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Table 1 Characteristics of soil used in this study

Unit Year AP-1 AP-2 sp”-1 SP-2
pH (H:0)” 2009" 6.1 6.1 6.2 6.2
2011” 6.0 6.2 6.2 6.2
Bec®  mS/m 2009 9.98 1031 13.96 1156
e 2011 . 1275 .. 1466 .. 16.66 18.74
Acid-solubility-cadmium’ mg/kg 2009 0.18 0.19 0.18 0.21
e 201t 017 0d6 014 014
Kindofsoil Andosol Andosol
Soil texture Light clay Light clay

1) Sludge-fertilizer-application plot

2) Standard plot

3) Soil pH determined on 1:5 (soil:water) suspensions with a glass electrode

4) The year when the study was designed to evaluate the effects of sluge fertilizer aplications
on soil intended for long-term use

5) The year when this study was conducted

6) Soil electrical conductivity determined on 1:5 (soil:water) susensions with an electrical

conductivity meter.
7) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid in the drying soill

Table 2 Properties of sluge fertilizer

Property Unit Content Property Unit Content
Total nitrogen % 3.31 Total copper mg /kg 546
Total phosphorus " % 5.22 Total zinc mg/kg 1,760
Total potassiumz) % 0.36 Total cadmium mg /kg 3.64
Total calcium’ % 2.14 Acid-solubility-cadmium® mg /kg 3.24
Moisture % 26.09

1) Content as P20s
2) Content as K2O
3) Content as CaO

4) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid

Table 3 Properties of the reagent

Property Unit Ammonium ' Ammonium Potassi.um
sulfate dihydrogenphosphate chloride
Total nitrogen % 21.1 12.0 —
Total phosphorus’ % — 61.5 —
Total potassium’ % — — 63.1

1) Content as P20s
2) Content as K2O
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Fig.1 Plot plan of the test field
AP: Sludge-fertilizer-application plot
SP: Standard plot
Table 4 The design of the test plots
Amont of The applied components
application N p" ' cd
(2) (2) (2) (2) (mg)
<Sludge-fertilizer-application plot (AP)>
Sluge fertilizer 906 30.0 47.3 3.3 3.30
Ammonium sulfate 130 27.5 — — —
Ammonium dihydrogenphosphate 21 2.5 12.7 - —
Potassium chloride 0 T Tol%8T T
Total 60.0 60.0 60.0 3.30
<Standard plot (SP)>
Sluge fertilizer — - — - —
Ammonium sulfate 229 48.3 — - —
Ammonium dihydrogenphosphate 98 11.7 60.0 — —
Potassium chloride 95 - — 60.0 —
Total 60.0 60.0 60.0 0.00

1) Content as P20s
2) Content as KO
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mg/kg Tho7-.

Table 5 Absorbed amount of cadmium in the harvested turnip

Part Unit Test plot-1 Test plot-2 Mean value
<Sludge-fertilizer-application plot (AP)>
Yield Root kg 8.50 9.30 8.90
kel ke BOS %40 873
Cadmium concentration'’ Root mg/kg  0.080 0.073 0.096 0.085 0.083
Leaf mgkg  0.155 0.156 0.160 0.167 0.160
"The amount of cadmium absorption ~ Root ~ mg/plot  0.045  0.041 0.047  0.041 0043
_Leaf  mgjplot 0098 0098 0104 0109 0102
Total  mg/plot 0.143 0.139 0.151 0.151 0.146
<Standard plot (SP)>
Yield Root kg 10.00 8.70 9.35
__________________________________________ Leaf kg 10.85 9.05 9.95
Cadmium concentration' Root  mgkg 0.084 0081 0083 0084 0083
_______ Leaf mg/kg  0.162 0.163 0.160 0.176 0.165
The amount of cadmium absorption ~ Root ~ mg/plot  0.047  0.045  0.041  0.041 0044
Leaf  mg/plot 0.121 0.122 0.102 0.112 0.114
 Total mg/plot 0.168  0.167  0.143 0153  0.158

1) Content in the dry matter

Table 6 Characteristics of soil after harvest

Unit Test plot-1 Test plot-2 Mean value
<Sludge-fertilizer-application plot (AP)>
Cadmium concentrationl) mg/kg 0.18 0.18 0.19 0.19 0.19
pH (H:0)” 6.20 6.40
EC” mS/m 12.92 12.37
<Standard plot (SP)>
Cadmium concentration mg/kg 0.17 0.17 0.18 0.19 0.18
pH (H0) 6.40 6.30
EC mS/m 14.27 13.79

1) Content in the drying soil
2) Soil pH determined on 1:5 (soil:water) suspensions.
3) Sail electrical conductivity determined on 1:5 (soil:water) susensions.
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¥ Table 9 DBV THS. 2009 4FFEH K N 2011 AEE DO ARIT MRFEICOVWTHE, MR XKIC 2T R b7

otz Ao 3 [EOFRER TITENRBO BV, 22 FEE O IHTHT Ub TG IR H X 25 @ RIS/ 5 L
EBRSRVER Th o7, 1EMD I RIT LD EIZSWTIE, ZHECTEMLT 5 BIOREBROGEHE, 1508
JEAEHE FH X C 2.338 mg, HEHEX T 2.742 mg THVIEHEX OWIN &S E</R Tz, 2O, ST NEED 7
ZREAEL CODEEHEX O IEM OB DG IRAREHEH X L0 BAF72 Z LI KV EDFLR ST ZENEF TH

DHEEZHID. ZIVETORRBRORE R TII 07z 3 TERWZENE, IRIY LOWI O A A8
BT OIIE S| e Zd AR B Z FE L QU < ER S L EEbiS.

Table 7 Transition of Acid-solubility-cadmiuml)
in the soil after harvest

AP” sp”
Year Season (mg/kg) (mg/kg)
2009 Summer 0.22 0.21
2009 winter 0.18 0.15
2010 Summer 0.16 0.15
2010 winter 0.17 0.14
2011 Summer 0.18 0.19

1) Content of cadmium dissolved with 0.1 mol/L. hydrochloric
acid in the drying soill

2) Sludge-fertilizer-application plot

3) Standard plot

Table 8 Cadmium cocentration'’ in the harvested crop for 2009~2011

AP” sp”
Year Season Crop Part (mg/kg) (mg/kg)
2009 Summer Carrot Root 0.02 0.02
Leaf 0.04 0.04
TUEe T e e e s
2010 Summer Spinach 1.40 1.56
L2000 Winter  Qnggengeal 020 018
2011 Summer Turnip Root 0.08 0.08
Leaf 0.16 0.17

1) Content in the dry matter
2) Sludge-fertilizer-application plot
3) Standard plot



66 NEEHIFZE S Vol 5 (2012)

Table 9 Absorbed amount of cadmium in the harvested crop for 2009~2011

2)

AP" SP

The applied Absorbed The applied Absorbed

amount amount amount amount

Year Season Crop (mg/kg) (mg/kg) (mg/kg) (mg/kg)
2009 Summer Carrot 4.84 0.074 0 0.070
2009 Winter Spinach 4.40 1.185 0 1.344
2010 Summer Spinach 3.30 0.721 0 0.962
2010 Winter Qing geng cai 2.64 0.212 0 0.208
2011 Summer Turnip 3.30 0.146 0 0.158
Total 18.48 2.338 0 2.742

1) Sludge-fertilizer-application plot
2) Standard plot
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Effect of Continuous Application of Sludge Fertilizer on Cadmium Absorption of the
Crop and Accumulation of Cadmium in the Soil (Continued report)

Masato FUNATSU', Masayuki YAMANISHI? and Fumihiro ABE'

' Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
? Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

(Now) Kobe Regional Center

In the upland fields derived from Andosol, continuous application experiments of sludge fertilizer and chemical
fertilizer have performed in order to monitor the change of the cadmium which was dissolved with 0.1 mo/L
hydrochloric acid (acid-solubility-Cd) from the soil and to investigate the cadmium absorption by the crop since
2009. In 2011, the turnip was cultivated in standard plot (SP) and sludge-fertilizer-application plot (AP). The
amount of nitrogen, phosphorus and potassium applied to each plot was designed on The Basis of Fertilization
Standard showed MAFF web site. The SP used reagents only. The AP used the reagents and the sludge fertilizer
controlled the half of nitrogen content deriving from the sludge fertilizer, and another deriving from reagents.
Total cadmium amount in the turnip and acid-solubility-Cd in soil after harvest were measured by a high
frequency plasma mass spectrometry (ICP-MS). As a result, the cadmium content in the soil of AP was similar to

that in SP.
Key words sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 5, 60~67, 2012)
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