh oA L1z,

FABREAR CREE, KEE, CRHEEERUBIENSRT, SREHS RU0t KT
FNEAMEENROERL 0T oK E CERETRL, Bk 2HBESED SRk, KHTH
ML EE S RBEZ0, 7o e - TRIUBEE, LEERED18~308 f5, HREGILAEL,
210~ 3,460 fE L -, MEEUVAEMEARER, 2~58Th- 1. VT ERETH, A%
RHEMB RO T Ve = TBILEEH2 KT, EREBLMEN10R 00 t RT, W0t KT, &
BEH10 t KTTRERE AROKENAD i, Livl, FABEROLSCELVEETRY
Irotee EOROERMBARIC 2T, BibORIERD 7 » € = TRYLEE, HILHRREGL
SARDKEE, EREEMERCREE,  $ XA ROME, KEH, ORHBIERTT
=2 TRILE, obAROEMMEILRE, HEETKOME, CRAGHEEST NEALSE
B LD £ 5D, RBOREBHED G, s, 51 EEOHERO SR8 E MR O 2
EONGHETH>NAAOEEE, SEIEED ShIEH -k,

FARERRY A7 ERRC IO THARE MEMROBEES 3 &, TAERRORBERT
& REEEEE, BAROMIICHE > THESRNET Ui, Lil, REEROE TSR
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HEREEWGE Ll R EwS

OEINE, HRROHMBICFIE L bO TR Sh - o, MERUHCEIE, BRRRSNMET
IEOAEMOERIHED S, BEEd, mAROMNENU FoNERLL, Thiedl T,
SNFERRCRERAREBEMEBRERZEN RS h -,

Bi 2 Bl & Fkgic LM OERMBECSWTRITT 2 &, HEELR< 2BEMBTTK
BREOEMBEARENL ~1, T, BBHICODOTLRAERTH -, I I XLARUEILE
RELARRFOEUTE ~» 1o TABERUAAOHEMEIC AWMEMBROKRS LERRD NN
Sfehs, B oHEROZ NI tho Riz g L TR W HREIIES - o,

FEBBORLELIE, TABRRARVCTT v =TRILBESEBERBMELINE, T
NOOXTHAIE & RBRCRIESBEETH -, —F, TARERE TR, BELBLEETH T,

TIEM A O L BT s L LB ITOER (R3) HhoRD T EMBEL SN &
LB RR OB HEIER DK, EREHREEFEOLLAVEERL, A 7HR0 t REUH
WHEARDBRPEWEE L~ e LU, ORDKFIOFROCEEBXLDIE, v 7E
BIOtRE Y I ZSARTRIEEEME LD PR HECIRETH » 7, T pH i, SV 7TER
5., 10t X, F{biER, MEHERD I I XSARMEEEHR LG EAEELEV pH 2R LT
CRH LT, TAEGR, TR0t RRUGVSARD pH i, bHEMRE0E L, Ti
BRER T, BRAROHINKE»TLER L. Bb oMERRGEHFEMKE T 200ppm & 0ER
@O NH, -N g Eni, - 7ER 10,20t X, TAERS t KT 100ppmbEl L, 3 3 ZHAK
Té T0ppm BHE N, FRFRRE SV THRE TR, §i0& B i fEHRonick-T
NH(-N #gbd 2 @imp@e ohtz, NO,~Nid, gi2 BE@Ric LB TH -1, LdL, Tk
EERONO, -Nit, koKt b SRk X iz, NO,- NiF, THREEKTEE (210~ 330
ppm) KREH LT 72, U FHERD 5, 10tK TS 100ppm & (L2EIMHR O# 2 & DBREHS
B o, UE, NUTHRETENH ~N & RIBRHCHARDOENNICHE > TR BE 0 EBD
bifze FARBGREONH,-N&NO,y -NAficik, NH, -N2SBOWETENO, ~NHvbri{, NH,
- NODIEOWE T NOs - NHE WERSERD Shichd, TREBUAOERREAK T3 NH, -
NOEVRENO, ~-N&EWEEABH ol Ky YT, BilEl &R, duLAKMES
£, ROTIIXZARTED, <~ 7BERUACEHENHEHX TRAZEHR X 0ERBOKE
WY EARINE , ~ATTERKOKER ) VBN, 412 B & AR EERRE 0875 <
MR ROEIMIC > TRDT ERIRD Shic,

3.4 FRELAAOTAVKAN LANEYRCS A SHBOBANER

31 ~33IRLAEOBARC L OERE2aLE T, GMMOBHEAIERENCTA B
BERANCERT 5L LARST, T OBV - SOEKEOMENMOMEONELEL, %
BAEOHATERNILBEC X -1, 7L, 40 BMEEICOTE, BREOMS M SRA LK,
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WEAEEY - SR - MESE - AR

(1D Lismeeomiyic 5 A 2 ABMIGR LS

AAA TR, THRUOEADS LEMEMRICS A B4 LN GiR) RoMemgeies
L THBYER R OBEMEOHIZE L 0 20IEE GITHMGREITS souvls CUTHD
MBEIES) O 2@ SFME L, %1 BRUK Licm Lk 5 e itRE8mit, #Omaslmhik
5 ERBRARORIT->THAEY, ChooMBAEEA L CHMicAs T &tk > THHROK
EMHEINCE D & S B EZH PET TR L, BHOHER, ROLBHTHS,
FRMEEEEHR, MAEmEA T (5 v s BABENER O THY, | EOBRETS
66 755, WIS TR LABHIC L » TRMRUBOHRRES LT CHBRBRERD
chitd » TIMOBAAENC E OBAFBOREL 2OEBEH i Ly 5 & Lk,

1B (556 2 A198) OWER TR, HWNNRORERIE, U%, WOPROTHILIBFTE
BRARIQETH > LOROPYRIT, RPERUHEETREL, RESECOVTRELL
THVTERET, MBI TAERRER LERMBAR TAY Snt, 2@E (SBEI2F16
B) ORERTIE, BIBREORERIIS45%, MOMEDZ N LsBEEHEERORBED )
T, HWBRERAOETH - . HERARE, 1BEHEAZTOS, BONEHSHEREL, 20K
BRAECE LI, $UbEREEOBDHE,SEE L, BHBEREMENSTGL TSHRXIA
DRERX TR RICED -2 & RURBEORMLBED 0 %00 1.5 BB LI ETHS,
COEIRBRRHE L0}, BEE >V TR, AiEEDHRMED o HRYERRKOEY
BENEEEL LIS 72Dk L THEORE TS ALEMHMROEIM 1/ 2 U Te#Ed L
ZENERTHD, BRLSDS % ENPPET L EE-HTHS I, ZhEBBEERRS0T
HRAKTH D, BicEFIENROEMNREMEREKE, §illo 1/ TTeRb L, FILTEERK %
B 2FBYERRK TSR LN -1, Eir, 3[EH (564 2 H26H) OBEHTI, BLHE
RBBE T, BNHRLEGTUBICE L, CORRE, HEE, CRREEERET v E=TH
B I B W THMBRSBED STV 2 ROMINICH 5, MEFEIZ VLT, {LPIEEXA 26
HLOEBOL, 1HEON1 /3 E8 -0 LT, SEBENYHESED >hK TR 1E
HOZhEBERELLBVERERULLILDTES, T, 7re=TRIGDER, LZEHRO
HH2EEDL/ 4, 1HED 10U TR L, MESBRUAD2ERIHMNKC DN TH
NEHRABRBEU 12D TH B, ORIV T SREHROEROELSHEORRCRK B
LTWva. —F fEMGEEER, BAENS S cESREREMSEmL TS, 20D 2080
B, (EEESROBMD 1/ 2 D L2 & BERTS 205, 3 EE ORI, (L2m
HEOFEHM I EED® .65, 2REDAfSOMMERLicdhbbboFRALLLOTHY,
BRMEAECOVTHE, MRCERYOBAREE £ T Elbhi, HE, SRMEHK
s AEERS, EIREECLOOEMLTOE (1 E3EERT2E ITH). BEiE
B, TEPOKAEHORBRESRMT S EVPATH 3T, 2EETEMSETF LTV 30
it, COBATOEIEKSESEOED (LHEHETHS FET) CEERRLTVEL0LE
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PR BRI A A o D i Yl

Aoh3, chielT, 1, 3EBR, BIEEEIKRMRETHD, HEOHNG, TR H
Atk 2 BINERSELRML TV EH0EEXL LD, I8, BRYOEN L AEKOBINA:
2EBMX TcED OO, COBRERUMEIITTH -1,

FARE T A ERMER O L ELE B, - 2.

(2) +HBEYRICE L B0 EHRYRE

TIKBRRU SV THRKE, 10t KenRe L THEREMCEL 28BO[BYMELOR
BARER EMPHRCHEE) ORNE OEME EMEYEC OV TRAEEL RTERDO
iE) OWifmh HXBIz,

$70OTH, ILOHEREE L TTAERMERICAE C, BOTHWSA, NV ER,
1354, WIREE, GILER, b oHBOIRF L -7 LhL, HLLARTOER, b
THUBLDTH -7, @IL2VWTH, HF, ORHEAELRCRHRRCRERIT, 3 hoRERs
THEHUTTRERERSRAREBE R LI, 31, 7re=7EB{EERE, 1EED AV 7HBERERK
MRS, TRERE, coRickniEs, 2, 3EBTR, TRERRSEXERETR LT
LhoofemBieo0 T}, TABRLOERMIIOERESRECRNT, LbL, FThE
RLAOBHMBEEFBME RO 3B 3EBH TOU, 2. — 4, HEERUARERIC2NT
3, GRYMEESHETEVS, BEERTH TAREERBEERAOEEER LI, Tk >k
FRYETE, TRERONERICK ZHE (WINPR) BRbREVWT RSN, Thid, T
KGR EMEN, FCABIBAERVHELECE > THFASEETHBCEERLTVES
DEZEZGNRBH, —HT, TAHREOLTE pH FEOERIHERK P LERERX L DS, 10
tRETH, 6.6~72 diEfhcd b, ThSMEMCE » THETRREH LU -TVWSELE S
REALT V36D EELSND, i pH KHBTH 5 &b T 2RE D ommi, copH
HFHFCIDHDTHH I, 2RFERUVLERSR, RER (C/NI) 20 TTARFBREKREDR
WHLRARIKEDWTHBEE, £OpHAES~62 & FABERLODEN pH THD, BYLE, M.
B, BRMEMERE GFLCBVERERLLC PO BT ShE D,

PLER L XS K TAERDI0EU20 t ROMLERE, tPIEHRKCHLTS, 34, 5t K
é%ﬁttt%éf%%%ﬁﬁm%ﬁbtoCnumﬂm®ME&UMD®mmiﬂpﬁﬁmiﬁ
@y LN BRAEFREALRC BT 2HEN 7 0 7 DHKER—TH > 72,

PLEDBFHC L OEBR b S0, AEFRIc2V T, BHBRM 25t/ ha &b, KA
BEO» o, thoBRMENXEORBEITENY, COBROLELRSEEEILOBACL T
FRELOGCHLATNLLELEBTHE T 3 L, BEECOWTE, TABERD S t K&E—HT
b, TLTHROMENHLARET LS, HAIHAETE, H8 ERHEHERUBEETT
KIERED1/2~1,/144 OEVERERL, SHARTR, MEBT1/4~1/105 LEWE%
Lo COLEWR, BILBERSHENOBEE LTTABREEBLVILLELD S, BLARK
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BN - AR - MEST - AR

3R LAk B4 pH OREgATHEEZ Sh 5,

(3) TARHBERETAAZHEREKI BT 5 HEO MR &S 0BG

TRBREENMTEROER KRS, 5, 0RUXt/ aTH . 2L TLORNBOEL
Kﬁ?é%@ﬁé%ﬁ@%&@Bmﬁwﬁ16ﬁ$%®ﬁmﬁ%&ﬁLtoC®%®ﬁﬂ%§ﬂ$
MBORHARMEL, LSDs%ES, HtEBOZNE 3. 3fElisHEs LTHEL, £/, B
HOMAERM (5&10, 10520t XM OFEE, T TH 5 1R EN IXMIc RS EE B
BAERILREHH O E L, £0BE&E, (R LXK LI,

LB HORER TR, THERROME, SRIEMERUEHERRILME CRIAR), s 7
EXOEBRMEME, 2ME0RAEKRTIE, TRERROMAE R kv 7 THREEA,
NTHRRD & o3y HRE (AR, 3EERERTE, PKERROME CRERRR), BR
B, REMYOBLUEELE, v EEROGEFHEDRE C(RREE) #5, BHEBOBINCHS
ERomER Lk,

L& CHAROEMCHE LT OBLE s 5MEMER, TRERERRCES k12
B, CORTHERIEREVHOEME, BAROEMARCHELTHST, 2 IHVEGTH
B, Thica LCREREEId, MR OMmEL, FOBRELEINER LI,

(4) BHLEOBE &+ HdhORBESE
FL LR, BREE TRBRLEHENBCEY 5 BILERORMELSEHL, MEOBE
BT »T0BZ EFMSHT LA D, g0, a1 ° Voo TED FRHERIE TS R 8
ALEROGKER TGRSR £ HA508EE LBk 0 Th, ThAETRT 3
BHELNI L EABE LI, AFHAETE . FTABRUAO LR TIAOBERLE Y vE=
TEMESBEETHD, WLEOEBEL IR 3ERIBOoW b7 CThid, TheOXK
CA7ERRERC) TH, REpH HEC, BUEESKOMRESIHESND L L bit, Z0pH
OEBEZG 2T BRBBREORENE L CMMShEbEELbhE, SLTBER
@ pH b TKERRKICLET 3 EEVD, LESE (F3) #5234, NHi~N BB 5 KETW0
tRTNOs-N 6% <, ¥, pH 2RTHBYK TORRIRKSED >h, AREHE D
OEBAE S ECHHLEDO BB AU+ 32 LHTERVODEEL OGNS, —F, FREREXTH,
W2 BOEAS T, RUCENECIEREAED SN 3EEOS BREREI S LE 5 &
st Fi 2 EOFEERTE, 7 ¥ E=7BILEREORD & HRBEICRHEO T X ) HEN
D& -TVEARIAL2b0EEL LN S, 3MATH, ZECENBMBCAEENE {, ¥k
BEOBREEBENEC -TVWEbDLEELLRS,

FEPORMBEEEDS 5NO,-N i, VFRS 1ppm YUTFTH > NH~N & NOs-N 12D
VTR, | EEEEETRAE L SR TNO-NBEhot, Lil, 23@ATE, ThER,
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AR AT RO

FOLARUNVTERNt KTNO;-NME L, T pH B5LUTTH - i lADRL2ET
NH-N 28 h-t,

TRRUE SV ZERREE 2T, FRAEARE NH-N RENO;-N ORic>WTId, ROBMRK
BRD LN, NH-Nid, 1BHOTABRRAZRGTWT N &HRERARO M > THD
FTAHEMMBRD i, NO:-N 20T, 2 3RIBOTAEFERTE, MAROEMICHE-T
WmL, NH-NE@OBMHENS D, MAROMME & &CHEBMERIET L TV AT EMEHS
hiz, e LT, #A7BERETE, WAL ENO,-N i, FREMROMEMCH > TR
B L, NH-N ER—OFEERL, NH-NSZ2OREBEHEBILESETL T340 EELL
N5, TAERRUDOSARKER CEEMENX T LEROERHSRD Sl

SNUTERE, 2RESBHOFLETRERGULERCEL, AEROBHTIECIRERS
FORBLOGRC 2 TR0, BXLFHBRT v Ty o TS, UL, KAOBEH
Vs ik - TN t KOBREAMICERNMBEIRE L toBEShT0 3, Chikt
HANORE, S bREASNE, §78bb, #3WRLAZLIIL, NH,-N ENO,-N &, FiEkE
ABROBICHE > THELT2EESRH LN, 20t Rickd 2HBROEERGE, FLEVET
Hotie COXITANTERBARKIC 1 2 MHBRIEEIERG, SREERORBOBEECLH, -
TOBHDEEZ SNE, AL HIUSENBRRMERIPR T oRE L TH O, ~17ER
REFFEOREMEL ~TVBEEDEELLNS,

(5) HRMEALEOKELEY v 8

s nERYORZE, dvdA, X584, AEBREDOLI LY VB (T-P,0s) &
LTIZRED ) yBEESLLOSHED, TRERTE 2R Lo YEENERFIOTH S, F
HAEO ) Y BBRESE, 480 (ELE)YD LBV, WRERMPO ) v RO TEhTORE
Elbiw & - TKsHE ) “B (w-PO & LTHER PRESNZOTERWALTFEL, LiEdo
NOs-N AlERKMHE RO Y »BARAIE L. Z3kmlLick i@, £V VERSERDEVL T
SARUI I ZLABAATEO w-P0, 3, {LFIEEE®D 9 ~16f5iIKE LTz, E£, T HRER
PAOEBIEAR TILPERR LD B0 w-POSBHE N, —F, A THBREROwW-PO,
3, ALFERR L bR, BREROEMCHKE > TRDT ERBED Shic, 2ol b,
AT EROBEKFE LTHB TV = aHREANTHALHIL, TLI=vLaigksd) vy
OEENRL »7c L EEFRELTHEEELLSND,

4, F&ob
ERREEMBBAINTHARNEASEERE vy -0+ EEEaSH:) oFEE (0
~5cm) % IRFI54 R U5 DA(ERARI bz 3 [EHER L, RO ML HEosEmitc 5
ALARBLHLAL T HOOMEETT ~ 7, ZOtEicid TBoOEEREEY @l TARER, -
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B - R - IR - AR

AT TBRUABMEETISORANEER, 7 7HE, BEHEE, I X0LARTTVLA)
DALRIEE L & i 1979 FRIRBAERUA/EMORES 2 WAL 2 FIHEI v 5,
CHOHBEREMO 1 BN OBARE, KRDOLEBY TH -l WA FAERRE L7 THE
#€5,10,20 t/ha, b FITIBER 25 t/ha, 7 7 HIE, MEHEE, I XSARTTVLAL

t/ha (WTFRbEMNLE LT « WERIEF, SEYORERERDLFESOLHEH S h,

W TABROWRTDL/ halk£ 50T, HIERESHOMRAIT L 3EROBPRTET, K8
HRUBLEO—2& 5 0 id T2 2O TERAORRERKCED S hic b, RgoFiR (34
B) BB Shh -k,

i PR RO & 2 S-S AMHORE SN 3RORER %8 U TR & & VIR TF
Boh, FOSART VT IBERSTCES, fb OHEOREBER/INTE -1, 8P Pk
BROZREMN (0ROt ha) k- THEESE L EMLLY, ThidgROMEIRES
HBCOFEROBACEAZTEpHO LAARM LT E6DEEA LID,

G EFEMERL, AREEMOERC- TN AL, Tk, 1EERY 3EIHERER
COWTIR, WTFAEROHERROMINCH » TRAKOHIT S EhHh I,

B R
ETEDRFCH > TH, AHRMERE €5 LR BRUHEBE, HREXIIHER
EBEMEEHERCHE, THEAMORIICSRECHAE VL & & b BARRYORS
RO BT 5 R TR e, Fh, BB DR & IS
i, BEEGE, IMIGE, TRTETF, MMETRCCHAZOREV R, RLTRROEER

T4

Bl A X B

1) BAHES . % AZe ARH M- SOES BEX— (1980)  FAGEROLEEM 2 HRRKICRE
TEB, 54 v2—5 58 (). EUATHRFRRRS, B4, 79109

2) BHREG. AR M- BRERESZ (1980) @ FABROLEEALSTHERBICRIETIEE, 74X -5
—wg (1), BN AERAFRRSE, $145, 111157,

3) BRI . R M- MRS (1980) | AMBERYIHA HIMic BY AT (D, HMBEYERLE
OREM T v 3 BLGLEMEE, EUAEHERHEYS, $14S, 185 — 201

4) AE . EHEE ARH . BSEZ . HARE (1981) D FABROTHEBRIcSL B8
HTE R & R REKERA S UCICE K OB IFIM I T 5 ERNHR. HY Bk FREss
B 86-R33-3, 41-58.

5 FkE{ - EEHENE - REHEZ AR - DEGUS - MEEY - AW (1983) @ FABRREAL
HOMEN 7 o 5IclT AR (1), GRERTAEROSEMAESKERY 7 TOMEMRIC S B
g EuoSHRFHEEE, 3468, 116
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TIAVRR MEATROMENH

BHEE . ARH @

|~ Microbial Numbers in Soil Amended with Composted Town Refuse

| Kunihiro FUJII' and Toru KUBOL

Abstract

To evaluate the effect of composied town refuse on soil microflora, counts
of microbes in soil samples collected from the 0 to 5 cm soil depth of Nagasaki
vegetable farm and orange orchard amended with composted town refuse were made,

The numbers of total bacteria, actinomycetes and fungi in the vegetable farm
s0il amended with composted twon refuse were higher than those in the neighbeor-
ing forest sail. Especially, the numbers of nitrifying bacteria were markedly in-
creased. In soil samples collected from the orange orchard, there was a definite
increase in the number of microbes as a result of refuse application.

1. @RLsIc

TS TICB O THRERYO > bAERUET TAER 0 & 5 v g mERmnEEE>
REEBMESETABTRAEA L BOoMEY 7 o St oV THE Lz, ThoOFAFRL

AlBiast s LTHEETSEDShES L LTV AEBERNcET T I 2 HEA LD
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LB CECHER LB OEMEE R ORI ENRHRICMT I AFICBRPLTEY, 7

13 VAR POTBPTONME (BERIOEDHSBRN - MATE 2EE~OER, 2 VRO

M&T 5 H BB ) IR BESEEE R LTOa LM AN IS 2 2B AT SRR ICDL

READEHENATVWARETH S, T3 vRAMERALBOREM 70 EHOHIETHILE,
2OTBPTONMEER s TVABMEYERLHRTEHHDOFELHD EBLLTEETH S, &K

HER, T3 VER P ORAVIEOREN 7 05 K5 X SEBEBYT LD KT - LRIBT

RAOD o YRR MERATEOBEMRORABELRRBAT L0DTEH 5.
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Water and Soil Environment Division, The National Innitlete, For Environmental Studies. Yatabe-
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MMERGTTHE, BEH i, REHABE O 1 v# 2 r ERRAFTEOLE, 26243,
2 1 OWSMICHET AL TH A, BE 1 LEA—OLHFARE T ¥ E R MERE
DED ottt ThASES 1 O & L, B8 33, ESHOMBRI00EFEEEI 7~
Bo+LETHY, SE4id, NIRBOTI o vER NERHA L # VELRTSB, BE51E, &
£ 4 & E BN OREH L E TR 4 ORNBRETH B, ChOORKHE, BFIZPTIRM LS
KARSIHERRE SN TBOTAETH S,

3B, MME S 3F, 100mIBORF YL ABUETHEER VT 0 ~5cmD L EFMW L,
EH L THRZCE B 2720 ThOTREME, filY LA-—FEc k- THM L, LHEmE
MEAERSEK & Lz, '

ZhosLERR IOV T, WEY LAk LRMAYERES i - THE, KRER AR
B ARRTIRET, WRLREE (7= 7RICHERUERMRRAE) HERREERC L
DENTHEIE L, SHERMOMEYBOREE . 1508 14T, FRERE L AT R,
VISEIEE 2 AWRER, | FRER 4 TR TTY, BREEIZIOEERS &5 BETT -k, Thb
OREC DV TEE Vit > T pH (H,0) 2AELH. pHOBERIY, <2 < /HBE
SS—2RAML, 1M 2ETIT »F

3 HRRUER

#1ICAMEYRUTE pH OMERKR AR Lic, 1HpHE, WIhiHgids o (K
0, 1AYETETE, TiayEArOBHARL DB pH S ER L T,

T30 vHER P OBEANTIEREYEI S X ARG FRMIC OV TH LW E LBRT S
MR+ OFh & L ST 945, BRBERT 21, RRERT6 il 7o, HELR

% 1 JiovERMERIEOBRLEME
Table 1  Microbial numbers in soils amended with composted town refuse
(Numbers,“g dry spil }

Saﬁg“e Land Use 'gggtgastt?; of Bacteria 2323;3_ Fungi, gécct)e;ria Bacteria | Soil pH
town refuse | X 10 X 1¢ x 10 x107* x 104 (H,0)

1 Vegetable farm | + (Heavy) 938 1.5.8 163 24,3 8.2 6.0

2 Forest - 10.0 8.3 108 0.1 0.3 5.6

3 Oranga orchard - 285 118 178 0.5 11.8 6.3

4 w + (Heavy ) 717.8 19.3 958 16.1 16.1 7.2

5 ” - 473 20.0 1 438 7.3 3.8 5.8

A.Q. Bacteria Ammonium—oxidizing baeteria
N.O. Bacteria Nitrite—-oxidizing bacterija
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B9 Bici, +ARERRSE SNRRETH LENS B,
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2 bEER LARUAPABRTHEOME, BRE, ARE, HLEREAEL, ROBREE,
1) FiayRAPERA U GFEE b omEsmsid, SRE LaBEittiEon
AL 0% <, & RBLEEHE L<BmL 7,

2) 1A VEIBicE T ia vy X OWA L OBEmESENLE,

I
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BEs DEARAERICIBEENORRK SR LRI L » oo i, BEMHORECT,
ST EBRANANE RMELZHRE, DAXZEEREFSR RNERRCIBHZOLL VL, ©
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8.
ThEROTBEALS LADSEAFHICRITT RS

WORA ABRH > BEEZ
LA - B

Effect of Domestic Sewage Sludge Application on
Three-Phase Distribution of Soils

Takencri YAMAGUCHI!, Toru KUBOI?, Hiroyuki HATTORI?,
Mikiya HIROKI? and Kunihiro FUJII?

Abstract

Domestic sewage sludge was applied to 4 soils in outdoors-lysimeters (sandy
_soil, light-colered andosol, alluvial soil and humic andosol) and to a light-colored
andosol in an experimental farm over 2 years.

The effect of continuous sludge application on three-phase distribution (ap-
parent specific gravity, specific gravity, soil phase, liqQuid phase, gaseous phase,
porosity and actual volume) of soil was investigated as compared to the chemical
fertilizer-amended soil,

Soil physical properties were determined by the heat dry method or the actual-
volumetric method, and the following results were obtained;

In ocutdoors lysimeters, there were no significant differences in the physical
properties of the various kinds of soil between the chemical fertilizer-amended
soils and sludge-amended soils. On the other hand, a similar trend was also ob-
served in the upland field.

1. dLsic
RO+ SRS ROmEE i RIFTEBI >0, Lunt Vi, TABEBROERA 25RO
SKE, ARBRUBMARREED D CEEBME LTV S, 31, Law 52 i3, FABERORK

A, TROERYERY BNEY, THOBLEHIRET L LDEPLFRTHELEEH
HELTW A,

L Ev/AEHAR BT T 305 HEBRRMESHHE/NFI168E 2
Division of Engineering, The National Institute for Environmental Studies. Yatabe- machi, Tsukuba,
Ibaraki 305, Japan.

2. RZKELHEMESR T 305 RGPS DMENFI16% 2

Water and Soil Environment Division, The National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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EHOI, TABRORMEMY, LEORE, GYOLEROESBRORNR, HERS OHE
EREMTRE, TREETHESETRIZFTHEEBETRAT D, YHEHROBAT A V£ —5
— (BER) SERUVMEAIEE 4H (—EH5 7—A) 2RWT, BHs4E TALD TRERKR
HBE2EBLTVS,

FHER, TRERAA2EE (4ELEA) OFERRVMMIZIBOETBICO2VT, TRFR
O+ EERA LB IMSFICRIETEBIC OV THE LD TH S, o, HIB3E @& -
Wi - G4 OB IASELTEh, TEOBRETTERNUYERTH S,

2. RBHE
2.1 FThERRERHK

2.1.1 HERER

RERS, FEY RLELES T, DE L GRRIIBHTRA), kR s 48 (KKt S,
FTREt), MHtE CKETEL) RURK 78 URLE, £1) 2R TA LLHES 2
fl Lo —20O+15 2 BOHBERIK R TASH, —HIACEIEEZHA L, 5K TkER% i
B Lo {2 omBRiE, {LRiEs (8 —8-5) 1.5 kg (105kg/10a), 1KY ~iE2
kg (140kg/10a), HXFAK 2 kg (140 kg 10a) THY, TAHROBH R, KI0%
BET361kg (25 t/10a)TH 72 (1)

£ 1 NEXEZONE BEH)

Table 1|  Treatments and their contents in experiment (Outdoor lysimeter)

1979
Soil Treatment’ . .
Summer cropping Winter cropping
) . Fertilizer * Eggplant Wheat
Sandy so Shuige ** Egeplant Wheat
Fertilizer ™ Eggplant Wheat
Light colored andosol
Sludge ¥ Eggplant Wheat
L%
' Fertilizer Eggplant Wheat
Alluvial Soil o £EP &
Sludge Eggplant Wheat
R 2
Fertiliz Eggplant W
Humic andosol ;; & heat
Sludge Eggplant Wheat

* Compoud fertilizer § 1t/ha (8—~8—5)
Ground dolomitic lime stowe 3 1t ha
Fused phosphate ; 0.6 ~ ha
* Domestic sewage sludge 5 206t ha as 70% water content
Application  of ‘Chemical fertilizer or Sewage sludge';
Before summer - am winter - croppings
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£ 2 AEXEEXORE (3H)

Table 2 Treatments and their contents in experiment (Field)

Name of % Sewage *x Appljcation***
Treatment Fertilizer shidge per year
c —_ — —_

FC + ' - 2
S - small 2
My - middle 1
Mz - wniddle 2
L - large 1
1979 1980
Summer Winter Summer Winter
Cropping Eggplant Wheat Eggplant Wheat
sequence Sorghurn
*+ Compound fertilizer (8 -8-5) ; L t ha
Ground dolomitic lime stone 1 t . ha
Fused phosphate s 06t /ha

**: Amount of application

small ; 125 t/ ha
middle; 25 t ~ha as 70% water content
large 5 50 ¢t . ha
*¥*¥%1 1 ; Before summer - croppings
2 ; Before summer —and winter - croppings

FABRIE, WRERAE S 5 RBA LIS B OB, —+ 2K OEREAEOE $E 2[H,
BT ORAERIICHE M Uiz, 8 LABROMBEROBARIZR 2 KR LI, B 1 CRLR
SEHBICH - T, WRBAER I, BAEF 2 (FR2 D), &MF7 6% (EH61D) 2ENThik
Uteo ERRISSEEREIAE & 0 2T & bHIM % B¢ #1810 & UTE 2 DOMBRERHRRE LS L
Too 1535, (LMK & IREEH A L,

2.1.2 BBER - :
MBI i SR|AMBLER, JEMI - 1138 THAY . CORBIR, BISEMFICLT
ABE L b0T, ZREAKET 1ERYRELEENSKA SN T TH Y, EEADED
PERBETH D, B, AREHRURIEHERR IR LiebTH S, HREARIEY
ELT3T5t, 7.5, 15t/ ha & LT, LEAK (3.75t, E2EMA :S), PERX (1.5t
FI1EKA M 1IRCE2EHKA I M2), $8K (5t, 4 1E#A | L)OLhThEEFEb
I B L TRE15cm &iRE Ui, el e LTRERK (C) RULZIEMR (FCIER
@, HE6HBRE L,
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BRFISAER W EAEE LT+ R, BEE LT aFEHIE L, MASEBERESRE LTF 2RD
VR b, BAEE LT o A ¥EREE L,

2.2 T@IWKHOMNE '
TAHREERBHOSRRR L 0 187 7 £EML €, BEAOLHIC oL THESNE D, 1
HABOTE GIBMT - 138 11, XERED KED, LEOJMAHENELL, 45,1
B, BERIC oW TIIIASEES 140, M8 I3EMs6E 5 BTN L,
HRMBII, BEROBARRE 1ICE LAME, 7, HM380oBaBR 2 KFELANETS
b, THEN 100 m] O+ MRV TRIEA ERN 4 R o, #RTBORIERR, &
THBORELEER | cn OEXICROBRE, %5 it -7, REUEALREE I EE SR
KB cn OESIEAL, BEAT->7.

N
[~ \
®
1
s
®
2
®
3
N
—
Im 1m
X 1 AELOTEENGE B 2 2o HREmaE
Fig. 1 Sampling site of soil in a Lysimeter Fig, 2 Sampling site of soil in a Field
® ; Measurement site ® ; Measurement site
%% ; Plant site
o ; Experiment plot
3. BRRUER

2 R 4 B b7 FABRS 5V IMEEIERABA LAEERO 4BoLEE, R 26mH
bt » TFAERS 5V JMEFEMEHA LIMREROLEIKOV TED 3 MAHERE L,
ZOMREFIRVE LR U BEROS TR (2 3) RUMMIEE (X4) 0&RBRR L8
BT, TABROEA LS HAOMLE, HILE, B, w8, SN, LREROEEMILS
FRBTILRIENE & O THBENBD Shdh ok, LOLAKS, HERILEVT, Zhb
3 MBI T S EWNMERI, 4RO ROM THIRMESEY Shic, TKEROH

- 128 -

]



hy

Tk ig R0 B AT O SR I R T

% 3 HERcHIATAEROLERASLED IHAHIIRITTHE
Table 3  Effect of domestic sewage sludge application on Three-phase
distribution of soil in a Lysimeter

Soil Sandy soil Light colored andesol Alluvial soil Humic andosol
Treatment Fertilizer Sludge Fertilizer Sludge  Fertilizer Sludge Fertilizer Sludge
Apparent X 155 156 068 068 1.24 1.15 0.65 0.60

Specific s.D 001 0.05 0.04 .02 0.06 0.02 007 0.03

gravity

Specific gravity X 268 268 262 281 276 2,55 248 248
S.D 003 Q.01 0.03 0.02 0.02 0.30 004 0.04

Solid phase # X 58.07 58.43 26.11 25.86 43.00 45.77 26.38° 24.28
8. D 0.95 1.84 1.78 0.73 1.78 6.16 2.91 1.57

Liquid phase %) Fd 412 6.7% 3588 2022 3225 3115 3259 3067
S. 1.46 1.51 2.11 1.29 1.19 0.71 317 1.03

Gascous phase X 37.81 34.82 38.01 37.92 22.77 23.08 41.03 44.72
* S5.D 1.63 0.59 0.75 1.76 356 6.80 5.85 2.67

Porpsity @4 X 41.94 41.57 7389 7414 55.02 54.22 73.63 75.72
S. b 0.97 1.84 1.78 0.78 2.46 6.17 2.90 157

X ; average S. D standard diviation

£ 4 EHEEcERA3TAREROLIEBERAGLEO IMNAMCRIZTHE
Table 4 Effect of domestic sewage sludge application on Three-phase
distribution of soil in field

Treatment Gaseous phaes Liquid phase solid phase Actual volum
% % %* %
o X 441 335 224 559
5. D 15 05 1.0 1.5
FC X 40.1 366 232 59.9
S. D 15 0.5 15 15
5 X 444 34.2 21.3 55.6
S.D. 06 08 0.4 08
M1 X 439 342 219 56.1
S.D 25 08 1.6 25
M2 X 415 : 359 22.6 585
S. D 27 14 13 27
L X 463 321 216 53.7
. 8.D. 15 1.0 07 t5

Treatment C ; contirol, Treatmenmt FC § chemical fertilizer, Treatment S ; Sludge 12,5t /ha
{Before summer —and winter - cropings), Treatment M1;Sludge 2% .'ha (Before summer -
croping) , Treatment M2} Sludge 25t ha { Before summer -and winter —cropings ),
Treatment L ; Sludge 50t ha ( Before summer -cropings)

X; average S, D | standard diviation
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A SORTI RET HBI >0 THE SV 1|, SETE GEEt) K TABEREEMEI0aY
2t (BKESEE) 2WAL, BN vva, KE2AF 2 4 EMSESRE L, B8 5H
ORI DD T IMAH AR, TAREROIERAE LEOEMBLET ¢, mARUK
HREHRTIERLSH S EHE LT3, ZRAETHE, ThOoDERRED ShEh -1,

ML REITB T, TRERYOSESH AT S L, 1E0 IEAMIE, EESRLT 30K
RUTHHE QH+RA) MAL, KSREFROMATIILUBELBRL LTED SN
TWd, REBIR BT, HRFREEBK Yy —+ 28R LTHEOT BB LT, B
BRAEOKR, BRUICR LA L YIC, EXIMICHA LT AEROABIHREA L EDHTETLE
PEREINLILEH oI BhOIIEEFRYSBEITNIREBAL T RO L BHlS NS, -
T2HEMOERTRIEONMBURE(EA BN VEEZ ONIDTLSE X LR ABRLBET L
EEHAD .

EH | DEISCBYSEROKHK
Photo. 1 Sewage sludge at. Sandy soil

4, E&H

PEL, #eEA/1ETEL, PHKETRL, 84X tHETERTA L, MREE Li
EEARBHRUHEEY 2 THOMMIAE (I -1138) 2RVT, SERKEROERARES
S L, 2FMEMRIC HEOWEEARIE Lk,

FTORR, AEROZLERCEHIZHOEREAR &{EFEHIR OB, +HORKE B
B, ER, RIEE, SR, ARRRUEEROVERCK LTARSRED SA I -1,
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Yield and Nutrient Uptake of Rape Grown on Humic Andosol
Applied with Sewage Sludge: Lysimeter Experiment

Toru KUBOI', Kunihiro FUJII' and Hiroyuki HATTORI'

Abstract

Combined effect of application rate of sewage sludge (0, 9 and 45 dry metric
tons/ha), liming (0 and 2.1 metric tonsfha) and sampling date (20 and 62 days
after seeding), on yield and elemental concentrations of rape (Brassica rapa L. cv.
Komatsuna) was studied using small lysimeters filled with Toyosato humic andosol.

Increasing rate of sludge application resulted in tlie increase in growth and
yield of the plant at both growth stages, whereas the liming slightly affected the
yield, Phosphorus and Mn concentrations in rape also increased, but Sr contents
decreased with the sludge application. On the 26th day, Ca concentration was
higher in the applied plots than in the check plots. But, the reverse relation was
observed on day-62, Tips of young leaves of the heavily applied plots showed
necrosis at the later stages of growth, and the symptoms strikingly resembled those
caused by Ca deficiency,

Plant uptake-efficiency of N and K from the elemenis in the soils (including
sludge- and lime-applied soils) was higher than that of P, Ca and Mg. Most of the
available N, K and Ca in the sludge applied was absorbed by rape during 62 days.
Results of soil solution analyses suggest that the subsurface soil was the major
source of nutrients at the later stages of growth, and that the major source of K in
the plant was not derived from K in the soil solution but from the element in an
exchangeable form,

iRLBHIC

*,
1.

BRI O—Fi, BALHTHSLMIGEEEAS (4770, B4R TREL..
EUASHAF AELERES T 305 HRRRHNSMMENF)I16% 2

Water and Soil Environment Division, The National Institute for Environmental Studies. Yatabe-

machi, Tsukuba, Ibaraki 3035, Japan.
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B — CLABNELAEE  -TESEE (iIThh, T, 3) FTREBOHA S L - {EY
ERRLKAOBELE - NENERR — 03TV, ZOXHIBHNCR-HHER, &
{DPOEROMEEREHEL LTTLOhTEH, THhoDkBR, KFLLBEEIEICKR
LEBBIKRERATEL Y, TREROXEIBENEEKILOBEMTHY, KA L -TEHHE
DEACEHECWMENE & O L WMBIEIAZ CBLT, INOSTROEHEHBILOIL LT
BPOTHB, ,

AEEETI, BEAOPRS 1V -5 —RBE7 HBERTAL, FTRa=YFERELT,
TAREROKAR, 18 pHOBE, FIEHHOREY, RE LSRR 5EBEH /. ¥
fz, TRPROER LEBERVPOZELER, 54 v A - - oOBTROKHE, RUHEMYY
B L-aRBREORGRS L, BRIOREZDOFH RARIEEHRE L, ChoofREL LK, T
KEROAEZEHEE LTLBIr A T2 BA5OMESLRET 5.

2. EBRAE

ERIKFERALILI A YA -4 —if, #, #75cm, S0 cmDAF Y LVARTH D, KiB2B°C,
BEOXOEMLBEAICRE Lz, 74 V4 —F —RETALLIER, $8E£718THY,
KR HENEENOTEMOES 0 ~40cmpH OB LA, o, 5 LA TAhERIE, LT
HNOEEMM T RABROELFRTHY, ChERXEEHRE, BB LTHER LK,
ABXORNFEEEAE 1R Lz, ZBi, BREAR3IKE (0, 1, 5% (HAXLIER
N—w b)), THEpH2KE (BEXT0, REEXS4) 2MAGOLEHL6 K 18R TIT >,

NOT LIMED LIMED

SLUDGE APPLICATION RATE ()

LYSEMETER No. 1

TINETABLE
1979 ULy AUGUST SEPTEMBER
DATE L ll[] . 2|0 all ]..U 2|0 Wl ]iD

weeks @ I 2 3 F LB 74 8 n

THINNING 1sT HARVEST jnn HARVEST
SEEDI

START

B 1 5404—5-—RBOBE

Fig. 1 Treatments and a timetable of the experiment
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FEiREBEAE L, HEXKE S{EEHEMA AP </, HBHEEER S pHEIE (Ca (OH), 21{#
Bl ZHBO~10 cm, BEHS S oon REOL LT - 7o MEEEA 1 Eliﬁic:t'?“/‘)'(B'r_a,aa*
ica repe LIZBEL, bAREMEINTF A v A—s — 1 B4 hI6BEE L, IR, B8
#%26 BHIC 8 B, 628 HILERD SBICDVTIT-k. ZHOORBEOHMIAHRY 8RNI,

IMEFEEEL, B, BRI HTR (ZR) OFSMRURBRERI D0 TiT-,
L, 26 HE OB IMABicadFicERAHE Ui, EYEFEmEE%80°CTI1H,60°C
T 2EN LEEER L BICAIE Ui, &Rk, MUt BERRUSEC & CEH L, BME -
WINTRELL, BEMRATKERT T, B LTHFR LK.

WHEhOTHERIT, TXTLaFEE Lz, 88, Zhlll, nEE2R TN TRRLESTHRR
T3, CEN  BBHMEEBECNI -~ (&, Yanaco MT 5008 Ta# L. P, K,
Ca, Mg, Na, Fe, Al, Mn, Zn, BRUSr ! BFEE200mg (8 LEH) $5413 400 mg
T FREL, HE (bml) —BEXRE (bml) TERKIL L/, RREE~TATIC SR
(1%) 2z, A% | BHEEEERO TERK 100ml &Lk, ZONRBETOETRRE 7
3 X REDEAET (Jarrel -Ash Atomcomp.,, Model 975) TREBERLIz. LOHE
WHDV, Pb, Cu, Cd, Mo, Crid2HMT, ThTIHARSORBETERRRAUTTHY,
AsBbCEOFHBERENC L, SIRAETRHBTEIPKAELERATELCT S BF
MR L L, 8, CORIER, RRRAHARNROMrEREREL TIT -1,

HER O FAERPOC, NARIECN 3—#—, K, Ca, Mn, Fe, Zn 2R dIEMEE
FX k2 (Ortec#, TEFA Model 6111) kb, $/4P, Mg, Na ®28, CEC,
pHIREEY, KC) Bl NI, -N &AKSBE NOy— N, NO;—N, PO,— P, Bray—P &Y
izt -THIB LA, EEitfaERd (Technicon, AA -1 L#, TEEF & EHEKDONH, -
N, NO,—-N, NOsy—N, PO, ~PRBEBLEER, Ca, Mg, K, Na REFRNEIC L »T
Bl Ui,

3. RRLER :

PR LR EEROBILEHEIRIOE BN TH S, SR THIBEE XK THS 120,
BHET, HEBRBRAR (C.E.C) &¢2Camdiickahdot, 25, TEMATH-1T L%
EM LT, B#bECa L Mg SSHBME <, BBONZMBEOSKESEED TV, T, 1
AULATABROZNIE23%, 2P 0.9%7T, THEVIRBLKESRTH 1M, K, Ca,
Mg OLBRITEE FZIERL TH » 1. THABONE P, RUSHRIESERE IR, TRID ERD
RHEL EE EThT 0T,

aw v+ DEEEBER 2ICT Lk, #BE%2688 GRMAEE) TR, FltE, EnE:
bEROBAICE »THML, MERMELSEFCRED Oh, T/, BRLD OEROLERXRY
BBREZVIEH,S, TONPE TONBEMIZ, BEEEOBARIZHDTHSIEFLL L+
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Table 1 Chemical properties of the soil and sewage sludge used in this experiment

pH C.E.C. Exchangeable
H0 KCl Ca Mg K Na  Base gposhion
meq.” 100 g %*
Soil 54 47 325 14 45 18 0.12 138 425
Sludge 65 6.0 - 220 111 3.3 81 - -
KCl .
Soluble Water soluble Bray’s Total
NHy;-N  NO;-N NOy-N  PO-P PO,-P C N C/N
pg/g dry matter %
Soil 0.9 0.1 27 0.10 48.3 6.1 0.4 145
Siudge 208. 0.3 115 318 1502 13.2 23 5.7
Total content
P K Ca Mg Na Mn Fe Zn
mg g dry matter
Soil 26 74 7.9 272 0.83 1.47 75.4 0.114
Sludge 9.0 6.6 77 384 10.2 0.32 45.5 0.303

Total content

Sr Cu cd Ni

mg /g dry metter

Soil 0.115 Q.117 trace 0.014
Sludge 0103  0.106 trace 0.070

1% pH ORBIERBAX TR S TR o708, BREAAX TR pHHEROLENS -
. 62 HEORES, BEUhERGARICHE - THINL 7. 2EYEOENEO62EE /268
i, 0% - pH KEERT 33,04, pHEEXTSS8/ UTEE), 1%4KX29.3% &

6715, S5HR AL 1728 THY, EEBPICE L OEMEEIG 1T SERLTO 5,
EROBERLMENZE, TOMERPE{LE-Tlk, Ok, AEXMONBEZRI26B8ELD
SIS ot $HEEL D DB AE XA E % B, EHREOMH LRRROMIE
EMOMMIEEBZEERLT S,

BV OTRSRE R 2 ITBY o, BE %26 B BN L BYROTRERO Y5, TRE
B ORAIC & > THINT BEAR H 7601, P, K, Na, Mn GLE, pHEERRUKHE
K), N, Mg, Zn (UL, pHEBEK), Ca (pHHIER) THb, MPHiEIIS -7 bDRC,
Sr (BR) & Al (pHEER) TH -1z, 620 HOMHETHROKBICE >THM LRI
P, Na, Mn (FROHLBEMTE), N (PHEEROK ER) & Fe (pHEEROMTHIT
0, Wb ULATHIEICa, MgRUSr (EIX — WEhHl) TH >, 2 EMUTP, NakMn
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26 days after seeding 62 days after seeding
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Fig. 2 Influence of application rate of sewage sludge on top and root growth of
rape after 26 and 62 days of seeding

BEROERI L ~THML, Sridld LTwv, £HFFH (2698) KEMERISH- -k
D35, CadMgBHEE (62HRB) i &FIcRPL, KbHAREDBFRNRLIIIBE T
L at,

THABETHIBEIIE, pHEERICHENTCa2RMPES, Mn & St 5BVMERIR & -770
Ebit, MTidFe, A, BOSEBY pHABER TE L >/. —#2ICMn, Fe, Al, Biifei
DHH, FhCadhtE~7 vn VTR BN ISV LS TE 0, choorEas
OAH pHOBVIZ L BT TERONRE b-HT 5, pHEERICEH 3 CasRommMiz, Ca
(OH), BHDOEBLREZNTHA,
AHEEWNOBVCHLESRICEZ AHBEHE~I b, HEFEHTHROTHER @G/
D) EREM L, AR Lic628H /26 BHD Ak (3D DR, N, P, KDM@,
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Table 2 Elemental concentrations in rape plants as affected by sludge application
rate, liming and growth stage

Lysimeter Mt ¢ N P K Ca Mg Na Fe Mn Zn B Sr Al

Sludge Liming
N % g kg dry matter mg, kg dry matter
oy | 0 — 376, 578 316 653 301 431 179 149, 87 399 371 335 280
E n 2 1 — 367. 655 383 785 302 474 253 179. 110. 462 320 324. 500. -}
c:._@ 3 5 — 328, 687 629 986 322 506 471 163. 215 732 344 314, 300
0 4 0 + 369. 615 307 762 294 401 173 119, 640 524 311 274. B4C.
28 5 1 + 353 681 432 808 332 353 0099 205 548 473 414 189, 480.
§V 6 5 + 320. 636 553 965 387 384 347 134. 119 553 320 198. 180.
E 1 0 — 325 230 118 515 395 6.14 215 420 957 448 319 436 440
g 2 1 — 344, 210 242 715 370 652 265 396 128, 527 311 394 480
o 3 5 — 365 260 375 477 257 471 429 470 137. 486 348 245 N.D
= 4 0 + 344. 210 143 487 490 635 187 425 821 603 30.0 405 163
g & 1 + 359. 200 254 568 360 444 1.07 409 9i4 401 321 286 150
s 6 5 + 359. 300 402 505 314 435 428 600 960 597 283 192, 550
T”;_ 1 0 — 381. 192 148 5502 778 373 798 300 183 341 121 143 549.
g 2 1 — 379, 131 247 492 692 316 657 125. 229 280 126 118, 207
o3 3 5 — 371. 181 455 434 563 231 957 319, 320 390 139 881 569.
— 4 0 + 373, 141 151 511 987 363 673 106 137 200 116 120, 153
o 5 1 + 377. 142 307 453 703 259 295 123, 183 304 310 879 162
g 8 5 + 373, 210 499 457 705 226 128 215 183 384 790 698 354
2.5F v 2.5
NOT LINED LIMED
20F 2.0
15 1.
= JEm— e |
;; l-U" 1.0 n“_\h\t
= & . >e
0.5k i 0.5‘1? —,
‘-n.._.._____.—-—. T‘—-—'—-—'_'_.-_.—'_'_.-

APPLICATION RATE (2D

® 3 metorTEEEO62HE /2688
Fig. 3 Changes in concentration ratiosof N(®),P(0),K (4}, Ca(2), Mg(w)
and Na ( ¥ ) in rape plants at the 62th day to the elements in 26-day old

plants as related to sludge application rate
The calculation of the ratios is based on dry matter of whole plants.

.
.

T

EOMERE S 1 Lo, EFRPICIE, ERESHENT 3K sORRERRL TV
WC &AL F, £, BHEOKBRSEMLTS, NO62HH /26AEHEENEE TS -
Fots, PORRE 8720 THICH LTKOKE, 5 $HAKTOSUTIRETET L ®3)e
CHLORRY, REEFKBYALAESR #2), RULHO/E ®2) E6bETHEAD

- 138 -




e

HRMATR B 5 37 F O & BT

L DEBREIE, COLBROEY SN, P, KOBERBRISELD, $HECALDI TR
HRRDLTHO, QEBFHIC I 3ERERNEORBABMSE P & KOS RBMIC BTG
L, £HFEMICE T 3EMENBOEBERSHERER P ORI D &MELTHEESICALS,

CalMg® 62B8H /26 BB HUKEARTILETHD (3), ZHOOAREETEND
BRESEHOCEEZRLTV A, CalB3_sF vBAN VoL L LTHRESKBEETH O, Mg
37007 4 VOBERRSE LTHRSHKEESRE 2R LT3 2ibhd, EHERMOSSR
BOBMEBECLEROHF R N SDORESBERLDTHAI . LA LENS, BROKHE
BEMT B >THLEOEIBT L, 1LTFRE -7 ®3). DT &I, HEEHOER
WRARK VT, AARSRESETHEL EATR LTV S, 11 pH OFIEIIZCa (OH), %
BOThaicbhdbod, HEROAHCaDETAE LWV &iRAKEN,

Na OBRERE LU ETHD, BROBAKME >TAEL LT (®3), Nad#miz K
DORD LB THS E3) Tehs, NadKOREL LTV AHEERSEL LGN D, HTE
OREGBFER, RRAPOFREARRICBVTS, F2TEDHL N1,

B T LXKk, BRERXKOETENIC, £y (NEID) EOLMHEEYT 5B b
BHohi, 0L BERR, B, HERRXZ50THIL, BMESOTEOARRIL X
BTEEOE V. SERBORERE, BEXMOBMNLCaRSELRUL T 10 ¢h
i$Ca EMg, BIATEY, EREARTRENBTHS L0, K3 ORMERE B LTS,
CaldHIED SFEADEREE C LI ¢, —F Ca Dt b LI BINASKR T3 &850 B0 Jj
BERHMHESH O L, MgiRER LTy, SBrdEs oiEtkbihE+2c:57 %
ELHE, COERE CaRSICHRT BTEERAED TE L, ST RIOERMHK T S%H73
TR, MicNa, P, Kbid -fo £CTCRE 5 LROBESRE KR & H# LTHo Na
DESRZ, EETAMOZAVEDHEC, PERLEFETETHS D, CaWe Mg® b3
FEBEBTH-/, Kb, BFENEHANEBELHE W (775 FBORBHSD o), TO
E9K, FORFELS, BHICBE S L BOTREL, BHRE,CES CERAR S5 il
REEFWMETCE U otz BRBNBZ LS 1L, THPICITHECa MHEBRIE-THWE L &
RE, LRFERBCaRZETHS L TAMOKRIBII LV, L LEAS, CaREHE i3 BB
SOREELEH GHINPKOHRE) ©, THOSRIK L ~THRRShP TV, 31,
NO;—NOHREE LTNSSRICH 7B, [NHBARN L0854 ic b3 Logn 19,
Thif, TEBCRIBECatE{Th, LRALE CaRSERBETBL0bATVEY ,, BR
AR 815 L OERIERORBEL DT VAW, 4%, BUMOTEMTY, Ca OEE K
T EBEROFERELBBLERE > THRL TV BENES S,

wic, awv+icksN, P, K, Ca, Mg, Na DRINER L BRRUTEPESR & ORI
WTRE Uiz 1 (540 2 —5 —E8E TO46 cm A H0RE Lk) EBERDPD, 2R ETHR
RREHRIICT LI, HES A, 10aX/-hEmdst (N 100k, P 40keg, K 30 kg,
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Table 3 Amount of total and available N, P, K, Ca, Mg and Na in 46 cm depth of
Toyosato humic andosol applied with sewage sludge and lime in

combination
Lysimeter No 1 2 3 4 5 6
Application rate
Sludge (t ha) 0 8.97 448 0 B.97 448
Ca (t./ha) 0 0 0 2.14 2.14 2.14
Total
N (t/ ha} 382 403 485 382 4.03 4.85
P (t.” ha} 2.26 2.34 2.66 2.26 2.34 2.66
K {1/ ha} 6.43 6.49 6.72 6.43 649 6.72
Ca (t./ ha} 6.86 6.93 7.21 8.00 907 9.35
Mg (t./ ha} 2.36 2.40 2.53 2.38 241 2.55
Na (t,/ ha) 0.72 081 1.17 0.72 0.81 1.17
Available
(kg ha) 243 89.9 352. 243 89.9 352.
P (ke ha) 419 554 109. 41.9 554 109.
K (kg ha) 610. 623. 673. 610. 623. 673.
Ca (kg ha) 1290. 1330 1480, 3430. 3470. 3620.
Mg (kg ha) 476. 488, 536. 493, 505. 553.
Na (kg ha) 23.9 416 108. 239 41.6 108.

Ca 35kg, Mg 17kg, Na 46kg) OMHBICIAYT 5, THEPOTMRECREL LT, K
B NO, —N + NO, — N & KCl B NH, - NORRAFBEN), NH, F a4 P (Bray —
P) 2uMEPY) Bt Ca, Mg, K, Na®£hEhalAMCa, Mg, KD, NatZii,
27, T oHBEDEHIEMLALBEEKRHDCa Mgz, 3~ TaELEL I, FREFT DT
SRMENIE, B5RE6.9% (1,000mg, 100 g+48), 25°C, 2:BRICEAYLE 318419 holE L
tro TOMIBTHDOEELE LR —DOBAL KD, LT TIRa ey FHERNLIT
LRI, 16BEOSRE L, 62 HEE TORINAR, 26 HBIIRML % 8 Ethko2EL62 BE
O I E M (8 EHK) OLBRO&FELE L,

ZNLoOELHELT, WEHEFRIOLBIIN T SEYORNE, O1HLBRPOTH
ERiIcH 4 3 EmORINR QB RIRICHTIRNE —FREAR SBEAR BT 5=
F OIS RNBOZES, HH LB RDORSRTHRL, 10065 LcE—, OB RhOARERIC

W 2RNRERTEINCHKE L (Fd),
N (UTREBEUTTH -8, QTREREHAXO 628K 300 ~400Ficb@E LI, T

OERICIIRO3AEELILLBTELY, THbE, BELERTA LLEEREB VT, B
BABALS IR TS D O N MSHEEME Lo ohbi, KEHLAON —B A4 7 Y RBBEE ———8H 5L
L, BWYLERENDBRIRTESLLTHS, —H, BRNOFARGHL, 62 BRIC20~0FT
50, WE{LREERT LW, 60~120%iC 2 o, Sabey 5!V 1, 22KV 56 t/10a OF
BAEBIrHEAL, NEEHEELLE, OOAXEHOANOHRAMREE, ThEh22.7% RU
16.1% &t Lice CROOBMIAEROKREAKELTHS, % 1:Bole & Bell'® i3, BB
BABIC TABR GRiR) 2R LTT A7 » 07 » SOREEARE L, BALLBENL D bEY
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# 4 awviiks, FEAERONLETRLR, QTP ARER, QERThS
B, RUDERPIBER ORGSR

Table 4 Uptake efficiencies of N, P, K, Ca, Mg and Na from soil (which includes
sludge and lime applied} [(1) and (2)] and from sludge [(3) and (4)]
to rape plants, based on total [(1) and (3)] and available ((2) and (4)]
amounts

Uptake Lysimeter No
Element efficiency 1 2 3 4 5 6
based on 9rqyvs 62days J6days 62days J6days 62days Zbdays 62days 26days 62days 28days62days

N (1) 031 218 08 364 119 58 017 253 066 436 134 765
(2) 481 342 397 163 164 807 262 399. 2094 195 185 105
(3 - - 116 308 446 195 - - 974 382 560 266
4 - - 36 98 140 613 - - 306 1200 179 837
P (1) 003 019 009 071 020 155 001 030 007 09 021 188
(2) 152 104 376 298 483 378 073 160 304 407 518 458
(3 - - 118 150 114 98l0 - - 170 196 132 107
4 - - 107 902 68 548 - - 102 117 79 643
K (1) 020 28 066 714 123 772 012 354 043 742 147 935
(2) 214 207 688 743 123 772 128 372 506 773 147 934
(3) - 2 502 415 236 114 - - 400 429. 307 136.
4 - - 214 2300 120. 583 - - 195 2080 157, 439
Ca (1) 009 189 024 324 038 353 003 236 014 312 042 387
(2) 047 101 124 169 506 474 009 620 037 BI7 109 0899
(3 - - 151 137. 61t 360 - - 144 103 106 433
(4 - - 21 28 107 630 - - 239 7. 185 757
Mg 1) 004 08 011 170 017 188 002 19 006 150 015 198
(2) 018 43 053 833 079 88 008 576 027 718 07 913
3 = 27 494 578 193 155 - - 281 230 101 129
(4 - - 134 157. 553 442 - - 762 623 583 366
Na (1) 005 124 017 249 034 417 003 142 005 132 030 495
(2) 149 373 330 485 366 454 079 428 091 258 329 530
(3 - - 112 123 079 880 - - 021 055 074 105
(4 - - 245 270 334 372 - - 046 20 312 444

{1)= ( plant uptake ~total amount of an element in soil ) X 100, (2i= ( plant uptake ~available
amount of an elment in soil) X 100

{3)= [ ( treatment uptake—control uptake )~ total amount of an element in sludge applied] X 100
t4)= [ ( treatment uptake—control uptake ) ~availadle amount of an element in sludge applied) %100

RENDABBOCEARBWE L, COLI, BR, 18, S& ENSOBVIKE -THA
PRIEBT 505, FEROBAK I, HROOSABEN OF~T (1 FHMA) FdKE (5
FHA) M IETHBIATLEICEERLTV S,

PIOREBTS 1L.9%THY, RINEHIEEIED, -1 (F4), #5 L TEaik LKL 158
THO, PRIVFERSASVEFETE 205, ARAOLMPP HBRAREES »TWBL
HTHAH, CHICH LTOTHRE46% 2 THR S h, @ TE0%ILY, FMoXEE® X
DOCHEETH -t TRATR I EHEMXETI0 ~117%, S FHARXTH ~64% TH 7120
TDT&EpE, PENEESHC, AEL LTHERPICEFL TOHRORELH LT~TH, 1
BORPREICE >THEHBINTLE S LB bA D, '
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K : tHROFERDOLERCHT 2RI Z10BLT TH - fohs, EHAERICN T3 RIEER)
it, BR¥XD628BIC TT~93%IiiE L71-, BHERIHIREG)E, 62BHIC HT~NT100% Bt
D, WTIR26HEHIENT, $TI120%RE, 62 BEICIHRE 23008 &0 -7 i
ZBMAE LiEs, TISHAEE (26810) TToERMOTREKEMNE LR Sh, 620H
iz (46 cm) SEOTRMEK &, £DBEALHHEMEFBTLTLEIC L2 T DRER
BRLTHW3, £7N, P, KO3 xEiILBMi pHBEXOG BRNBHERFTH -1,

Ca {(DIH62BHTHABUTTH -85, QTREBATFEAD, @), OTH pHEMHIE — 1
¥ERERO628HIC, ThEN100%, 1T0BLETH 7o LHALEHE, HBpHOMIE(Ca
M) K& -T, FIRREHEDET L,

Mg D3 2%RIF, @I1I0BELT, @UIE8HLIFTH o723, W TR M 156%iC5E Lz, Ca
iz T Mg ORI ED - 72,

Na S (D25 BT, @I354%UT, @R12%NT, WIKB0THABETTH - 2.

PlEoERNs, |EOERGHE (1 ~5%) K& >TIREHRBENEGRHGET 2hEHE L
tro BHEOMES (260) T2 v+ A2BE LSS, PEO~14E Mgz 7 ~1TEOMH, 5
DERERAEFATS 2080, Cald4~9fE, NF3~THELIEESEDLTE, Kid IF
NORERT SHBTEHVC LILE D, 62 HERE LIFT - THERNPSHETHRRP O H
THD, LT O2ETHBINR T LILnD, S5, BRER - RYURETIR, Mg 2BV
THELEOTYBRTEL 2AETHEHBESATLES L LiKEd, FERITBLTiE L8 46em L
w12, BEOBRSHENOAETEL0CE, N2 KD2Une LTTROEMIL S 3
WHBEDERRL ICETT 30 E, AIEEESEOENEL DLV AREDSS CE, FE2F
BT, EBOBENIILHLLENBRETE 306 LAV, Witk BAREDID
i3, KFRUDETILEEREFERE LTHET AL EHBUETHS I,

K54y A5 —EBTH, MMORTERGAME & b, BHT & OLBEBAREREL,
BADHTRES BN LTV, 227, 10EEOLBEKMROF -7 2BV T, HEBL
CLRAEETATERBERET L, MY ORINE & L, TRKIRBABKBOT0% T—E
THor R LT, FNAKRSE HREROBMEBERY, ChEEORBE L), Bl
HBs D4 e s VT, KE D BTROBEEE By, COHEMRTEET DO TR
ERAEDBEYICHE T BEME S 529, 2hil, UTRULHERERE, EFROBEERO
FHRTH D LEL T,

K 41 NO, - NOBATH 5, BHR T, 10:BOMIC NO;~ N DERASES, HiRMMEAKX K
B 536~ 45 cmDEERIE 5 ~1TecmDEND 6415 (GIKIBAR) » 01865 (FRERAR)
e L, 28 emd D S LBTHEREAROANREIMCE L1285, TRTR, 202RHT
LTHD, BFEKE LTHSE LERICIMBRMENEH /2. COTEDE, HRARDNO,-
NE+ERTEIcETRELTRVAED, K528 cm L EDTBIRFEL TV S LMBHh D,
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; B-6e 6-U61e o
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z 28_36T -3 28-56'o ’ 0
s / 3H-4Gh /
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o 517e o 57ke
LIMED
“ 7o /um_msn 7 / \ T sLUDGE
/° EI sLuDGE 1 /
B34 / B-% %
36469 e 36546 -]

B 4 @#0oFE, SREAR, pHBERES NO.- NOTBAROZEL
Fig. 4 Effect of rape cultivation, sludge application rate, and liming on the verti-
cal distribution of NO3-N in lysimeters

e  planted; o, not planted

HEXTR, 5~17Tcm@ONO;- NEARDRLE <, 1Tem UTOFEERBIEMICDUEh T
T ERENA - pHAREROR BB tXTOMNEX &EBUTHRIK L D $ NO, - NBEH
Witin otz, TORY, LETETIRME & ERX L DONO, - NFERICEREEHNIE Ul T
D& HHHENINa, K, Ca, MgDIBASRLTH -7, NaDBRHMR EHBRDOEF /NS
o, C2EEONMEIE, COREETE, BEFA VA -5 —DOTBITHET LB
HROERTSE, 37V FiR, HROTBRAEEL TWELRE W5 EbETFRICD),
FELTBRR LTV EBDNB,

T, THBRPONBERERE LANBEOAIHER, #i)- FREEARXT2.8~3.1giC
D, LHOOAREN (4, 1.01g) LB Uof, HEOR—EIT, TEEXRT AL
%, BHIRBROLTBABPONBENSE Ko/l D, OB N OIS ER
THA 70

THEbOKRBELER T0BR) ¢HER (0RET TOMEMB) 20T, B EERKD
EXHEL, ThAERMSRIRLIOKBETRRE Lz, COEE, EYMEAHTES SR ENR
Wi (620 TOAFHE) LOHD 100/5%, HIEERTTRO, Y OTHRERRICH§5H
BREEZ, BEIRLI, 2= Y Hid, NOI3 ~T70%% HigE@s» BN L, Ca bBIFHER
THoTedd, Mgidb3 ~06HB LB, HIRKIF 7T ~16% LABR L TWER T, 21T, HiR
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& 5 2w vFHRRLAREARER DS IERETOTEROES
Table 5 Contribution percentages of N, K, Ca, Mg and Na in soil solution to total
amounts of the elements in rape plants

Lysimeter No 1 2 3 4 5 i}
Sludge (2] ] 1 5 0 1 5
Liming - - - + + +
Contribution %)
N 704 553 50.6 446 50.7 330
K 14.0 10.9 7.5 16.3 88 73
Ca 51.1 343 35.8 245 66.9 446
Mg 86.3 66.4 536 67.4 968 85.6
Na 2212 1873 113.1 2355 1187 104.8

Contribution = ((A+B) - (a+h))./C % 100

Where ; A and & are the estimated amount of an element in soil profiles after 69 days
of seeding in bare and corresponding planted plots, respectively.g and p are
the total amount of the leached element during 69 days from bare and corr—
esponding planted plots, respectively. C is total amount of the element
absorbed by plants during 62 days .

ZRX TREBAXL VFSRHET L, pHEABERTERER L DESRHEED »1ctd, Cak
Mg R ZHODHEEBETH - 7o & 72, ARETEROBIIC L ARTE (%4 -2) L& 5%
HEd 3L, KEATRBOESHEREVEIOKER (LEER) OF5HMNE<, Mg NadZ D
BTHTe TRODERILTOZEATE LTV, THbL, EHHFRINT 5 KOKERT,
TP RREE LTEELTVWALDTHB L, R, Mg &éNaOXERKEEE LT ER
LTV bDTHBL ETH Do Na DTHHMEKRESEN, LOMEKE b 100% LLETH 5 D,
i & B KORBRRO 2K, REENa BTBEBICBITL T, R L, IEHab -
B THAD, U, TEEETOPESRILEY, FHICE (0ppbElT) HEWHRK LIZP
T 3 BREOESIERICEC D EBbhb, Lo LEKS, Ko 6881088
i, THABROPESBOE M- THY, BRBARTR, 0.3 ppmBllic biEL . COBRR
3, HMAiCa b Mg ABRICRIL LI/, ThHDERE B8 L TOAPHHEIE Lk odbb
LR,

&% BEHET AL A —F —2ROEBROESERRBICOV TS, RROEREED, T
KEROERLEYICSASEBLEEL T FETH S,

4 Fi®
HEs HEAERETALEPIRDS 1 ¥4 —5 —128i, TAEROKEARY: 3KE (RLEAEY
HL, 0, 1, 5%), tHpH 27Kk (pHT.0, 5.4), 37V FEROEREMEAS DY
A L, BEE6HE62HEIHEMEENML, NBETRSBEAE L, @RIBE &, I}
B RUPEMnOSERE, BROBARCELTHML, SrERIETLE, Ca0qRI, 26
HEiCARRICIE LT L, 62EBIZEEHDT BMEIS /. 72, BRERRD
HEESHICIEDEIER T S, CaRSICHEN LAERORE Licts, MERTEUD o1
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TERUBRBOTRETESD, MWL 2 TRNE D8, NEKMSEL{, P, CatMg
BED o7, £/, A LLERDOWREN, KECaBOKRE, b LR T~TH, 1/ (62
B O9bicligicBRNE NI, THEROMTELP S, LBIIOLELERENEL, MER
TERHE LR, £BERBOI Yy FETEZRE DS THRP SRR L T 5T &5
BiLT, i, 02 v+ KEDETROBENBRICNT S, TBBEEPORIROHERI, Na
100 %L E, N, Ca, Mg33 ~07%Th -7, KZIEFLITTH 7z,

E
HOMEPI DRI ST AT » T T & o AR A st R SE , da)I TR IC R 5,
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FhBERERXERBRI LICHISEMOET
FHEE —

tLFTERAN - AfRH 5 BRERREZ” - [EARHR -
PR /Rt - SR

Effect of Continuous Sludge Application on Plant Growth in
Light Colored Andosol — Field Experiment —

Takenoti YAMAGUCHI!, Toru KUBOI®, Hiroyuki HATTORI?,
Mikiya HIROKI?, Kunihiro FUMI?, Mineo KOBAYASHI?
and Jinya YAZAKI?

Abstract

Limed domestic sewage sludge was applied to plots of 4 experimental fields
at the rates of 3.75, 7.5 and 15 metric tons dry solid/ha/year on light-colored an-
dasols over 3 vears (1979—1981). Of the 4 fields, 2 were humid and fertile (I-1,
2), 1 was less humid and less fertile (I1-1) and 1 was less humid but fertile (II-2}.
The combined effect of sludge application rate and soil fertility on the growth
responses of 7 crops {(wheat, upland rice, turnip, chard, eggplant, sorghum and
spinach) was determined,

Crop yields in the plots to which sludge had been applied were higher than
those in the check plots (not fertilized) in all cases. Although the yields in the
plots with heavy application of sludge were lesser than those in the plots that had
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received chemical fertilizers in the first year, the relation was reversed in the second
yvear, Repeated application of sewage sludge caused an additive effect on the in-
crement of crop yields, especially in the case of upland rice. These observations
suggest that sewage sludge has a residual fertility effect on these crops.

Judging from the situation of wheat cultivation (1980 and 1981), crop pro-
ductivity was higher in the I-1 and I-2 fields than in the II-2 field, and the II-1
field was the least productive,

The fertilizing effect of sewage sludge was greater in the I1-1 field (less fertile)
than in the II-2 field (fertile) in the case of wheat (1980 and 1981) and sorghum
(1980}, but the effect was similar in the two fields for eggplant (1980).

The rate of increase in dry matter production caused by sludge application
was greater for shoot than graing (wheat-1980 and 1981, and upland rice-1980)
or fruits of eggplant (1980) or roots (chard-1980 and turnip-1980). Thus, sewage
sludge was less effective in the growth of the reproductive tissues and storage roots
(edible parts).

From these results, it is suggested that sewage sludge should be used with the
following precautions: 1) the sludge must be applied along with a chemical ferti-
lizer. 2) The rate of application must be determiend in taking account of the soil
fertility, history of applications and nutrient requirements of the crop.

1. REBHIC

WA, TAREOLR & € DLERFHEIL LT  BiconT, EFRIESD bRt 3HRED
BEE A RNO—RE:E TV 3Y , ZhoHOBREGRYETHRDE LTV B0, HRY
R & L BHO RIS B\ TR FUE T AR ERL L T 220

BgoR, FEOTRLELD 0, BRO R b BT 2 A 5 A B B — W OEH,
i & BERDORN E BEBORK, BRRSOHEPITSY 3R & BHILCI T RE,
+ BB O T DI 15 2 —— & F AR F TRANICHY T 5, TRISUEEX VET
AEWETEHIZEIE B VT, THhoDBASMELERL LA,

FO—EE LT, UHEREREIECESUAPOR - Mg 45 (LEK S5 7—A) Tl
FISUE L D ATEBEKERABEBA LT 2, D4, BB, a0 7, 78vvy, v ok
Uho Ly o R L, BROCEEASEYOET IS 3B LTET 51 OWELTD
i,

FWETE, BREAMTIECS 0 3 BYOLE RIS MRISUEE & b SRS EE &L T T
BEHEOENRSLWTHESLERBEET 2 H0TH 5 MEERFEF 2 04FRLICHET 2 /aE
23, dEEEdDcHE LR o ik, RROBROLIEARBTE, BESMCZERELES
SbHTRASNERNREALTHE, ARETRIEREOLOH LREHICSZ 3 HEBLE
SRR B 1, HREAR HLEERK S5 &bt T HROMMMmA L i,
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2. REHE

2,1 H#EFERUHHIZOLTBOME

HEIERIE, EEFMMOTARKQEE GRRITRDN) THAEERAEERBREC LD
WEL, HERRUEEESEEBKBRE LM%, MERKGEL TSN bOTHY, 7l
80 T L EE (5 R) BREICEALE bOEA—TBRTH 2, AL SSEERLEND
HABERE, RIEIRAIRR—LUEBHOAF LD THS, TORHLTIERSSHERIEE LI
FLizEBhTHB,

£ 1 #ELERUPKEROME & HE

Table |  Properties and chemical compositions of soil and sludge used in this

experiment
Shudge Sludge
1979 1980 1879 1980
pH H20) 10.1 101 T-Ti &%) 011 0.02
pHEC!) 100 - T- MnG# 0.07 008
T-C @ 21.3 212 T-Zn (pg/ gy 1390 530
T~-N @ 37 29 T-Cu (g ) 262 151
NH4- N{pgg) 1660 49 T-Cr (pg/g) 88 —
NOz- N{pg g’ 7.7 11 T-Ni (g g} 37 ND
NO3- N (pg/g) 324 23 T-Pd (pg g} 88 44
T-P2 Os {mg-g) 19.7 11 T-As (pg/g) — —
T-K @# 0.3 09 T-Cd (¢g g 2 —
T-Ca % 153 21.3 C/N 7.38 785
T-Fe &%) 65 50 T-Mg (mg/g) 795
] pH - phosphorus electric.
Field —_— T-C T-N  Humus absorptive conductivity
Hs 0O KC1 5] @ * coefficient mmho,cm
I-1 6.1 6.0 403 1.85 6.9 1750 0.26
ol 1-2 65 6.1 2m 0.23 47 1831 0.26
I-1 6.5 6.2 2.21 0.i7 38 2232 © 016
E-2 65 6.2 284 019 46 2335 0.34

ARBRICHOIIBE, SIREABAEMUIZE2E (1 - 1 RU1 - 2) &SIMMuHm3E 2
B (I-1RUT-2) THD, SEEEEIE (F2) OREIANLBEA—TH3Y,
BRRBOIHIR I KRLEE D Thb, TOLHHE, SRAEEE (1) 4585
Y Thy, BIEMEE (D BRLETHS (EAKEHATFREOBECLS) ,
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2.2 SRR

FBRBic B ZNERKIE, e LT375t,/ha OERAEZE2OFHERULEMICEHLEK
PRK, S), RULC 7.5 t/hadFREE | PIEERICEALAR (FRI1K, M1) , R
CEOUEMFRUEFIICEALAER (R 2K, M2), AL 15t /ha OEREE 1 BEIERIK
A LR (28K, L), {tirs bskitkt 8—8~5 1t ha, M) ¥ 0.6 /ha, HEXAK Lt
/m)%EZ@EW&U%&%KW%LtEGﬁﬂ%ﬁD&Uﬁmzmﬁgfb&iﬁiﬁﬁ®ﬁ 2
RBHERDEBCE L 2L BNI O ESEEREMELY, I- 1 ROT- 238K, Zh50
RimA T, HHCDEX (375 t/ha, £ 2 BIERCLEEA, §), 8K (75t/ha, 20
BRUZERiEH, M) ROZRE (5t/ha, &1 EEEHKA, L) OFREARE®RG 7.
LS OMERIY, HPORHCEL > T, FEROERESH 2 VIFERIBHEA, o-4
~HIABICE - THREO~16cm OHEEBEASN, FLEKE, 1K 38 & LTSREK
EHYoufht (2) , SHEECHELMAERIE 1R 1#E Ui, £k, % 2 (356E 11313
KR L - ABEKORBTHY, LiBi b iV Es8Es L,

% 2 MEXLETONE
Table 2 Allotment of the treatments to small plots in the field

1MI 5c gL 1% 17M', 2]L' 1C*' 5S ch 13C 17L 21MI
2pc st 19 14M2 18, | ¥ zFC* st 10M1 4 18FC 22
sL 7(: 11Ml 15FC 19M1 2% 3L* TS, 11S 15Mz 19M1 23M2
4M2 8o 13, (16 20, f2a¥ 4 | By 12, [16 2os 2

¥ Bareground
S’, M ,L" % newplots (1980)

HHHIELITOE BN Th oo SMEER, 4BBRAFELTHR, KFELLTILFER
WLt SMEEREMMOERERFT oY, BFEELTI - LidBicdpem, 1-21’5ica R
IHTRET T ohBEL 01— 1 RUL-2BBITE, FRREY v LE2RELI,
154, SOEEAER, | —2@ETEILY VY, D3 BBTI AFEREL 12,

2.3 HEMEVRURERE

2.3.1 SAFEEETLF
3 4 XS EAMGIE (Wheat § Triticum cestivum L.) ZEERIS0 cm (EPH) , BfR25cm

(FEdE) OFIRIC, 1827020 oML, RFER 1S RCHSIVTHD, 1 RBRY:D
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RHELTHRITECRE-THRELL (BH 1),

PEEBIOVWTRUTOEEDTHSZ, 11H6 , TH B, BE, #>4 (38 1),
11R148 &8, 12128 3], 554 8218 ¥ (&)

I AXONBALID, BRBEOBE L o TITY, B (HEHSEOLEE TORX)
FROERUEMECMEL o ik, FRRE LD 2HKEHO, K& REKTHRICER
Lictk, BOCTEEEML, ZhARRLTENHERD L (LRI NTORBI LV TENE
H, ZOHERLDRDR),

e S

i
§
?

HEH 1 2 F¥OHERRR HEBAER
Plate 1 Wheat at the experimental farm I (1980)

2.3.2 SSEBEEEER

BERAE w7 £ F (Upland rice ; Oryza sative L.)%BERIS0cm (GHER) i, 10
T=AYeh10 | BEBERTEEL., 1 BRYAD 45 (145 2m) & LTHITECZE-T
FELL (1-1128, 5HE2).

HERRI, SH198 B8, 10A 1600, NEAETH -1
EFEE, 142 (2m) O3 5ot | mifia4 1 fkE LR, Higk, R, XEF, B0
BMERCEMELIEL 2, RYWED, SEHRK L0 | REHKEBREK T4 8k5 L T80°C
BEESRE, FEL TRD, '

{

2.3.3 CHEEEHEaAT
3# 7REDSER 2 A 7 (Turnip, Brassice vepe L.) BRI S0cm (EEEW , #RMHE25
cm  (B§dE) ORIEIC, 18RS 010 T oABL, RIEMEILIELER, | REBRX Y7032
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BA 2 HRREORBRE NEBEEA
Plate 2 Upland rice at the experimental farm I-1 (1980)

&Lt Ui, BfTehic k0 L (1 — 24338, EH3).

BEHERE, 4H28R HRWA, BIESSA, 5H6H &8, 5AI198 #1EM3 (1
34&) , 5H308 205 (1&14) , 6828 WERCNBEETH-r. 37 TOIR
BRABE 2 L ¥ ONEHEE L FAFRSHRBROPR S FRIC 20 TITY, &3, B, RERUETD
eyl i EAEE L.

BEH 3 a4 7OEERE NEHEE
Plate 3 A view of turnip cultivation at the experimental form I-2 (1980)
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FTAREAHRES K 7RI BT LY ET

2.3.4 SEEEH{EZS VY

25 FHEHRICERS AV IMEREEABRE T ART K, 75 vy o AERER
X745 v Y (Chard § Beta vulgaris L.) 223 A7RIBFLAUL LS T, BERIS0 om (P
BRM25 cm (FEAL) oRSIREIC | Bhlfz b SR OAERL, RERMSIVT 11 &L LTERESL
DRMAETECE DL (1 - 21318, BH4), '
Seemir, 7TH218 Bo A, 18, 8A2H MISl (1#k1&) , 9AI108 4NHE, IXEH
HBHTH -7

EFEEE, FERXOBR8 RicOVTITY, B, BERCERHTHEVEILCCENELZA
EL.

BEH4 74y yoRERE NEREE

Plate 4 A view of Swiss-chard cultivation

2.3.5 SSEMEIES X

A e FALHEDTr A Rl , AFRERCNBREEET -~ (I-1 K218, BHE5),
BHEBRARLI TOE BV THD, 5ATHEME, 6 H208 WEH, TH5H 4£HFM/A, TH
218 FIOFEE, THH HE20ESE, 5P HIEEE, sB119 H4pEE, 8H
130 IR CRBEETH - 72,

2.3.6 LGSREERfE/ VI L4

FiRO + % SIETHICEIR S 2\ S CEEE SR TIH I ARIT - 1ik, v 7L Z2HEL
fo (-1, 2138 , FHAEEE 77 — A bV 4 (Sorghum ; Sorghum vulgare L.)
THY, BERIT5 cm (P , HAE50cm (GEIL ORI, #4770 sHFoRBEL, RFR
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hi

Ef s +x0EBKR (01-21358, 1980)
Plate 5 Eggplant at the farm II-2 (1980)

MEM0T, 181AELTIERSDICZBREATELLOBIE LK (BHS6),

@i, 8H19A &, 8 H21A M5, 10H13H NERUVNERETH 7.
NERETR, SARRX126kOEL, H ERFHEMER CEWE, 125D 2 hoBRTHFHEYER
UkeiEERIE L 12,

HHE 6 vAMLORERRE NEBRECH
Plate 6 Sorgham at the farm I (1980)

— 154 —



TABRERREAN 7 i BT 2 HEHNEH

2.3.7 ShERAfEaLF

I-1, I-1RCOI-2RBBIKIE, OEEAEE LTI 2 F28E L, TORIEAER, 2
J2LERTH L. ¢10bhE, 2 FRERHEIS LB cm () 1T, 107 - 42470101
BAEEBTREBL, | SREKY70 4% (1% 2m) & LTEITHICRE » THE L, RISEE
BLUTOL B THSH, 55H10H30H B8, s6F6 H4H NHRUNBHEETSH - 7.
REFEAE, 14 (2m) OS3bdd 1 mi#fians 1 #ké LESL, B, M, TRE, w8oF
BMRUEHESMNEL /.

EZmE, SEBEL0 1B (150 2RKEBERTHaIESR LT, 80°C BRLHKRE, &
BHLTKD,

2.3.8 GSSFEMERFRTLYVY

1 —2@38Bicid, SOFEERXREE L THhRo Ly (Spinach } Spinscia oleracea L.) %
WL 7o S5FI0A30BICHRL D THHEE L, 128 5 BICHRS 0 3 RISV 7z (RBREM
OEEIL, 2B TH 7)) , 564E3 BIBH KM L 72, INEMER T, RBEdhho 8 k%5 &k
&, B, BN, MESRCREFEMELHEL .

MEFELRE, SSEEFREEREAR 2BV T3 XOEHETRL, LEBXEEOHEL, &
PEEZ (6%) fE b EiT-1, Uk, SEMORBRATEE ICRBIES Affh, B
WO EFERTEECHFREFEM U, Lih-TanTRE7 ¥ vy vLIsE, BlED 5y
FUHREC, 3%, BRE, FR, YL, kY LYy vORBINERR, BEFEICEIDERNOD
HEHORA L,

2.4 HEHORSEE
HEmoEERE, BEBRIOBEAY » M EE, BERUEHECHEKDZ,HRELBETSIC
L& BEHMN, BF, B, BESESEFTOEAoT. B, FRACOOTHIHRERAT-

oo

3. BRRUER

3.1 SMEEEED L¥OHITHM

BAEEIE, BEfFO>F AR E &ML LTRIETaA£2EIEL 2, ¥R, FELR
(S) RUhRE 2BHAR (M2) i, o4 foBEICLEERS 5V IERISEA S N,
Fibb, CNOOBREMRI, HREARE 57k, BDOWLER, BRORE | HHEAR
(M1) , 28K (L) b#5AL2REBRIco A £48E L7, DIk, 554 A21 BicEN0
RIETITO, 208X, HERFHNE, REHBEEREL S, &75RHRKOEMERRERR
(ERHANGE, 2MELO 3, PRX (S) 375t/ha, b 1X (M1) 75t ha, P2
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X (M2) 15t/ha, 28K (L) 15t/ haTH5, FidE LY 2 NBHELRAR 3IRL,

[ - 135 TH, FREAXOELREPRE | @K% < ¢TI KO HLE SRHTE I
Bii, LHEEHEXOZNOLNEVEERL, BREOBAMDESZED Shic, Ll AL
FEHRICE~D L, FHREAKD 2 4 FORTR U ETREHREE KRS HIRE > TED,
fiT i S e IR BB L TEE SRS Sl (55~24% 080D . EREAEROM E
WEEHmNER, FERCIRFE AR, PEXLFEXKRUCVERR EPREORMICENBDH SN .
T, PREZEREPRE | BRRUDRE 2EEDBERAHE G2 L0 THOEBE LRIENERE
OB LLE S, $bL, COFRR, FRREHENE—0OX (S&EM1, LEM2) |,
AR & ERAZICE—OREERTC &, PREMECPRE 2 DX DREEARBLTR, £
MEAROENRECRRLAY, 2RERKEPRKIE, RERFONRTHD, ERREARD
ZONBRICKB LW LA RT HDTH %,

# 3 OAFEE o AF¥INEREER EX26¥)
Table 3 Growth and yield of Wheat (April, 1980}

Weight of Shoot (g)

Field Treatment plant Height (cm) Fresh Weight Dry Weight
C 5394 e 10768 e 20.td
FC 76.71 a 37027 a 51.2a
-1 ] 6581 c 206.27 ¢d 359 be
M1 60.94d 166.77 de 30.0cd
M2 71.23b 28003 b 42.1 ab
L 68.42 b 26170 be 37.2bc
C 4837 74114 146d
FC 7456a 34250 a 489a
I—2 S 62.16¢ 19473 b 341
M1 57.22d 128.70 ¢ 241tc
M2 67.88b : 24477 b 390b
L 64.64bc 21487b 3540
C 22.10e 78%9d 16d
FC 53.7Ta 107.37a 172a
i] _ 5 33.52d 2080 ed . 34cd
M1 36.76 cd 25.75 bed 4.6 bed o
M2 ] 4143 be 44,99 b 7.0bc
L 43.69b ' 50.63 b 79b
C 35.80b 30.28d 52d
FC 60.30a 17413 a 268a
s 4530 ¢ 64.99 cd 99cd
L M1 50.00 b 88.25 be 135 be
M2 5292b 113.39b 1581
L 53.67b 11767b 16.7db

Alphabet ; LSD test (5 %)
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TARIGEERKRABRR 7 L2 BT HHMOEE

[~ 2 3820 T, {EFEEXD 0 L F¥OEFRIRZ [ - LEBLIER—THY, HRER

KOS RO ERFRYIER, FENROE R OB ERERANRIED SN b5, LR

MR EORHTRASHIKENTH - 2. Hich FRFHYNEIZ62 ~208DNE Tk, &
RBEARoH RGN Rid, 2K, hBE 2oL CLPERPERERZEOREERL, 1B
# 1 EEHRS, COOREDEBNTE- . $Hihb, FHEEME LTI5t,/ha OFREER
LR T, ToORBIREHAEORVIIREBLI,A -7, £ 7.5 t/ha 2R LK TH,
%W%mﬁ%mmmmbtﬁﬁ%W&ﬂotoit,$EZ&§%BK%LT&.E@%M%%®
EHMNEICKBRL 1o, PERREPRE, PEREEEBRTEIRML b,
I-23B0tFEHEOREI, | —1RT -2 BBICE~NTRETION, M EEHFHYE
T1A200 AN TOBEVREERL -, C0RBIRETHHREAR OB RO - 8EEED
RER, &HCERHRICE<THhEWEEREL, HREOEAMRMED bh, LiLY
W5, EFEHOEN LR EHET 2 8L RUM FEFHMELS KBS PCRNTHY,
i M B RN, (LE IR D33~ 68% 10T & Hino 1o, BIEHERIX R |- Ty

TBEZOWTA S EERRKEGRE 2EXKRCPRE 1 BX, PREEPRE | ARASIZITEFOR

BERL, SRXKEDVBXK, PEF2AR L DBRE TR, VTN GEIZEIEE L O HINTH 3
CEDBShicEnt, PRE2ER:EEX KPR EDESE | FIXONBOREFKIZ, HRO
FHHEARSA—THhIUL, TOHAFERBRE(EA—ORBE H T2 LA2EHRL T34,
hRE 2 IRRCERRETRE | IR EBERENBY Ok L E, colEEikB0TH,
ERREAROENRBIEBRLTOLE VT EERLTV S, LbLAKE, $ERRUPRE?
DX & ARXBTER, FHREHEAROZMNRICRML T,

0~ 138ofEHR, T-2E8LnEicE], L HEMEom ERFgRRE 11380
/3T TH ot CORBRBOTHEROEASREE, BXRMALTRLKXT, i EEHEY
REELTE, SERECHERFE 2 ORTEAY SN bODLEEHRKINRICH T 5 £ OB,
I-2R3BLOEIENEL 5- FTHNTLEERNXDI9~49%ONER) . HREMXEOH
EEFRMRRICOVTH B EEREEPR2R (M1EM2) |, PREELPR2K (M1EM2)
HRERASOREBE 3D, SRR LVEBXTH, AIENERELIILBRD LN, TThb,
LRX LVERRETE, FMERBERROZMIRICTML 0, HoRics0 TR, TOX3
RGBS ONIED -T2,

PLERR U2 A ¥ OERE ChERFHONE 25, —HoX (I - 1hEFIFX, I
- 12RARUPERE 1R, I-2408RK) 2B0T, WFhoSERARE SEERK GHRED
XDMREREIE, £, BRBOBREBROFHNESHBR LD hay OBIREL ST L
po, BROENELTOWE B2 HBHLNET EFHLrIREhE, UL, EFERK
DI E T3 EERRONEE W Fh b (FHNERE LTHAROB~62%) TH-7.

EBONEE ST 2 EUTOL S SEFEHNED Sk, Tibh, 4 JBONRIELIC>NT
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HEEHSNEE RS L TASE, BEA IR REUILEEEEONETS I AiRER
EENBOERBREREME [ -1 > 1 ~2>0-2>0—-1Tdhh, EEHOBNIZE CIBER

CILEEMOREE) EEBREARONRGEVC &, L UTHRKORES 1008

Lzt 0B EBARKOPHREBES 0 EMIEMRE I-1>0-2>1-2>1-1&%4D,
FHARKIC T 2 BIRRE, SEHOERVBBRIENECE, MEEMRONBIET 558
HAKNBOESEHOMBEME ] — 1> 1 -2>01-2>0—- 1Tk, £EHOEVIZEBRY
LRI 2 FHR OB LIRS HBEN T LHHL I SN, FRBARIC SV THEERE
NREOMFERIN T2 L, 2 aFREHIKBERIEAS MR (WRROGRE | BHEAR) M
ZBIL T, 4382 3ETRAROXSNRELL-THALY, 238 TE, NRIGE
EVICHAROZONBICRB LI » 2o THEEROERSD, 0L FREFICHERISMHS
high - kE (PRE 1 BRECSRE, WFhbEEmcmn, FRERREEREN 2 Bk
U%BRX & LBREIES PR 1 BIXK & chE4E 2 MXE @EE 0 & FREahicil, RF3E
A, ERGA R HEVIHHD 215 OBHRIE L THAD Shiz, EREHEARYE—OK (8
BX HEE20X, PEREGREIREK) 3, [ - 23E3500BR EPEE | HROBEEK
WT, 23R TREIEFONBERT L EMHLhIC IR, ZODLIic, FREHERARYSR—T
Hhd, HROBATEOBRV ICEBFICEEONR%ERT T &P L c, HFREEHRE
REBOMIC—EDHERIZBRVIZ b T, i, M BB, L8 ¥k 2 Bt ikl
FELTohS, COBEOSBUITS 25 5 LTS D RID SBHA LT,

3.2 G54EEE MIED R A
SAEREIED 6 ¥ 2 FMNNHEE, SRBICMEROBRREUEZER L AL, shEEOEME
BEABRLE L 7o, SOMEEEIS, SAEEEDF A, aAXOHIEAT— 1 RUD - 23 BTH&ETIELED

i€, F RBIEHRIC D AFZIBEST HF TOM, v v A LZBIEL e £/, B@AEE (1-1,

[—2) T, BEEMELTHRR, o7, 728y o, KffmELTaa¥tsorryy oiki
L.

3.2.1 B FE

I -1 i3icis, PERRE S L, 556108 16EIICIRM L 7, BEREOINERE ARk E 3 4 ICR L s,
BIEAE R, S5, B, XEE, BETH- 7. HRENXOSLRUBSSHyNRE, PR
£ 1 ARARC 2RT, BREESRRT, EENFMY, Rk CEEMEmIET R P RE2 BX
RUSERTZHENHBE L0 E SR E 150, BROWIHRENSBY shie, E1, (LR
KRR ONE & BT 5 & 2ERBAROLEE & bILFENKE S L VRBELS T DS
MIES iz, COLSUFERABLNAREE L TR, BtER< 2EB ML THEIK &LER
HRICHBEEDSRY S h- L ENELDNE, Lol, ARBKERSENBH SN 7
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TABREERRCRAN 7 iz 51T 2 gk

FRIEOVTRABTH L. FREOLEMNE L EAROMFKESL S L, BETHEE I ERED
BEERRUSRK, 2EHTERX L PRE | BIXOMIZEH8H bhi b, FREAR
BRINBERBDONESt, BE, TRE 1 RRICRKEESTREE LERENS -/ Lt
T, BREELTIE, FRENR:RBOMIC—EOMRERRD oML T, LLEND, B
ML TR, S RLESS KBEREEHE oty itoiEl (r=095) BB LR,
EREBAR GOEMED OHmicH- THRRBOREHENT 3 LSRNk,

# 4 GHFEMRENRERAERESR (1- 138
Table 4 Growth and yield of Upland rice (Oct., 1980)

Plant Number Fresh Weight (g) - Dry Weight (g)
Treatment H(ec]mg])1Lt of Ears Ears Shoot Root Ears Shoot Roots
C 853¢ 1633bc  31260c 68260b 1883Tab 237.00b 22963¢ 547a
FC 934ab  2]133abc 39880 abc 912.63ab 212.63ab 29646ab 208.30abc 6.3%a
S 963ab  208.0abc 40980ab 94480ab 228.77ab 30390ab 31633abc 5.17a
M1 90.0 be 1463c  33850hc 75880b 150.53b 23637b 24297he  5.16a
M2 934ab  2350ab 462.10a 1061.03a 21947ab 34153a 33330ab 482a
L 96.7a 2660a  467.33a 115397a 23510a 34023a 35227a 685a

Alphabet { LSD test (5%)°

o /

7 t”
o L
- 200 |

S s w2

o

'g TC ¥+7.99%+168. 14
= | (r=0.95)

R
o 20 4d oo 80 100 (t/Ha}

B 1 RERickcAEROEHEEROMK

Fig. 1  The relationship between ear numbers of upland rice and cumulated
loading rates of sewage sludge. The loading rates are based on wet
matter (water content = Ca, 70%)

322 aAan7
[ o BEOBERLE LT h ThkiE S A, SRS ML, IR (85, %, ML
B RROFHNERCEWE AHELE, COBEERERS CRLI. BREAROIL,
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t AT £
ﬁﬁ,ﬂi%&@ﬂ%®ﬁﬁ%&U%MWE&%ﬂﬁmgm%n$0%6bkﬁwﬁéﬁb,ﬁ%
BROHRNPED SN, HICERRCBEFRONEE, RIEARD 3 ~ 6 f£OEF L HNH

#F 5 SGHEEIANBHEBAER (1- 238
Table 5 Growth and yield of Turnip (June, 1980)

Plant Number Fresh Weight(g) Dry Weight (g) Roots Leaves

Treatment Height(cm) Leaves Leaves Roots Leaves Roots Fr.Wt. basis Dry Wt, basis

c 144b 1064 1534d  31.29¢ 186¢ 188¢ 200a 0.10ab
FC 26.4a 166ab 10859a 14687a 970a 832a 140b 0.87 be
S 217a 136¢ 5334c 10505ab 640b 591b 198a 1.10a
M1 230a 150b 66.93¢  90.75b  589b 525b. 1.59b 089 be
M2 227a 150bc  6638bc 9383b 635D 506 b 141b 0.80 be
L 256a 170a 9850ab 130.03ab 9.65a 6.84ab 1.33b 0M¢

Alphabet ; LSD test {5%)

BHoht, £, (LFEHRONBEEREARODEZNOEAREKT 3 EELHLK, BHEILR
X&kr< X, ERFGnE, ERRCRTOEMNREIZRE, BNXFEMNEH P BRUSH
KTEE M EEERK L ESFONEERTC EBHLhRENL, HREARORE A FNE
RN R L R ECRTT 5 L EBNERE L TREAKBER2CRH ON T, HERIN
Bizo0T, SEXKAMHMRE 1 ARVDEREL VSN TH - LA, E8EDORUD -,
LOLSKEREBARE 2 8 7IRBOMIC—EDBERER RN 5o 1,

BREAXDOI 4 720 TR/ EROEA & 2 LBEROBEARESOMFRELY, FHi
MHEOEMmE, fHERNEREL, BRNECKSR LS EBHehIcsh,

3.23 7YY

[ - 20BIBTH, SSEEERE LTan 7Hfssh, FE6 A2ARRES 1k, 20k,
CORBEAMBXEOFHYASH, 78y uhiBEI. CORIIERIEE, HRELE
RSN b atee 75y v OIHIE, BE0EED 9 08TV, S5, M SR TR
FREME S EMEEAE L. CORRERS RLE.

EREARD 7 4 vy v, #tHoF#nERUEMNER, BEAROth Sk DAL
PICEC, EREAOWEARD DA, LEIEHRONEEBREMNRONREREST 2, 2
ERGEER OuL, SHEZR LROM ERFEMTRROEMRRL, LEERKOE RS
LERASOEAT L, £, BRERKOM HEFRURCEMRER, L¥ESROthE
W5 b B\l » T,

75 o X o0 ML BT S & % & B BHIX & DRI D EHRY 517z b DO ORI I
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TARGRARREN RS 22 B DHBOEH

# 6 OSEEV S vV ONEAHEEER (1-2138)
Tablg 6 Growth and yield of Chard (Sept., 1980)

Plant Fresh Weight (g) Dry Weight {g) Roots Leaves
Treatment Height@m) Leaves Roots Leaves Roots  Fr,Wt basis Dry. Wt. basis
C 215b 80.27¢ 1064 b 4.70 ¢ 1.10b 0.13a 024a
FC 256a 14257hb 1640a 7.68b 1.80 ab 012b 0.21 ab
S 256a 139.37b 16.79a 8.61 ab 1.80a 0.12ab 0.21 ab
M1 258a 159.00ab 1740a 9.21 ab 1.76a 0.11 be 0.19bc
M2 25.2a 159,10 ab 1488 ab 9.11ab 1.40 ab 0.09¢ 0.15¢
L 262a 18081 a 1696a 994a 1.56 ab 0.05¢ 0.16¢

Alphabet; LSD test (5%)

ENBwH oY, i, M EFEHRBIZ VTR, BREAKMic2<ZEHBAD GNP o T,
LDLSETF vy ONRICELT bR AR & Ol —E ORIELED 5 h - o,

A TR 5 v 0 OBERED SEROENE, MARGRMCRET 28 E, BRI
bl TRET BEAN OB bDEEL BNB. 75 vy vILobTha » THEEK, HE/
RO R ATE R RO > TRAT 5 L b5, HRBAONIEE, £& LTHESOE
BIRBLTO B EELSNB, BESE, HREMEEOFHBELT - 1 bl SRS
BB O FABRAAART, £~ RS FABREFNTS L, BERABETS (GHT) »
S b B DETICHIE LA BB OEASEC 550 & 0 S BREEMOAS, 20 TRET Y ¥ Vo
DRRE, ChEBRIbDTHE,

BEH 7 TARARERBEFT LLE—- 1+ OB ERSIED
Plate 7 Sugar-beet applied with sewage sludge (Hokkaido)
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(Ifup: 0 Y

3.24 F =

I- 1 ROT— 2128CiE, S5EEEMES 1 FE LT RABMEE kO TRIBS i, 158,
COREFTE, BEOHMAIEMOLET IS 2HBEROricT B0, FHREBHKX (8
375t ha, $E @M, M fE2E7.5 t ha, L' £ 1@15t /ha) B O, &7
BREEEEAR L.

x 1 SHSFEFANEBNAEESR
Table 7 Growth and yield of Eggplant (Aug., 1980}

Plant Number Fresh Weight () Dry Weight (g)

Field Treatment Height(cm) Leaves Fruits LeavestStem Fruits Leaves+Stem  Fruits

C 67.56 ¢ 41.78b 31¢  1i950c 130.0¢ 2134 b 866 ¢
FC 8353a 6811a 98a  30033ab 59542 5170 a 40.36 a
5 7506 b T16d4a 52bc 271.00ab 299.9b 4591 a 21.54b
M1 7481b 68.05a 57b 26870b 357.3b 4557 a 2454b
I-1 M2 81.66a 7276a 88a 29037ab 510.7a 50.04 a 3b523a
L 81.75a 7203a 09.7a 31937a 8309a 5336a 42.83a
s 73.00 49.67 4.7 151.80 2168 2757 14.28
M’ 73.75 56.75 5.8 201.40 3438 3411 23.52
Lf 72.08 71.83 43 280.60 3708 49.79 25.97
C 65.14¢ 37172¢  19c  10614c  1184c 1819¢ 830¢
FC 84.47a 8425a 108a 321.90a 6627a 5561 a 4584 a
S 76.31b 66.00b 74b  22570b  380.2Db 37.78 b 26.06 b
M1 8005ab  7l3lab 86b 238.73b 450.1b  40.18b 3l.26b
n-2 M2 8189a 8333a 106a  31453a 5842a 52.77Ta - 4234a
L 83.03a 78.91ab 10.7a  315.10a §689a 5237a 44352
S’ 71.50 54.25 48 174.70 2408 28.76 16.29
M’ 81.00 60.50 72 214.90 309.3 35.89 21.38
L’ 71.26 62.58 8.9 21740 451.5 36.24 30.03

Alphabet ; LSD test (5 %)

ﬁﬁémzmﬁi,ﬁﬁ,Zﬁﬁﬁd%%%ﬂ%GJFﬁwm%&hﬁ%éu,ﬁﬁ%&&%%@
WAEET) 3, BEAROZLLDFEVHEERL, FROBARNED Shlz. tEESXD
RB-EEAARONBEHRT 5L, BREBRUEPRE 2 BEAK TR, 2HBEH & &L
Eﬁﬁ@ﬂﬁm@ﬁ?éﬂé&%b,it.9%&6¢%E1@Z®ﬁﬁ&6ﬂb%ﬁﬁ%ﬂ%b
(2P R4 2NEERL . FEMARRBITR, BX, ZHEHFRY, RESHEORY
EyRB izl THOEREGERF | BX, pRE2AKEERRKIFBIFFLVEEFRL, Ch5D
RiconwTik, 7 AENFOFREER ROZSNROERCNEE Y, LERRUPRT 2 BIK O
Bicid, SHEBAERIOBREAXRI LTS L EL NS,

2K (M1 & M2, SEBEREHARIRE ) T3, BRRUEERNE YR Uwwm
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A

TFARBREARRBER 7 I BT 2 HBO%E

A THXEICRELENED Shit, $RbL, BEX, REN, REMNEI I, SIEELEHO
HREAOEESRM G 2L EARELTWS, LrLEKL, PEREERXEICIE, 2N
BiCoWTHRSESBHLNA T L OHERH (F A MR CGHEEE) oMzt - TIY
BoEmM#sL0A k5 (FT),

FREREAR (8\M,L) k20T, PEROEN, B, ZERRCRERGFEMNET
BREARLVPALHICE, BEORANRE LTEDONE, £/, ERERUREREHNE I,
PRETEHBHXLDE C HDFERERADRLSBD O, L LENS, BEBICOL T, &
AKX EBEBAXMICZNED bhidbsf, T, EXRERERICSO T, BAE DM
HHRV IS - DR LT, RENNARUEENEYNAE, KASSMHETLVIZSLR
Honsh, JXHEHBOMMICE > THNT 2 &, BERUM FRHgMNAISVL TR, K
FESRD LN, HREMAROMMICHE > THINYT S ESBESHER -1, LEPRRINES
W 5 LR, REHKCBEMNRICEEHX LD ED - 1208, $REOEELITRIZLEIE
BR E D SR ERL 2.

RICEREHBREDVTRE L, $78bE, LRXK (S &8) OB RURERIIZNED
LS o o, BEBUZETNECEL TEHLAREARNEL, i, RBERNRLLSW
TRFEYRCENE & & EAXKHE{ (43~52% 0, FREMADOHR (280 HEbLNT.

PR (M1 EM ) OB, BHERPRKEFRICEHRD ShT, BERIXROHREIC £

BHoNIhofohd, BERUZERI, ARAICEIED LN, BRBRAGRSHELN, Chick
LTM2 EM RETHRBERUADLEEOVWTHLHICEAR M2) 455 <, BRETOMEH
Booht, FRK (L& LK) o8k, RENRURERKECHREARHIED ShMRL
forn, EMRCERMNETE MK HRE LS EHRD L NEM T, ZOKS BEREMMRES
HEEIC R S e D, PREOFFELFHICHERISEHENIM? RTh-t, I-16T-2
REOEFERE ORI, T— 151 - 2 &0 o0l (RRISHTUSUT, TH11%) 1
THD, MEEIENTI- | 3BOEENHERL TV 3. 57, HREAR ORERFRMR
DT HIEEERE EERICT — | EENHT — 2 LD OLEVIERIK FRLC & dRE i,
G RERAX IS 2 RESHEEMIIURXAE OMR ASEEBRENROZ W BT 5 &
SAERINROREZENRBIEH & L TR0 TN L iRl LT, SsEEDF hit, L. hhE
K (S, M) BIA60%DMNERL . &1, e SRR (M, L) OEHE8HBL/hEhot,
LORHAICSVTH, BHE2ETIEEHTH 5.

1-2R357TH, 2RAERE & HBERBARMISHBR L 0 EVEE L, FROBTHHRAZID D
hize T, FIRGREBR TR, B30, B, HESNERCRERFEYRCOLTED - B
BX (M, ') T, RHEMIMLTE S BX CHREOBAZRIRED dhlt, ChOORRE, I
- 1 ZRTRBDON: LABOBERETH - 1. LFEHRONRE HET 5 EFREAR TR, &
BRERUDRE 2 AX0£EBEE I >V CTEEERX IC LT 2045 R LI, L LSS,

=163 —



W B ERAY &

FREARTH, W {IFPERL RS LIECVRRE -7, FREAAXNETE, @iIFe
REFBICE L TLRR L DRE 1 pX, DRE 2 X ESBREICHAESZSRD Sh, 5658
Er 2EfpOBREAROEMNEBICRRLIEVZ &, PEE 1 EX EDRE2BRIEOVTHE,
fEftAT oA BASE—ic & 2xhb b TR R G R EMEOINE QRS 1B LD 36% R 2
T, VFNOEHAL b 2EROHHBBOREERTZ LHPSMLENI, ChEFT-1ID0T
HIFERARTH Y, MEELEINOBEREAOAEL F ANBIKRKM LT L 2T 2HRTH
3, LirL, PRREEEXMREDRE & hiE 2 BRI, 220 THELZZBRY
LbhE T &P LEREMBOBINICE - TNERLEMT2E04 3, —F, FEAEARKEIKOWT
(2, PESFHYNEL AP EHBROBNICE - THMNL A0 Th b, oAk TR, #
MBEMEZLRHT L SIAE T ot

BEREAOHBEFFHRENRE ORBTALEPLREK (SES') T, ELRUREHOED
DS, W, EESRCSEBREEASHICS KA, BAOHE GBI #B»>hi,
SRR D5 EML & MR TH, B3, BHRCEESEMECENEC, B, B ERHTENRO
BERTNEZ, M1 BHLPRELS, HREAONELSBY S, PREM2 M KT LE
Ao£BEB, $RAX(UVEY) TRL2EBISVWTERKDE L, GROBRGEMSED SN,

3.2.5 vauHL

I-1%RFI-2E5E, FRONBERHSIASH, vadsbiBshi, 2oy ATsnik
R, LEIER B B W PR A & 175 s 5 2, “/)vﬁzam}{}lﬁti, 10B 138 IKfTw, ok,
HEBRUREOFHENE, EYELAE L. TOERERS A LE, 1-1R3BTEU3ER
HAXOEN, FukUoCEnRER, BEARL0EL, vy dETicE, BEMEASD
TRV bho T, HFROEHHRGED bhic, $7:, FRGREAXOM FERNR b &
BHREEDE L, HiREAXERROHRENED ok (EXdbd, FRRKEEEARIVSVES
TLID. Bt « EERAR O FRRER, LB tgd 2 RE8Y, SREAROE
LHEEERREFBEE ST, LALEHKNS, FIllEREHXOEX R BRI EE
B & D EVE &1 7 HEEARRETR, PRE(S) LHRE | BRERFFER(M1EM2)
MoNEERES LT, PEREPEE | HRMicOW T, MERSEGOFREROBEM
RBIEMLTVEEEL N, PREMBIZOVTE, ZhE0D oNEVER L1, Chice
LT, R (M1 ,M2) s2REBICIBEIINAEZNED o, SSFERFOFREEHBDZ
BIRBIFM L, FELAEFOBREEACERIINBCEMLIEV L Rahi, £/, S&
M2,S & LEicidAshunRBEr@n o, HREABOMMICE » TR BT 322 LH59R
sht, FEEREAX TR, BXoh - S2XE, #iERNED) - PREMES 2 0ERE
TR, FEEAROEMCHE > TRRLNT 3EENBOnl, FEEFOEELAD L,
B, i EERNEE SBARNEC, BRI ZENHRSRECRELON,
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FASEAAIRER K 7 L12 3514 5 Mt £ 75

# 8 GEEVALTLNERERRE (I-1KREFI-2E38)
Table 8 ' Growth and yield of Sorghum (Nov., 1980)

Plant Fresh Weight (g) Dry Weight (g}
Field Treatment Height(cm)  Shoot Root Shoot Root

C 808a 43.73¢e 222 7.01d 15%a
F 110.04 16373 ab 93.0 ©1723ab 5.184d
S 914b 104.23d 87.1 125%¢ 422 cd

I M1 96.3 be 116,03 cd 80.9 14.08 bc 398¢
M2 101.8¢ 13167 be 79.0 15.73 abc 47 cd
L 10844 169.17 a 88.6 1893 a 750e
S 78.0 58.40 30.8 763 211
M’ 89.0 6940 56.1 895 2.33
L’ 968 9220 72.9 12.45 4.44
o} 76.7a 4684 ¢ 187 529a 1.60a
FC 662 ¢ 104.13 ab 319 10.96 ab 317b
S 858b 84.49 be 380 9.63bc 323bc
M1 923 be 92.74 ab 329 11.23 ab 3.40he

0-2 M2 1009 ¢ 130.20 2 54.2 15292 477 ¢
L 993c¢ 12743 ca 50.5 14.76 a 474 ¢
S’ a7 103.10 58.8 11.96 409
M’ 926 97.48 36.1 1101 3.21
L* 94.8 82.38 545 8.98 313

Alphabet ; LSD test (5%}

I REOEENHLEENRERD» 54 5 LB, i EHNBES T~ 1 BEBHEL, ThE
TEHEBELTOEIEDPRODICA ~ 12 TZORARDV TR, SERFAEET 2RETHA S,
2, BEREARICEAEL TR, PEF 2ERABRVWTI - 1 oNEXSHZ LdRshiz, —5F,
FREARKSVTHE, L« hBRTRI- 2258, 2BK (L) TE#II - 1 BEHVEER
Lice ZOEIIC, ZHNETOI2LF, FREFOERELTBCEVHOHITIE s, ZOLDU
RARVFEBLEZFERICOVWTE, SBBNEET RETH S,

I-23B0EREHK, FREEEAKE & Z08NE, BEARIDE, M LTk
CREYIRERE, SRVREEOCFASBRRUAN TEEMN XX DHRBAOHRESRD Shic, Hig#
AXOEN I, S | @, PRE 2 BRRCERR EEREMRIRASE KD, T, LB
X TERHRASEFLE 512, 1, FREAXTIE, PREOEX, FRRXOM FHFHED
HAPPEVD, B, ti EMNE L SMAEEHR LRZONEET L. HREARMETR, 2
BR & HRFE | IRERUCHERT 2EAXK EFBXMIIREL, B EBNRE ENUEC, PR2K
(M1 EM2) TRECRUH EHNR & bicE3@n ohidny, LRXEZRRXTE, B, M
FERRELE bESBHONI, T, PEREDRE2RK (M2) , LPRE: SBEOHTI Y
S EMES L h, FEEAROBINICEE » THRYT AEEHBED o, TDX3IC, S5FE
Efffi0oEAROZHNRICKRL0E, DRR L SEF 2 AXRUDRE & & RBROME O
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ERGTH -1 SUEEAENOBREAOTEFANRICRYL 20K, LPRRRCHRE | BR
DHTH T,

| ERAMAORELS5E, VRE (SES), PRK (M1EM) THEOAKENBHOIT,
BRI LB RBRIRETIS oo 1o —F, PR (M2EM) RUSER (LEL) TRH A
EDBH OO, AR (8 2B LNk,

3.3 SSEEEEHOREMM

SSERE EMONERE RIBOEBHKR, FRLVRR (S,587) , PRRK (M2,M ) B4&F
WOBER CREROFEENS 5V RERSEASh, $#5ARGSNL, 372, BHOKSH
S A E NI, HEEAEWL, [ — 21380k L w9 TH- AT NTORETa & 88
S N,

331 suLrsv
I -2&8iIid, wyLyyopBigsh, 566 3 A1sENEE N, AIERTAEE, BX, #
¥, FRMETHY, ROKZTORRETRLIL. HREAROENL R, BEAXOTALPLS

# 9 GBMEESRvLrYONRBHSEHER (I-2138)
Table 9 Growth and yield of Spinach (March 1981)

Plant Fresh Weight(g)
Treatment Height (em) Number of Leaves Tops Roots
C 108a 266a 250a 18a
F 151b 383c 813c 50¢
S 138ab " 29.1ab 417b 28b
M1 12.1 ab 30.4 ab 313a 21a
M2 13.1ab 341be 486 b 31lb
L 13.0ab 334b 460b 30b

Alphabet ; LSD test (5 %)

EHBHENT, TREDRF 2 IRROSRE TR LD B EERL 70 1 ERHEIN
R, HRE | AR AR TREAR L 0B, FEOBAGRSRD SN, BEBAKORR
HERERRO T LE BT 3 &, S THISHLERRD SN, BYTHDRE 2 AKOS
PRSOMET LK bOOHRL T BIERNRE D ECEERLE, —)7, H FBREE, 1t
SR ASEREICE R ER L, RN b4 3L FRTH -7, 75 5 RKE TR 8t
REL TRAERMESBHSNE Dok, §RERICOOTE, EREIBREBME hb
BEROERE 2 BRA, ¢hi TORBEREMARSE LENE—T 5 HRE | ERRUSRR
LRESLOEER L, HEBNBRPRE | IRROSRRK SRS L - kb, hReE 2
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TARERERAREER 7 L BT YN ET

BIX & Z2RETEMRBDONEL 2 cMZAHE 6% LELAKS, LER LGRS | HRTIH
POhLEMNBD O, ENFIIERMERSNAZDPERONEIE - T, T H5IRMEES
tFo AR LA—EATH- 8, K2R LAFE0RE{E-TW, 31, B0
BEZEGMETE ho oo THbL, fERMTRERABEAS N TOREOHMRE | @R ot FERNE
i, PRE2ARRCFFRE GEHEAR0t ha) LVASHICEINE o758, BHEARHN5 t
/ ha THALEBR oM EHNERIL, PREZRRKRFSERICILHT ENEL M-, £/, B
X, B BREARDESIML TV L L7,

3.3.2 2AF
JLAFE, T-1, I-1RUL-2iFBcEEsh, 5604 B4 BiciiEsh, RGCNER
BT, RO FDERETRLE,

7.3 10 558EE o4& FINEEESE
Table 10 Growth and yield of Wheat (June, 1981}

Plant Number of Weight (g)
Field Treatment Height (cm) Ears Ears Tops Roots
C 75.0a 117a 129.3a 175.3a 121.3a
FC 109.7 ¢ 3474 501.0¢ 1019.7 ¢ 546.7¢
1-1 ) 93.7b 205b 3313b 565.7b 2883 ab
M1 B8.7b 176 b 268.0b 4443 b 297.0 abe
M2 1050 ¢ 200 ¢ 509.7 ¢ 9340¢ 373.0be
L 106.0 ¢ 3l d 522.7¢ 9267 ¢ 410.0 be
C 7l0a Tda BTa 243.0a 1163 a
FC 1003d 201d 32874 5.7 428.74d
S 840b 114b 166.7b 444.7b 193.0 ab
M1 a00¢ 13%¢ 249.0 ¢ 6423 ¢ 296.0 c
I-1 M2 93.0¢ 139¢ 2743 ¢ 7233d 290.0 be
L 937¢ 183d 315.04d 849.7e 340.3dc
S’ 81.5 94 1278 325.3 91.0
M2’ az8 132 1548 4153 1260
L 83.3 95 155.8 384.8 145.5
v 833a 103a 139.7a 206.7a 172.7a
FC 1023¢ 207d 4107 ¢ 751.0 ¢ 6237¢
S 937b 133 ab 2487 b 458.0b 31506
M1 950k 162 be © 28030 4547 b 350.0 be
-2 M2 1020¢ 191 ¢d 405.7 ¢ 716.3¢ 4440¢
L 3330 159 b 3087 b 4627 b A02.7 be
s’ 94.8 153 263.8 3928 3528
M 98.8 187 3213 3478 3855
L’ 898 130 261.3 4228 361.5

Alphabet; LSD test {5 %)
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[ -1 BB REAXOEL, fik, &H, MER EE+H NREESEBEIREIDE
<, YEE2ARRUSBREOMR UM FRRER, EPEMZONRREEIERSTH 1o T12,
2 LFEMHOERBEARRUSSEESBRAENH—~TH S (zhtfhlst ha, 7.5t ha)
DEX (FEMHF 375 t/hatif) & ohB4F | BIR (fEffRMmMEH) OB, B, MERCHESR
R, MXeESZY T, SSEELEHBRCLEARSE—THS (ThEHI5t ha,
%t/M)¢%E2@E&§§E(ﬂA#WHﬁﬁmm)ﬁmﬁ,ﬁﬁé%wf,wég.¢E¢
1 B & FfkoBFEVEED S, & SIBKAR, SoEESBARBRY D 4 FERBOEAR
TRTIENS B PRF | M EE 2 BRMIcR, 2NEHAEEICHELTH SR IENED N,
BEREOEVEFENEL -1, 20T 2R, I3 A¥ENBRBY 2RERER CEMBERELR
—THHXDI L ¥, TORBEFOBREAOHREMEI RAEFEOEHEERL, SHFERME
fEffROBBEAROCEER D a¥obFrREMLLEVWI L, SSERRFMOBHROXE L AFICE
REMLEBNWIEETTEDEELLNSD,

- 13 2 GiREHKo &, il BEROK LI G+ IR, (LFPREX &3l
AETH-1. SEFEFHMFAFRCHEEIEASN-ETH, BENRERAREREALELTL
WA TH - fohs, BMT2T~78%, RWET29~57%, M LENE T3~67T% + h & NEmEAK LD
BN L AR BAEED S, 7.5t ha A KORE R OH_EBIKEH G- Fro CHUCH LT
FEMX e 5L, B TIIT~19%, BT ~53%, MET3~61%, Hi LRER T4~
CAB DN AR L. HREARKIZDWTAS L, fEREIBERENLS t /haTRI—Th 2/ LREK
(FEfFATIZ 3.75 t/haDdFEiRER) LHRE | BIX (FERRIERERR) Mo, B, Hg, #
B, M ERRECB L THSAEENRY LR, OTbPRE | BEIRHE <, 55FE B
mHEO® (DRE 375t ha, FRE1EEX 7.5t /ha) RUKRHAHR (S 11.25t/ha, M1
15t/ha ) INBRICRBET A L0 ERL -7, T, R FEMARIOBBARALS0 t/ ha TH
—THHPRE2ERX (EFFEIIC 75 t/ha OFREA) LEEX (ENFIBRERH) Mich,
B ARV TORX EBRE | X & EROMFENRD N, TNHEDXIEWT LE5EFHE
BEBOHFEEAR (TEF 20K 75t/ha, FRKX 15t/ha) RUKERAROZ (THE
2@EK 225t/ha, #REX 30tha) 252 4 FOEBFIR LT/, SSEREE RIS OFE
REBHRICENS S (FEFE1ER, 15t /ha, hEEZEX  225t,/ha) A5, SHEREIERT
OEARIKEDE L (75t,/ha), Tl GE1EREFE2ERK) Rig20Tid, # FHNE (EE
) KOSELBB LN, INLOERE, CORBIRET 33 4X0EE ICIIE5ERE EHE
BOEREBEAROEMEMTZIEEZTFETLIHOTHY, B FRNRIIL, SSHEEEERO
BRI (11.25, 15, 22.5 RU30t,/ha) HRBLTLZEMEL 3 3EMLBON. 2hd
OERI ] -1 3B B A BREEETELDTH D, SSEEEIFANICEH L BREBHELE
R (8, M, L) OHfitssEaEticdBs@ndhuns, BRIk &+ REBOBE
HBEOEEMARBLTEY, BROSBAIWVIr U RO 3.75/ ha #AREESTH
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TFARGRERKELR S 2 BT ST

D, M (75t/ha BAKX) £0% -7, CHH LT, BERCH FRNEE, MELURMRE
FEONRERL, CORBIcEH 32 LFiIcHd 2HROKHZ R, EMEARME-THH
EABRA LTS, EAFIC—ECEALTOAELEDSUVEDEEL SRS, $7, T 4K
ZoVTHEHARSHMTAE, NELHENTIL0EELLNE, ZROONFEERRGREA
RAC & 20 (it BRI 1, S4EEREo 4 FOERBAR (s, M2, LYXE (I EHFH
BEME) KB 3HREANRKMZOMER & HF—FLm, LbLahs, PREE TR EZEH5B4
EEEIL 75 18 5 0 B O MM IS 2 IEETH » eoiext LT, S5EEDINRZII 0% 26
REE ot COBAIRDVTHBHEZETIRETH 5,

01— 138icED 3BROMAN, 1AX¥OEBISA5HBES LS, ML &M, M2 M
L UREoREE GRERAXOEEZE 100 L Uiz & ORI LoENEL L SESHD EHE
L) TRE L, BXic20 T, b h il XPSSEER ERICFRICHREZREH LK
(8, M Rz aFEAficERESEASH, SAXLT-THS) LDBVLDDREALE
HED LNV, BiicoVTIE, LE U REcEESEMZD Sh, FREAR & )l
TAZERanN, X ENNED SR, BERUH EERRAIC 20T, L
ThedARNEL, R LEL REEREETH . LOLD i, TORBTH, HROH
AMBNBEICES DL T LMRENT,

I— 2 1Boes, HE, MERNE: SEREARMEEAXKL S, PEF 2ERDOEL,
X, BE, MmN, EFEEEoEn o iiEd 2REE R L. L, LPEREOEH
REHRAR EHERSBD OHEh T, PRE | ERX, B 2EKOFEL, HEF 2 AXOME,
HER O IR, CEEERORERE BIERAS LN o720 T A FEMBEIC 375t haD15]R
MRS h, ERKKERRY TS t/ha, BREARDHI6t/ha THEPREE 2 £ FENEICHE
RaBAS W FERNREARR CREHENDBR & E—Td 3 RE 1 QIRHTE, 2HFEL S
LD SN T,

IR | EX & 7 A FFEEHIIC 75 t/ha OFRIMEAE h, EMLHEARI5 1 ha, B
ARAH30 t /ha ThH »PRFE 2EX TR, B3, BMCRESED SR VHOOREE KU R
HICIHALHEENS D, £2EEKE>E | BXOMENRY L, FiithRE 2 BIK SEMER
B (15t/ha) #%, A—THs 32 8XMicE, 2EBMLTHESZSS D, PRF2ER>%
BROMBFENED o, PREREZREK, PEE 1BXEZRBREMICE, 2REK DV TELIGE
Bohitidhot. TOLIKDREEPRE 1 ER TR, 7 2 FEMTIOFRER OF XA
RRBREY, *OFEEOLRHABRRY D 4 ¥R TORERBPRICERT 5T &R0
o ZHiZ 1 — 1 OREOPRREDRE 1 AR, hRFE2EOR: EERKETHONAERLE—
OERTEHY, HROOEMEMNT, MARE (R sh 285 L KES#BE N5 E20 5
nELELI LN, FRXONBHOBRRFHPBREES TV EVICLEE, [-1RUFE-1
BIBTRERD SN - 1BRTHY., ERROIEHHN L2 LARBELLE P -l EEBRLTY
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3, SSEEERMCIRCARIBRS AR (S ROM Kicik, 2 4 ¥ksiczhgh 375
t U 7.5t ha OEBERDHEHENE) BONRICOVTIE, EXREBENRE ALV, T/,
B M >S' > L RERUH LSNBIRS =L <MolFs@Enohi, LB (5) K28

L) ROWERCHFHNBICEIRD SR VOR, BREAR (SELLK) LA—DHET
HY, BREBWAROENOFHEIURLOBEFHC OIBBOKMEEL SNIFEREL -T2, FHR
DEAMRI OV T~ 1 35 E FRICRHT 2 EPRK (S8 RUBERR (M1EM) |,
SMAI>VTHALHEEBRHLNT, MIEM EMTHM1 K (M1 & MROBHEHRIE
—, EMBAREM >M1) S0P EVEETLL. PBRR (M2&M', 55FEEMARIZISt
ha TR—) T, B, EETRESEDOR L - s, BERCHERNET, M2H
W6~3NEBEONEERL, EROHEBBH OIS, ChicHLTSE (LEL) KT, #BK
(L) B2HEISOTHTLICEVE (4~22%) L&~ - bODRELETIE 0, BAIKK
LIS REED S hiih o1,

DI EASSAERRIED b £ OOMEEAET A ¥R KO L v Y 0 E TORERETH L, CTCT,
TS L FSMEEE 7 2 ORIEB Y £I0A T 2 R b B RIERED SEE TABRE
LR 804 & b3 C & BN THA L1 Bic 10 3 YL E0EBERET 5. T O]
CABIC O THA L8, MO TRE LA KERBRTH Y, S3EE—FM0l—
BIRR TRIBMIRARENOENS S L EHXRBINTV 3, Tibb, B—RIERREYTH
sl A XOEE, NEHLA-RBBEEHOMRNIE, | - 238> - 1381 —- 215>
I-13BOIEETH o 20T, HEBROVTEEHOEBS T TR L, BEARQ
KoV TiR, B1fEF 2 GEEFEME OREFHYNEBRBII-1>1-2>01-2>0-1&%
RBRIOELED Shb LRI, 1 -1 RET-2 3 E0RRFT-1, 1- 238024800
ENBEVIFEERENZDONS, B2 GAEFERE) O HEFHEMEICOWTHE1fE&
RIREIE L = 1> 1 —2>0—2>0— 1 &7, SAFEAENORBHZERE—TE - fco BEE
BIER, 1 @B TRIBEC EICRE - st s h, 4 1EBE A—femhsigshd, |
CHEBORKIITE I b ol L LENE, 1EGTH, R—Eyhtitah, £03BEE
AAH5EFEIMEFR GHRERE) OREFEMBEIRELALERLL, PRI -1 @35P0-2
HBL0 &Y (7 80 BREED, F1EF20BAAD SO INRENHE LI, Th
B RAENBAEHECHE LT, 0 - 1 IEBER2%BE Lo LTI - 2 3302 hh33% O
IRTH 1T ERLBODTH B, BAEY A & Gl LSHFEEME) SHIHENTEAED LR
Bdpote, EIMEMEI LF (i FEE) T, T- 1 ESHE— 2 38 E b NEHONBRETL,
foBEEE AT TRER LGk BHffrFE | — 1 BB ToHBESNALN %
DINE (GG ESE) i3, T- 113854L030%, [1-238E015%08DE 5ok, ZOESIE
BHXIC B A EENOEBSEC D, ERARK LS CHBELZRITTEHERED -/, KITRL
P — et D, LEEEA R LT -7 b0THY, T2 TRLNLEEAO3BEZR,
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TrRGREAROENR 7 212 B Mg

LR T TOMETH S, LEERGHE (FC) KR 34EENOEBLBREMEK & ER
DEEKDWTALLEBIFF AOREFEMNER, 1-1=1-2>1~-2>1-100ETSH
DIELTOREMERTFI -1 &0 2 DRBMESNEEFED G, B21ED & ¥ O HBE
HORBZOVTHERIZT -1 =1 -2>0—-2>0-1240, [ LIORBHZRIERTH-
o, =120 - 202+ ANBEONE L > TV BIEF R OREREMIRICET 3
O-1 EH-2BMZE, FoE1 L FEDESNELNEY, T-1EBONBET - 2 3D4%
NDYBDORBEL 720 BAEY 27 £OM ERFRONEE, 11— 135050 - 2158048
FBOWN LY, ERMESRUE L+ 2NBTED GNIBENERICTELL, BE5{F7 2
Fol FENBETHI — 1381, T—-2E3BL02%0BNERL, 1— 113B0NEE, 1
— 1 ABEOWIBEHETH » 7225, FB1fir A TRDONLBEFLOETR UM, COLI AL
FEHXICEWT LRI OLENOREREBURDL OO,

PILED 262 ~ aFoEFREATHIC 0 2 8 (FOMMBEOERTH 5, HFREARXDOHEY
DRBE, BEALDES, HRETHIBEARONRE D SNTHY, hoLEEHEFED
INBARTBELEV I EHLHFROEEE LTOYRNF NI L HIF ok &, TRERAY
BROIEDRERNTV &, EEERLEAGOETHERLABECLBHLNTNEILETH
BHUEERKERENMTHAL 5S MR, AATELL -TH, PRioBERTCE
BERFRICL - THLhEN, HREAXCEI AR E BYREBORBIL—EDOMFELRL
o lid, SOBERETH -, AR THAHL-BEORARME (375 $30i47.5
t/M)fu,%wﬁﬁm%mﬁ%ﬂ%mﬁﬂbmw%mt%16héoit,ﬁﬁ%@@Mmﬁ
»> TNBOBMARED Q2858613 & A EPRABDOEMRBICHE L FEMTIG p o1 HiR
BRX BEMELTISt ha, F1RBFRIRER) i, MEEEES L&, SSEFERE7 S Y
9, YR ABRUEES AXOBBHE, BREABAShTVEL, 2nkbhbbdd, ZOKX
DOZNoEHOREE, PEVOFNINREET L. F/, BROMEDT AXONEEL, MEESE
MR RR Y 2 EROBEARVE—~TH L2TRFE 2RHAR ONE L FRSONEETRT T &5
Ll Ent, ZOBERR, LRERAR &hERE | HEAXOMIZ @D Lht,

THOORRNSERLAESNEIENE LTOMBRERTRES (EMES) OWROREER
KoWTUT ok fRsBHa i ihsd, $ibb, THROEDE, MAKSE 1 fFoRyicst
LTHNZPBHERIFEH AR TIPS 1 03 ETH L, CDHE, MILOE
ﬁ%®ﬂ§%ﬁ%%@6ﬁ%ﬁ%$ﬁ§ﬁ%ﬁ.fz&U:ﬁf@ﬂﬁﬁﬁ%%mégémﬁéo
Fiabb, S5EES 2 DRERFHYNELLL L, FAREFOBEREARIK 2EDHEMH S
DERX EHEE AR, hRE 2RKESFBRRONBETHENE—THD, »D, + ARERO
HEARSE—TH ShRE | AR E 2 OROEBICHGHEESED O, BREORENGHT &
Tdhbo T bL, pifEd o o FEER OFEEAOFEINBEIZRM LTS L2 T ORI
wL, ATRCHESROBRID—D &1L 2o T B,
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I 1 &8 51 354EEAIFa & ¥R Gl LBFHENE) OERGARKMEL S5 L% RK
WORR® 2 445, R | RO 2, HRE? BRGDBRO 2,24, HRE | @AXO 1.7
BTHD, BREEGRE AROTENRE, DRREGEE | AROTHIRED 2 75 -7,
CORBMOI, ROBBOBE LS, Tubb, [HROEIE, ARE 1FECL/2 15E
L, RECEDL 2BRETS] L0105 bDTHE, UL, CORRMSKIT HBEE, MED
fhid, RIZFOSEEREFT ARERRBICOVWTDAETH -1, T, TOHRPOT B EHEH
HBE 2 ETESESREC{ZNBZT LN 30, EEOI-1, 1-2RU1 -2 3E0%
BEXROBRE | BIKOL 5 KM% 3 FORYARES A BA0BIME (9 4%, FoL Yy
9) Th, REFHICERIEN S K L RSORBERT L & 05 EROENLERROS 1
ROSE 2 TR B bRATE DL EL DN B, COLITALRBHBESNGH,
WFRI LT bEROENEEMICh: » TRET 5 b0LEA6N0E, CORIEUBORHOR
i, H5AK L THEE RAMERNEL S, HEMEDIC LV ABSHRETEbOLHE
BENB,

4, T
HADRL SMMIIE @1 -1, [—-2, SIFHMI-1, 0I-2) 2AVT, BEOEA
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1) BAFISALERE 7 2 A4 HER R o
2L FOEFR, BROBAROHMIZHE > TRIFE 250, HRIAR O£F 3L LKL
HLOALHE BT LHERD LN, T, BEOERT, #RARBOMHOHBIKEL-T, 1
~13B>1-2@8>1-2138>1— 1 RBOIAKES, BBREIAD LN, &5, F
BOBARSPEOK (15t/ha ) Tk, ERRKEHESR—-TbHROBHEEBICENED 5
N LALEMNLSBEHAK EERISt ha) OEAR, ChLOBERIIED S I T,

2) WRFNS5FEL BERE AR Ikt

BEfEOAE IR, FREAROHMICHE > THL, MEARLDSVRESE LN, HROKA
MBEBH SN, HIRERK (L, 15t/ha) TR, BERCEESL HILFEHXEED
SREWEEFR LI, B8, GREEHR:BEROMIKEVIEDHEM (r=095) i,

3) EHFOSSEERE 3 & 7 O bRk
ap 7oL, FREOEAROYIMCH -THEMNL, MEHELvFORESZH N, Kk
OBRYRMREAN:, T/, BREBROEFRLFEHR O zh e FEEOEFTREER L,
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TARBIERRARS 7 LIC BT 2 HBOEE
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5c&m%w6nt°7ﬁyyvmowt§,:ﬁjmﬁéaﬁmmﬁ%mm%®QMﬁ,ﬂL$
FRiIZEBL, BRECRB LT LB ohi,

5) HAFOSSEEE > A DLk

FARAOEFIZOWT, HREAXORER, MEAZO+hL D EVELRL, SROBAYE
pRHON, FIRERSERK (16t/ha) TR, EFEEHE g 2 NBHED SN,
fz, FEERBARIKDVWTHEEARL OV BVNEBERL, FROBAYGREIAD LN, B
REAXOAETR, HorRFIEHEARL VBRIFTHY, HROBEMIENED S N,

6) MHFSSERE /v A7 & DEKERREL

VAHTLDEFROWT, 1-1 3RoFREAROIRE, BEEARLIEL, vArvsof
BAIERGSEASATOVRVC Lo FERERYHEMSAD b, S5k, FRHAXD
£5H, LEERRXDOZhicitgd 52 LB S,

7) FEFISSER 3 A F ORISR

I—-1, I-1RULI-238icss24F¥DEHE, HEOHBABRDEMICME - THEL,
AR L OB, CEEMRCITET 2RESEH o, B, [ -1 RIBTE, 74+ER
it B0 5 REARRCENBARYSE—CTH IR0 1 ¥, FoHEEMNOBREAOHES
BAGRS C, AHEDEFEZRL, shEREEEMNBOBKAROEIR, 2 o ¥O4FRRBLAWE
&, SSEEEEMOBABRDZ L A FKEMLEWZ EHIBENER o, LALEMS, T-
13BTRINSOEREBRL,

8) WRFISSEE v L v v o ORERS

tu Ly vDERR, BROBAOHMICH-THML, FEPE (M2) RUSREART
BEARSOEOVEENSE SN, BROBMSGRGEY ond, L LEHS, {L3EESERY
KHVWEHERETRL 2,

LLOKRA2EHNdT 5L, FREARCZEHONERZ, BHEAK GHRE) oRgLb £,
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FHLBCHOISTRHEROBAHENOEERCEARN CRITTHE
—— HEHREBR ——

(O AN - ARS8 AR 2
EARE A BEHER G

Growth and Elemental Contents of Plants Grown in
Soils Amended with Limed Domestic Sewage Sludge
— A Out-door Lysimeter Experiment —

Takenori YAMAGUCHI', Toru KUBOI?, Hiroyuki HATTORIZ,
Mikiva HIROKI? and Kunihiro FUJII?

Abstract

Eggplant and wheat were successively cultured on a sandy soil (I), a light-colored

(11} and a humic (III) andosols, and an alluvial soil (IV) filled in 8 outdoors-lysi-

meters. For each soil, two lysimeters were used; one to which limed domestic

sewage sludge had been applied at a rate of 7.5 dry metric tons/ha /half a year.

The other was amended with chemical fertilizers at the rates of 84, 159 and 44 kg/

ha/half a year as N, P and K, respectively. Combined effect of soil and sewage

sludge application on growth and elemental composition of the two crops was
determined.

. The results are as follows:

1) Fruit yields of eggplant on the sludge-amended plots were 86, 93, 107 and 95%
for soil I, II, HI and IV, respectively, as compared to those on the fertilizer-
amended plots, whereas the corresponding values for top yields of wheat were
61, 49, 91 and 70%. Thus, application of the sludge to soil-IIl was the most
effective whereas that to soil-l was the least effective for both crops.

2) Regardless of the soil, no significant differences in elemental composition of
eggplant between the sludge-amended and fertilizer-amended plots were ob-
served. This also applied to wheat except for the plant grown on soil-1IV, where,

1. ErREmsier SN T 305 RBETENS B AR/ NFI16% 2
Division of Engineering, The National Institute for Environmental Studies. Yatabemachi, Tsukuba,
Ibaraki 305, Japan, )

2. EPKHISBRIGS T 305 silRsEsns mmeThe)6E 2
Water and Soil Envitonment Division, The National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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N, P, Ca, Mg, Na and Al contents of wheat grown on the fertilizer-amended
plot were significantly higher than those of wheat grown on the sludge-amended
plot,

3} Total absorption of elements by eggplant grown on the sludge-amended plots
was similar to that by eggplant grown on the fertilizer-amended plots. With the
exception of Cu, wheat grown on the fertilized soils-I and -IV incorporated
more elements than the crop grown on the sludge-applied soils.

4) Absorption rates of N, P and K from sewage sludge [(plant absorption of an
element} / (amount of element applied as sludge) x 100} by the aerial part
of eggplant ranged from 13 to 31% (N), 5.4 to 14.4% (P) and 140 to 382% (K),
whereas the corresponding values for wheat were 6.5-35.1, 4.8—13.4 and
99—586%, respectively, The rates of these elements were the lowest in the
crops grown on soil-I. High rate of K indicates that the plants absorb most of
the element from the soil,

5) Nitrogen absorption rate by eggplant and wheat was higher in the fertilizer-
amended plots than in the sludge-amended plots. On the other hand, the sludge-
applied plots showed higher rates of P and K absorption as compared to the
fertilized plots.

1. F2CHIC

TABRE B S 50 1 RS EEM & L CRSICRIAT 3 b, 2 0AMEARRT 5
LE b AH SN ELBEOEERNO L E—RNTIC 5L HEBE HROME, B, B
IO HIGES L bBLES SR L Tl < SIS B, BESE, BRSHEE LD CDkpol
AR AERRAEIIBE MO TEE LY, RBCENT A o2 -5 — (BER £200T
RSO BHID b & K EREBIE L7z,

KHEE, ABROLHSETASNEBAT A ¥4 -5 — UTARRERT) . LERK
WEERARA L0 b, + 2RO 6£E88 LT, FABGRO MR Rn0E S KU KNS
R TEEA{LFENR NI THO i LES & LEMEDBRETH 5,

2, EEBAE
HE R, DEL: RBHNDCRED, #BRF7 1 CKUKTE, TED), #E: GKETEL -
BUog4as+ (KUK LE, #) 2R TALLEERELHVTIT -~ 1. -

THbt, —201EN 2 EOBFERBRETASN, —HLEBER, fhhic TGRS
i, (LEESORARE, {LREE (8- 8—5) 15kg (105kg,/10a), &Y VB 2kg
(140kg 10a), T+ AK 2kg (140kg 10a) THy, TFTREEOKARI, KITBHRET
36.1kg (25t ha®id LT 75t/ halTH - o FAFRRINFENAOSEMMMEEALEE L D
Biky —+& LTIRI L, KE%R LA b0t Yo BERCHERA L bOLR—Th b, &
Liz{bFEEEUOHERERARON, P RUKOBAREZ R L. ChiFR0E shERREITH
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Table 1  Application rate of nitrogen, phosphorus and potassium to fertilizer
or sludge amended plots

Chemical Sewage
fertilizer studge
amended amended
plot plot

kg ha {g/plot kg ha |jg/plot

N 84 120 (278 401
P 15689 227 6 4.5 93
K 44 62 23 33

L, o—¢ ) -3 RAEPS10~15cm OESDEETRE L. B, LEEMR
BELXAI LTHIALET -7,

HEELTHFA (Fli25), &4FE LT3 44 (BHELS) &L /.
FREEICRLE LS, BEEG 10AOF v FEEHMS0cm (BEdb), BER 75 cm GEEE)
ORI 1 K48 EHE Lz,

HITERELTOBY TH 5, WSAFE 6 A168 B8 (3S£- b)), 7THIE REEM, 1
B, #>4, 7THIGE &BM 0598 NBRONBEETHS,

+ 2 DONEHEHRG, SEEROPREL 2B 2O TIGHRENEL (K1), a5t, #E=, BEY,
FEMRURETHEMELAIR L. 13, BREER, SRBRELY 2 B8 %L, fiks
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Fig. 1 Planting Site of Eggplant in a Lysimeter

¢ ; sampling site
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Beifik THA I SR, B0COBREBRMTER L, ERELWELL, ChER-—1ILTH
B LAMTRIEE & L1,
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Fig. 2 Planting Site of Wheat in a Lysimeter

e ; sampling site

RELBIT, MIS4EIIE 6 B SRIEA, IR, #54, 1HOA B8, 12826 R8I,
WHfI55F 4 A21A NHERUNERETH S, NRFHER, SEELODREIL 2 BitoW1T20
BEBURETIEL (R2), HEROFHYELAE L. 15, LRIURE, +ROBAEH
BB L, £/4, ZOEBRRBoHIECAWEE4+ 2 LERCABLMIFAREEL
7o

LEAMFEREHC OV T, Hibd B IBERE S E LA ED TR % T L,

T1ebhb, P, K, Ca, Mg, Na, Mn, Fe, Zn, Cu RUAl €20 TREIKIEE, 75 X8Rk
SRR LD, £/, NICDWTHECN 2 - —ZHWTRAEL:,

3 BRRUEE

SFEEME (GREASRS 1/ LLTHBIN P AORNERESELZ 2R L1,
F 2R LIk ) ALEEHERUERERE O+ A NI HERERBD S, HHhTHILE
TEXIR D + 2 RERFBYNE & HREOZEBHMYNEIToWTR, HRELTEHENRD S
h, roRBROTEEIEME, PET<HRERR L]MRTIBRI LU BT TRE
Ry CEAPRRSORES (RIED) PEFHEIRSVY, tHoHBEJLEDNEZS
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Table 2 Growth and yield of Eggplant (October, 1979)

Sandy soi} Light colored andosol Alluvial seil Humic andosol

Treatment Fertilizer Sludge Fertilizer Sludge Fertilizer Sludge  Fertilizer Siudge

n 18 16 16 16 16 16 16 16

Plant Height ¥ 584 (100) 62.0 (89) 726 (1000 66.9(82) 736 (100) 70.5 (96) 71.7 (100 72.3 (101
(cm) SD. 5.6 114 48 6.2 8.1 84 9.1 6.3
Number of n 16 16 16 16 16 16 16 16

leaves X 446 (100 386(87) 59.6 (100) 41.8(70) &35 (100) 406 (64) 60.8 (1000 62.4 103
s.D. 178 213 13.6 107 276 17.0 236 166
n 16 16 16 16 16 16 16 16

Number of ¥  30(100) 22(73) 49(100) 39(80) 39(100) 4.2(108) 49Q00) 50102

fruits S.D.

Stmand w16 16 16 16 16 16 16 16

Leaf X 11661000 89.6 (77) 179.5 (1000 140.6 (78) 199.2 (100)149.8 (75) 201.7 {100) 199.6 (99
frwt.{g) S.D. 586 50.6 414 59,1 745 52.7 88.9 58.8
Stemad Leaf = 2 2 2 © 2 2 2 2 2

dey wt (g) X 190(100) 148(77) 23.7(100) 20.3 (86) 32.7(100) 238 (73) 358 (100) 32.0 BY
' n 18 16 16 16 16 16 16 16

Fruit X 3154 {100) 269.7 (86) 706.6 (100) 659.2 (93) 682.4 (100)650.4 (95) 794.9 (100)854.1 (107
fr, wt.(g) S.DI1908 198.6 198.6 1976 1959 205.1 3548 1843
Fruit n 2 2 2 2 2 2 2 2

dry wi, (g) X 180 (100) 157 (87) 423 (100) 34.89(83) 400 (100) 31.6 (79 52,6 (100) 53.3 (10D

n 3 number of plants, f; average, S.D. | standard deviation

WHITHTR pHABET 240EMS 5, FLEMEEERNREBHSNMCELAIRK L -T, &
f., EREBRE, BROACBEABMELTERKAFTSNL AN VT AL L ST, THEH
pHMBEINTED, ThEARBRLTENRE LT~ bDEEL LGNS, Thicx LTt
2, KEHOTFTEETHY B TEKELCEEHOSTER/LLIVED, NEGFE LD DEEX
b, £, RBEERI OV THTELTH DIBREHSEL , ZRHEETICERYORANT
FiLk » THBRENITbhiz bbb b TR LEE AN TEREN » 1, BPETERBNOD
MBTRE Lo Bic L<TRIES, St bE L HIbDLEALN, LDT L
D ZOMBICRBL, OB TELIBEREL 7DD EFEZ LGNS,

EREAR &{LFERRONER%E 4 3 LHL, BREN 7 TRCHHE TREFERES
BREE LE-Twett, BF¥7 1T, RESFHONBLAOLWRER L bRIFRFLUED,
EREORLMFEMNE R, {LEERR L 0 BIRESENE R L, BICR LK S KR LR
TN 2 BOHERCETASOA TN 5, ZRBRICELSH—BERRY THOAKIATVS
LA EE—0t SR TASNE: 2EOEERMEEYOLE - NRCESEH oL LD
b, BILOHRMEAR &R ORERE, 2% b fiEks 50 dBROEHERRL T 5,
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BROER %+ 2 O REFFHHYIR THE TS LEME LT7.5t /ha OFRIEAIC L > TS
B A L BB D 86 (WHEL), 93 GeaRFr1), 95 L) RU10T% (B
#71) ONRHELN, HROEHELEVEHZEBAS AN, COLIRBFI LI
LBUA3EREONESMEFENEE RERS LA BRI >0 TR, S®AETILENHDH,
HRERBHCERON VY0 ABEH I TEY, ChiLL > TREF 7LD+ pH SEF shic®
LEb—HEEZOND, T/, WHL, BEEF7 LRUBHELOBRR O NS FEH K
OENEOE BRI 2VTHE, BE7 B350 LSO TSERNTIHENS B H
Ihoot@EE, BES Lk~ TBKE GEH) HEL, THEXOEMRSOSHERHPED
Fodie, IBKRADTIIE D (B, ) v ichhnn ) @ abiE L EV)NABREMHA LSS, L
SR & D EVIREB E S bDEEL DR B, CAHLTRES LR, BRICART BH4
ot ca b/t PEHR ERZOREA R L b0 L #llE N 5,

RCF ADEERRURETOSINEELRI FEHULH) RUF 4 (BRND) wRLi,

BREEBZCHEES N ROEYS T VRSSERMEFEEHEOzh 2 LE -1 (%KL
DE) ORLUTDELYTH -7z, ZEMBCHPELON, P RKUFe, BEEK S 1O Na, FeRU
Al, M+ DCa, Fe, Zn RUAl THo1c, REHTRPELOFe, Cu, RUALHBBELON
BRUNa ThH-rlo g, Mifito+ REEROK, PELOF 2 RERONa, BBE K7 T OREMR
D Cu BRUALRBULC BRI 2D Fe, Zn RUFAL &, (LEEHSR L FERROGHENEN -
fro ZHOHLADKERDBLTHRELEE SHERRELFESXOMICRELZIZD S0P -
Fio COXSIC, B EA L ORI L THERK LEEERROMICH LA EEFROENED N
BN BRSNS,

B haER (FR4) o0 THLE, EERTRERBEHKXO Fe R A1, {ELEIERXD
Cudd, FhFNFRE LALFEEHK O+ 2 FmNR oL EMIEN (5K PDEL GBERES
T<mBE<BEI L, EFEMR PEL BBRERMMREISENs 1) CH4TEEFE
BOTERELR L. —Hh, BESFIOVTE, BEEOP, MnRU Zn, {LFEEHKED Zn,Cu
BRUAL B, #hThZEERLEAKKERK (WHELH%OEAs L=ELELr 1) &t
EXR ME:<#gaERs GMET<EBE71) ofmpNEo T BEEM RS Y 23658
DOIEAIEER LI, 0L, ¥ML D EFRLEARCEYDEGRICBAL THIERDF R E

BOENTORASERICEMT SHLADEW T EBRShITENIS,
COKY DERASERR, BY —EFKESZERSORINEETR LT3, S ERETEHEX

DFADBY D ZASERBLFERROZNIDE b -fDit, DEL CHEEROK, Ca, Mg,
Na, Mn, Zn&U Cu, AREBOMg, NaRUMn, a8 H 7 L CHEHBO P, KKU Zn, HR
EMD Fe, Zn, Cu kAL, i TIRFEEHON, P, K, Mg, Mn KU Cu, [EEHELDOP, K Ca,
Mg, Fe, Mn, Zn, Cu RUALEFR 7 L TEEERONa, Fe, Mn, Zn, CuRTF Al RREEHD

Na, Ee, ZnRU Al THH, HFREAROEFRMEEEMEO £ 0% LR 55504, BERH
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Table 3  Elemental contents of Eggplant

Total contents (mg/g dry matter)

soil Treatment N p K Ca Mg Na Fe Mn Zn Cu Al

Fertilizer 372 812 2390 386 744 041 040 0J60 0041 002 046
Sandy @on) (0% (100 00 Qo0 100 100 (0D a6 (00 (100

soll guge 503 374 2132 3220 658 036 050 0151 0038 0022 0504

i (135 (200 @» G G (88) U2 @ O G0

Fertiizer 500 3.74 2424 3760 403 042 075 005 0021 0,750

. 0.080
Light 00 do® G0 (o) GO (00 (00 dom G0 (100 (100

colored
Stem andosol Sludge 450 340 2066 4004 408 051 149 0086 0036 0021 1492
and @8 @) @y WD aod (azb Q99 09 (72D (100 (199
Leaf Fertilizer 439 4,10 2452 3220 802 052 061 0082 0043 0028 0061
Alluvial aom ao® ¢aom Ao aom 100 Q00 4o (10 Q0w (100)

soll  giudge 419 366 1764 3920 780 061 156 0087 0053 0028 1556
@) B9 @D A2 @D 1D @59 (0§ (2D (00D (229

Fertilizer — 294 1790 4060 463 063 188 0089 0054 09025 1878
Humic aom aop Gow qo® QO Qo) Ao A0 Qom0

andosol g1 10 451 216 1976 3880 476 048 166 0079 0046 0021 1.660
(= Qop quy @ Qi an @88 @9 ®) G @8

Fertiizer 214 300 436 185 228 072 0054 0024 0010 0013 0080
Sandy aoy Qoo aodp  dAce  dGoo) QA0Q Qo QoM ooy 00 (10O

soil  Sivige 234 314 412 (87T 199 029 G133 0020 0013 0020 0162
109 Ao0s) (@H Qo @D Wl 46 @Y s Q50 @03

Light Fertilizer 230 256 386 187 156 033 0063 0016 0014 0020 0134

Light dop (o Go» (00 (OO (OO (0D (100 G0D (100) G100)
andosol Shudge 269 280 488 205 168 036 0051 0016 0007 0012 0052
Fruit ap (w azn 40 a® d0m B w60 60 (9
Fertilizer 127 370 418 215 185 036 0063 0016 0010 0017 0044

Alluvial aop oy (o {0 (00 M) Q0D A0B (0D (0% (8

soil  Sndge 167 326 382 189 151 053 0053 0016 0008 0014 0038
a3 @) @On 68 @2 W4 @ am Gn 8> 689

Humic Fertiizer 218 284 446 169 100 042 0087 Q016 0022 0002 0.156
e A (oo Gop A dow aod Aoy (oo 00 A0 G0

Sludge 220 334 374 161 186 027 0.059 0017 0015 0002 0061
aoy 1o ®H @) © 6H 68 e 6B D (69

( ) + index number

7 RUMB L CE D5 ERBDFe RU A, PELIEBIHREHEDFe, Cu RV Al ThHoT,
e DR CBI LT, MXBIRASHEEERS Db o, TOLIIC, ML RUDEL OB R
ARIREHE Lo+ ATH, ${ORGEFRVEERHRICAEE L+ 2A0SARLVERLESS
ZEMEHohirshs,

EMHULDDERSER (£R3) AHET L FEPTEN=Ca>K>Mg >P>Na>Fe =

¢ Al >MnzZn>Cu OIAIIES, £HBES TR, K>N>P>Ca>Mg >Na>Fe >Al >

Mn>CuzZn®IEfFE1EH, XEMTIEN, Ca, K #, REFTRK N, PAHEEFRERTC
LSS, ZOFEFRIEFEERRKcs O TAERCED LN, HREARKICATLE
F RO TN,

FRONE R, {IECRENENLERE S 30 BFERVHERKBA SN, £IEO 2 AFHPRE

5
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Table 4  Absorption of elements by Eggplant

Total contents {mg Plant)

soil Treatment N P K Ca Mg Na Fe Mn Zn Cu Al
Fertilizer 7068 593 4541 7334 1414 779 760 304 078 038 874
Sandy dop do® (om o (10 (0 Q00 (00 100 00 Q0D

soil Shidge 7444 554 3155 4766 974 532 740 223 056 033 745
(105) 93y G 69 [GI2)] 6 @ 7 (7D 79 ©®

Light ~ Fertiizer 11850 886 5745 8911 065 965 17.77 190 119 050 1777
o) (00 (0D {00 (00 (100 (100 (200 (100) (100 <100

colored
Stem andosel Sludge 9947 600 4194 8201 828 1035 3024 1.74 073 043 30.28
La“‘} By (9 @I G @G0 1d A @) 69 B GO
€ Fertilicer 14355 1341 8018 10529 2623 1700 10.95 2.68 141 092 199
Alluvial e (0 Qo0 doe Qom0 J00y Q00 (00 (00 (100
soil Sludge 9972 871 4198 0330 1856 145 37.12 207 126 067 37.03
6D @ G @ 0 6 18 0D @D I (18
Fertilizer ~— 1052 6408 14535 1657 22,19 67.30 318 193 089 67.23
Humic — Q0 Qo) do®  aod Qo0 00 00 (o) Q0% (100
andosol g0 14432 1011 6323 12416 1523 1536 5312 253 147 067 5312
(=) @ ©» @ ©U» Y TP GO 7 F D
Fertilizer 3852 54.0 7848 333 410 1296 098 043 018 023 -144
Sandy Qo) Qo  Qon 100 {om (00 (00 400 o) {00 (100
soil Sluidge %74 493 6468 294 313 456 200 031 020 035 255
@) @) @ @69 e G @1 0D aw asm a4m
Light Fertilzer 9729 1083 16328 791 660 1396 267 068 059 085 567
e lored 0D (100 00 Q0D (00 (100  (100) A0GY 100 (0D (100
andosal  Shudge 9388 977 17031 715 586 1117 178 056 024 042 182
Frai @ @) a4 6L G @) 67 &3 @n W G2
ruit

Fertilizer 508.0 1480 16720 860 740 1440 252 064 040 068 176
Alluvial Ao Qo Qol 0@ aop (00 (00 (160 (100 Q0D (100

soil Sludge 5277 103.0 12071 597 477 1674 167 051 025 044 120 .
o GO @2 6D 6D 118) 6B 60 6) 6D 6

Fertilizer 1146.7 1546 23460 839 999 221 457 084 116 0.1]1 820

Humic aop (100 4ol A0 300 (ol QoD (0O (1co) Q0O (100

andosol gyq0e 11726 1780 19934 858 991 144 314 090 080 011 325
w2 a1l 6% 607 63 6w 69001 69 1D uD

( } * index number

Shice CHOOIAFETE (G5F) 4 AENORECRES hico T (EREE) 1Y
BEFESIKRLE,

[E2ERRicE T 50 L ¥OFBMING EBEROZ RSS2 L, DHEL, RERH 7 TRU
MR OBERRIREZ, {LEEHE & D30~50% OMIN Liisfz, LIt LTRFR7Lic 57
B ONEE, LFEER &b PPEIX (9 FH) L15EbODEEAEEDLEVNEERL, T AL
BOTIAFXFTLEREI T~OBERBAOHESGE N T LMY ohicEnI D&, By L
ADFHTIE, EROEDHLEERL D AEDESC EHED S, BROEME, FELT
SESNZERCLZ LD EELSNTV 3, HRIVCSHEINIERE, TORBEALIHR
BTHDESNTED, 2OREPHBRBT i, THOTHRS N TERBES 155805
3, ZOEHDTOEROMBICIE, £ CERTAHEMCL -»TiTON S, FBRRCHO SN
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Table 5 Growth and yield of Wheat

soil Treatment Fresh weight Dry Weight

of Shoot (g) of Shoot (g)
Sandy soil Fertilizer 127.9 100) 253 (100)
' Sludge 777 (61 125 ( 49
Light colored Fertilizer 4444 (100 321 Q00
andsol Sludge 2196 ( 49 244 (78
Alluvial soil Fertilizer 4013 (100) 396 (100
Sludge 2810 ( 70) 343 ( 8D
Humic andosol Fertilizer 3588 QA100) 380 (100
Sludge 3262 (9D 364 ( 98

( ) 3 index number

RBAERC B B EEEMROZIICE 1 SE(LHSELc RS shTw 3P, o
HBIK & > THELROBESE 7 LOFREARIC S 5 188ty (ME) ommesg, %
EREARBOBRKL LMNER G TH -8, MRIRUVBFR 2 T TRIBEREREINE & bicHs
(2~3R) KbBHONAZTLHREN, MRIRUBRE s, LB 2FROSKE, HEYE
EHEAED2ERI L LD EHMINTY 3, DHLRURBER, LOBREARK ST 53 44
OENE, TESEYOBENL =B LOBRIZLAb0LEL OB, HEEESEETIC L
HOBRL INOOBERIC SV TR RS ANETH B,
JAFIREOTEMZEEL T, EFENK TR EL & tho R ERlic K& AELED S L
H, gEREFs+, TRIRCER, TBCEHARLZREASL SNEh -1, —h, HREERRD
BRCEHBELZAED oh, WEIBMUEWEL BaRs s LML <B 2 TH-1, I
B, EORIBEIL T L K 208k 2 SRR B LIt 2 o UR I ERASH 248, (L
BHIX D2 & FORMRAEBREDZ BT 5 &, R5 R LEL dic, DEL, #eaitst
EUhEL OB EKERE, AFERREL 05 ~13%0OEINE1E ~fre Ll REITirBYB
EREOEMNE R, tFEHREBERE LA > o ERENREC BT 258 I E O T SR nas
i, BEL<REri=smll=geifs 1 Ta0, TERDFNEDEL<$EEXs71TH
o ) ‘

aAFM FROERAEERERE WS D) RUERT BHED) RLA, oKL
txmiﬁ%ﬁﬁ@ﬁim3653AﬁmthJ@&Ucuﬁﬁﬁu,wﬁmﬂzw%néxb
BERLRL, B Cu Q2 BLETeHENLAS, Mo LB ELEETS -1, ok
5P, K, Na, Fe, Zn RU AL &, (bZEHXELEHOBVWISERTH -, BRERBHZ LB
AERBHAR I A¥ORATIR, FeRUEALY, B2 +TRN, K, CaRUNadzhZh{bFIE
B EDALSHhENEERETL, MELTTHN, P, Ca, Mg, Na RU Al A{LETEX L DE
BERLEE ST, THOUAORORA IR L TI/EEME & OIS EJBD SNk - 1.
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Table 6 Elemental contents of Wheat

Total contents (mg/g dry matter)

Soil Treatment N P K Ca Mg Na Fe Mn Zn Cu Al
Sandy Fertilizer 138 284 2100 1.31 092 023 014 0041 0017 00039 0.199
o  qod)  qom  do®  aom (00 ao® o) Qom dod Qoo

Sludge 169 279 2040 165 110 022 012 0013 0019 0.0077 0.172
ey @ OD (28 (20 GO G G Q2 d%) &0

so0il

Light Fertilizer 362 273 5160 295 153 025 024 0066 0024 00083 0.336
corlglred , ao 4o @o® aen Qo Aol o0 00  aom) Jo® 400
andoso

Sludge 308 259 4520 327 144 024 031 0060 0027 0.0005 0467
@ ® @G a1y @) @8 29 Gy I A4 439

Alluvial  Fertilizer 340 521 5020 393 227 041 002 0073 0022 0.0089 0.583
aon qop daoe Qo0 {00 A Ae® G0 Qo) aom) a0

soil
Sludge 216 283 4280 225 124 026 022 0075 0020 0.0086 0.348
) G @G 6GD 69 G QY 13 On On 60
Humic Fertilizer 252 3.14 4760 282 156 024 022 0021 0027 00119 0.392
andosol o® Qo® Qo do® 4o ao® Jdo a0 (00 Qo0 (oD
Shndge 302 340 5720 370 181 020 024 0023 0028 00110 0478
120 a0 G20 Jd3p qe a2 e ) ) 9@ 1
¢ ) ¢ index number
F 1 OL¥FOHSRNE (B4
Table 7 Absorption of elements by Wheat
Total contents ( mg Plant}
Seil Treatment N P K Ca Mg MNa Fe Mn Zn Cu Al

Sand Fertilzer 3491 719 5313 331 233 582 354 104 043 0097 503
soil aoy aop o) aod Jop () Q0B a0 dop U0D

Sludge 2113 349 2550 206 138 275 150 016 024 0096 215
G ¢ 4® 62 69 @n @) 4% 6§ 69 I

Light Fertifizer 1162.0 876 16564 947 491 803 770 221 0.97 0266 10.79
co::imdl o aom  aon) Qo (o Qom om0 Qo0 00 100
andeso

Sludge 7515 632 11029 798 351 586 756 146 066 0232 114
& 0 6D & G2 G O €9 6 GO 108

Alluvial  Fertiizer 13464  206.3 1987.9 1556 899 162 087 289 087 0352 231
Qom (ed Qon Qo 00 (o Qom) Qo) 100 (100 (00

soil
Sludge 7409 971 14680 772 425 892 076 257 069 0295 119
G ¢n 0 6O @N &G @n 6y 79 6P Gy}
Humic Fertiizer 9576 1193 18088 1072 593 912 836 080 1.03 0452 149
andosol aom o do® Qo o aom  Jqo® 100 o) Qod) (oo

Sludge 10993 898 15101 977 478 766 634 061 074 0290 124
adg g @) 6D &) 6L 8 (B D 6GH» ®Y

( ) 3 index number
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TARBGEOHE DL E R U ERB T BT TE

BREAVELcET Lo 4F¥ON, K, Ca, Fe, Mn RU Al O&FR, ¥ LCELTEOLFIE
XD F¥ON, K, Ca, Mg, Fe, Zn, CuRRU Al OSHEE, O TBeaF Ltz £¥DE
noEfRIVEC PELEthoTBRicEsEB ON, —F, BRARK s+, PHEIRURSR
s tisd B3 L FORAEHERCHALTH, BEALDBA BRI —EOERRED S EH-
Poo 1, ALRIEMRICEY 53 A X¥OKRUBEREAR 2 4FDMn 20T, 2 4FE

(ePHRREY, BREGFEY) oL Eoil (tPENR PDEI<H®ESxst=
WL =RA7 L HRE pHI<BBRAs EMEL<EA L) LMY SFROTHE
RENERL & A5 —F L1z,

RTRLE 2 2 FORYELDSERPLRROC EMBHLMICE R, PERIRCHHRLOE
BHEARIET L34 ¥ TR, Cuo OFFRAFIIFENRO I LFERFOSERERLE
Do ~TORER DR, EEERK O a4DFNo L Y WHLESHRE N - 1o, BERFR
7t AERBARD I 4 KT, Fe, Zn, Co, RF Al SHFRRICFENR L ZEISSEET
H e, MOBARBHASHIEC, 2 AFONBHILFEHR I OBERTH - EERBLT
"B, BRAMEFEZ 103 AXTE, N, Fe, Mn RU Cu SLEERE L D ESHR TS - 1 g
T, chbdRtBesd 2{EFERKLBREONBOEINWNIVERTHA Y. FLEOER
BHARECHEH 23 L¥DP, Mg, Zn, Cu RUAIBRSEDEERE, BEO D & FEmilRo H
IBG: (BHE T <BERA7 tMBE=R1714) &, £, Mn EFEMNEO DRI B
Br<uppEss LGhEL<R4A71) ExhFh—F LT, Lkl tZEEHRD 3 4 F
TRZOIHUMEFRIRNVEEED - 12,

BB BICIE 1,385pg /g WD Zn MEFIANTE Y, HREEHREIE, 1E%EMELTTS .
t/ ha(10.83kg/ K) DFERSHEHIND &, 1| EOFREAIC2E#15¢ ® Zn BBFREKCAMR X
NITLRIED, T ~15cmDIEE— KBS AL RET S L, BEL TIZ4opm, H
247+ TR 9.2ppm, i T bdppm, BEX S £ T 104ppmD Zn SERO LF LD, HR
KHRT S ZnDAMBR T OFLTHE, Lidi-T, TLeHEsAtEYho In 3R
DEEFICHINT AL E3EBAONI L, HE, &3, 4, 6 KRUTHRLALIK, HRROMHEYE
hO ZnSHEEMEZERREOE2NE ERl-7c0id, 10+ R ZERiCT EN b1,

FHE T, SRR SER G S Tof. WOERLFEMBR TE LVY, {LEEERS 50 iEFE
BEIZEE LI+ ARU D A FBEEERS 50 dBRPORMEG 2R A Lo & B L TeEe
BH50RERDDON, PRUKDBNELRLIERELEZB LR LI,

R i AE Lo+ A1 (EES+RES, BTFRL) oNREER, 13~31%THY,
o HERIER G, BEL<HE<BRELRI L] BEILTH T LFEHEDF X TH,
By TEBRHONSERIRAOIDFHBEI AT TH B0, fho=1EOF X NRALHII43~86
% (WEL<MBE<SBEHs1) Thb, B 12K S0 THMBRSRIRLE HEER
DERE—H LT, Bl 7 TIFERRicE 1) 3+ 2 REMO NRRF, 6% THYMHLE
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# 8 (LPERRRUEREBRCSIEF ARG 680 58E%, 1) v,
f o ADRIN

Table 8 Nitrogen, phosphorus and potassium absorption by Eggplant and
Wheat grown in fertilizer or sludge amended plots

T Absorption %
Eggplant Wheat
Chemical Sewage Chemical Sewage
s0il fertilizer s ludge fertilizer sludge
arended amended amended amended
plat plot plot plot
Sandy soil 43.7 131 3712 6.7
Light celored andosol 863 231 124 Z 4.0
Alluvial soil 7117 183 144 2 3.1
Humic andosol (459)% 313 |102 351
Sandy soil 2.4 5.4 4.1 4.8
p Light colored andosol 4.2 8.6 5.0 8.7
Alluvial soil 6.0 9.8 11.6 134
Humic andosol 55 144 6.7 124
Sandy soil 9560 140 110 989
K Light colored andosol | 1 7 1 309 342 428
Alluvial soil 192 2386 412 569
Humie andosol 231 382 372 586

* Abscrption rate of fruit

MO bREEETHE L Lol ERE2FORNRLEEZTHSH EWTINE,

HRBARICEF Uy A ERO P RIRSBIE, 54~144% Thb, HBEREIECIDE <
BRAR I T AELBRI L TH o0, BBEFI L EHRIEZRBOTPS 1, —H,
LREMX > RO PIRINERIE, 24~60%THY, LEEAEGIPDET<BBERs L<BXs 1
HRETH -7 RPN EBRRDF 2O P RNRE WS T2 ENEBHCETHLE SFRRK
DF A0 PHBINRHBASLMCEH 21 CORRICSVTRABRILETIRETH 3,

DETOFESRCEE U+ 2OKRRRE, BETH-1d, hlAoeRickid 5+
AOKBIRE, WINHI0FELENY, SHTHHERE7 L, #BIRUER LOBR
AR sd 2+ 2OBEIZ 240~ 380 BOBMENL YD, BEDOKLUACSRDOK AR LT
WBHZ LR E i, COKOBERRIEAGTHE LB OIS, KORNERIZ, P&EH
KBRS TH - 72,

FREBARCEE LIc2 4 F 1 EH CITRL) ONRIRRIZ, 7~35%TH0, +0+EEIE
- AIRPE L <Rt SERERE S L EBHI L TH - (EREMROENIE, 37~144% (BB
<R < BeERFs <Al Tho, BEeEX IROHNEIIET S 3 L FORNR
100U EE B O I BLSONRIEAHET - T L2 RET A8 E T -2,
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TRIGE A A ot ¥ B U PR Rz R

PORIRFEL, HREXDI AKX TIHA8~134%, CFEHXO3 £FTIH 41 ~124%THD,
LR, FRESPEL <R+, t<pBRF/ TRET, LEERRSRE <%
BRI BRI ITH -7, T, FRAOESEERCHERED 2 4 FRIXBIL, L3
EREic s 5 20 2 ¥OBNBL 0 EL S A2ERBRH ot WHICHY ZBAROELRPE V),

KORNER, PELicEd 2RO 1 L F¥OFNHBERIEF 1008 ThH-1obs, filld LD 2 aF
ROFTHhoF L (HOBRINE (100~500%)1emRL, FROBELERCT AF6TRP RO
KZBINTAZEARBTIERNE LN (LFEHRD 2 aFOKRNELFRE D2 40
et 5L, PELTRITERELLEY (W10%) BNEERLLH, tot@Bcdsmss
AELHEFELLHVERNEEZR L, '

ZDEHE,F ARG 3 A XD NRINRER, {BRERRSFREARL DEVH, PEFKORIT
R, PEHLO T s FEBROTHERBARSE N LB L b E N,

4, F&w-
HAKZEBABN &4 5 EERAEBRAZME LTTS ./ ha0B & TEA L 9@ 118

WET, #eR2fst, MRIRUFBEID) F2 (E 15 RUoL¥ E2/F 2850,

20T EEASEERY, (LFERK (MfSR N 84kg ha, P159kg ha, K4dkg/ha) &3ttt

LTHREL. BONAERELUTOEEDTH S,

) FEBOFRBARICHT 58 L fEF 20RERFHORREL, 2 MEZIENROXED
86% (WHEL) 3% @HeRLs1) 6% (W) kU1078 (£ vHh, f1rE0
BREARARKC BT 5% 257 ¥ O LEFEYREAR, ThTtEFERXONED% (B
), 49% (EER 7L, 0% (PR RUNS (BH71) THY, WL 6ER7 L
B AHFROESNEL, PEICsT 22 BL -1,

2) EXFWoFREBEAKICET L+ 2, WUcEL, B 2RUREEFR7 LoBRBEAD
SLFORAERER, FEBXOCZACEMOEERLOMICAESLZRED SRV,
WL EREARD 3 AFDN, P, Ca, Mg, Na RUALOZHRE, (tEEMKosnLbEL
CESHBEN -1,

3) HREAR BT 2RSSR (KBS0 EFR) @, DELRUHMELO L4 TR, Cu 26
{FRCOBRADEENER E WEEE L1, 70, CHOHBEDOF R THE { ORRAH{LFIE
B L D{EMBEE -7,

4) FRMEMIT L BHBERPON, PREKORINEIL, T hZH13~31%, 54~ 144F KT 140~
B2ETHY, ILFTH, 6.7~351%, 48~134FBKRF99~586 B TH -7, TERITIY
BHromiRsg, BEs tozhbdigh 1o £, KEBERBACLEL O RICERRE
NTHBZEHRENI

5) + ARV A FONBINRE, (CEERR>HRETH - 72, P RUKOBREE I, FRK>
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Elemental Contents of Plants Grown in Soils Amended with
) Limed Domestic Sewage Sludge

Takenori YAMAGUCHI', Toru KUBOI?, Hiroyuki HATTORI?,
Mikiya HIROKI?, Kunihiro FUJII?> and Eiichi TAKAHASHI?

Abstract

Eggplant, wheat, upland rice, turnip, chard and sorghum were grown in the
experimental fields of NIES, on light-colored andosols to which limed domestic
sewage sludge had been applied. Analysis of the harvested crops for 11 elements
(N, P, K, Ca, Mg, Na, Fe, Mn, Zn, Cu and Al) showed the following results.

1) Aerial parts (leaves, stems and fruits) of eggplant grown on the sludge-amended
plots contained a larger amount of Na than those of eggplant grown on the
non-fertilized plot. Heavy application of the sludge resulted in a significantly
higher content of Na in eggplant compared to that of eggplant grown in the
fertilizer-amended plot,

2) In case of the first crop (eggplant-1979), increased application of sewage sludge
caused an increase in Na, Fe and Zn contents. However, this relationship was
no longer observed with the repetition of the sludge amendment.

3) In the 1980 cultivation (in addition to the plots with repeated applications,
new plots were designed to receive the sludge), Cu content in fruits of eggplant,
Al content in top and Cu in root tissues of sorghum were higher in the plots
with repeated application of sludge than in the plots with recent application.

4) In some cases, Zn, Cu, Mn, Fe and Al contents of crops in the sludge-amended
plots exceeded the contents of those in-the fertilizer-amended plots.
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5) Rate of N and P absorption by plants from the elements applied with the sludge
ranged from 8 to 34% (N) and 3 to 12% (P) for the third crop (upland rice,
turnip and eggplant), in which the increased rate of application reduced the
absorption rates, However, repeated application increased the rates.

6) Potassium absorption rate exceeded 100% in most cases, suggesting that the
availability in K of sewage sludge was low and consequently, that soil K is
necessary to maintain the plant growth,

7) Residual N and P in the first application were considered to be absorbed by the
second crop, The estimation also showed that of the total amount of N ab-
sorbed by the successive two crops, about 60% would be utilized by the 1st
crop, and about 40% by the second crop, and that the rates of P would be
70% and 30%, respectively.

1. BC&HIC
BRAMEMEESOERYE TEESE LTV 350, SERUEEE L TS BIcE Shic B
Fid astanERLLTHE! ™Y,

FEOR, EVAEHRTERIIBOMNORI - MHIZE4E (1 HEEs 7-4) 2AVT,

FHHISAEE & b ETEBERAEIE DG 2 #H LT, TREROER SRR RS 258 —E
Wo4HE, YKL SERPOES EESBORN, HRERSOTETICE 3 HMEERL DI
i FEE, NSO R B0 B —E BRI T TRE KICEYT 5 7o OBF%S 4 2

LT3, S ¥ RO TTABROLEBANF X, 244 BR, 047, 757V,

YNHLRUH T Ly OOEBERETHEBIOOTHE L,

AHETR, TREREHLTECEBIS+R, 34¥, BR, as7, 787 voRUVYANA
i€ & BERPORS EELBORINC DV TLRIENER TR R CRIER LB - S8 THL
K LEBRICBIT 2 6DTH S,

2. ERAE

2.1 MR, REHE, #EIRRUTERE
aﬁﬁﬁ,ﬁ%ﬁ@.&ﬁiﬁ&dﬁ@%%ﬁ%ﬁmowtd,mﬁiﬁ)?ﬂﬁbtuﬁs,
{EZEHBEAXROHEREAROZER (N), V¥ (P) BRUAY 74 (K) OBEREE 1 IR
LkEBhTHB,

2.2 HBEHRS DI
FiC TR BEYOEYNRE BE LR AR RN E L, ThbE, SABROL
BYIO> b 2 Ha R, FARBTHES, BICBEKTHNCHES LA® 80°C Of RS RIS
L, #-n3invZHVBELTHIRHEENE L, &8, 7REEE, or 7BEL 20T
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% 1 {(1ZEHREUGFEBAROEER, 'V YRUM V7 L0HRR
Table |  Application rate of nitrogen, phosphorus and potassium to fertilizer
or siludge amended plots

Chemical Sludge-amended plot
:;retni;i:zder Sludge application rate (dry metric tons/ha)
plot 3.75 7.5 15
kg ha{ g/plot| kg ha| g/ plot| kg ha| g plot |kg, ha| g/plot
N 80 3z 139 56 278 111 555 222
P 87 35 32 13 85 26 129 51
K 42 17 11 5 23 9 45 18

TRERVSEELEOIONTI, o Uiz LTERL, (o ORBAM025~05g %+
—wE—F —CHEL, - AERREMAEAHE 1| FRBKERT 100ml: L TEB®
&L, CORMBIRICOVWTT 3 w3 eawmt - 8 #MuTP, K, Ca, Mg, Na,
Mn, Fe, Zn, CuRUFAIERBIE LI, 77 X<89004F (ICPR, 77 XA<-RAenink#E
(JARREL ASH Model 975 Plasma Atom Comp.)} Z{H LI, HIESREE, RF /YT -
(Forward L1kW Reflected <5W) , HIER (74 AV LgL D19mm), 37 74 F-HF =2
FEI8P. S, L., AMBIEE | ml /min, BHATL TV HFRAF20 1,/ minTh -7, 2, C
RUNSRRIEYBHMAEECN S — %~ (WIECN2—-4— T™M 5008 ZHOLTRAREL .

8, ZESSEROMERMZOHER, 2087850 LEHLEAS S - THEERENH 2 EHIEL
7o

3. WERUBER

3.1 FTRBROLEMEANF REANOEASRICRITES

S O TRLALS I, BRISIEEOF RBBIE, 4 EOMMIEE GRAT - 1RO —
2, SIEAMO — 1 kU0 - 2) 2EWTERELE,

BB THREI N P 2 OXRBRUBEROEML O ORSERAR 2 RUE3ICELE,
RIZBRUEJICGRLE LS IC, 2RBKEH 3FREAROEELRURELOEIRS 12 0 k5
EFROI L, BREAROMINICE > TEER (KMEH20%L L, LITREL) b8 Em L
ok, 1-2, 1-13B0XERLECI -2 BBOREFONaSHR, | -1 3BOREN
OFe GHERRU I -2B3BOBHEB InZHBTH - Foo -, WREALETE, I -1 3E0%
BERUL - 2RBOREROFe TRH SN, T, KEZFIHRECROARMOER % R
LD, T -~138icsd3EERON, P, K, MgRUFNa, RREHDONa, Mn, Zn KU
Al, T -2 R3BOXEHRON, MgRUCu, RREMON, K, CakiUfNa, I - 13H0RHE
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BDON, Ca, Mg, [ ~2 RIBOEELOMgRUNa, RRIFONTH -7, —F4, HRHEH
BOMINCH > TETS2@RERLESE, 1 - 1RT1 - 238k 3 XEWDCa, 1—
SRUT -2 BOREHOP, I -2 3BREHOCuRUAL, FHREHDK, Ca, Mg, Zn

THolo LDOXI T, HRMAREKDSHROMIC —FEORMENED SN B AL, Fe, Mn,
Zn, Cu, AV XYN, P, K, Ca, Mg, Na T%&<, it Na i32BIBOMmHAES (I -1
BB REXERMIIRATEH 0 A BiREHROEMIZE > THNOERIZ TR L . I - 11325
DOREFBTH, TREXOEXRAERMTH S5, PERESBRIZH LML EHROENEDH SR,
PREERX TH-ik53id, Na, Zn, Al THD, ThoSIHEHBOEMICE - THEMT 5

® 2 FROBRYFER (1979)
Table 2  Elemental Contents of Eggplant (1979)

Field Sampie  Treatment Total_contents {mq/g Dry matter)
N P K Ca Mg Na
5 T 29.9{100} s.a(too) . 18.90100) 48,4{100} 7.80(100} 0.52(100}
- FC 42.4{142) 3.36{106) 14.4(78) . 44.6(92) 7.60(97) 0.65{125}
H] 5 35117} 3.1{97) 13.4{73) 51.8(107) 6.92(89) 0.42(81}
£ M az.2(141) 3.3(103) 14.2(77) 46.6(96) 7.28(93) 0.48(92)
I-1 @ L 45.4{152} 3.5(110) 17.7{96) 40.0{83) 8.16{105} 0.90(173)
[4 15.5(100) 3.62(100) 41.2{100) 1.16{100) 1.71{100) 5-30{100}
" FC 15.3(99) 4.00(110) 37.6{01} 1.76{154) z.20{129) 0.55(183}
E] 17.5(113 3.36{93) 40.8(99) 1.73(129) 1.69(99) 0.44(147)
* M 15.0(57) 3.2(88} _41.2{100} 1.98(172) 1.49({87) 0.46(153)
L 15.6{101) 3.62(100) 28.8(70) 2.03(175) 1.93(113) 0.77{257)
b1 C 31.8{100) 3.238(100) 10.3(100) 60.5(100) 6.88(100) 0.4¢(100)
f C 43.2(136) 3.50(108) 13.10127) 46.56(77) 8.54(124) 0.81(203)
5 5 36.2(134) 11292} 8.8(85) 58.4(96) 6.88(100) 0.36(%0)
g M 32.1(123) 1.28(97) 15.3(149} 48.0(79) 3.00(118) 0.81(203)
1-2 a L 43.6(137) 3.34(99) 13.3{129) 4z.4(70) 8.64(126) 1.14{285)
c 16.0(100) 3.83(100) 41.6{100) 1.85{100) 1.78(100) 0.64{100}
o FC 30.9(193) 7.30(191) 81.1{195) 4.10{222) 3.2(160) 1.65{264}
B s 15.8(59) 3.70097) 35.0(84) 1.83077) 1.59(95) 0.39(61)
= M 17.9(112) 3.40(8%) 36.2(87) 1.59(86) 1.43(80) 0.69{108)
L - - 3.24(85) 38.2(92) 2.23(121)  1.65(93} 0.75{117)
k- c 36.5(100) 2.20(100) 17.9{100) 33.4(100) $.85(100) 0.40{100]
= FC 57.4(157) 3.30(150) 20.7(116) 30.8(92) 7.20(81) 0.26(65)
- 5 45.3(12¢) 3.20{145) 18.0{101) 30.8(32) 7.86(89) 0.32(80)
N M 46.4(127) 2.67{121} 18.5{103) 33.80101) * 8.60(%7) ©.43(108)
-1 & L 39,5(136) 3.45(157) 17.1(95) 35.6(107) _ $.40{106) 0.58(145)._.
C 20.1(100) 2.50(100) 30.4{100) 3.02{100) 1.8(100) 0.35{100)
P FC 29.2(341) 1.88{155) 10.2{132) 3.87{128) 2.50139) 0.5(143)
u;_’: 13 22.5(109) 2.56(102) 32.0{105) 4.54{150) z.0{111) . 34(97)
M - - - - - - - - - = - -
| 16.8(80) 2.50(112) 36.0(118) 2.7(89) 1.9{108) 0.87(249)
i 4 36,5{100) 4,00(100} 19.3(100) 35.4(100) 7.38{100) 0.28(100)
5 FC 57.4(157) 3.70{93) 16.8{87) 31.4(89) 8.40{114) 0.43{154}
= s, 45.3(124) 3.98(59) 22.4(116) 36.0¢102) 8.45(115) 0.44{157}
g M 46.4(127) 3.8(95) 23.8(123) 11.8(89) .20(125} 0.47{168)
112 b L 49.8(136) 1.6(90) 17.3(90) 34.0{96) 9.70(137] 0.73(261)
¢ 12.7(100) 3.26{100) 49.0{100) 2.25{100) 2.1{100) 0.39(100)
FC 18.5(105) 2.8(85) 4.4{86) 2.29{102) 1.9(90) 0.63(162)
z 5 18.8(105) 1.20{98) 49.0{100) 2.2(98) 2.16{103) 0.46{118}
v M 21.6(122) 3.18{97} 38.6(97} 2.03(90) 1.91(91), 0.74{199)
L 23.30131) 2.8(85) 33.8(85) 1.65(73) 1.71(81) 8.%2(236)
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£ 3 FROESESER (1979)
Table 3 Heavy metal contents of Eggplant (1979)

Field Sample Treatment Total contents (mg/g Dry matter)
Fe Mn In Ly Al

- C 1.21(100) 0.082({100} 0.040(100) 0.029(700) 1.72{100}

= FC 0.82(68) 0.080(98) 0.031(78) 0.032(110) 1.30(76}

g 5 1.70(141) 0.094(115) 0.029(73) 0.026{30) 2.40({1a0)

g 2.52(208) £.118139) 0.043(108) 0.026(30) 3.32{193)

1-1 3 L 1.73(102) 0.082(100) 0.043(108) 0.028(97} 1.72{106)
0.054(100)  0.016(100) 0.014(100) 0.019(100) a.083(100)

- FC 0.126(233)  0.021{131) 0.018(129} 0.021{111) 0.102(115)

7 H 0.049{91) 0.013(81) 0.007{50) 0.018{95) 0.109(322)

e " 0.059(109)  0.012(75) 0.007{50} 0.016{84) 0.125{140)

L 0.099(183} 6.02{125) 0.017{121} 0.02(105) 0.193(217)

S C 1.23(100} 0.083{100) 0.026(100) 0.023{100) 1.83{100)

= FC 0.60{69} 0.007(88) 0.030(115) 0.026{113) 0.94(51)

,'%, 5 1.35{110) 0.083(104) 0.025(96) 0.022(96) 1.78(57)

e M 0.74(60) 0.073(31) 0.03(115) 0.026(113) 1.29(70}

1-2 & L 1.16(94) 0.08{100} 0.051(196) 0.028(122) 1.45(80}
¢ c.120(100)  0.016{100} 0.015(300) £.074(100} 0.038(100}

R FC 0.100{83) 6-015(100) 0.008({53) e.017{121} 0.105{276)

E 5 0.052(43) 0.016{100) 0.005{33) 0.012{86} 0.053(139}

= M 0.054(45} 0.013{81) ©.006{40) 0.015{107) 0.066(174)
L 0.045(41) 0.013(81) 0.006(40) 0.018{100} 0.038(100)

= 0.44{100} 0-73(100) 0.0625(100) 0.020100} 0.53(100)

= Fe 0.50{114) 0.087(12) 0.023(%2) 0.021{105) 0.60{113)

K 5 1.24(282) 0.089(12) 0.025(100} 0.021{105) 1.84(347)

E 0.67(152) 0.074(10) 0.013(76) 0.018{90) 0.77(145)

-1 & L 0.560127) 0.090(12) 0.624(56) 0.021(105) 0.88(166)
0.110(100)  0.013¢100) 0.008{100) 0.017(100) a.2504100)

- FC 0.080(70} 0.026(126) 0.018(225) 0.021{124) 0.125(50)

7 5 0.086(75) 0.028(125) 0.010(125) 0.018{82) 0.100(40)

& " T e e o o

L 0.086(75} 0.016{84) 0.013(163) 0.013(77} 0.13(52)

" 0.32(100} 0:073{100) 0.026(100) 0.022(100) 0.013(100)

= FC 0.36(113) 0.104(143) 0.022(85) 0.017(77} 0.630{119)

] s 0.43(134) 0.091(125) 0.025(100) 0.022{100) 0.690(130)

§ M 0.29(91} 0.140(192) 0.025(36) 0.021(96) 0.610(115)

-2 @ L 0.33(103} 0.100(137) 0.032(123) 0.019{86) 0.42(79)
3 0.122{100)  0.020{100) 0.016{100) 0.017(100) 0.167(100)

o FC 0.064{53) 0.016(80) 0.006(38) 0.018{106) - -

? s 0.17{139) 0.002(100) 0.022(138} - - 0.109(65)

. M 0.114{93) 0.02(100) 0.019(119} 0.020 — 0.218(328)

L 0.044(36) 0.016{80} 0.018(113) 0.616(94) 0.072(43]

Eiich 260 EEL OGNS, —F, N, CaRUMnik, $iETOEMERT EFXoN5.05
REBBAR ONaSHFRIE, 1-213B0REY, 1 -1y 1 -1 3R0FEHOIHRLR
WTHWFhbBRO 2 EL LoaERERL, HREACL > TRLBEFCHNLILESTH-
fro ¥, 1-2R3H0ORELOESEBRV TERRONaDOGHRE, LFEMROTHEOH
SPREVEAR L Fe, Mn, Zn, Cu RUAISHFRIZDVWTAS L, {LFEHKOEERL
DESHRARTHBASBHONLY, TOHER, B RUAb o, LHLT — 1 BIBOXER
Fe3HR, 1 -23BZEROMiSHREUI -2 3BREF0ZnEHFRIEILHEBNKIIZD
OTIHEEHRE L D ESERETTCEMBOMIC SR, 2055, 1 -2 3GFREAXOX
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HRMoSHEE, EFENRD10~1265, T -2 3FHEBARORER InSHRIFL 3~
BTG LEFICHML 7o, BRHEARXOTAISHERY, BAOAALROTHFIENK & ERT
Hol,

B DEHR (RARU5) KOV THL EERBARDOSEBRIMEZIERK % L 2586012,
ML D EERLD I SIEL -1, 2FRBAR CLEEMKEEFRIOBL 10U,
I -2BBOIntHTH- s, COXDInBERIIEFERED 2.5 ~ 2.9% & FFE S s
AL, BREMAREZ B 2HHRESHEROMBREAZ L, HEARO MK CHRELSSER
OEMPED SNz DI3, 1 — 1 IZBREBOFe RUFAL, | -2 3BOZEERONa, RRELR

F 4 FROPBSRNE (1979)
Table 4  Absorption of elements by Eggplant (1979)

Total contents {mg/plant}

Field Sample Treatment

N P K ca Mg Ha
“ ¢ 882.1(100} 93.8(300) 542.8(100)  1427,8(100) 230.7{100} 15.3{100)
L FC 1861.4(211) 147.5(157) 632.2(116)  1957.9(137) 335.8(145) 28.5{188)
k: s 1309.2(148) 115.6(123) 499.8{92) 1932.1(135} 258.1{112} 15.7(103}
£ " 1451.7(168) n3.50121) 488.5{90) 1603.0(112) 250.4{109) 16.5(108}
H o L 1742.2(198) 134.6{143) £79.7(125)  1536.0{108) 313.3(136) 34.6(226)
¢ 713.0(100) 166.5{100} 1895,2{100) 53.4{100) 78.7(100) 13.8(100)
Fe 971.6(136) 254.0(153} 2307.6(126) n3.2(213) 139.5(177) 14.9{253)
b 1058.8(148) 203.3(122} 2458.4(130} 104,7(196) 162.30130) 26.6(193)
& # 987.0{138) 210.6(126) 2m.o{1e3} 130.9(22s) 98.0(125) 30.0(220)
L 1028.04144) 238.6(183) 1895.0(100} 113.8(251) 127.2(162) 50.7(367)
B c 179.1(100) 82.8(100) 252.4(100)  1484.7(100) 168.6(100) 9.8(100)
- FC 1598, 4{205) 129.5(156) 44.70192)  1724.2(116) 16.0(187) 30.0(306)
5 s 1629.0{209) 140.4{170) 86.00157)  2628.6(177) 309.6(184) 16.2(165)
i W 1231.7{158) 102.3(125) 182.00091)  1512.00302) 251.4(149) 25.5(260)
-2 . L 1438.8{185) 110.2(133) 438.9(174)  1399.2(34) 285.1(163) 1.6(384)
c 582.4{100) 139.1(100) 1514.2(100) £7.3(100) 64.8(100) 23.3(100)
FC 1167.0(200) 277.0(199) 3065. 3(202) 156.4(232) 121.4(181) £3.8(274)
’é s 1020.6(175) 217.707) 2261.0(149) 92.4(137) 109.2(169) 25.2{108)
w K 1342.5(231) 255.0{183) 2715.0(179) 19.3(177} 107.3(166) 51.8(222)
- L - - 221.0(159) 2605.2{172) 152.1(226) 112.5{174) 51.2(220)
= ¢ 186.0(100) B.3(100) 71.6(100) 133.6(100) 35.4(100) 1.7{100)
- Fe 1142.3(782) 65.7(738) 411.9{575) 12.9(459) 143.3(408) 5.2(306)
5 199.3(137) 14.2{160) 79.20111) 135.5(101) 4.6{98) 1.4(82)
g M 157.3(245) 20.6{237) 142.5{199} 260.3{195} 66.5(188) 3.3{194)
-1 . L 458.2(314) 31.8(357) 157.3(220} 327.5{245) 86.9(745) 5.3{312)
3 107.6(100) 13.1{106) 158.1{100) 15.7(100) 9.65(100) 1.8(160}
. ft 484.7(450) 64.4(492) 667.3(422) 54.2(09} 41.5{432) 8.5{472)
E s {105) 12.8(98) 160.00101} 22.7(145) 9.8{102) 1.7(34)
" - _ o . - - - _ -
L 154.4(}43) 26.0(198} 334.8(212) 25.4(162) 17.6(183} 8.1(450}
3 c 368.9(100) 40.4{100} 194.8(100) 57.5(100) 78.1(100) 2.8(100}
z Fe 1492, 4(405} 96.2(238) 436.8(224) B16.4(228) 217.4(293) 11.2(400)
z s 702.2(190) £1.7(153) 207.2(178) 558.0(156) 1M1 6.8(243)
g M 853.8(231) 69.9(173) 437.9(225) 577.8{162} 169, 3(228) 8.7(311)
112 i~ L 1025.9(278) 74.2{184) 356.4(183) 700.4{196) 199.0(268) 15.0(535)
¢ 279.2(100) 51.8(100) 632.0{100) 35.6(100) 33.2(100) 6.1(100)
- FC 855.6(306) 130.6(252) 1592. 7(252) 106.0(298} 88.0(265) 29.2{479)
z 5 601.6{215) 102.4(198} 1280.0{203} 70.70199) 69.1(208) 14,7241}
M . B18,6(293) .  120.5(233) 1462.9(231) 16.9(216) 72.4(218) 28.1(461)
L 1013.8(362) 123.2(238) 1477.1(234) 1210203 . 74.7(225} 40.2(559)
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X 5 FROESRBUNE (1979)
Table 5 Absorption of heavy metals by Eggplant (1979)

Total contents (mg/plant}

Fiald Sample Treatment

Fe Mn In Cu Al
- [ 35.7{100) 2.42{100) 1.18(100) 0.86(100} 50.7(100)
k] FC 36.0{101) 3.51(145) 1.36(115) 1.40{163} 57.1{113}
B 5 63.4(178) 3.51(145) 1.08(92) D.97(113) 89.5{177)
g ] 86.7(243) 3.92(162) 1.48(125) 0.89(103) 114.2(226)
I-1 brs L 47.2(132) 3.35(130) 1.65{)40) 1.08(126) 66.1(130}
4 2.48(100} 0,74(100} 0.66{100) 0.87{100) 4.09(100)
FC 8.00(323) 1.33(180) 1.14(178) 1.330153) 5.48{158)
z 5 €.96(119) 0.79{107) 0.42(66) 1.09(125) 6.59(161}
£ [ 3.68(156) 6.79(107} .46(72) 1.05¢121} 8.23(201)
L 6.52(263) 1.32(178) 1.12(175) 1.32(152) V2. 72{n1)
‘f_.:‘ c 30.1(109) 1.96{100) 0.64(100) 0.56(100) 44.8(100)
- FC ze.2{7a) 2.55(130) 1.1{(173) 0.96(171} 34,8{78)
5 H 60.75{202) 3.74(191) Y3077} 0.39(177) 80.1(179)
8 ] 23.3(77). 2.30(17) 0.95{148) 0.82{146} 10.6(91)
-2 » L 38.30027) 2.64{135) 1.68{263) 0.92(164) 48.2(108)
o 4.33(100) 0.58(100] . 0.55(100) 0.51(100) 1.38(100)
FC 7.86(182) 1.24(214) 0.62(113) 1. 32({269) 8.17(592)
2 5 3.36(78) 1.03(178) 0.32(58) 0.78{153) 3.42(248)
frd [ 3.98{92) 0.98(169) 0.45(82) 1.13(222) 4,95(359}
L 3.34037) 0.89(153) 0.41{75} 0.95(186) 2.59(188)
':'5 c 1.76(100) 0.29(100) 0.10{100) 0.08(100) 2.12(100)
- FC 9.95(565) 1.73(597) 0.46{460) 0.42(525) 11.94{563)
3 s 5.46(310) 0.39{134) 9.11(110) 0,09(133) 8.10(382)
£ E] 5.16{293) 0.57(197) 0.15(150) 0.14(175) 5.93(280)
11-1 v L 5.15(293) 0.81(27%} ¢.22(220) 0.19(238} 8.10(382)
c 0.59{100) .  0,10{100) 0.04(100} 0.09(100) 1.29(100)
FC 1.33{225) 0.40(400) 0.30(333) 0.35(389) 2.08(151)
x 5 0.43(73) 0.12(120) 0.05{125) 0.07{78) 0.50(39)
& M - - - - - - - - -—
L 0.80(136) 0.15{150) 0.12(300) 0.12{133) 1.20{93)
“ [ 3.23(100) ©.74{100) 0.26(100) 0.2z(100) . 5.35(100)
= FC 9.36(290) 2.70(180) 0.57{219) 0.44(200) 16.38(306}
2 5 6.67(207) 1.41{191) 0.40{154) 0.38{155) 10.70{200)
[ M 5.34(165) 2.52(341} 0.46{177) 0.39{177) 11.22(210)
1-2 P L 6.80(211) 2.06(278) 0.66(254) 0.39{177) 8.65(162)
c 1.93(100) 0.32{100) 0.25(100) 0.27(100) 2.64(100)
FC 2.96{153) 0.74(231) 0.28(112) 0.83{307) - -
= 3 5.54{287) 0.64{200) 0.70(280) - - 3.49(132)
o M 4.36(226) 0.76{238) 0.80(320) 0.91{337) 8.11(307)
L 1.92(99) 0.70{219) 0.79(315) 0.70(253) 3.15{119}

™Ca, I-13BOXERON, P, Ca, Mg, Mn, Zn, CulRUNa, I — 2 RBOEERR
CREBONKGNa THY, TRESEFERLEOR, T -2 ZBRERD FeTh 5. 7,
RS2 PARE i 15 O SO B AR L0, [ — 1 BEBEEON, NakUFZn, FERESR
MP, Ca, Na, Fe, ZonRUAl, 1 -2 3BEBEMONa, BEHEHOCa, [ — 1 IHFER
DK, T -2 3BEEWP, Ca, MgRUZnTHoto ZOLIK, MAECENT ~ 115D
ZERMTRINEONa A OBEADES it Eh i C0RIBIL T 2 RERORYSHRAILO
Tid, hREMRELE > TV 5, N, CaRUMmEROTOFhosS s VR EEFRROKX
AR TH D, BAROHMCHE - TEHEROMMIZDLEEAOND, |- 1RU1 -2
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Wi LT 2R &

R ORHEMCa A HRIL, HRIEARDO NI ->TRD T SMEAT L Acdt, BTy
moiEirEli, ZORFI 1 OEIBOATED LI, ToOM] — 2 BEEEHOMn & T- 2
RPREELO Fe BRDPOBAAET L o '

LOEHIT, BHLLDRUKLL DRASERESEKRE GEEN) OEVT -1 BicEn
THEBBAIHT 2R EHRk YR RET 5 LB S NI,
TRERBEVBRETR2ERNIE, 2V VEK25%, 2HVHR02%0b008<, fith
VERE, BEAEDLOH 05 BUUTTHEMCEN Y R KERIELBS, EMEAOK S
HRBEDT 5—HTMg L SO + YEROEMINT 2 LA BDONEC L5510 Na
DM 2V TH IO LIFRD—AELT LOTRAVALERENSE, ChASOERIIR, H
BHEEAOBECEIET - 1RUT - 2ics0 THEERED o h, & CEREOEVDE/ 1 —
13BREVTE, ZERONa SHERHHROBABROMMBICHEL THNT 32 E458H5
hice FAEYEPOSRSEFRIUEVERNR, BREAK, BN OMEICES 5 285% R
Lis

WIT 55 FE O 5 2 EEnaai S i lEE R XS 10, EROBASRAEMO LS CEREC
HA 28I - 1 RUT - 23840 TEBL,

SSEEFDF R HHRERICOVT, EMUL VORI BSEREIEZORURTIOR UL, T, &
LD ORSEERIKRE REKXIITRLF,
HORURTRRLALS I, EREBROENL . D ERASHEROS S, 1 - 1 BERENT
i, DRIX, hRF 2ARECERKO P RUNa BtEENRIOEEEREFRL, HRAGKER
X (554 RfEL D MM ZBHE LK) Tk, &, SAROP KU Cu, hRKOCa, FRXDNa
BENTREEENR X O BEEREL >k, FRE0RIRC-OVTHARTRORKOP , b
# 2 AR LREDONa, PRE2ERO Zn, PEK T, SRXONKUP, PRX D Fe 5%
WEWVEEBRR LD BIERER L, 1 —2@3Bk-0TA5L, EAKEERTHE, PR
ROFRROP, PRECHAF2EROK, B | FRUESHROCa, TRE | FIKO Fek
V2K Znds, Fh, MEXEER TR, PRRUFPRRO Ca, DERO Fe 4 2h Fh 20
FXEOEEERERL, BARRERTE, (LHEHR L) EEERART BRIV LD,
PIRRPEH TR, PEXDOP, KRUFe, ZRXKONa B{EEPHRLDESERE N 10
DL I BFREARDRSSHRASHEEER O£ h4t A2 @0, 1 — 2 3EERE
X OZEHER Zn SERHFLE TLEEER % EAl- 728 L3 —D OB TH 12, HBEHEHAR
DEBRNEEREFREBARDTNGAHET 3L R OEFIEMLIZHKD L Na TH -7z,
RS AKX OSEEEF RiICHT 2B ROBARE, SAXADEKX 375t ha, hRE ]
BIX R OREFE 2B 75 t /ha, FRED 15t/ ha (0ThEMELT) Thot, THDS,
MARORMER, LRR<PRE 1 AX=rhRE AR <ERRE S 3, HERERRMOBFKIC
AHT BAEROXINERTRS IS OHBHE bBB WD - fo TiibH, F 2 ZHH
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# 6 FRORSEFE (1980)
Table 6 Elemental contents of Eggplant (1980)

i Total contents
Field Sample Treatment ents (mg/g Dry matter)

N F K Ca Mg Na
1o 16.5(100) 1.12(300) 23.8(100) 21.00100) 8.28(100) 0.24{100)
FC 24.7(146) 1.72(154) 18.3(77) 26.8(128) 11.9(144) 0.83(146)
5 26.4(156) 2.25(201) 14.7{62) 26.8(128) 10.9(132) 1.11(463)
g M} 20.0(118) 1.96{175) 18.14{76) 20.8(99) 9.53(115) 0.79(329)
- Z 2 25.6(152) 2.18(195) 13.2({56) 24.7(118) 10.5(127) 1.57(654)
= L 26.8(159) 2.16(193) 11.0(46) 28.5(138) 12.3(149) 1.87(779)
5
-
5 19.5(115) 1.77(158} 17.2(73) 31.6(150) 10.7{129) 0.05¢21)
M 24.3(144) 2.56(229) 16.5(69) 32.4(154) 12.1(146) . 0.16(42)
L 27.6(163) 2.12(1.82) 11.3(47) 26.8(127) 11.2{135) 1.95(812)
11-1
[ 17.3(100) 2.18(100) 23.6(100) 3.8(100) 2.18{100) ©.04{100)
FC 18.9(109} 2.80(128) n.0013) 2.24(128) 1.98{91) 0.18{450}
5 20.3{117) 3.22(148) 29.0(123) 2120118} 1.91(88) 0.21{525)
M 20.20117) 3.48(160) 28.4(120) 1.78(100) 1.84(84) 0.19{475}
M2 20.0{11%) 3.56{162) 26.6(113) 2.16{120) 1.76(81) 0.30{750}
£ L 20.2(117) 3.28{150) 23.2(98) 2.06(114) 1.61(74) 0.38(950)
g
s 18.1(104) 2.70(124) N.2(132) 2.58(143) 2.06(94) 0.09(225)
M 22.4(129) 3.32(152) 371.4(133) 2.48(138) 1.92(88) 0.15(167)
L' 23.1(133) 3.38(155) 24.6(104} 2.08(116) 1.71(78) 0.40(444)
< 17.7(100) 2.51(100) 29.0(100} 23.9(100) 7.25{100) 0.20(100)
FC 25.8(145) 2.02(81) 17.5(60) 25.6(107)  10.8(149) 1.07(525)
5 19.%(112) 2.65(106}) 25.9{89} 29.8(125) 9.35{129) 0.32(160}
| M 15.4{110) 2.36{94) 15.1{66) 31.8(133) 11.2(155) 0.85(4828)
z Mz 24.0(136) 2.41(96) 22.8{79) 25.9(108) 9.65(133) 0.62{10]
S L 23.00130) 2.72(108) 19.8{68) 37.4{156)  12.0(166) 1.09(545)
4]
H .
5 5 18.5(105) 2.65(106) 28.7(99) 10.7(128) 9.4(130) 0.28(140)
LN 18.5(105) 2.55(102) 28,9(160) 33.4(140) 9.15{126) ¢.30(150)
L 28.3(160) 2.83(113) 30.1(104) 25.4(106) 8.30{114) 0.39(195)
11-2
c 14.1{100) 3.88(100) 32.6{100) 2.2a{100)  2,38(100) 0.05(100)
FC 18.8(133) 3.28(85) 31.0{95) 1.98(88) 2.02(85) 0.21(420)
H 16.5(120) 3.36(87) 29.0{89) 2.04(91) 2.08(87) 0.09(180)
M 17.7(126) 3.46(89) 28.4(87} 2.18(97) 1.91(80) 0.17(340)
2 21.1(150) 3.36(87) 26.5(82} 2.06(92) 1.97(83) 0.17(340)
[ L 20.6(146) 3.76(97) 23.2(11} 2.12(95) 2.28(96) 0.11{220}
E
s 16.5(117) 3.94(102} 37.8(116) 1.98{88) 2.32(97) 0.06{120}
M 17.6(125) 3.44(89) 13.0{101) 2.12{95) 2.08(87) 0.08{160)
L 16.4(115) 3.46(89) 29.0(89) 2.36(105) 1.92(81) 6. 30(600)

RUBESOKRASHRICBAL T, BRGHELE Ok —E0BIEIRD SNV T &M S

2 Bieshi, 1-13808HROEERRCREB T}, KR Na #B < ERFOVTOR
RESRROSERO PRLEABH 5N, KLELTROVBROSERSSAROZNE
FElok. COC &1, HROOKFEMNBARBLTED?), WARRDEL & bIEGICHEMS
NEROSERIE HAC LATRTELOTHA S, (I -2 HBOHBLDOKILOWT bF
RIS RK < DRRTH 7o )
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® 1 FROELEAER (1980)
Table 7 Heavy metal contents of Eggplant (1980)

Total contents (mg/g Dry matter)

Field Sample Treatment
Fe n Cu
4 0.085(100) 0.039(100) 0.613(100)
FC 0.16{188) 0.030({77} 0.015(115)
5 0.15(177} 0.034(87} 0.017(131)
& LU 0.12(141) 0.043(110) 0.017{131)
@ me 0.13(153) 0.046(118) 0.018(138)
g L C.15(177) 0.037(95) 0.017(131)
=}
s 0.13{153) 0.04(103} 2.010(71
L0 0.13(153) 6.03(77) 0.020(154)
L 0.12{141) 0.03(77) 0.020{154)
11-1
¢ ¢.031(100} 0.015(100) 0.010(100)
FC 0.037(119) 0.018(120) 0.011¢{10)
5 0.041(132) 0.020(133) 0.012{120)
M) 0.039(326) 0.021(140}) 0.013(130}
- M2 0.036(116) 0.022{146) 0.013(130)
:5: L 0.039{126) 0.021(140} 0.012(120)
.
5! 0.04{129) 0.02(133) 0.01{100)
H 0.05{161) 0.02(133) 6.01(100)
L 0.04(129) 0.02{133) 0.01(100)
c 0.13(100} 0.060(100} - -
F¢ 0.21(162) 0.033(55) - -
- 0,18(147) 0.053(88) - =
z Mt 0.33(254) 0.040(67) - =
g M2 0.12(100) 0.045{75) - =
& L 0.22(169) 0.077{128) - -
S
- 5 0.28{235) 2.09(150) - -
" 0.21(162) 0.97(117} - -
L 0.22{169) 0.07(117) - -
-2
[ 0.035(100) 0.618(100) 0.011(100)
FC 0.033(94) 0.0%3(106) 0.013(118}
5 0.0364103) 0.015(89} 0.012(109)
L] 0.034{97) 0.019(106) 0.013{118)
M2 0.038(109) 0.020{111} 0.012{109)
e L 0.037(106) 6.020(111) 0.013(118}
g
s 0.04(114) 0.02(131) 0.01(1a)
M 0.030(86) 0.02(11%} 0.01{110)
L 0,030(86) 0.02{111) 0.01(110)

SHEEREIC FBIRO ARG L RicowTlAR (DREX PREEREK) &8MYDEK
AOEEROMFEIOVTABE, RORURTIRALLE ST, HAROMMICHE > TAKLEH
BoRMARL RS, | -1 BBEENRUCRERONaTHY, WARMERBETILEY
HmoEm AT LS, I -1 I3BERFON, REBONRUP, [ -2 3ROERNE
ON, Nalf Uit ARERONRUF CaThHh o7, £, ARcEEE2EHETE WASHERED
BIMiCPE - TR OERIE R USSR, - 1 BERFOK, REIZBOK, Ca, Mg, I -

- 198 -~

11




TREGRAMTHIIET L WS &5 FHRE T ORI

& 8 FROKSEINE (1980)
Table 8 Absorption of elements by Eggplant (1980)

Total contents (mg/plant)

‘Fleld Sample Treatment

N P K Ca Mg Na
C 360,0(100) 23.9(100) 507.0(100} 447.3(100} 176.4{100) 5.11{100)
FC 1277.0(354.7)  89.0(372.4) 946.1(186.6) 1385.6(210) 615.2{349) 42.91(840)
5 1209.1(235.9)  103.1(431.4)  673.30132.8) 1227.4{274) 499.2(283) 50.84(995)
Ml 912.0(253.3)  89.4(374.1) 825.4{162.8) 948.5(212) 434.6(283) 36.02(705)
Mz 1280.0(356.8)  109.0{456.1)  650.0{130.2) 1235.0(276) 525,0(298) 78.5(1536)
= L 1831.1(397.5)  115.3{482.4)  587.4{115.9) 1543.3{345) 656.8(372) 99.86(1954)
o
wr
a 5 567.3(158) 51.5{215) 503.3(99) 919.2{205) 311.3(176) 1.45(284)
z M B43,9(234) 88.9{372) 573.0(113)  1125.3(252) 420.2{238) 3.47(679)
- L 1374.8(382) 105.6{442) 562.9{111)  1334.9(298) §57.9{316) 97.12(1901)
I1-1
c 165.3{100) 18.23(160} 198.2(100} 15.12(100) 18.31{100) 0.336(100)
FC 763.6(525.5)  113.1(618.0) 1252.4(631.9)  90.50(599) 79.49(437) 7.272{2164)
5 442.5(304.5) 70.2(0383.6) 632.2(319.0) 46.22(306) 41.64(227) 4.58(1363)
#l 496.9(342.0) B5.6(467.8)  698.6(352.5)  43.79(290) 45.26{247) 4.67{1390)
2 728.0(501.0)  128.5(704.4)  968.2(4BB.5)  78.52(520) 64.06(350)  10.92{3250)
i L 840.3(578.3)  126.4(745.4) 965.1(486,3)  85,70(567) 66.98(366)  15.81{4705)
=
& 5! 258.5(366) 38.6(211) 445,5(225) 36.8(243) 24.4(161) 1.29(352)
M 526.8(353) 78.1(428) 738.5{373) 58.3( 386} 45.2(247} 3.53(964)
L 599.9(413} 87.8(480) $38.9(322) 54.0(355) 44,8{242} 10.39(2839)
C 322.1{100) 15.7{100) 527.8(100)  434.98(100) 131.95(100) 3.64(100)
FC 1439.6{446.9)  112.7(286.6) 976.5(185.0) 1428.48(328) 502.64(457)  59.71{1640)
3 756.2{234.2)  100.4{219.7)  981.6(186.0) 1129.42(260) 353.09(268)  12.13(333)
M 785,7{243.9) 95.6{209.2)  773.6(146.6) 1287.9(296) 451.60{344)  34.43(936)
= M2 1274.4(395.7)  120.0{280.1) 1210.7(229.4} 1375.29(3i6) 512.42(388)  32.92(904)
2 L 1177.6(365.6)  139.3(304.8) 1013.8(352,1) 1914,88({440) 614.40(466)  55,81(1533}
&
g s 531.7(165) 76.2{167) B24.8(156)  B82.3(203) 270.2(205) 8.05(221)
- M 664.7(206) 91.6(200)  1038.8{197)  1200.0{276) 328.8(249) 10.78(296)
L’ 1022.5(317} 102.2(224)  1087.5(208)  917.7(211) 299.9{227) 14.09{387}
[1-2 =
T 119.9(100) 33.0(100) 27710100} 19.04(100) 70.23(100) 0.425(100)
FC 864.8(721.3)  150.9(457.3) 1426.0(514,6) 91.08(478) 92.92(453) 9.66(3864)
5 444,5(370.7) 88.4(267.9)  762.7(275.2) 54.97(289) 54, 70({270) 2.37(558)
M 554.0(462.1)  108.3(328.2) 888.9(320.8) 6B.23{158) 59.78{296) 5,32(1252)
M2 892.5(744.4)  142.1(430.6) 1125.2(406.1) B87.14{458) 83,33(412) 7.19(1692)
0 L 912.6(761.1)  166.6(504.8) 1027.78(370.9) 93.92(493) 101.00{499) 4.87{1146)
=
- s 268.8(224) 64.2(195) 615,8(z22} 32.3(170) 37.80187) 0.98{233)
M 375.9(314) 73.5(223) 704.9(254} 45.3{140) 24.4(219) 1.714407)
L 492.5(411) 103.9(214) 870.9(314) 70.9(372) 57.7(285} 3.00(2143)

2ﬁ%®§ﬁ%®Mg,E%%%@K&dMgféato%wﬁLtmﬁﬁfzmout®%ﬁt
HET 2L, SSERF 2BV TRNSHR & FREAROMIC—EOMBIRE RT R DUL >
1o CHUISAEE ESSEEDF A B, 2 ORNSREEGFORH—REEL NS,
BREAX L NEORORISHREKK L, BROXELH2 L, ARV TERAICLY
WML, 1 - 1ROT -2 3RORKMOCuIII TS -7, FNabBAIRLD BINO
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#H 9 FROFLEBRIE (1980)
Table 8  Absorption of heavy metals by Eggplant (1980)

nt
Field  Sample Treatment Total contents (mg/plant)

Fe In cu
T 1.811190) £.83(100) 0.28(100)
FC B.27(457) 1.55{187) 0.78(279)
$ §.87(380} 1.56{188) 0.78(279)
= M1 5.47(302) 1.96{236} 0.78{279}
o n 6.50( 359) 2.30{217) 0,90(321}
[ L 7.95(429) 1.96{238) ©9.90{321}
g
s 3.78{209) 1.16(140) 0.28(97)
M 4.51(249) 1.04(125) 0.69(246)
[1-1 L 5.96{330} 1.49{180} 1.00{357)
T 0,268 100} 9.13{108} 0.08(100)
FC 1.48(573) 0.73(562) ©.44(550)
5 0.89(342) 0.44(338) 0.26(325)
¥ 0.96(369) 0.52(400) 0.32(400)
He 1.31{504) 0.80(615) 0.47(588}
& L V.62(623) - 0.87(569} 0.50(£25)
g .
5 0.57(219} 0.29(223) 0.14{175)
W 1.18(454) 0.47(362) 0.24(300)
L' 1.04(400) 0.52{400} 0.26(325}
£ 2.38{300) 1.09{100) - -
Fe 11.72(501) 1.84{169) - -
5 6.82(291) 2.01(184) - -
& " 12.37(571) 1.62(149) - -
% 2 6.90{2.95) 2.39(219) - -
Z L 11.264481) 3.94(361) - -
&
]
8.0%(384) 2.59{238) - -
M 7.55(323) 2.52{231) - -
11-2 L 7.95(339) 2.53(232) - -
C 0.30(100} 0.15{100} 1.09(100)
FC 1.52{507} 0.87(580} 0.60{667)
5 0.95(317} 0.42(280) 0.32{356)
L1} 1.06{ 353} $.59{1393) D.41}456)
g w 1,61(357) 0.85(567) 0.51(567}
& v 1.68{557) 0,87{580} 0,58{684}
L 0.65{217) 0.33(220) 0.16(178)
M 0.64(213) 0.43(z87) 0.21(233}
L 0.96{300) 0.60(400} 0.30{333)

AR L. T — 1B TIECadd, 1 -2@3BTREFSERICEIDETSRE8MAERL. £
GBI -2 3BOTERTE, TEEARVT ZIndBACEVETLE, Zofib { > ol
ZoWTHARKY - THBO EEMNRABH LR,

iYL EER GSRUD) 20 THaaE, T-1R3BIEEF2ZEETOP, Na, Zn
RUCu, FARILKOPRUNap, FRIBRUSRX TILEENRKOSERY LR 5805 5
Cihmpoh, I —238TH, EREOP, Ca, InRUKAFAROEEE R LE, CO3 5
M- 2 A VERAROLER Z0a i, 2MHRE bIEPHRL) AEEREE 72, 1§
ERERICEN MY D SERESREAREOMOBRES2 L, BBV SEROBALE
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FRBIREALRIC 7 L A & 3 B RS IR

RFlksic, FLALOBRE—EOMEFELHEWD oMb -7, Lp L, T-2@8IKBH 2EEROMg
R0 Na & FRORKMAG, BREIROLRE —BL T A0E, 15RO MM - THEEK
Wi Lice b5, PREHERE 1 AR =F 2 AR<SRREVIBEER LA, £/, 1 -
2 1B EEMD CalgonTH, PRIXEHRF | EX OO EHMHETR IV QOBLT) , H
PRI SV TIHMg BRI Na & F—DHIFETHED, WINOERAEFTbOLEL N5, 1- 141
BEEMON, K, CaktFZn, 1 -23REEHONEUP, BRI OKBRF Felto T,
D EIR = thRUE | [BIX <th4E 2 [l £ RK OBFEHED Shic, CNEEAUELMET 4 XIS
FREAROBGICE SO THD, ThdOmS KM L TR OBEHSRKL T3 b
DEEI LS,

ERAEEAR oV THARL M) A5 ROMOBEELS 2 &, HHROHMCE > TH
BLASHEROMMARLEME, T—1 3BERBTEAN, Mg, NaRUFCu, BREH T Na,
1-2 BBEEBTRNRONa, REHTIN, Ca, Na, Zn RUFCu ThH Y, REIZEHET
vl Ea L2 R0 00, 1 —llgtﬁgﬁﬁﬁfbf’, CaRUFFe, EBREHON, P, Zn
BUCu, I-2@38EEROPRUK, AREERDOP, KRUMg TH-F,l0LHCT -2
0 R L THAROBINICHE - TH  ORASEROMMSED Sh iz,

3.2 FTABFROIBEAMIAFEAORISERICRIZTES

SMEFED D A FHIERI OV T, EYSLDOSKASEREIZORFHICHL, K4LD
DOEESEZFRERRZBEFRIBLALE LBY TH S,

FIORIICR L& 20T, BRBHK 0 0 RASHRTRHEHX LD SEFERER
Ligsnd, 1—- 13848, [ -2 TRYRE IERYF2ERDFe, Znk¥FCu,
DREZOEBFERE DAL, -1 382K CakUFe, YRE2MARUERROMg, o
BE 10, 2ERFSRXOZn, I -2 3B TRORE 1 FARUFLEBEDFe, Mo RUFAL, LR
BUESRKEOZn, LPRROCu, FBROCaRUNaTH -7z, COLI T RBTNEENR L
DESEREZRTRAV L BB LD b o T, AifFF ATBOTE, HREARD Na SHR
BREARICENTHERS P TRLBFCHEMT 22 L ohicdhid, 22X KB0TH,
LDEIBERREAFONT Do fe CHUB T ARHEMH—AFIC Na SERSES, FERREENRNC
&KEET%%@&%iBnéo

Lo A¥REFICE, VRREDRE? BBARKICE, ThenEms LTITSRUETS t/
ha OFERSERA &N H, PREINRUCEEBKICEEAINTOED, Lidi-T, ERBH
R, L, dBREIREIRXHTSt ha, DEE2EKX EEBEH 16 L/ hak 85, T HDER
RROHE FHEHHREEML-VORRISHBRLOMOREKRESASLL, [ ~ 1RFBON,
Ca, 1-2iB0ONa s RR:hiHE 2 AR +3REKOBHBOMMIZRA - A S HROM
maER LA, BRAREESSHBROM I —EOHRIIBH SNE - o PEKDEE 1
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# 10 7o¥oRsaE8FE (1980)
Table 10  Elemental contents of Wheat (1980)
Field  Treatment Total contents {mg/ Dry matter)
N P K Ca Mg Ha
c 15.4(100) 2.6(100} 26.8{100) 1.92(100} 1.17(100) 0.28{100)
FC 21.1(178) 1.7(142) 39.75{148) 3.00(156) 1.79(153} 0.26(93)
I-1 s 18.14118) 2.5(96) 27.96( 104} 1.88(28) 1.11{95) 0.23{82}
M 15.6(108) 2.4(92) 23.05(86) 1.66(86) 1.05(90) 8.19(68)
M2 23.3(151) 2.8(108) 32.02(119) 2.73(142) 1.42(121) 0.21{75)
L 27.6(179) 3.3(127) 33.2(103) 2.94{153) 1.73()48} 0.34121)
4 15.0(100} 2.24100) 20.5(100) 1,764100} $,04(100) 0.28(100}
FC 26.9{179) 2.91(132) 32.0(156) 3,07(174} 1.80{173) 0.27{96)
[-2 5 17.5{117) 2,33(106) 25.2(123) 1.87(106) 1.12{108) 0.19(68}
M1 19.6(131) 2.45(111) 23.3(114) 1.72(98) 1.114107) 0.18(54)
M2 21.10141) 2.230307) 25.1(122) 3.05{173) 1.64(158) 0.25(89)
L 21.6(144) 2.66(121) 22,3(133) 2.96(140) 1.360030) 6.28{87}
3 30.69(100) 3.38({100) 22.88(100) 2.56{100) 2.06{100} 0.31{100)
EC 32.8{107) 2.02(146) 30.5{133) 1.86170) 15374 0.15(28)
-1 5 24.2(1m) 1.95{141) 22.47(98) 3.50(137) 1.20(58) ¢.26(34)
Ml 32.6(106) 1,78(129) 24.9(109) . 3.500237) 1.78({86) 0,28(90)
W2 36.9(120) 2.27(165) 22.2197) 3.39(132) 1.83(89) 6.21(68)
L 31.8(104) 2,11(153} 21.9{96) 4.40(172) 2.35(114) 0.29(94)
t 21.9(100) 1.56(100} 28.08{160) 1.65(160) 1.27(100) 0.23(100)
FC 31.6(145) 2.02(129) 32.03(114) 2.48{150) 1.74(13) 0.2}(91)
11-2 5 28.4(130) 2.03{130) 33.8{120) 2.38(142) 1.40(110} 0.20(87)
Hl 29.2{133) 1.98{127) 38.1(107) 2.66{161) 1.62(128) 0.23(100}
Mz 3.2(143) " 2.23{143) 36.1(129) 2.87(174) 1.62(128) 0.17(74)
L 28.9{132) 2.28{144) 29.2(104) 3.52(213) 1.96{150) 0.26(113)
& N 2L¥OBELBEER (1980)
Table 11  Heavy metal contents of Wheat (1980)
Fied  Treatment Total contents, [ms/ 9 Ory matter)
Fe Mn In Cu Al
[+ 0.38(100} 0.27(100) 0.02(100) £.005(100} 1.201108)
FC 0.27{1) 0.05(71) 0.03{150) 0.019(317) 1.83{153)
I-1 5 0.27(n) 0.05(7) 0.02(100) 0.014(233) 0.14{95)
Ml 0.19(50) 0.05(71) 0.02(100) 0.013(217) 1.09(170)
w2 0.19(50) 0.04(57} 0.018(90} 0.007{17} 1.85(121)
L 0.17{45} 0.05(71} 0.024{120} 0.007{117} 1.80(150)
C 0.32(100) 0.06(100} 0.01{100) 0.004( 100} . 1.07(100)
L 9.23{72) D.05{83) 0.012{120) 0.005(125} 1.15{108)
[-2 H 0.23(72) 0.05(83) 0.012{120) 0.005(125) 1.15{108)
Ml 0.36{113) 0.06{100) D.06{600) 0.912{300) 1.14(107}
M2 0.31{97) 0.05(83) 0.017{170} 0.0095(238) 1.67(1586)
L 0.023(7) 0.003{5) 0.002(20) 0.0008(25) 1.39(130)
c 4.65{100) ©.15{100) 0.025(100) 0.013{100) 2.07(100)
FC 0.23(5) 0.05(33) 0.016(64) 0.008{62} 1.57(76)
11 5 0.45(30) 0.074(49) 0.015(80) 0.009{69) 0.63{30)
M 0.91(20) 0.080(53) 0.024(96) 0.011{85} 1.21{59)
W2 0.44(9) 0.06(40) 0.02(80) 0.009(69) 0.61{30)
L 0.97(21) 0.084(56} 0.022(B8) 0.009(69) 1.20{60§
¢ 0.34(100) 0.06{100) 0.013(106) 0.01(100) 6.47(100)
FC 0.28(83) 0.045(75) 0.019{145) 2.01(100) 0.43(92)
[1-2 5 0.30{88) 0.047{78) 0.03{231) 0.015{150) 0.45(96}
M 0.49(144) 0.056(93) 0.039(146) 0.0096(96) 0.70{14%)
W 0.33(97) 0.04(67) 0.018(139) 0.008(80) 0.44{93)
L 0.63(185) 0.06{100} 0,023(177} 0.0096(96) 1.43{304)
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# 12 IsLFOoRSERNE (1980)
Table 12 Absorption of elements by Wheat (1980)
Field Treatrent Total centents [mg/plant)
: N F K Ca Mg Na
c 308.0(100) 52.0(100) 536.0(100) 38.4{100} 23.4{100) 5.5(100)
FC 1387,5(450) 186.9(359} 2035.2{380) 153.1(399) 91.7(392) 13.3(238)
1-1 H 649.8{211} 90.1{173) 1003.8{187) 67.5(176) 3%.90171) 8.3(148}
M1 498.0(162) 71.00137) 691.5(12%) 49.8(130) 31.54135) 5.7(102)
M 980.9(318) 117.0(225) 1348.0{251) 114.9(294) 59.8{256) 8.8{157)
L 1026.7(333) 122.8(236) 1235.0(230) 103.4{285) 64.4(275) 12.7{227)
C 217.5(100) 31.5(100) 297.5(100} 25.54100) 15.1(100) 4.1(108)
FC 1315.4(605) 142.3(446) 1564.8(526) 150.1{589) 87.8(561) 13.2(322)
-2 s 588.0{270) 78.3(245) 847.1{285) 62.8(245) 37.6(249) 6.4(156)
M 472.4{217) 59.1{185) 562.0(220) 41.5(163) 26.8{177) 4.3(105)
M2 822.9(378) B7.0{2/1) 977.7{182) 113.0(467) 64.0{424) 9.8(239)
L 764,. (352) 94.2(295) 965.7(325) 87.1(342) 48.1(319) 10.3(251)
C 49.1(100) 2.2(100) 36.6(100) 4.1{100) 3.30100) 0.5{100}
FC 569.3{1159) 34.7(158) 524.8(143) 31.0(756) 26.3{797) 2.6(520)
11-1 s 116.3(237) 6.6(300) 76.4(209) 11.9{290) 4.1{124) 0.9(180)
Ml 150.0(305) 8.2(373) 114.56(313) 16.3(398) 8.2(248) 1.3{260)
2 258.3(526) 15.9(723) 155.2{424) 23.7(578) 12.8(388) 1.5(300)
L 251.2(512} 16.7(7569) 173.3{473) 34.9{851} 18.6(564) 2.3(460)
[ 113.9(100) 8.1{100) 146.0{100) 8.6(100) 5.6(100) 1.2(100)
L 846.9(744) 54.1(668) 858.4(588) £6.5{773) 46.6{706) 5.6(467)
-2 S 281.2({247) 20.1(248) 134.6(229} 23.2{270} 13.0(212) 2,14175)
m 394.2(345) 26.7(330) 106.4{278) 35.9(417) 21.9(332) 3.1(258)
" 493.0(433) 35.2(435) §70.4(391) 45.4(528) 25.6(388) 2.7(226}
L 482.6{424) 37.4{462) 487.6(334) 58.8(584) 31.7(480) 4.3(358)
£ 13 SA¥OESLERUE (1980)
Table 13 Absorption of heavy metals by Wheat (1980) -
Eleld Treatment Total contents {mg/plant}
fe Mn In Cu Al
t 7.60(100) 1.440100) 0.36{100) 0.11(100) 24.0(100)
FC 13.8(182) 2.66(185) 1.56(433) 1.08(982) - 93.7(3%0)
-1 5 9.69(128) 1.87(130) 0.75(219) 0.35(318) 40.9{170)
[ 5,70(75) 1.62{113) 0.57(158) 0.25(227) 32.7(136)
Mz 8.00(105) 1.85{128) 0.76(211} 0.29{264} §1.1{255)
L 6.32{B3) 1.86(129) 0.89{247} 0.26{236) 67.0{279)
[ 4,64(100) 0.87(300) 0.18{100) 0.06(100) 15.5(160)
Fe 11.25(242) 2.20(253} 0.83{437) 0.3B{633) 89.0(574)
1-2 H 7.73(167) 1.75(201) 0.43(211) 0.16{267} 38.6{249)
i 8.68{187) 1.45(167) 1.40{737) 0.29{483) 27.50177)
"2 12.09(261) 2.11(243) 0.66(347) 0.37(637) 65.1(420)
L 0.81{17} 0.31(13} 0.072(37) 0.03(50) 49.2(37)
¢ 7.44(100} 0.24{100) 0.04(100) 0.02({100) 3.310100)
o 3.96(532) 0.93{388) 0.28(700} 0.14(700} 27.0(816)
11-1 3 1.53(21) 0.25(104) 0.05{125) 0.03{150} 2.15(65)
Ml 4,19(56) " 0.37(154) a.11{278) 0.05(250) 5.57(168)
M2 1.08(41) 0.43(179) 0.15(375) 0.06(300) 4.30(130)
L 7.66(103) 0.56{275) 0.17(425) 0.07(350) 9.48(286)
c 1.77(100) 0.33{100) ©.07(100} 0.05(100) 2.46{100)
ke 7.501424) 1.21(361 0.51(729} 0.26{520) 11.58{471}
12 s 2.97{168) 0.46(139) 0.30{429) 0.151300) 4.45(181)
[ 6.62(374) 0.76{230) 0.26(371} 0.13(260} 9.49(385)
M2 5.21(294) 0.66(200) 0.28(400) 0.12(240) 6.94{282)
L 10.69(604) 0.97(294) 0.38{543) 0.16{320) 23.90(572}
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3.3 FThkHROLBEAINEBENORISHRCRITES

BERRARtSIE, AN T — ! RIFEROTEREL 2, BREMIERICSWT, MY 0%
BERERURURIBICRL, H4L ) OBRAEFRPRIORUFRITICR L .
EEFEYLULDEERIEOVWTASZ L, EFEHK LV ESFRATL O], PR~ERK
DK, hRE2FRRFERDCa, £EEBXOMg BFNa, LREUTHEFE 2 HKO Fe RTFAL,
thit4E 2 @XOMn, FRROCuTHY, (REIEoVTE, 2HREDOCaRUNa, DRRE
EREDZInThH-1zo Lipl, HHBLOMii—EOMGIIAD Shlib-1, ) ZRMOEY
LD ERRLFBREAROBRICOVTABL, NalAOKA>0 T, —E OBIFRORED
Shlidp-Fels, NaL DV TRPBR & FRERMOEINS b o, PAKE £ RKMEIIL

# 14 ERORIEER (1980)
Table 14  Elemental contents of Upland rice (1980)

Total_contents {mg/gq Ory matter)

Sample  Treatment -

N ? K Ca Mg " Na
[ 42.9{100) 1.59(1co) 12,69(100} 3.60{100) 1.88{100} 0.03{100}
FC 46.3(108) 1.04(65) 14.79{117) 1.67(102) 3.21(176) 0.15(500)
SHOOT 5 46.2(108) 6.91(57) 15.22{120) 4.36(121} 3.60{192) 0.13(433)
ML 43.4(103) 1.20(76) 19.27(152) 3.57(99) 2.36(125) 0.09(300)
M2 46.8(109) 0.93(59) 21.30(168) 4.47(124) 3.37(179) 0.17{567)
L 46.8(109) 0.91(57) 20.50(162) 4.41(123) 4.21(224) 0.27(900)
¢ - - 0.71(100) 6.84(100) 2.45{100) 1.51(100) 0.24{100)
FC - - 0.66(93) 8.14(119) 2.02{81) 1.65{109} 0.34¢{1a7)
ROOT 5 - - 0.73(103) 8.27(121) 2.62(105) 1.680111) 0.45(192}
L] - = 0.66(93) 6.83(100) 2.66(107) 1.72(114) 0.48(200)
W2 - - 0.61{86) 6.25(91) 2.57(103) 1.51{100) 0.45(188)
L - = 0.58(82) 5.48(80) 3.050123) 1.63(108) 0.52{217)
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F 15 HREEESEESHER (1980)
Table 15  Heavy metal contents of Upland rice (1980)
Sample Treatment Total contents (mg/g Dry matter)
fe Mn In Cu M
¢ 0.11(100} 0.015{100)" 0.012¢100} 0.056{100) 0.18(100)
fC 0.12(109) 0.011{73) 0.0000440.3) 0.012{21) 0.101(56)
SHOOT 5 0.15(136) 0.013{87) - - 0.011(20) 0.14(78)
Ml 0.08(73) 0.012(g0) 0.0018{15) 0.009(16) 0.08(44)
v W2 0.17(155) 0.018(120) 0.00018(2) 0.006(11) 0.16(89)
L 9.11(100) 0.013(87) - = 0.04(71) 0.07(39)
¢ 1.31(100) 0.04(100) 0.028(100} 0.076(100) 1.88{100)
FC 1.92(147) 0.05(125) 0.020(71) 0.056(74) 2.75{145)
. ROGT s 1.07(82) 0.03(75) 0.032{114) 0.053(70) 1.54(82)
Ml 1.20{92) ©.04{100) 0.023(82) ©.049(65) 1.69(390)
He 1.11(85) 0.63(75] 0.022(79) 0.045(59} 1.57(84}
L 1.70{130) 0.04(160) 0,026{93) 0.043(57) 1.99(106)
£ 16 MERomSEE (1980
Table 16  Absorption of elements by Upland rice (1980)
sample  Treatment Tetal contents {mafpiant)
N P K ca Mg Ha
¢ 9850 365.59{100) 2914.82(100) 826.66(100} 432.03{100) 7.40(100)
Fe 13811 309.14{85) 4311370151} §094.11(132} 988.57{229) 45.66(817)
SHOGT 5 18618 287.96(79) 4813.27(165)  1380.49(167) 1137.22(263) 39.72(537)
" 10789 291.46(80) 4681.94(161) B68.49{105) 570.91(132) 21.42(289)
M2 15598 09.23(85) 7099.38(234)  1488.34{180) 1121.96(260) 55.04(740)
L 16488 119.33(87) 7221.60(248)  1553.06(188) 1482.39(343) 95.48(1290}
¢ - 3.88(100) 37.41(100) 13.61(100) 8.28(100) 1.32{100)
£ - 4.25(110) 52.08(139) 12.98(98) 10.55(127} 2.19(166)
ROOT 5 - 3.11(80) 35.41(95) 1.22(82) 7.20(87} 1.97{149)
Hi - 3.38(87) 34.85(93) 13.57(99} 8.75{106) 2.45(186)
(V3 - 2.92(75) e.17(81} 12.42(91} 7.30(88} 2.16(164)
L - 4.03(104} 37.77{101) 21.02{154) 11.23(136} 3.55(269)
& 17 EROHESERNE (1980)
Table 17 Absorption of heavy metal by Upland rice (1980)
Sample Treatment Total contents (ma/plant)
fe Mn In Cu Al
c 25.26(100) 3.39(100} 2.80(100) 12.78(100) 41.204100)
FC 35.22(139) 3.17(94) 0.012(0.4) 3.67(29) 30.10{73)
. SHOOT 5 37.41(188) 3.92(116) - = 3.45(27) 44.24(107)
Mt 20.61(82) 2.96(87) 0.44(16) 2.25(18} 18.32(45}
Mz 55.31(219) 5.89(174) 0.056(2) 2.01(16) 52,32(127)
L 37.62(149} 4.64{137) - = 14.46{113) 24.16(59)
> 7.18{100) 0.22(10¢) 0.16(100} 0.41(100} 10.30(100)
" FC 12.25{170) 0.38{155) 0.13(81} 0.36(88) 17.57(171)
ROOT s 4.50{64) 0.14(64) 0.14(88) 0.23(56) 6.61(64)
M 6.14(85) 0.19(88) 0.12{75) 0.25(61) 8.61(84)
M2 5.35(74) 0.37(17) 0.11169) 0.22(54) 7.60{74)
L 11.74(163) 0.30{136} 9.18(113) 0.30(73) 13.75(133)
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£ 18 2AT70HSSHR (1980)
Table 18 Elemental contents of Turnip (1980)
Sample Treatment Total contents (mg/g Dry matter]
il P - K Ca Mg Na
c 29.4(300) 2.58(100) n.20100} 32.5{100) 4,70(100) 1.18(100)
e 38.0(129) 4.36(169) 16.8(54} 43.6{134) 6.34(135) 10.5(890)
LEAYES 5 30.9(305) 2.67(103) 20.3(65) 37.4(115) 5,00{106} 7.02(595)
M1 36.2(123) 2.52(98) 15.0(48) 35.9(110) 5.69{121} 7.73(655)
M2 36.3{123) 3.12{121) 18.0(58) 42.8(132) 5.19{110} 6.86(581)
L 34.6{118) 2.95(114) 15.0{8) 36.8(113) 5.26{112) 7.82(663)
C 30.1{100) 5.05{100) 48.6(100) 4.79(100} 2.02(100) 1.17(100)
[ 44.8{149) 7.37(142) 51.8(107) 6.09{127} 2.68(133) 6.41(548)
ROGT 5 36.3(121) 4.98/99) 47,4{95) 4.90{102}) z.42(120) 5.00(427)
Ml 36.7(122) 5.50(109) 51.1{105) 5.58{116) 2.69(133) 4.59(392)
M2 44.7(149) 5.31(105) &1.6(127} 5.6B{118) 2.35(116) 6.4%(556)
L 38.3(114) 5.94(118) 45.9(94} 6.61{138) 2.76(137) 7.62(651)
£ 19 ax70BESEAER (1980)
Table 19  Heavy metal contents of Turnip (1930)
sample Treatment Total contents (mg/g Dry matter)
Fe M In Cu Al
c 1.35(100) 0.0801(100) 0.043(100) 0.045(100) 1,500(100}
FC 0.74(55) 0.0768(96) 0.0348{81) 0.006(133) 0.939(63}
LEAVES 5 0.61(45) 0.0820(102) 0.0441{102) 0.028(62) 0.541{36}
81 0.55(41} 0.058(72} 0.0455(106) 0.012(21) 0.525(35)
2 0.70(52) 0.050{62) 0.059(137} 0.023(51} 0.625(42)
L 0.35(27) 0.059(74) ©.050{116} 0.004{9} 0.221(15)
¢ 0.079(100) - - 0.039(199) - - - -
FC 0.064(81) - - ©.044(113) - - - -
ROOT H 0,064{81) - — 0.038(97) 0.0130— - -
W 0.071(%0) - - 0.044{113) 0.016 — -
W 0.056(71) - - 0.043{110) 0.089 — - -
L 0.090{114} - - 0.054(138) 0.014 — -
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# 20 AHTOFEHBINE (1980)
Table 20 Absorption of e¢lements by Turnip (1980)

Sample Treatment Tota} contents {mg/plant)
N P K Ca Mg Na

c <4.7(100) 4.8(100) 58.1(100) 60.4(100) 8.8(10¢) 2.2(100)

FC 358.6(674) 42,3(881) 163.3(281) 423.3(70) 61.6(700) 101.7(4622)
LEAVES H 166.9(305) 34.4(300) 109.7(189) 201.9{334) 27.0(307) 37.9(1723}

Ml 215.6{394) 15.0(313) 89.6{144) 213.9{354) 33.9(385) 46.1(2095)

- . 228.6(418) 19.8(413) 113.9(196) 271.3(449} 32.9(374} 43.8{1977)
L 334.9(612) 28.6{596) 145.3{250) 356.1(590) 50.9(578) 75.7(3441)

56.6{100} 9.5{100) 91.3{100) 9.0{100) 3.8{100) 2.20300)

FC 367.7{650) 58.8(619) 424,5(465) 45.9(554) 22.0{579) 52.6(2391)

ROOT S 214.9(380) 29.5(311) 280.6(307) 29.0(322) 14.3(376) 29.6(1345)

’ M1 192.7(340) 28.9(304) 268.5{294) 29.3{326) 14.1(3Nn) . 24.1(1095)
226.6(400) 26.9(283) 3N2.2(342) 28.8{320) 11.9(313) 32.9(1495)
L 343.0{415} 40.6(427) 313.7(344) 45.2(502) 18.9(497} 52.1{2368)

2 2ATOESBENE (1980)
Table 21 Absorption of heavy metals by Turnip (1980)

sample Treatment Tota)_contents (mg/plant}

Fe Mo In Cu Al
C 2.51(100) 0.149{100} 0.080{100) 0.084({100) 2.790(100)
FC 7.18(286) 0.746(501) 0.388(485) G.055(655) 9.12(327)
LEAVES 3 3.29(131) 0.443(297) 0.238(298) 0.151{180} 2.92(105)
M1 3.30(131) 0.348(234} 0.271(339) 0.071{85) 3.130(112)
M2 4.45{177) 0.318{213) 6. 375(469) 0.146(174} 3.96(142)
L 3.47{138) 0.569(382) 0.483(604) 0.036(429) 2.140{77}
L 0.149{100) - 0.073{100} - = - -
FC 0.524(352) - - 0.358(450) - = - -
ROOT s 0.379(254} - - 0.225(308) 0.077 — - =
Ml 0.373(250) - o~ 0.231(316} 0.082 — - -
M2 0.284(191) - - ©.218(299) 0,450 — - -
L 0.616(413) g.101 — D.369{505) 0.096 — - -

ERMEAKIC 5V 5 9% 70804V RASGHRCSVWTAH S L, BHTIE, 2FHREAROD
Znds, DRRJBUGRED Cuds, £, BB TR, SBREOFe & InAiEnEhibEEE RO
AERE LE - f. BREFOCuZEFIHML, LEEHROSHRD 2~4.7 &7
BREARO 34 7hoNa &6 R i3+ 2 REBHEO B L ARICIREERARICE~TRLEL
BN L, BREFARE BASEROMRICOVTSSBE, ZnfirA5TE R HA RO iTH -
THINT AERERL A, OBSCELTE, —EORFENBDSLLh T,

B D BERICOVTAS E, BETRERROZn, HPRXEPRE 2 BROCuFheh

t ILEERRED £ 1 - o 8 i Cu BEFIRERD 27158 k. HARLRSESHEOR
#A255L, EHON, MgRUNaGHRIZ, PERR fRE | BX = RE2ARERRE
50, HBRERROEMICE - T 2E[ER L

ERAER 2 5 7 ORBARASER EMULD) £H5L, Ca, MgRUFe BEHIURE

k0SS, K, CuRUPR, RESESHICES-» o NREF Zni2W TR, Bz X
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& 22 F¥rV/UOERSESHER (1980)
Table 22  Elemental contents of Chard (1980)

sample Treatment Total contents({ma/g Dry matter}
N P K Ca Ha Na
o 44.6{100)  4,42(100) 47.29(100) 9.31(100) 9.11{100) 23.5(100)
FC 47.3(106)  a.94(112) 13.5HT) 9.13{98) 10.9(120). 30.2(12¢)
5 46,3(104)  a.91(1N) 42.4%(90) 10.1{108) 10.7(17) 26.6(113)
LEAVES Ml 39.3(111)  4.74(107} 42.31(89) 9.82{105) 10.3(113) 27.0(118)
2 53.4{120) 4.93(n2} 34.04(72) 11.9{128) 13.0{143) 24,64105)
L 53.3(120) 5.08(115} 36.87(78) 10.8(116) 12.9{142) 26.6{113)
c - = 3.22{00) 32.18(160) 1.62(100) 2.55(100) 5.63{100)
FC — - m{ns) 27.15(84) 1.60(99} 2.92(115) 12.2{212)
5 — —  2.55(113) 29.75(92) 1.82(112} 2.67{105) 9.09{161)
ROOT i - = 3.3500) 29.60(92) 1.71(106} 2.66{104) 9.90(176)
[ -2 —  —  3.450107) 31.61{98) 1.89(117} 2.85{112) 11.7{208)
L - —  3.28(101) 30.35{94) 1.75(108) 3.06{120) 12.3(218)

F 23 7#rvonELBEER (1980)
Table 23  Heavy _metal contents of Chard (1980)

Total contents [mg/q Ory matter]

Sample Treatment

fe Mn . in Cu Al
c 0.33(100) 0.55(100} 0.034{100) 0.015(100) 0.38(100)
FC 0.31(94) 0.045(82) 0.037(109) 0.016(307} 0.34(8%)
S 0.31(94) 0.050(91) 0.043(126) 0.014(93) 0.34(89}
M1 0.38{115) 0.056(102) 0.039({115) 0.018(120) 0.44(116)
M2 0.28{85} 0.044{80) 0.047(138) 0.019(127) 0.29{76}
L 0.31{%4}) 0.043{78) 0.045(132) 0.7(113) 0.33(87)
I 0.13{100} 0.017{100) 0.030{100) 0.0024{100) ¢.11{100}
FC 0.19(146} . 0.014(82) 0.032{107) 0.0044¢183) C.37{155}
5 0.13{100} 0.015({88) 0.937{123) 0.0047{196) 0.15(136}
M1 0.20(154) 0.018{106) 0.036{120) 0.0043{179) 0.23(209)
M2 0.24{185) 0.015(94) 0.045(150} 0.0075(313) 0.25(227}
L 0.24(185) 0.016{94) 0.042(140) 0.0065{27 ) 0.25(228)
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£ 24 FYV/UDRSBRNE (1980)
Table 24  Absorption of elements by Chard (1980)

Saple  Treatment Total contents (mg/plant}
N P K Ca Mg Ha
[ 209.6(100} 20,77100) 222.3(100) 43.76(100) 42.82{100) 110.45(100)
FC 363.3{173}) 37.94(183) 257,8{116) 70.12(160} 83.71(195) 231.94(210)
LEAVES 5 394.00188) 41.78(201) 361.6{163) B5.95{196) $1.06(213) 226.37(205}
Ml 454.0(217) 43.75(211) 389.6(175) 90.44(207) 94,86(222) 248.67(225}
M2 486.5(232) 44.91{216) No.1(146) 108.41(248) 118.43(217) 264.40{203)
529,B(253) 50.50{243) 366,5(165) 107.35¢{2a5) -125.23(299) 264.30(239)
C L - 3.54(100} 35,40(100) 1.78{100) 2.81{100) 6.19(10G)
FC - - 5.99(169) 43.98{124) 2.59(146} 4.73(168) 19.76{319)
ROOT 5 - - 6.53{184) §3,26(150} 2.56(144) 4,78(170) 16.27{263)
M1 -— - 5.72{162) 52.08(147} 3.01(169) 4.68(167) 17.42{281)
M2 - - 4.83(136} 44,27{125) 2,65(149} 3.99{142) 16.38(265})
L - - 5.09(144) 47.35(134) 2.73{153} 4.77{170) 19.19(319)

% 25 7¥/VIOBESRERBNE (1980)
Table 25  Absorption of heavy metal by Chard (1980)

sample Treatment Total contents {mg/plant}
Fe Mn in Cu Al
[ 1.55(100} 0.258(100) 0,159{100) 0.070{100) 1.791(100)
FC 2.372(152) 0.343(133) 0.282(177} 0.124(V77) 2.617(146)
LEAVES S 2.62{169) 0.421{163) 0.368(231) 0.122(178) 2.893{162)
Ml 3.46(223) 0.511(1%98) 0.363(228) 0.165(235) 4,025(225}
M2 2.53{163) 0.401(155} 0.430(271) 0.171{244) 2.633(147)
L 3.06(197) 0.427({166) 0.443{279) 0.172(246) 3.240(181)
0.147{100) 0.018{106) 0.033{100) 0.0027(100) 0.125{100)
FC 0.299(203) 0.023(128) 0.051{155) 0.0072(267} 0.279(225)
ROOT 5 0.239{163) £.022(150) 0.066(200) 0.0084{311) 0.260{210)
M1 0.343(233) 0.031(\‘72) 0.063(191} 0.0076{281) 0.410(331)
M2 0.330{224) 0.022(122) 0.062(188) 0.010(370) 0.350{282)
L 0.374(254) 0.074(133) 0.065(197) 0.010(370} 0.395(319)

EHKOZEHRAESFRERL, GRLEEHR RS ORDPEFERER LA, CO75 Y
Y, FREEHCRIE Lcbrbbod, §iffo 7 TRIEAS LB Rd obE X i IL &
+2RAEFRE L2 EER LTV, BRBARORIEHFRIKOVT, BHOKTLRER=H
B | ER>HRE2 B+ SRR, EHoOMgRUMa, BB 2Zn, CuTH, LERX=hEE ]
EIX < thiR4E 2 X =5 REHED Sh i

¥ vy o OBERIRIE, BREMSERINTHWIEYL, 34 7BEHOGREHARE, LPRR P
BRE | R =hRIE2 X <ERBXTH 725!, WILOK, Mg RUMn DA THED 5 h MR
m—&p&hoéém,m&ﬁ(Mﬁ%ﬁzb¥)%ﬁ%@ﬁﬁﬁﬁ&ﬁ&=¢§$l@ﬂ<¢ﬁ
£ 2ER = SRR THD, K, Mg RUMn TRH 5 hiBkE L. LORRE, fixfFD
BRERRNE 7Y vV VOEAEERIRBLTVWAZ EETT HDTH S, LpLEHS, D
WA LT EROBRIEED ohd, FLHRESEROMI—EOMRSED SN,
LEdiaT, 78V 9ieo0Til, FEBAREKSSHROMIC—ECH@REBHSNLV S
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NENFEHX LD EESEREFR L, 3/, BROMg RUZn, BEBOCud, MgRUMn
DEYLI NETHRITEVWTEDONEE WEK=PRE IR PEF2ER=SHK) &
Fl—ofFkich 2 C LM LIS, ‘

3.6 TASREOLEBEANVYIHTAGAORAIESERICRIZTHE

YNHLR, 75y oDBSERICKDIC, FRAEEWE (1 - 1RUT -2138) ik, HR
MAKEULZIERX & S EBRATHY ASIT- 128, BELRE L.

RURUVNICR LIk Hic, BREAXIKEDT 2y V7o DEWYU- 0 RASGHERITOWVWTA S
L, REFDOCasFRIT - 1 RUE - 2383 bAFEREART, FEFREARTIR6ED
IR TENTNERER LD BEFREU -2, 72, BETHENBX D3 LK T, ¥
EEAKE XD E 2R TENZFhCaZEFRIMNMEENR LW ESHERER LA, E&EBROL
T, 1-2R3BKEH3HREALROZERRCT — 1 BB EH 280 Z0aR, 1~ 13
EHEREALBX O 6hBRUERK, - 235#HERKOIBHZn SFRBELFNLEERR
RIDEEFREU-cfn, T-1RBLEEARRKORBCuSERMIEEHRLVEESER
il ot MOEA LTI, Bh, BREUEBHRICE > TRLERER LY SESERLE LS
BEBH-F. THOORETH, SSEFICHRICFERESERIALY, 1 -1 BIBEHTH,
AlBELBRARIIHOVT, SAKHNEIRE hEFESERICL), BRAKETNEKOSHRE, 55
H£HE (FR) GANOBAROHITHIET 3EHRER L, 20, ERXOKKRUFe i3#
HEXEEER LU, BRI -TEFRISYNT 2 L8O MICEIN A, —F, ZnKRUFCu
umﬁgﬁﬁﬁﬁﬁ%%b,ﬁmmxarvbééﬁﬁﬁﬁTT%céﬁWBmméntmﬂf,
Fi3BicEi 3 £ BRXOHEBEFERICOWVWTA S L, N (RED ERCTX ToMS IKBL THERA
L AEEROENF¥EELLh. BROERSN (RED RUPA2BR SRSV TI -2 1313
DEEHT, N (RED , P GAB<HE , Mg RO ZniB{ 28510 TEIZBORETE
Hoh, #HICL > TRASHERPENT 52 LS picE s,
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BRBOYALFARSWT, BNIEHAEEREA 5L, WFNLE¥EREHE S E—oHEm %
ARLte $HbE5, P, K, Ca, Mgz EH > , Fe, Mn, AIZBEOERTH -7,
ZnRUCURDVLTHATLGIELPEHREOMBRE —H LA, -/,

BRI DEMLI: DRSEERICOVTES &, BHUOLES & bHifEr A RISHOER
HRAXOBRAR (Vv F LSRR EREERER L —E0BREZDoNI,- . PREX X
DEREROSERMNOBL FBVESE, 1 - 2R8I 2EEBO Fe RFAIKEFTHD, |
— 2 BBEESOKRUCu, T -2 BHER0CaldPREMERE I0E£{ G0, KHA
DM » TP T 3EMIRH S hit, BFRALGBARICVWTASE, I - 1| REXERD

‘Cu, I-23BRE0Fe, MnRUAl #HBEEEERROHEIMCH, » THEMLL. TDXIIKI

MR R & B DR ST R E ORIC— OB &AL DBATED LA 1,

% 26 VAHLORSESER (1980)
Table 26  Elemental contents of Sorghum (1980)

Field Sample Treatment Total contents (mg/g Dry matter)

N P K Ca Mg
c 23.4(100) 2.74{100) 20.79(160) 7.31(100} 7.20{100)
fC 28.7(123} 3.10(113} 26.87(100} 6.03(83} 7.57(105}
5 29.0{124) 2.67(97) 18.11(87) 9.40(129) 9.70{135)
Ml 28.4{121) 2,95(108) 14.91(72) 7.87(108} 8.87(123}
SHOOT M2 28.5{122) 3.48(127) 11.04{53) 2.85(135) 11.13(155)
L 28.0(120) 2.89(105) 13.09{63) 8.70{119} 10.15(141)
s 23.7(101) 010 12.11(58) 8.74(120) 9.86(137)
M 33.3(142) 3.05(111) 12.32(59) 9.20(126) 10.57{147)
11-1 L — - - - 8.73(42) 8.53(117) 10.12{141)
c - = 1.25(100) 11.561{100) 1.93(100} 2.61{100}
FC - = 1.22(98) 10.41(90) 2.20{14) 2.67(102)
3 - - 1.61{129) 7.35(83) 2.45(127) 2.36(90}
ROOT M - - 1.40(112) 6.62(57) 2.68(129) 2,76{106)
M2 - = 1.27{02} 6.40(55) 2.73(142) 2.30{88)
L - - 1.85(148) 9.62{83) 3.28(170} 3.27(125)
5 - - L.aa{115) 5.89(59) 2.130110) 2.35(90)
3 - = 3.07(246} 5.83(50) 2.16(112} 2.13(82}
L - - 1.42(114) 5.95(51} 2.654137) 1.90(73)
[ - = 3.42{(100) 28.75(100) 6.98{100) 5.97(100}
FC - - 3.26{95) 19.92(69) 4.81{59) 5.98(101)
5 - - 3.23{94) 24.87(87) 6.82(98) 6.70(113)
M - - 3.04(89) 20,77(72) 7.18(107) 1.72{131)
SHOOT M2 - - 3.13(52) 25.45({8%) 7.13(102) 6.B3(116)
L - - 3,18(83}) 16.03{56) 1.83{112) $.284140)
5 - - 3.08(90) 28,53(99) 5.89(34) 5.28(89)
M P 3.72{109) 24.63(86) 3.80(54) 6.40(108)
11-2 L' - = 2.67(78) 21.39{74} 6.00{g6) 5.66{96)
C - - 1.75(100} 15.54{100} 1.72{100}) 2.43(100}
1 - 1.61(92) 14.12{91} 1.88{109}) 2.38(98)
s ~ = 1.75(100) 16.69{107) 2.98{173) 2.56(105)
Ml - - 1.76(101) 16.17(104) 1.99(116) 2.19(90)
ROOT ] - - 1.56(89) 13.85(89) 2.31(124) 2.07(85)
L - - 1.36(78) 12.27(79) 3.290191) 2.42(100}
s - - 1.57(90) 13.83(89) 1.83{108) 1.71(70)
M - = 1.51(86) 15.35(98) 1.65(96) 1.77(13)
L - = 1.69(%7) 16.70{107) 2,3%1139) 2.28192)
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£ 21 YAFLOESBSHE (1980)
Table 27 Heavy metal contents of Sorghum (1980)

Field Sample  Treatment Total contents (mg/g Dry matter)
R Fe Mn In Cu Al
c 0.25(100) 0.054(100) 0.053(100} 0.011{100) 0.25{100)
¢ 0.38(152) 0.052(96) 0.038(72) 0.016{148) 0.48(192)
S 0.45(180) 0.063{117} 0.033(62) 0.¢14{127) 0.73{292)
M 0.35(140) 0.055{102} 0.041(77) 0.012{ 109} 0.36{144)
SHOOT M2 0.56{224) 0.059{109) 0.045(85) 0.019{173) 0.66(264)
L 0.37{148) 0.051(%4) 0,038(72) 0.020{182} 0.41(164)
5 0.22{E8} 0.061{113) 0.031(58) 0.009(82) ©.20(B0}
[ 0.21{84) 0.056{104) 0.055(104) 0.016{146) D.18(72)
1]-1 L 0.23(92) 0,050(%3) 2.050(94) 0.029(264} 0.19(76)
10.95{160} 0.21(100} 0.048(16¢) 0.025(100) 15.37(100)
FC 8.92(82) 0.17(81) 0.029(60) 0.022(88} 12.50{81)
5 10.46{96) 0.19(90) 0.053(110) 0.027(108) 14.21{92)
Ml 12.88(117) 0.24{114) 0.070(146) 0.041(164) 17.69{115)
ROOT M2 9.28{85) 0.17{81}) 0.041(85) 0.033(132) 12.83(83)
L 12.32{113) 0.24(114) 0.062(t29) 0.030(120) 16.25(106)
s £.64(61) 0.15(71) 0.060(125) 0.021(84) 8.94(58)
g 10.92(100) 0.21(100) 0.049(102) 0.025(300) 15.11(98)
L 7.15(65) 0.14(67) 0.033(69) 0.018(72) 9.87(64)
c 0.34(100) 0.047(100) ©.038{100) 0.631{100) 0,39{100}
FC 0.26(76) 6.038(81) 0.027(71} 0.010(81) 0.25(64)
S 0.21(62) 0.042(89) 0.041(108) 0.025(227) 0.18(36)
M 0.22(65) 0.033(83) 0.034(89} 0.020(182) 0.19(49)
SHOOT M2 0.24(7N) 0.038(81) D.036{95) 0.009(82) 0.22(58)
L 0.35(103) 0.044(%4) 0.035(92) 0.011(160) 0.37(95)
5 0.18(53) 0.037(79) 0.029(76) 0.008(73) 0.13(33}
M 0.17{50) 0.038(81) 0.038(100) 0.011{100) 0.11{28)
112 L' 0.16{47) 0.036(75) 0.028(74) 0.007(64) 0.079¢20)
3 13.73(160) 0.56(100) 0.043(100) 2.025(100) 19.89(100}
FC 8.48(62) 0.16(29) 0.035(8t) 0.016(62) 11.77{59)
5 3.35(68) 0.18(32) 0.040(93) 0.021(81) 13.07(66)
m 7.34(53) 0.13(23) 9.031(72) 9.019(73) 10.61{53)
REOT M2 £.88{50) 0.13(23) 0.032(74) 0.017(65) 9.71{49)
L $1.09(81) 0.21(57) 9.045(105) 0.024(92) 14.89(75)
5! 5.16(38) 0.16(18) 0.027(63) 0.012(46) 6.87(35)
M £.38(47) 0.12{21} 0.027(63) 0.014(53} 8.99(45)
L” 7.86(57) 0.15(27) 0.038(a8) 0,018{69) 10.86(56)

B4 aERICOVWTASE, T — 1 BBOBRBARD v v # L L ERRCRBOR S icxt
LTl - 23 oBREEK TR, S< 0oiEREX LD EEERETL, EHEOCa &
UZn, HBOKR2HAR TERERERL, 2{O0RAOVTERROBEHMLE BRI &
AHRETR LY, BEABKARKKSVWTASE, I - 138TH, $BROZEERCu S FRAN
FEEHR LD BEIERTH e —F, 1 -1387TR, BPloP, K, Ca, X#EHDZn,
R0 Cu SHARK K- TENEFHILERHR LD ESHER L -, FROBRASKES Dk
NEERICSAAREEH5 L, [ - 13BOEERTH, K, Ca, Mg, Fe, Mn RUAWS
BHAR: SEASYEEARLDBIERS AL (NRUP RHEEREHMEH, DERUCFGR
ReidtFhbBAANER % EE - 72) » RIRBORE TR, RATHINER TN TORST
BRAXGOER LD ESERSRLE: (HASRXARAITH Y, PRARUDEKE DO ADHE) .
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# 28 vAHLORSRNE (1980)
Table 28  Absorption of elements by Sorghum (1980)

Fleld sample Treatment Total contents {mg/plant}
N ? K Ca Mg
[+ 133, 38(100) 15.58{100)  118.31{100} 41.57(100)  40.97{100)
FC 496.65(372) 53.56{344)  36G.81{305) 104.3(251)  130.83(319)
3 365.40(274) 33.63(216)  227.95(193)  118.4(285)  122.09{298)
M1 400. 401 306) 81,56(267)  209.960177}  116.76{266}  %24.82(305)
SHOOT M2 447.5(335) 54,79{352)  173.66(147}  154.98(373)  175.06(427)
L 529.20{398) 54.81(352) 247.76{209) 164.73(396)  192.05(469)
s 177.75{133} 22.68(146) 91.22(77) 65.81(158)  74.28{181)
W 297.00{223) 27.32{175)  110.26{93) 82.31(198)  94.61{2n)
11-1 L' — - - — 108.67(92) 106.18(255)  126.03(308)
C — - 1.99{100) 18.45(100) 3.08(100) 4.15(100)
FC - - £.30(317) 53.90(292) 1.41(370)  13.84(304)
5 - — 6.77(340) 30.99(168) 10.33(335) 9.94(240)
M - — 5.50(283) 26.35(142}) 10.65{346)  10.99(265)
ROOT n2 - -~ 6.01(302} 30.32(164} 12.92{419)  10.88(262)
s' - - 3.04(153) 14.54{79) 4.49(146) 4.96(120)
5 - - 3.07(354) 13.58(74) 5.04(164) 4.96{120)
L - — 6.29(316) 26.43(143) 11.76{382) 8.41{203)
[ - - 18.17(100)  124.21(100) #0100 31.41(100)
FC — — 35,55(196)  218.23(176}) $2.76(142)  £5.57(209)
H - - 31.22{172)  240.16(104) 65.98(178)  64.83(208)
M - - 34.21(188)  233.48(188} 80.71(218)  85.76(276}
SHOOT M2 - - 47.85(263)  389.67(314)  109.13{294)  105.26(335)
L - - 46,96(258)  236.98(19%)  115.41{311)  122.54(390)
s - - 35.98(204)  342,67(276) 70.37{191)  63.45(202)
L} - - 45.19{249)  299.28(241) 46,15{124)  77.80{248)
11-2 [ - - 23.99{132)  192.53(155) 53.98(146)  50.95{162)
c - - 2.80(100) 24.86(100} 2.75(100) 3.89(100)
FC - - 5.10{182) 44.75(180) 5.97(217) 7.55(194)
5 - — 5.66{202) 53,90(377) 9.62(350) 8.20{212}
M - - 5.97(213) 54.96{221) 6.75[245) r.4a(191)
ROOT M2 - - 7.46{266) 66.09{266} 11.0(400) 9.88(258)
L — - 6.46{231} 58.14(234) 15.6(567} ¥1.45{294}
5 - - 6.43(230) 56.55(227) 7.47(272) 6.97{179)
L& - - 4.87(173} 49.26{198) 5.29{192) 5.67{146)
L - - 5.29(185} 52.26{210) 7.45{27) 7.14(184)

Chicat LTI ~ 2 B TRLBAKIKH - THEAX S>HEIK & 5 - ok, RO Fe, Cu

RUAILGTH -0 1 - 2RBBOEBUOSREOP, Ca, Mg, Mn, Zn, XBHOK,

Fe, CuRUAI KEALTRERR>HBIX Lo, CDESE, BALKN: VRISERIC
52588, BRI -TRED, EREGEMOEXEOENT - | B TEHORE EHic
£ THEL D BIRD EERIYMT 2) HERIKREL 12, T, SERADVL 55T, Wi+
ABERTOHRBARICHEL MR & HEX ORS A EROESTH oI, OV LR
BEICBERSEHS N TORVOT, ifir 2 REROFBREARE SRAIOHY - DEERD
RIOBELRAN T 2L, HREAR TR, —EOMREAWE $Ehot, UL, AIEBART
3, T-13BENBZEHDCa, Mg, ZnKkUCu, BHRMBDFe, Mn, CuRTFAlR-L
THREBOHMCH > SEROMMAED Shi, BLEIR Lick 5 i, BRAER R ic B RN 1
THESEHROMME, BARKBW TR @D shlihotz, UL, PRRESBROMT
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& 29 VAFLOBEGBBINE (1980)
Table 29  Absorption of heavy metals by Sorghum (1980)

Total contents (mg/piant)

Field Sample Treatment

Fe Mn In Cu Al

4 1.41(100) 0.31(100) 0.30(300) 0.065(100) LA(00)

FC 6.59{467) 0.90(290) 0.65(217) 0.271415) 8. 22583}

s 5.69(404) 0.80(258) 0.41(137} 0.17(262) 9.19(652)

¥l 4.86(326) 0.77(248) 0.58(193) 0.17(262) 5.14{365)

SKOOT ] 8.82{626) 0.98(303) 0.71{237) 0.29(446} 10.32(732)
L 7.00{496) 0.96(309) 0.71{237} 0.38(585) 7.67(544)

H 1.64{116} 0.46(148) 6.23(76) 0.07{108) 1.54(109)

M 1.86(132) 0.49(158) 0,45(163) 0.14{215) 1.59(113}

-1 L 2.85(202)  0.63(203) 0.62(207) __0.37(589) 2.36{167)
¢ 17.41(100) 0.33(100} 0.076{100)  0.039(100} 24.8{100)

FC 46.21(265) 0.90(273) 0,15{197} 0.412(287) 64.7(265)

§ 44, 13(254} 6.80(242} 0.22(289) 0.114¢292} 59.95(246)

i 51.09(294) 0.97(254) 0.28(368) 0.162{415) 70.39(288)

ROOT 2 43.97(253) 0,81{246) 0.16{250) 1.59(4077) 60.8249)
5! 14.02(81) 0.31{94) 0.130171) 0.04(103) 18.87(77}

M 25.44(146) 0.45(143) 0.12(158) 0.06(154) 35,20(144)

B L 3),76{182) 6.63(197) 0.15(187} 0.08(205} 43.82{179}
c 1.804100) 0.25(100) 0.20(100) 0.06{100) 2.06(100)

FC 2.80{156) 0.41(164) 0.28(140) 0.11{183) 2.72{132)

s 2.07(115) 0.41(164) 0.39(1%5) 0.25{417) 1.70(83}

[ 2.50(139) 0.44(176) 0,27(185) 0.22{367) 2.15{104)

SKOOT m2 3.69(205) 0.58{232) 0,54(270) 0.14{233) 3.38()64)
L 5.17(287) 0.66{264) 0.52(260) 0.17(283) 5.49{267)

5 2.10{117) 0.45(180) 0.34(170) 0.09(150) 1.59{77)

N 2.10{117} 0.96(184) 0,46(230) 0.13(217) 1.29(63)

L 1.44{80) 0.32(128) 0,25(125) 0.07{117} 0.71(35}

-2 c 21.96(100) 0.89(100) 0.07(100) 0.0a{100} 31.8(100}
oL 26.78(122) 0.51{57) 0.11z{160}  0.05{125) ».3nn

s '30.23{138} 0,57{64) 0.13{186) 0.07(175) 42.2(133}
Ml 24.96(114) 0.46{52) 0.11{157) 0.07{175) 36.06{113)
ROOT Mz 32.82(149) 9,63(71) 0.15(214} 0.08({200) 46,31{146)
L 52.55(239} 0.98{118) 0.22{314) 0.01{25) 70.56(222)

5 21.09(96) 0.43(46) 0.11{157) 0.05{125) 28.11(88}

3 20.41(93) 0.35{44) 0.08(114) 0.05{125) 28.84(91)
L 24.60(112) 0.472(53)  0.z(1n) 0.06[150} 33.98(107)

SHRICSO UL DB X 2B BENE, T - 1RIBOXERTIHP, Mg, ZnRUCu, 1-24
BOXBEL TP, Ca, Mg, Fe, MnBUFAL, EEETHCa, Fe, Mn, ZnRUAITH
afe LHRGESWTH, ERBROHMIEZE - TEERLHENTEI00EEZ LN,
PIERRU LS RTAERERLIBREE SO CEROLATH, + R G4R U55FE H1E)

Ot EWNa EF R EYNAD) SHEREAR LD EL MNL, FREABARO Na &5
BOLEENROZNLOBEHBERTCEMHO M I, LL, T, OBy T
Bhohlimote N, P, CaRUMgiK2WWTH, FEROSEHRMEEESK A A 2188
ME -, FREMAR @Y, BUFKL-TTEILTHH, ~EOHBRBDLSALIL- 1,
LLEEdis, CnomaicLTil, ARYRE2ARUSFBRXOSERNIEEMKOZH &
BIEEISE N B MBS L OYTRD O, M LIBRICE, 1,385 g g EHOERDIn
AGHLTW: (BRE TR 17 #g,/g THO Zo MBHS AL T LI 3) 4, BRBAR®D Zn
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PEFIMRDZ NE D FESHERE M S CEDHVOHOEYTRD LN TS, LirL, B
NEOVBEOHDBEL, HFLLTOFROBELAEM LT BICEELAEMO ZInsE &ML
FEHXEhE{ LB EFVAKYV, £/, Fe, Mn, CuRUDAIKOSVWTHZn L EEOKER
Efiot, T, HROBHEEDLDEL, ARBEMNENC L LFRPEEBLSHINATV S
Caicd - THEMBHR O LB pHA LR L, ZHokalFRBILLI b EEL LN B,
GREARE BNERAORESSER G- 0) LOMiCHRLBEELIED ShagaRD
A, BREAROEMICHE - TRHERAARKIMMLLAR, MEERAET ZONaSHR (1
-2 BUN -2 3GEREE, I - 23 REHK) |, S54EEEEF 2O FHRMBIHEARO Na (11
BBOERRURER, I -2 3H0RER) , MEBXMEa 4¥DCa &N (1~ 1 3B RU
Na (1 —21i3%) , S554EERMED A 7D Na () RUSSEREZ ¥ v ooMg (X)) ThY,
TERMGRR OMIMICH - THEEIIET L /i, 554/ F 2O Fe (1 -1 BJEERR N - 203
BRFER) Tholce TOLDCTHRD HAREHHIT S CHE-> THEARERFSHEROBIC—
EOMEBEH SN L T,

3.7 #HiBHkES oYM E

FIEEE BOTRE SRS SERICSVT (FREAR, tPEHRECEIEHK
&), BB LYY LY OR/MEL BREETBEDBR S OBRZEART Ui, £
DR, MAFHBIEF ROBE, ThooEYHLVOSERE, XERTI -1 R — 21315
EbitCazN>K >Mg >P »NadlAfu%pR L, £ 0 -1 RUD -2 38 TH, N>Ca>K
>Mg>P>Na D47 AR o, Bicl — 1 RO -2138 T, Ca>NTH?
DIZRL, T-1KRCOTI-2E5TH, N>CablidTepMohtliat, XHICREZOH
& HEAHSE IECT - 1EETIR, K>N>Ca=P>Mg >NaOlfz R Lk, 2ok
BEDBOEENERTI -1, T-2FK0N —2387TiE, K>N>P>Mg=Ca>Naolifir
ETRTCEMEOhES R (R2) . ThODREREAHTS 2H, A HormERm L~
bDEELOND, 1, HEEEFFAKSVTIE, EEFOBS, 1-11RBTHE, CaxN
2Mg > P >Na @IAfE% R L, T -2 T, Ca=N=K>Mg>P >NadilELicEL i %5
Lice FRBEMDIBE, MIEBLEKKS>N>P>Ca =Mg > NaDEMAETRT T &0l S
Ehi, ZEHOBERAZIFRICVWTMEEOLINELHET I L, SuRk L bICEVERNRD
Ghl (Z2ROK6) o ChoDOERR, SUFEEDF 5K S RUsEEDF 24kt ®) wpn
AETHMOBRICLEbDEELONS,

SAERE D A F DN SHRIE, [ - 1RO ~213I8L6icK>N>P>Ca >Mg > Na olfif
THhots (FIQ) o MF, 1 -1RIBTH, K>NPCa>P>Mg»NaDJERES, $H0-2
RETE, N>K>Ca >P2Mg >Na Qi 274 &h@bbnt (K10 o 1 -1RUI -
2REIENTY) YRENGEHOENT — 1 RUT - 2 3G TRE X0 @mkd o P 3HRA,
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) YBRBNEHOBEN ] 1RV ] ~20Fhk VEVEERZRTZLBRDONL (X0 ,
SSEERAEY L ¥ORBASHER, 1 -1 RV -2BIBTIR, K>Ca>P =MgODEA A
ZHoNTH, [ -1RUFI-2387Ti, K>Ca>Mg >POMRMI /R 3, MEFEOBSX
b, SOCRPEERVSEVEER T LMWL ILI N, TLAFIROVWTR, T -138TI’
K>Ca>P>Mg >Na DB RENAN, 1~ 1KUT -2 TE, K>Ca>Mg>P>
Na OEfidigw oh, ZOHESK20TE, [1&T0EBMIPSHROEENRBH O, T

hoid, TREOTENY YBREUINE L, SoiiaaFE, HEEE) YBRIEFS Y VBRE BIRF|

Aanspanil) i BELTO 260 EL 503,

SHEEEEEREROZ RS EARE, i EHMTIEN>K>Ca >Mg > P > Na DIE BN E%RL,

HESEORSBEBERO T AFER[LE LI, NaZBEREMSEL, 4 5 FHEME, NaZERHE
DL RO RE-FLE (R

S5 I -2 TW, EfFELTas F2EEL, dsicah yREHERVT, 75y
YORIEE Tt A TOBE, ThoOEMY: ) ORESEERE, EHTHCaz=ND>K
>Na>Mg >POfEft%RL, IRBTRK>N>Ca=P=Na>Mg DIEMNERT &AL H
Lahk (RI8) . 75V oDHS, BRTRIN>K>Na =2Ca >POIEMNERL, $R8T
HK>Na>P>Mg >Cadlfire gz LS SN (#22)  $h 75 yoidahs
RHE~ESRUBRE b Na SABRYPBO I EEAD ORI (RIBRUR), ChoOHER,
HYOREOEILLE6DEEICENE SILBRINEES 2,

SSEEREEY VA LD, T -1ROD - 235 bic, TWEH T K>Mg =Ca >PoliFc
EWESRTCEHHOMELD, THEBEBICBNTHEK>Mg =Ca >POJAKRE W % ;R4 H
mIHiED Lt (R26)

38 HY-LEIFTEPOERR, VRUHUIAORK
RIICRLABREAKIEEI 3N, PRUKOBHEER 4, 8, 12, 16, 20, 4K UBITR
Lic&tliiolS- O N, PROUKOESHERL ORDAFREREHKICED 230t LR (a4
TREFH+HRED) ON, PRUKOFRPERI (N) , 31 (P) kU2 (K) IERLT.

3.81 BREEXICETSENOSEREN

ZREMIC BT B NORINEEHICT L1ze £ B BHARE NRINEOMELH L2
RicERMHEA S vk B -3 (I - 1 ZIBHRKARADTE, +~TO IR TEREAR O
Mk > TR ASIE T F SHRIDE b, B2 MF3 AF¥ ROV THEREME (DRRU TR
HEIER) ORNEESSBE | — 2138150 TF 2 0BS & FROERNED Shiict X -
fps BIMETHI~1, 1-2RUT - 1 RETHE i+ 2 ERUERAEDS iz, 372, 55
EpSEROBAGEKREN LRIV THE, [ -2 3ETH-OMARBED Shiz, Ok
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# 30 FEREARIKEDEYICXSERRIN
Table 30  Nitrogen absorption by plants grown in sludge-amended plots

Sludge Nit i
Fieid "ffel:;;rlrltent application itrogen absorption ) |
{a/tia* First crop | Second crop | Third crop | Fourth crop
E ggplant Wheat Upland rise -
S 375 16.6 19.5 341 -
I-1 M1 7.5 9.1 5.4 3.4 -
[ M2 7.5 8.1 19.4 207 -
L 15 6.4 104 120 -
Eggplant W heat Turnip Chard
S 3.75 315 1.2 154 7.9
. 1-2 M1 7.5 13.0 7.4 8.5 5.3
M2 7.5 130 175 9.9 6.0
L 15 - 7.9 8.2 3.5
Eggplant Wheat Eggplant Serghum
) 3.75 9.1 3.8 24.86 133
M1 7.5 - 2.9 . 9.8 7.7
I-1 M2 7.5 — 6.0 163 9.1
L 15 4.1 2.9 9.5 5.7
S 3756 6.9 2.6
M’ 1.5 9.4 4.7
L’ 15 7.9 -
Eggplant Wheat Eggplant Sorghum
S 3.75 140 9.6 162 -
M1 7.5 111 8.1 9.7 -
M2 7.5 11.1 8.1 187 -
n-2 L 15 7.5 5.3 8.9 -
S 375 7.7 -
M’ 7.5 6.5 -
L’ 15 58 -

% % Dry metric tons” ha

NOBIERE, HREHROMMICHE - TETT5 bDEELO0 3,

NRREORBHELB 5L B 1+ 2 (RRKOPGE) TI-2>1 ~1>01-2>T1—17T
B0, B2/ ERARKOVGE T, 1-2>1-1>1-2>0—1,Hok, 20T -1
BBOE IR 2/EORIERE, fiORBBREXTERDTEWVETH 72, HIF (2XDEHHE,
I—2§ﬁu,:ﬁ7+7yyv9®éﬂ&ﬂ$)fu,1—1>1—2>H—1>H—2f5ﬂ
Rt T—2, 01— 1RO -2 3BMOBES TS (S of, COEICHIRUB 2T

, , BRI I ERE ST Shicn:, BREROMIICH > TRBMESED LhUE BBL &
DM E N, BIFEEIARE LT RBREIAAT - 1 RUT - 2B3BOBREAK
- (SROM2) DBIRRE, 531555 1 fF LMD BAIC K > TRIREH LRT 2 bDEEZLNE,

ChDORYPTRESECHAIMES AR bF 2 RIS h L, T L THER ERAROBRNE
BHHT BEOTNOBARMAEREL D B < 120, HROBAIC & > TRREHNMNT 5L LM
B bii &k, %, SAEEIC B0 T PRF | BIRROSRK S, HIFHT | BORBRIEAR,
# 115E LTH 20408 SO TERIEA TR 2 F03 axpifiia i, 11, 1-2K
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CI-2133ohEeE 1R, 1-1K%02 3B02RRickd 2 MO NBIRRE, B 14 F =)
SHE2E (743 AN THOOKiIRER 2 2 EATORENDS BE 1 i E» 28a1 313
BTHTRE0L, B2 EOMA0F TH -1, | — 1 RBOSRKTRE L{EH0%, 52 fEAHIE0
HEELBOMFEETo1, £/, SSEEEMAREOTRI -2RUI - 1318 (I - 23868
EENLHNERETH DB ) O2FHRENRICOWTHERBEATE 2 (75 vV ORUY
WAL DR ERhE, CHhOoDERBRE 3 2ESHOBENDS BLE 1 fEB5D3EE&RB 1 -
238 T65%, T —1iBHAR T62%, FHERTIO¥THD, B2 EOHARTHhEN35, 38
RUNETH-1. ThoDERPLERDNOELIZ, BREMNROE 1EOLE LT RIFD
HHEHBEADOREODEEL SN, B IEOEYNE 2HEDENLD PP LD LHE
R (R

382 FWRIERICE ZMEMDY v BN
BHEND PRNEERINICR L, KRBILBYIHFREARE pORNBOBFELSEL, 2K
RERMEHSNAE 1+ A TRI - HEBERS 2 RBTNLERARKEAROEMICHE > TR

# 31 FEREARIHITIEYIC LS ) YRR
Table 31  Phosphorus absorption by plants grown in sludge-amended plots

Sludge hosphorus absorption
Field Treatment | application phosp P &
plot rate K -
t/ha* First ¢rop | Second crop | Third crop | Fourth crop
Eggplant Wheat Upland rice -
S 3.75 5.5 9.4 - -
I-1 M1 7.5 3.0 2.3 - -
. M2 7.5 3.0 8.0 - -
L 15 2.7 4.4 - -
Eggplant Wheat Turnip Chard
S 31758 144 115 7.2 3.9
-2 M1 7.5 6.3 3.3 3.6 2.1
M2 7.5 6.3 6.8 39 2.2
L 15 2.5 3.9 3.5 14
Eggplant Wheat Eggplant Sorghum
5 375 X 0.5 12.1 4.4
M1 7.5 - 0.7 6.1 3.2
M2 7.5 — 1.7 9.0 4.8
I-1 L 15 0.8 0.9 4.9 2.4
S 375 4.5 1.7
M’ 7.5 5.8 1.4
L’ 15 3.6 -
S 375 6.6 3.0 101 3.2
M1 7.5 4.6 2.3 5.8 2.0
M2 7.5 4.6 3.3 8.8 3.7
MI-2 L 15 2.5 1.8 5.3 1.8
S’ 3.75 5.6 4.6
M’ 7.5 4.0 3.3
L’ 15 3.0 0.4

* | Dry metric tons/ ha
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TR LR T L 2 i 5 Bk S o R

REAET 4 2H0EBZH o0, F2FI 2FROVTHEREAR (SEUMORIREL S 5
&1 -1 RU2RETRIBOE FOERBED 5hiz 000 — 1 RU 2 BBTEHED N 1o
2s BIFIRHOVLTHBZE, 1-2, 1 -1KRUE-23E03fF:&FEXNEHIhAXORIN
Rid, PEXK>ERRXTHY, HAROEMICH » TRIBRIET 3 2@PER L. $4, T ~
2 BB OSSEEFTRGR EAKIK DV THRAROERPED o, COLIKPOBNRLENE
FIRCHEA RORMICA > TET ¢ 3 C M S E N, ‘
ERMEMIXO P BIROBRIEE, B 1 (REOTME [ —2>T-2>1-1>0-1,
B2 EAROES) 1-2>51-1>0-2>0-1THY, L& NEFRCT — 1135
DENHBDTEETH -, B3 EXOFHE, BLI -2BEBTRIAT+75 0V 0)
TH1-2, B~1 RN -2 ORBAICE & ALEHRD LRI K ot CDE S P OB

CRip, NEFERCEROBMAZERSCLict - TRIBMENID S KT E DB EMICE

Nilco BIELEIFRF RGBT ENAT - 1 RO -2 FBOEREAR (SKEUM2)DORIY
B, WINOBIUETHD, BAKLVERTE2H0LEA5N3, ChoDRIBIRESSEED
S RICHREARASERT Shicd, 2OPRNRBRIVWThbEARL DEBETHED, BRoEH
3, EMic L3P ORINEE FREEZ T EAPOhIcENI, —F, MERIE, PRE1EX
RURR TRERERATE 2o o FhHEsN, CHEORICB WS 2SO P RINE
D3 BE 1A D HHE (RRBOTHE 1152%, B 2 fF548% & ITS LW C & 455 & hte,
i, SBERICH, [-2, [-1RU 2 RBOLERKI, BATIKERIEASh, 51 ok
Shich, TORER & GHRMMEH TH 2 LT v COERFRELEY) - ChooK
KB 5EMES 1 EL B2 fEQO I L 5P ORINE SERIL & FREICR® 5 & 2R IBOFEEH L
LTE 1EHTOH, FE 208 L~ e T DL I IKHUER L FETRUIERLE - 1201}
R2EOHERM LR, MRV, B FOREMEORVFLib0eEI N3, W
Nt & ChOORE, BRPCSEINB P, BRABOE | R0 T B 2 & I
h3aZEERLTV A,

383 BREARICEDLEHOH ) 9 ARIR

FKIRNCRL LS, BREAKCEEINABMOK RNER, 0~ 1B 1 RIS 2
ETFIE B35 BEARC T 100 BRLEE D, BIIRIEED SRAS N2 KB ICEEN 5B
DK #BRE BT EWH 5 hicS M, BREKSMHROE 2 ECRINE A NS ShiE, Ch
SORBRERS S BHRTRLON, NRUP LFARKE 2O BNSNE bDEEL L3,
T ORRSHIA AT T 3 BETEH B,

BLEIGR Ut £ S RBROICAES NS NRU P, HAEOH 15120 T < 5 2 1610 & BT
A3 LI ShIC SR,
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% 32 BREEARKICHIZEMCEEHY T LB
Table 32 Potassium absorption bly Ptants grown in sludge-amended plots

Siudge Potassium absorption ()
Field Trealtn:ent appl;i::tmn
o R
P tr/ha First crop Second crop | Third crop |Fourth crop
Eggplant Wheat Upland rice -
S 3.75 18%37 300 152 -
[=1 M1 7.5 102 55 786 -
M2 7.5 102 289 186 -
L 15 9.3 124 957 -
Eggplant Wheat Turnip Chard
S .75 214 3s1l 155 6 7.2
1-2 M1 7.5 191 94 747 44.8
M2 1.5 191 242 9814 234
L 15 § 5.2 119 5461 19.3
Eggplant Wheat Eggplant Sorghum
S 175 2.2 25 144 7 0.6
M1 7.5 - 28 10%9 3 2.8
M2 7.5 - 42 123 200
-1 L 15 174 214 56.4 . 232
S’ 375 586 -
M’ 7.5 8 1.0 -
L’ 156 33z -
Eggplant Wheat Eggplant Sorghum
S 3756 192 121 226 74.8
M1 7.5 143 92 114 39.1
M2 7.5 143 151 204 9 4.6
-2 L 15 671 54 8256 201
S 375 163 140
M/ 7.5 125 622
L’ 158 769 123
* ; Dry metric tons/ha
4, &

AEOBERF 7 MIHERC TIRBROEAABRET, FRMER KRR S 0By (- =,

Ja¥ B, ah7, 7¥vIORUYANL) ON, P, K, Ca, Mg, Na, Fe, Mn,

Zn, CuRUAI SAREREL . TORHERDO T LM ShIcEhl,

1} FREARICEES /- oM B (FERRFRESR) ONa SHBRINBEREARD %
HIHFLIEVWSHFRAETRL, BFRSRBARXD> 20 LiNa S H R, {LFEHROZ
hEHEEEREL ST

2 BREAREIEELTREShAEr 2 GHEEEM KowvwTid, HRETROMMICH >
TNa, FeRUZnSHEY, HRIHMIT 3 B85 L@ D M. LbL, BROKEH
EoiEme & bicBREARE EMEDRISHERE OMICBIRBRH LN 5 .

3) SSERIEEShFAREROC, Vv AKARERD Al REBHO Cukko>WTEROE
AicksaaRoEnErLGRERARICEL TEHSh,

4) ERBAKCHEESHWIEYWOZn, Cu, Mn, FeRUAI SHRMLZENEOSHRE:
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TFTARGEARLG R TTL 2 Withic L 3 iHikla R

FEABELDE LN LB Bz,

5 HBEPREAINANRUP OHYIC L 2 RNRE, FREEROES GFE31E) , NAig~34
%, PHI~12%THY, BRERBOMMCE > TNRUPORIRRR, ETFF 3L, i,
FROEAELDTH oORNPREFTZC LA MCENE,

8 HREARICGREI W EYOGBRD KOBRNER, EHIKE, £ 0B 100% L ELoES:
RTZEMBEShicE hi, 20T LR, HFRIEALBCERE SO, HFRODOKLEGT
HALAEPSOKERNT 5 TEERLTY 5,

7 BFRKSHIXZNEUPI, HREREROS 1 L TREShI B TR (REDORE
b BNshac s, BIESHE2AETENINSENONE0E BELR, MO HE 2 TR
RENBT &, THPIROVTE, B IETHIS, E2ECH0EHRTNENS T &ML H
Ehi,

B
EHEAETHIRY70, 1 CP OREIEAELG L T\ i TRt fIR L o8| HEsS F ic 28
I 5,

Bl A X w

1) EERE] (1969) @ FTABROEBERMAMICOWT, TREREH, 6, 62-68

2) BETTAEE (1974): TABREOREBHETHARES.

3) REFTREBR (1977) | FRIEROHESFIRCHT 2@B/TE (ZOI0EDHH).

4) BEARHRTAES - BETAEEER (1978) I TAFROREF RCET 284,

5) AfRSF o PHETHs > o EAFENE (1080) | TARBROMAIK X 3 3BEHOEL (1) . TABROMA
P A0ETIEA AEE. ETATHAFMANESE, $4E, 150-176,

6) ORAT » 4Rt - BREEZ « ARBE - BB - ARIEE » RECH (1983) I TRERERS®
BEEY LIk ZRNOLTE - RIBNE -. EVAZHARHAKME, M6, UT-17T4

7) MrEEE— (1980) : 75 X=RBESRMTE (ICPQ) ik k2 XDEBRBAATEORD. BXAgRIE
gLk, 27, 439-444,

8) WRE— (1980) .73 A= Rkt (1CPQ) RLAAARSHROFE. HEARRIRFRE,
07, 445-447.

9) BERITEEEESE (1979)  TAGER — V¥4 7r0-nic. B, 68,109, 110

10) ZELE - TR BEERE (1971) 1 24 — F Y A H A0BBRA SR ELIITER L7 Y ORR
(5 2 8D HEESY, HicMp Bl JiFdEREH ) ORE, TEBSMT, 42, 3B-37

11) St - BSRER - MRIREARE (1976) . EMSE R ms REI, RFE, 682
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FoB BlL#EMCLIAKEREEOTME BT 5 RN F5R—B51/524EE

WaskE, (1978)
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Ham
B55
Hew

B1E

%85
%98
105

E11E
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A comparative study of adults and immature stages of nine Japanese species of the
genus Chironomus (Diptera, Chironomidae). (1978) '

(BEE2RY 8 Chironomus B 9BOKR, ¥ %, HHROMBBOHE)

A%y I F v 3= & B RS - BREEARNAFRGOF A —IFR526 B
PRIRE. (1978)

FEHERICATE - SRR OIS L L T RO SRl X
BT EECHT AMRA—8RAL/52EE  BIESSE,. (1978
BEASMOEFELICET 2 BEMAE (II) —Br@Eedi kL T—REI53ERE.

{1979)

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

(AEExRY »FROEORSR, ¥+, HROBEBENTR)
AEERMBOE—B I UESE RO LT 2 BE BT 2 BN —EN
52/53FE W&, (1979)
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thRIgE. (1979)
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Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity.
{1980)

(RRBRYHEOEMEBES X U oEWEEOBBCET 255
Mutielement analysis studies by flame and inductively coupled plasma
spectroscopy utilizing computer-controlled instrumentation. (1980)
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Stiidies on chironomid midges of the Tama River. (1980)
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Part 1. The distribution of chironomid species in a tributary in relation to the

degree of pollution with sewage water.

Part 2. Description of 20 species of Chironominae recovered from a tributary.
(BB RET 52 4 OHR

~—H1f ZO—XHRCRHENL2AY A EBOAIME TR L 2ERE L ORN

. ,

—#E2 Fo—XHicAH S Chironominae BHEIQ 208 12 2\ T)

BRERY, SRR eY, BRSO LRERRCRIZTRE BT o5

F—HBENIG3, SEEE IFBIRTIRES. (1980)

AIEPIEOH—5 F VEEABROEKIIH T 288 B+ 2 ERTFE—BH
. SASERE RIS, (1980) '
®i6E

L — - — - L 2 RAERGERE,  (1980)
Tk OER B X CEIRBR I KT RIS RE—EER O SR L ARE#ER
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Preparation, analysis and certification of PEPPERBUSH standard reference
material. (1980)
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HAERIHROBYHE R T 2 HR—REHs4~555E BIFRES, (1981)

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

Part 3. Species of thf 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.
(BENCREST S22 AEOHE

—FI3IF HHoRECRHMIKL LY 22 Y #FH Orthocladiinae S E D 0K

&, TOAROTRERE L OBRBRICOWT

—&F 4 ERNOLXPORECRHE - EEOSH L THh—

BHICB T2 ERBM L AWOBERE T 2 EMOFFR—BRS4/SEE &

AlrFeaE. (1982)

AIERYBOR—B L UCEESNEROEE N T 2 BB T 2 ERIFR—HER

554FEE  MERIRAIRERE. (1981)

REY SF v =il & B RIVKR - @RBEYR A EEREOF e —BIg AL

BT A HCFREMBERBRBOTE (74— FHR L) —EMERR

Higtah e, (1982)

BRI O R & K[EBER ROFR-—ARROED - KA HERO Y 3 a2 v —

v g y—HRFISSEE KRS, (1982)
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(1982)
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RESHCLBERORME=S ) 7 FRCHET 2R —WM55, 564EE %5

PrgeRE, (1982)

REWIRD > A 7 A BER ORI BT 2552, (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference

material. (1982)
(RERERE EEE] ORM, TR MEIEE)

BEEROZERHE - HEFEOBR BT 2R —BRSEE [SRRRE,
{1982) :

ASERYMBORE— 5 L CHABROEKRI T 2 B8 BT 2 ZERAGFR—ER

56K WRITARERS. (1983)

TR OB & B 3 HEEEHURRSE. (1983)

BROYMEER USRI BT 2 HBRAmsR. (1983)

Studies on chironomid midges of the Tama River. (1983)
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Part 5. An observation on the distribution of Chironominae along the main stream

in June with descrpion of 15 new species.

Part 6. Description of species of the subfamily Orthocladiinae recorded from the

main stream in the June survey. '

Part 7. Additional species collected in winter from the main stream.
(BEINCRET 322 ) A EOTA

—H5H ARNERET IRV AHOSFCET I 6 HOBERE L2 AV 4 H

Bz 3 2 15F S OLH—
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. 2* Studies on evaluation and amelioration of air pollution by plants——Progress
report in 1976-1977. (1978)

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