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The Effect of Applying Lime and Compost on Copper and Zinc Interaction of Rice 

and Bok Coy 

Chia-Chen Hsu

Abstract

Chemical stabilization have been used to remediate copper (Cu) and zinc (Zn) 

contaminated soil for the purpose of reducing the Cu and Zn concentration of crops. 

However, previous studies emphasized on finding efficient amendments to reduce Cu 

and Zn concentration of crops, few of them investigated Cu-Zn interaction of crops and 

soil after applying lime or compost. The objective of this research aims to understand 

the Cu-Zn interaction of crops and soil after applying lime or compost, as well as 

predicting Cu and Zn concentration of crops by using three extractants. Rice (Oryza

sativa L. Tainan 11) and Bok Coy (Brassica chinensis L. cv. Ching-Geeng) were chosen. 

Three spiked Cu concentration are 0 mg/kg, 75 mg/kg, and 150 mg/kg; three spiked Zn 

concentration are 0 mg/kg, 200 mg/kg, and 400 mg/kg; three amendments are no 

amendment (NA), lime, and compost. Chemical fertilizer was applied to every treatment,

and conducted in four replicates. 

Results indicated that in NA and lime treatment, grain yield was not affected by 

Cu-Zn interaction. While under compost treatment, grain yield was significantly 

affected by Cu-Zn interaction, and grain yield was reduced markedly when soil was 

mixed with the combination of Cu and Zn. 

The effect of Cu-Zn interaction on Cu and Zn concentration in different parts of 

rice are as follows: brown rice > shoot root. Whether amendments were applied or 

not, adding Zn 400 mg/kg to soil spiked with Cu 75 or 150 mg/kg may stimulate brown 

rice to uptake Cu. Application of Cu 75 or 150 mg/kg to soil spiked with Zn 200 or 400 
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mg/kg doesn’t stimulate brown rice to uptake Zn. Therefore, the effect of Zn addition on 

brown rice to uptake Cu is stronger than Cu addition on brown rice to uptake Zn. 

In NA treatment, the weight of Bok Coy was affected by Cu-Zn interaction, and its 

weight was decreased after using combined Cu and Zn treatment. After applying lime or 

compost, Zn addition or Cu addition had no effect on Bok Coy’s weight. In NA 

treatment, adding Zn 200 mg/kg or 400 mg/kg to soil spiked with Cu 75 mg/kg or 150 

mg/kg inhibited Bok Coy to uptake Cu, while the situation didn’t occur after applying 

lime or compost. With or without applying lime or compost, adding Cu 75 mg/kg or 150 

mg/kg to soil spiked with Zn 0 mg/kg, Zn 200 mg/kg or Zn 400 mg/kg didn’t stimulate 

Bok Coy to uptake Zn. To sum up, Zn addition can inhibit Bok Coy to uptake Cu; Cu 

addition can’t affect Bok Coy to uptake Zn. 

In general, whether amendments were applied or not, 0.05 M EDTA and 0.005 M 

DTPA extractable Zn concentration wasn’t stimulated or inhibited by Cu addition, and 

vice versa. In NA treatment, Zn addition stimulates 0.01 M CaCl2 extractable Cu 

concentration, and vice versa. After applying lime and compost, Zn addition or Cu 

addition doesn’t stimulate 0.01 M CaCl2

Whether amendments were applied or not, 0.05 M EDTA, 0.005 M DTPA and 0.01 

M CaCl

extractable Cu and Zn concentration. 

2 extractable Cu concentration can be used to predict Cu concentration of brown 

rice and Bok Coy. In NA treatment, 0.05 M EDTA, 0.005 M DTPA and 0.01 M CaCl2

extractable Zn concentration can be used to predict Zn concentration of Brown rice. 

Whether amendments were applied or not, 0.05 M EDTA, 0.005 M DTPA and 0.01 M 

CaCl2 extractable Zn concentration can be used to predict Zn concentration of Bok Coy. 

Key words copper, zinc, interaction, rice, Bok Coy, extractable copper and zinc,

chemical stabilization



VII

  .................................................................................................................................. II

   ........................................................................................................................ III

Abstract    .......................................................................................................................... V

   ....................................................................................................................... VII

   .......................................................................................................................... X

   ........................................................................................................................ XI

   .................................................................................................................. 1

   .......................................................................................................... 3

   ...................................................................................................... 3
   .............................................................................. 3
   ...................................................................... 4

   ........................................................................................... 5
   ........................................................................................... 8
   ........................................................................................... 8
   ................................................................................ 10

   ......................................................................................................... 10
   .......................................................................................................... 11
   ........................................................................................................ 12
   ............................................................................................ 14

   .................................................................................................... 16

   ................................................................................................ 16
   ................................................................ 16

  ......................................................................... 16
 pH   ................................................................................ 16
   ................................................................................. 16

Walkley-Black   ................................... 17
 SMP   ....................................................................... 17
   ............................................................. 18
   ........................................................................ 18

  ..................................................................................................... 18



VIII

   ................................................................................................ 18
   ..................................................................... 18
 NA Compost Lime   ................................................ 19
   ................................................................................................ 20

   ......................................................................................................... 20
   ................................................................................................. 20
   ............................................................................................. 21
 HNO3-HClO4   ...................................................................... 21
   ............................................................. 21
   ................................................................................................ 22

   .................................................................................................... 23

   ........................................................................ 23
   .................................................................................... 23
   ................................................................ 26
   ........................................................ 28
   ........................................................ 31

   ......................................................................................................... 31
   ............................................................................................. 33
   ......................................................................................................... 33
   ................................................ 36

  ......................................................................................................... 36
  ............................................................................................. 40
  ......................................................................................................... 44
  ......................................................................................................... 47

   ........................................................ 47
  ......................................................................................................... 47
  ............................................................................................. 49
  ......................................................................................................... 49

   ................................................ 52
  ......................................................................................................... 52
  ............................................................................................. 55
  ......................................................................................................... 59
  ......................................................................................................... 62

   ............................................................ 63
   ................................................ 63

   .................................................. 67



IX

   .......................................... 70
  0 mg/kg   .............................................................................. 70
 75 mg/kg   ............................................................................ 73
 150 mg/kg   .......................................................................... 73

   .................................................. 74
   .......................................... 76

 0 mg/kg   .............................................................................. 76
 200 mg/kg   .......................................................................... 76
 400 mg/kg   .......................................................................... 76

   .......................................... 79
 0.05 M EDTA   ................................................................ 79
 0.005 M DTPA   .............................................................. 79
 0.01 M CaCl2   ................................................................ 83
   ......................................................................................................... 83

   ...................................................... 85
 …………………………………………………………………………85
 ………………………………………………………………………….93

   ............................ 101
   ............................ 109

   ............................................................................................................... 116

   .......................................................................................................................118

   .............................................................................................................................. 127



X 

 1   .................................................................... 13
 2   ........................................................................................ 24
 3   .................................................................................... 25
 4   ........................................ 29
 5   ............................................ 30
 6   ................................ 37
 7   .................... 41
 8   ........................ 45
 9   ................................ 53
 10   .................. 56

11   .............................. 60
 12   .............................. 66
 13   .................................. 68
 14   ...................... 71
 15   ...................... 77
 16  0.05 M EDTA   ..... 86
 17  0.05 M EDTA   ................................................... 87
 18  0.005 M DTPA  .... 88
 19  0.005 M DTPA   .................................................. 90
 20  0.01 M CaCl2   ...... 91
 21  0.01 M CaCl2   .................................................... 92
 22  0.05 M EDTA   ... 94
 23  0.05 M EDTA   ................................................... 95
 24  0.005 M DTPA   ...... 96
 25  0.005 M DTPA   .................................................. 98
 26  0.01 M CaCl2   .... 99
 27  0.01 M CaCl2   .................................................. 100



XI

 1   ...................................................................................... 6
 2   ...................................................................................... 7
 3   ................................................................................ 27
 4   ................................................................................ 32
 5   .................................................................... 34
 6   ........................................................................ 35
 7   .................................... 38
 8   ........................ 42
 9   .................................... 46
 10   .............................................................................. 48
11   .................................................................. 50

 12   .............................................................................. 51
 13   .................................. 54
 14   ...................... 58
 15   .................................. 61
 16   .............................................................................. 64
 17 pH   ............................................................. 65
 18   ...................................................................... 69
 19   .......................... 72
 20   ...................................................................... 75
 22  0.05 M EDTA   ......................................... 80
 23  0.005 M DTPA   ........................................ 82
 24  0.01 M CaCl2   .......................................... 84
 25 0.05 M EDTA   ............................... 103
 27 0.01M CaCl2   ................................... 105
 28 0.05 M EDTA   ....................... 106
 29 0.05 M DTPA   ........................ 107
 30 0.01 M CaCl2   ........................ 108
 31 0.05 M EDTA   ................................ 110
 32 0.005 M DTPA   ............................... 111
 33 0.01 M CaCl2   ................................. 112
 35 0.005 M DTPA   ....................... 114
 36 0.01 M CaCl2   ......................... 115



1 

RNA (Fox and Guerinot, 1998)

soil turnover soil 

leaching chemical stabilization phytoremediation

(Chen et al., 2000)

(Geebelen et al., 2003) (Oste et al., 2002) (Basta and 

Mcgowen, 2004)

(Mohamed et al., 2010)
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(Paradelo et al., 2011)

antagonism synergism

Kabata-Pendias Pendias (2001) 

Kim McBride (2009)

Luo Rimmer 

(1995) 
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 300 

RNA 

(Fox and Guerinot, 1998)

(Kabata-Pendias and 

Pendias, 2000)

 1983 
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 2001 

 120 260 mg/kg

200  600 mg/kg  220  1000 mg/kg

 400  2000 mg/kg

 99 

 21 

1,2-

6  4.49 

 50 - 100  100 - 1500 mg/kg

Besnard et al., 1999220 mg/kg ( ; Deluisa et al., 1996) Zhang et al. (2012) 

 4500 mg/kg Barcan and Kovnatsky, 1998 ( )
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phytostabilization

phytoextraction

(Wong, 2003)

 1 1

2 (Raskin and Ensley, 2000)

 pH 

(Kuo et al., 1985) Rizzi et al. (2004) Lolium italicum Festuca 

arundinaceae

 218 mg/kg  32 mg/kg  4190 

mg/kg  624 mg/kg 7232 mg/kg 1196 mg/kg

7120 mg/kg

phytoextraction

 2

hyperaccumulator

Baker et al. (1994)

 1 %  0.1 %  0.01 % 

1993 mg/kg Accioly et al. (2004) 

Eucalyptus camaldulensis

pH 
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 1
Fig. 1. Schematic mechanism of phytostabilization
(Padmavathiamma and Li, 2007) 
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 2
Fig. 2. Schematic mechanism of phytoextraction
(Padmavathiamma and Li, 2007)  
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EDTA HEDTA EDDS EDGA EDDHA DTPA

(Johnson and Singhal, 2010) Chen et al. (2006) 

Elsholtzia splendens Trifolium repens

Elsholtzia splendens 

Trifolium repens  2.6 1.9  2.9 

1

2 3

electrokinetics chemical 
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stabilization

(Chen et al., 2000)

(Bhattacharyya et al., 2006; Cao et al., 2009; Chen et al., 2000; Lee et al., 

2009; Wang et al., 2009)

 pH 

pH

pH

 pH 

CaCO3 CO3
2-  H+  H2O CO2 Ca2+

 H+ Al3+

Alloway, 

1995

(

; Lee et al., 2004)  pH 
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Chaudhry et al. (1973) 

64 mg/pot 

1976

(Brar and Sekhon, 1976) 2001 Kabata - Pendias  Pendias 

Kim McBride 2009

Wallace et al. (1977)

1989 Sarkunan et al. 

50 100  200 mg/kg 200 400  800 mg/kg
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25 50  100 mg/kg

Luo Rimmer (1995)

 0.01 M CaCl2

 (Weis et al., 

2004)

Metallothioneins phytochelatins

(Grill et al., 1985)  –SH

 (Weast, 1977)

Sarkunan et al. (1989)  800 mg/kg 

DTPA  800 mg/kg

DTPA

DTPA 1995 0.01 M CaCl2

 0.01 M CaCl2 Luo and Rimmer, 

1995

(

) Luo et al. (2001)  100 mg/kg  150 mg/kg

Kim McBride (2009) 

 0.01 M CaCl2

0.01 M CaCl2 1

2
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3

2010

(Faostat, 2012)

(Kabata-Pendias and 

Pendias, 2000)  320 mg/kg  30 %

 600 mg/kg  50 %

 17 mg/kg Liu et al., 1998

500 mg/kg  30 %  50 - 80 mg/kg

 800 mg/kg 50 % 30 mg/kg

Liu et al., 1998 Hseu et al. (2010)  19 

 122 - 145 mg/kg  12.5 mg/kg

 295 - 367 mg/kg  13.4 - 48.0 mg/kg

acceptable daily intake  1
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 1
Table 1. Acceptable daily intake of Cu and Zn in different weight  

kg

 30 1.5 - 15 mg 9.0 - 30.0 mg 
 40 2.0 - 20 mg 12 - 40 mg 
 50 2.5 - 25 mg 15 - 50 mg 
 60 3 - 30 mg 18 - 60 mg 
 70 3.5 - 35 mg 21 - 70 mg 
 80 4.0 - 40 mg 24 - 80 mg 
 90 4.5 - 45 mg 27 - 90 mg 
 100 5 - 50 mg 30 - 100 mg 

 :  1 kg  0.05 - 0.5 mg
 :  1 kg  0.3 - 1.0 mg

(WHO, 2012) 
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1 2

3 4 5 (Ure, 1995)

diffusive gradients in thin films

EDTA

DTPA CaCl2 NH4

Hooda et al. (1997) 

 0.05 M EDTA 0.005 M DTPA 1 M NH

OAc 

4NO3  0.05 M CaCl2

Gatti et al., 1991

 0.05 M EDTA 

Gupta  Sinha (2006)  0.05 M EDTA 

DTPA 

( )

0.05 M EDTA 0.005 M DTPA 

Soriano-Disla et al. (2010) EDTA DPTA HCl

0.01 M CaCl2 0.1 M NaNO3  1.0 M NH4OAc

Zhang et al. (2010)  6 

Mehlich-3 Mehlich-1 EDTA DTPA NH4OAc CaCl2

6



15

NH4OAc CaCl2

McBride et al. (2009) 0.01 M CaCl2 Mehlich-3 DTPA Morgan

modified Morgan  0.01 M CaCl2

EDTA DTPA 

CaCl2
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278166 mE, 2761344 mN > 20 

cm

2 mm

Gardner, 1986

 W1  1/3 - 1/2  W2

 105  5  24 

 W3

m

pH Thomas, 1996

�m W� � W�
W� � W�

× 100

 1:1 

pH meter PHB-9901

Gee and Bauder, 1986

 10 g  500 mL  10 

mL 30%  90 

DCB 

 6 

- 7  10 mL 5%  10 

300 mesh 
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 1 L  1 L Stokes’ Law �����

10 cm  25 mL 10 cm 

Walkley-Black (Nelson and Sommers, 1996) 

0.5 g  500 mL  10 mL 1 N 

K2Cr2O7 

OC % = 10 mL × �1 � �	

�� × 1.0 N × ��

��� × � �
�.��� × ���

�

 30 

30  200 mL  85 %  30 

0.5 N �

� �

S mL

B mL

W g

1/0.77

SMP (Shoemaker et al. 1961) 

SMP  p-nitrophenol 1.8 g Triethanolamine 2.5 g K2CrO4 

3.0 g CaCl2
.2H2O 53.1g Ca(CO2CH3)2 

. H2

10 g 10 mL 20 mL SMP 

 20 pH meter PHB-9901 pH

pH  6.8

O 2 g 950 mL

 pH 7.5 1000 mL

Soil - buffer pH 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 

Pure CaCO3 ton/acre 1.4 1.9 2.5 3.1 3.7 4.2 4.8 5.4 



18

2003

 1 g  1 - 2 mL  1 

mL  9 mL 95 10 - 15

5 mL  30 

 5 mL

 50 mL

Whatman No. 42 Hitachi 180 - 30 

2006

 10 g 50 mL  60 

 2 – 3 Whatman No. 1 

 27  4  108 

 0 75

20 CuCl

 150 mg/kg  0

200  400 mg/kg

 9  2

 20 

2 2H2O
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0 g 0 mg/kg 3.13 g 75 mg/kg 7.15 g

150 mg/kg ZnCl2

 16 

 19 

0 g 0 mg/kg 7 g  200 

mg/kg  15.3 g 400 mg/kg  100 mL 

6 L 

NA Compost Lime   

NA

Compost  1 60 ton/ha

 120 g

Lime pH  7 SMP  1.96 

ton/acre  9.69 g

27

mg/kg 
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/  30/25

/  25/20

11 Oryza sativa L., Tainan. 11 11

 4 108

 3 (

2005)  2 N - P2O5 - K2O

 240 - 120 - 120 kg/ha  1.04 0.42 0.20 g

N - K2

 2 - 3  2 - 3 

 1 

1  2011  4  1 

2011  8  24  25 

O

 20 - 20 kg/ha  0.087 g  0.066 g

 1 Brassica 

chinensis L. cv. Ching-Geeng  3 

N - P2O5 - K2O  165 - 285 -108 kg/ha

 3 60 % 40 %

 1.296 g  1.55 g  0.108 g

 0.864 g 1.032 g  0.072 g
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 5  14  2011  10 1

2011  10  31 

 70 

 70 

HNO3-HClO4

 0.5 g  2.5 mL

 80  1  2.5 mL

 180 - 200  2 - 3 

 80

 25 mL Whatman No. 42 

Hitachi 180 - 30 GBC 908 AA

Jones and Case, 1990

( ) 0.05 M EDTA pH 7.0 (Mench et al., 1994) 

 106.343 g  C10H14N2Na2O8 2H2

 5 g 125 mL  50 mL 0.05M EDTA

 120 rpm  1  Whatman No.42 

Hitachi 180 - 30 GBC 908 AA

O EDTA

 pH  7.0  6.5 L
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( ) 0.005 M DTPA pH 7.3 (Lindsay and Norvell, 1978) 

 52.15 g N(CH2CH2OH)3 TEA 6.895 g C14H23N3O10

 5 g 125 mL  25 mL 0.05M DTPA

 120 rpm  1  Whatman No. 42 

Hitachi 180 - 30 GBC 908 AA

DTPA  5.145 g 6 N  pH

7.3  3.5 L

( ) 0.01 M CaCl2.2H2

 11.026 g  7.5 L

O Novozmsky et al., 1993

 5 g 125 mL  50 mL 0.01 M 

 120 rpm  1  Whatman No. 42 

Hitachi 180 - 30 GBC 908 AA

SAS Enterprise Guide 4.3 GLM 

 5 % Tukey’s honest 

significant difference: HSD  p value  0.05

 p < 0.05 * p < 0.01 ** p < 0.001 

***
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Yantunpo

Entisols Lithic Udorthent (Soil 

Survey Staff, 2010)

16.4 % 49.4 %  34.3 %  2

pH  6.14 pH 

 2.76 %

 16.8 mg/kg

Chen and Lee, 1995

 32.1 mg/kg 21.6

mg/kg 190 mg/kg ( )

 1 

pH 1:5  8.3  3

 5.8 dS/m  333 g/kg  0.07 mg/kg

33.4 mg/kg 42.2 mg/kg 164 mg/kg 2.20 mg/kg  10.9 mg/kg

 2 mg/kg  150 mg/kg  100 mg/kg

 500 mg/kg  150 mg/kg  25 mg/kg ( , 2012)
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 2
Table 2. Physical and chemical properties of the studied soil 

Soil properties 
Texture Silty clay loam
 Sand, %   16.4

Silt, % 49.4
Clay, % 34.3

pH water

Organic matter, % 2.76
, soil : water = 1 : 1 6.1

Total Cu, mg/kg
Total Zn, mg/kg

17
32



25

 3
Table 3. Basic properties of compost 

Properties Value regulation  
pH water

EC (w/v 1:5), dS/m
, soil : water = 1 : 5 8.3

Organic matter, %  57.4
5.8

Total Cd, mg/kg  0.07 2
Total Cr, mg/kg  33 150
Total Cu, mg/kg  42 100
Total Zn, mg/kg  164 500
Total Pb, mg/kg  2.2 150
Total Ni, mg/kg  11 25
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 3

 23.9  4.2 g/pot  22.8  7.9 g/pot  34.2 

8.5 g/pot 5 % 

11  7497 

2004  15.0 g/pot

 15.0 g/pot

11
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Cu and Zn concentration in soil (mg/kg)

Cu 0 + Zn 0
Cu 75 + Zn 0

Cu 150 + Zn 0
Cu 0 + Zn 200

Cu 0 + Zn 400
Cu 75 + Zn 200

Cu 75 + Zn 400

Cu 150 + Zn 200

Cu 150 + Zn 400

G
ra

in
 d

ry
 w

ei
gh

t (
g/

po
t)

0

10

20

30

40

50

NA
Lime
Compost

a
a

a
a

a

a

b

ab

a

a

a

a

a

a

a

ab

b

a

b

a

ab

b

a

ab a

b

a

 3 (g/pot) (NA = ; Lime = ;
Compost = ; 0 75 150 = ; 0 200 400 =

) 
Fig. 3. Dry weight of rice grain (g/pot ) in different treatment. Values represent mean 

standard deviation (n=4). Different letters within same each spiked Cu and Zn 
treatment are significantly different after ANOVA and Tukey’s HSD at p = 0.05. 
(NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 
75, 150 = spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn 
concentration(mg/kg)) 
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 4

p > 0.05 Kim McBride (2009)

p

< 0.001 Luo Rimmer 1994

p < 0.05

p < 0.001

p < 0.05

 23.9 - 32.6 g/pot p > 0.05  5

Luo 

Rimmer (1995)

 0 mg/kg 200 mg/kg  400 mg/kg

p > 0.05

 0 mg/kg  150 mg/kg

p > 0.05  75 mg/kg  200 mg/kg  400 

mg/kg

 0 mg/kg 200 mg/kg  400 mg/kg

0

mg/kg 75 mg/kg  150 mg/kg
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 4  (g/pot
Table 4. A two - way ANOVA analysis for the effect of Cu and Zn on grain dry weight 

(g/pot

) 

) in different treatment

Effect NA Lime Compost 

Cu NS NS ***
Zn NS *** ***
Cu × Zn  NS NS *
NS : not significant. 
* significance at the 0.05 probability levels. 
** significance at the 0.01 probability levels. 
*** significance at the 0.001 probability levels. 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition. 
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 5  (g/pot
Table 5. The effect of Cu - Zn interaction on grain dry weight (g/pot

) 
) 

Treatment NA Lime Compost 

Cu 0  Zn 0 23.9 ± 4.2 a# 22.8 ± 7.9 ab 34.2 ± 8.5 ab 
 Zn 200 25.6 ± 1.8 a 19.1 ± 5.8 b 22.7 ± 10.9 cd 
 Zn400 26.7 ± 10.2 a 23.8 ± 6.9 ab 27.3 ± 9.5 bc 
Cu 75 Zn0 27.1 ± 10.1 a 32.4 ± 1.3 a 38.5 ± 2.1 a 
 Zn 200 30.5 ± 4.9 a 19.3 ± 6.7 b 12.4 ± 6.0 def 
 Zn 400 27.9 ± 9.4 a 17.7 ± 7.2 b 8.19 ± 6.34 ef 
Cu 150 Zn 0 31.5 ± 4.5 a 26.5 ± 4.7 ab 26.5 ± 4.7 cde 
 Zn 200 32.6 ± 5.0 a 19.9 ± 9.1 b 6.89 ± 5.31 f 
 Zn 400 24.9 ± 5.0 a 20.8 ± 6.1 b 3.33 ± 3.68 f 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150 
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg

Values represent mean ± standard deviation (n=4). Different letters within same 
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05. 

).
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 6.89 g/pot

 150 mg/kg  200 mg/kg  3.33 g/pot

150 mg/kg  400 mg/kg

1

Eh

2005

2

(Luo et al., 2001)

 4

 (Wang et al., 2009)  pH 

(Wang et al., 2009)

pH 

(Huang et al., 2011) Mohamed et al. (2010) 

 pH 

EC 

Kabata-Pendias  Pendias (2000) 

pH 



32

Cu 0 + Zn 0
Cu 75 + Zn 0

Cu 150 + Zn 0
Cu 0 + Zn 200

Cu 75 + Zn 200

Cu 150 + Zn 200
Cu 0 + Zn 400

Cu 75 + Zn 400

Cu 150 + Zn 400

C
u 

co
nc

en
tra

tio
n 

in
 b

ro
w

n 
ric

e 
(m

g/
kg

)

0

2

4

6

8

10

12
NA
Lime
Compost

b

aa

a

a

a

a

ab

b

a

a

b

a
a

b

a

b

b

a

b b a

b

b

a

b
b

 4  (mg/kg ) (NA = ; Lime = 
; Compost = ; 0 75 150 =  (mg/kg ) ; 0 200

400 = (mg/kg
Fig. 4. Cu concentration (mg/kg) of brown rice in different treatments. Values represent 

mean standard deviation (n = 4). Different letters within same each spiked Cu 
and Zn treatment are significantly different after ANOVA and Tukey’s HSD at p
= 0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost 
addition ; 0, 75, 150 = spiked Cu concentration (mg/kg

) )

) ; 0, 200, 400 = spiked 
Zn concentration (mg/kg ) )
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ND - 6.20 mg/kg

, 1999 Römkens et al. (2009)

 122 - 145 mg/kg  6.00 mg/kg

Zhao et al. (2011)  92 

 0.71 - 5.79 mg/kg

 6.20 mg/kg

Cu 75 + Zn 400 Cu 150 + Zn 200 Cu 150 + Zn 400

 8 mg/kg

 8 mg/kg

 8 mg/kg  16.5 mg/kg (Pip, 1993)

 8.7 mg/kg (Nriagu, 1995)

 5

 1.16 - 15.8 mg/kg

p > 0.05

 6

 24.8 - 75.3 % (Wang et al., 2009)
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Spiked Cu and Zn concentration (mg/kg)

Cu 0 + Zn 0
Cu 75 + Zn 0

Cu 150 + Zn 0
Cu 0 + Zn 200

Cu 75 + Zn 200

Cu 150 + Zn 200
Cu 0 + Zn 400

Cu 75 + Zn 400

Cu 150 + Zn 400

C
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tio
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 s
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ot

 (m
g/

kg
)

0

2

4

6

8

10

12

14

16

18

NA
Lime
Compost

ab
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b
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b
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a

a
aa
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b

a

b

c

a

b b

a

ab

b

 5  (mg/kg ) (NA = ; Lime = 
; Compost = ; 0 75 150 =  (mg/kg ) ; 0 200

400 =  (mg/kg
Fig. 5. Cu concentration (mg/kg) of rice shoot in different treatments. Values represent 

mean standard deviation (n = 4). Different letters within same each spiked Cu 
and Zn treatment are significantly different after ANOVA and Tukey’s HSD at p
= 0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost 
addition ; 0, 75, 150 = spiked Cu concentration (mg/kg

) ) 

) ; 0, 200, 400 = spiked 
Zn concentration (mg/kg ) ) 
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Spiked Cu and Zn concentration (mg/kg)
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 6  (mg/kg ) (NA = ; Lime = 
; Compost = ; 0 75 150 =  (mg/kg ) ; 0 200
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Fig. 6. Cu concentration (mg/kg) of rice root in different treatments. Values represent 

mean standard deviation (n = 4). Different letters within same each spiked Cu 
and Zn treatment are significantly different after ANOVA and Tukey’s HSD at p
= 0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost 
addition ; 0, 75, 150 = spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked 
Zn concentration (mg/kg)) 

) )
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pH 

>  4 - 6

> > >  (Gu et al., 2011; Wang et al., 2009)

 6

Sarkunan et al. (1989) 

Kim McBride (2009) 

( )  0 mg/kg

 200 mg/kg  400 mg/kg

 4.40 - 4.84 mg/kg  5 %  7a

 16.8 mg/kg

 4.86 ± 0.68 mg/kg Cu 0 + Zn 0  3.46 ± 0.76 mg/kg Cu 0 + Zn 

200 2.71 ± 0.81 mg/kg Cu 0 + Zn 400  400 mg/kg 

400 mg/kg

 200  400 mg/kg  2.15 

mg/kg 1.18 mg/kg
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 6 (mg/kg)
Table 6. A two - way ANOVA analysis for the effect of Cu and Zn on Cu concentration

(mg/kg) of brown rice in different treatments

Effect NA Lime Compost 

Cu *** *** ***
Zn *** *** ***
Cu × Zn  ** *** ***
NS : not significant. 
* significance at the 0.05 probability levels. 
** significance at the 0.01 probability levels. 
*** significance at the 0.001 probability levels. 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition. 
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 7  (mg/kg) (a)  0 
mg/kg, (b)  75 mg/kg, (c)  150 mg/kg

Fig. 7. Cu concentration (mg/kg) of brown rice with Zn addition in different treatments
(a) Cu 0 mg/kg ,(b) Cu 75 mg/kg, and (c) Cu 150 mg/kg
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( )  75 mg/kg

 75 mg/kg  200 mg/kg

6.38 ± 0.72 mg/kg 4.96 ± 0.75 

mg/kg  7b  75 mg/kg  400 mg/kg

 200 mg/kg

 400 mg/kg 

200 400  800 mg/kg 50 100 200 mg/kg 25

50 100 mg/kg Sarkunan et al., 

1989

(

)

 75 mg/kg  200 mg/kg 

 75 mg/kg  400 mg/kg

( )  150 mg/kg

 150 mg/kg  200 mg/kg

6.23 ± 1.31 mg/kg 8.11 ± 0.46 mg/kg  7c

p > 0.05  400 mg/kg  9.41 

± 2.14 mg/kg 5 %  150 

mg/kg  400 mg/kg  Sarkunan 

et al. (1989) 

 150 mg/kg 

 200 mg/kg p > 0.05

 400 mg/kg 

 150 mg/kg  400 mg/kg
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( )

 0 200 400 mg/kg 200 mg/kg  400 

mg/kg 75 mg/kg  150 

mg/kg 400 mg/kg

 7 Luo Rimmer (1995) 

(Sarkunan et al., 1989)

( )  0 mg/kg

 200  400 mg/kg

 8a  10 

mg/kg

  

 100 mg/kg

Luo and Rimmer, 1995( ) Fageria (2002) 

 200  400 mg/kg

2.45 - 3.08 mg/kg  1.49 - 2.22 mg/kg

( )  75 mg/kg

 8b  75 mg/kg

 200 mg/kg 400 mg/kg Luo Rimmer 

(1995) 50 mg/kg 
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 7 (mg/kg
Table 7. A two-way ANOVA analysis for the effect of Cu and Zn on Cu concentration

(mg/kg) of shoot in different treatments

)

Effect NA Lime Compost 

Cu *** *** ***
Zn NS NS ***
Cu × Zn  NS * ***
NS : not significant. 
* significance at the 0.05 probability levels. 
** significance at the 0.01 probability levels. 
*** significance at the 0.001 probability levels. 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition. 
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 8  (mg/kg) (a)
 0 mg/kg, (b)  75 mg/kg, (c)  150 mg/kg

Fig. 8. Cu concentration (mg/kg) of rice shoot with Zn addition in different treatments
(a) Cu 0 mg/kg, (b) Cu 75 mg/kg, and (c) Cu 150 mg/kg
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 10 100 mg/kg

 75 mg/kg 

75 mg/kg 

 400 mg/kg  75 mg/kg

 Sarkunan et al. 

(1989) 

 3.71 ± 0.07 mg/kg  200 mg/kg  400 

mg/kg  5.06 ± 0.75 mg/kg  6.55 ± 1.83 mg/kg

 400 mg/kg

( )  150 mg/kg

 5 % 

 150 mg/kg 

 10.2 - 14.2 mg/kg  8c

 5 % 

 150 mg/kg

 3.63 ± 0.58 mg/kg

( )

 200  400 

mg/kg  6.09 ± 1.26 mg/kg  9.26 ± 0.96 mg/kg

5% 

150 mg/kg  200 400 mg/kg

 200 400 mg/kg 

75 mg/kg  200 400 mg/kg 
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 8

p < 0.001

( )  0 mg/kg

 8 mg/kg  9a

5 % 

( )  75 mg/kg

 75 mg/kg 

 32.4 ± 5.96 mg/kg  9b  200 mg/kg  400 mg/kg

 47.0 ± 8.18 mg/kg  59.5 ± 12.2 mg/kg

 41.5 ± 

2.44 mg/kg Cu 75 + Zn 0 33.5 ± 6.42 mg/kg Cu 75 + Zn 200  43.8 ± 10.3 mg/kg

Cu 75 + Zn 400 p > 0.05

 5 % 

 75 mg/kg  200 mg/kg  400 mg/kg

 400 mg/kg p < 0.05  75 

mg/kg  400 mg/kg

( )  150 mg/kg 

150 mg/kg 

 200 mg/kg  400 mg/kg

9c
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 8
Table 8. A two-way ANOVA analysis for the effect of Cu and Zn on Cu concentration

(mg/kg) of rice root in different treatments

Effect NA Lime Compost 

Cu *** *** ***
Zn * ** NS
Cu × Zn  NS NS NS
NS : not significant. 
* significance at the 0.05 probability levels. 
** significance at the 0.01 probability levels. 
*** significance at the 0.001 probability levels. 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition. 
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 9  (mg/kg) (a)  0 
mg/kg, (b)  75 mg/kg, (c)  150 mg/kg

Fig. 9. Cu concentration (mg/kg) of rice root with Zn addition in different treatments (a)
Cu 0 mg/kg, (b) Cu 75 mg/kg, and (c) Cu 150 mg/kg
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 5 % 

150 mg/kg  200 mg/kg  400 mg/kg

> >

 31.2 - 47.3 mg/kg  10

( , 1991)

1.99 - 80 mg/kg  39.2 12.1 mg/kg

 150 mg/kg  400 mg/kg 
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Spiked Cu and Zn concentration (mg/kg)
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 10  (mg/kg ) (NA = ; Lime = 
; Compost = ; 0 75 150 =  (mg/kg ) ; 0 200

400 = (mg/kg
Fig. 10. Zn concentration (mg/kg) of brown rice in different treatments. Values represent 

mean standard deviation (n = 4). Different letters within same each spiked 
Cu and Zn treatment are significantly different after ANOVA and Tukey’s HSD 
at p = 0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost 
addition ; 0, 75, 150 = spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked 
Zn concentration (mg/kg) ) 

) )
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(Khan and Jones, 2008)

pH  3.35

 0 mg/kg

Gu et al., 2011

 22.6 - 43.7 mg/kg

11

( )

 37.3 - 56.8 mg/kg  12

 140 - 380 mg/kg

1 CaCO3 Ca2+  H+

Al3+ pH CO3
2-

Alloway, 1995

2 pH 

( ;

Lee et al., 2004) 

 10 - 12  > 

 >  >  > ( , 1990)
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Spiked Cu and Zn concentration (mg/kg)
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Fig. 11. Zn concentration (mg/kg) of rice shoot in different treatments. Values represent 

mean standard deviation (n = 4). Different letters within same each spiked 
Cu and Zn treatment are significantly different after ANOVA and Tukey’s HSD 
at p = 0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost 
addition ; 0, 75, 150 = spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked 
Zn concentration (mg/kg ) ) 

) )
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Spiked Cu and Zn concentration (mg/kg)
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; Compost = ; 0 75 150 =  (mg/kg ) ; 0 200
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Fig. 12. Zn concentration (mg/kg) of rice root in different treatments.. Values represent 

mean standard deviation (n = 4). Different letters within same each spiked 
Cu and Zn treatment are significantly different after ANOVA and Tukey’s HSD 
at p = 0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost 
addition ; 0, 75, 150 = spiked Cu concentration (mg/kg

) )

) ; 0, 200, 400 = spiked 
Zn concentration (mg/kg) ) 
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 9

p < 0.01

(Sarkunan et al., 1989)

( )  0 mg/kg

 75  150 mg/kg

 13a

31.2 - 33.9 mg/kg 33.8 - 38.7 mg/kg  33.4 - 38.9 mg/kg

( )  200 mg/kg

 14b  200 mg/kg

 37.8 ± 0.92 mg/kg  75 mg/kg

 33.3 ± 1.68 mg/kg  150 mg/kg 

 37.8 ± 0.92 mg/kg  41.7 ± 2.63 mg/kg p

< 0.05  75 mg/kg  150 

mg/kg Sarkunan et al. (1989) 50

100  200 mg/kg 200 400  800 mg/kg 25 50  100 mg/kg

 200 mg/kg  50

100 200 mg/kg  75  150 

mg/kg  200 mg/kg  40.2 - 42.1 

mg/kg  41.1 - 47.4 mg/kg
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 9 (mg/kg
Table 9. A two-way ANOVA analysis for the effect of Cu and Zn on Zn concentration

(mg/kg) of brown rice in different treatments

)

Effect NA Lime Compost 

Cu *** NS *
Zn *** ** ***
Cu × Zn  * * NS
NS : not significant. 
* significance at the 0.05 probability levels. 
** significance at the 0.01 probability levels. 
*** significance at the 0.001 probability levels. 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition. 
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 13  (mg/kg) (a)  0 
mg/kg, (b)  200 mg/kg, (c)  400 mg/kg

Fig. 13. Zn concentration (mg/kg) of brown rice with Cu addition in different treatments
(a) Zn 0 mg/kg, (b) Zn 200 mg/kg, and (c) Zn 400 mg/kg  
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 5 % 

( )  400 mg/kg

 400 mg/kg  41.8 ± 8.79 mg/kg  13c

 75  150 mg/kg  400 mg/kg

 45.5 ± 2.25 mg/kg  41.9 ± 4.08 mg/kg

p > 0.05  400 mg/kg

400 mg/kg

Sarkunan et al., 1989( )

400 mg/kg  75 mg/kg 

 150 mg/kg 

400 mg/kg

( )

 75  150 mg/kg

 37.4 ± 3.23 mg/kg - 47.4 ± 11.4 mg/kg

200 mg/kg 

400 mg/kg 75 mg/kg 150 mg/kg

10 p > 0.05

(Luo and Rimmer, 1995; McBride and Kim, 2009; Sarkunan et al., 1989)



56

 10 (mg/kg
Table 10. A two-way ANOVA analysis for the effect of Cu and Zn on Zn concentration

(mg/kg) of rice shoot in different treatments

)

Effect NA Lime Compost 

Cu NS NS NS
Zn *** *** ***
Cu × Zn  NS NS NS
NS : not significant. 
* significance at the 0.05 probability levels. 
** significance at the 0.01 probability levels. 
*** significance at the 0.001 probability levels. 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition. 
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( )  0 mg/kg

 28.6 ± 3.1 mg/kg

 14a

 5 % 

 0 mg/kg Luo 

and Rimmer, 1995

(

)

( ) 200 mg/kg

 200 mg/kg  75 

 150 mg/kg  63.8 ± 7.8 mg/kg  93.2 ± 6.8 

mg/kg  109 ± 7 mg/kg  14b Sarkunan et al. (1989)  200 

mg/kg

 37.8 - 7.3 mg/kg 

32.0 - 51.6 mg/kg p > 0.05

 200 mg/kg  75 

 150 mg/kg 

Luo Rimmer (1995)

( )  400 mg/kg

400 mg/kg  75  150 

mg/kg  170 ± 44 mg/kg  192 ± 47 mg/kg

236 ± 115 mg/kg p > 0.05  14c



58

 14  (mg/kg) (a)
 0 mg/kg, (b)  200 mg/kg ,(c)  400 mg/kg 

Fig. 14. Zn concentration (mg/kg) of rice shoot with Cu addition in different treatments
(a) Zn 0 mg/kg, (b) Zn 200 mg/kg, and
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(Sarkunan et al., 1989)

 400 mg/kg  71.4 ±

12.7 mg/kg  75  150 mg/kg  400 mg/kg

 86.5 ± 23.5 mg/kg  94.8 ± 45.2 mg/kg

 400 mg/kg

p > 0.05

 75 

150 mg/kg  70.9 ± 44.0 mg/kg  33.2 

± 5.3 mg/kg p > 0.05

11

p > 0.05

( )  0 mg/kg

 49.8 ± 15.7 mg/kg

 15a  75  150 mg/kg  40.6 ± 6.2 

mg/kg  50 ± 11 mg/kg

 37.3 ± 5.5 mg/kg Zn 0 + Cu 0 40.1 ±

12.2 mg/kg Zn 0 + Cu 75  37.8 ± 7.0 mg/kg Zn 0 + Cu 150

p > 0.05  75 mg/kg

 56.8 ± 8.61 mg/kg  52.7 ± 10.7 mg/kg p > 0.05

p > 0.05
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11 (mg/kg
Table 11. A two-way ANOVA analysis for the effect of Cu and Zn on Zn concentration

(mg/kg) of rice root in different treatments

)

Effect NA Lime Compost 

Cu NS ** NS
Zn *** *** ***
Cu × Zn  NS * NS
NS : not significant. 
* significance at the 0.05 probability levels. 
** significance at the 0.01 probability levels. 
*** significance at the 0.001 probability levels.
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition. 
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 15  (mg/kg ) (a)
0 mg/kg, (b)  200 mg/kg, (c)  400 mg/kg

Fig. 15. Zn concentration (mg/kg) in rice root with Cu addition in different treatments (a)
Zn 0 mg/kg, (b) Zn 200 mg/kg, and
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 150 mg/kg 53.7 ± 5.3 mg/kg

5 % 

( )  200 mg/kg

 200 mg/kg  75  150 mg/kg

 250 - 281 mg/kg 140 - 183 mg/kg

 140 - 183 mg/kg  15b

p > 0.05  200 mg/kg 

 75  150 mg/kg

 0.5 1.0  2.0 M

(

  

Brar and Sekhon, 1976)

( )  400 mg/kg

400 mg/kg 

 75  150 mg/kg  15c

 400 mg/kg

  

 528 ± 130 mg/kg

 75  150 mg/kg  577 ± 53 mg/kg

 400 mg/kg

462 ± 133 mg/kg  5 % 

 75  150 mg/kg

 380 ± 76 mg/kg  328 ± 70 mg/kg 365 ± 30 mg/kg

p > 0.05  400 

mg/kg  247 - 284 mg/kg

 5 % 
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>  75 150 mg/kg 

400 mg/kg 

 2011  10 

p > 0.05  16

pH  17 pH  6.51 - 

7.06 pH 4.85 - 5.78 pH 5.70 - 6.60

 pH 

 12

0 mg/kg 200 mg/kg 

400 mg/kg 2.27 ± 0.47 g/pot 1.16 ±0.37 g/pot 

1.92 ± 0.76 g/pot  13  75 150 mg/kg  200 
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Spiked Cu and Zn concentration in soil (mg/kg)
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Fig. 16. Dry weight of Bok Coy (g/pot ) in different treatments. Values represent mean 
standard deviation (n = 4). Different letters within same each spiked Cu and 

Zn treatment are significantly different after ANOVA and Tukey’s HSD at p = 
0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost 
addition ; 0, 75, 150 = spiked Cu concentration ; 0, 200, 400 = spiked Zn 
concentration) 

) (NA = ; Lime = 
; Compost = ; 0 75 150 =  (mg/kg ) ; 0 200

400 = (mg/kg ) )
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Cu 0 + Zn 0
Cu 0 + Zn 200

Cu 0 + Zn 400
Cu 75 + Zn 0

Cu 75 + Zn 200
Cu 75 + Zn 400

Cu 150 + Zn 0

Cu 150 + Zn 200

Cu 150 + Zn 400

S
oi

l p
H

0

2

4

6

8

NA
Lime
Compost

a
b

c

a

b

c

a

b

c

a
b

b

a
ab

b

a
b

c

a
b

c

a
b

c

a
b

c

 17 pH 
Fig. 17. Soil pH in different treatments after rice was harvested.Values represent mean 

standard deviation (n = 4). Different letters within same each spiked Cu and 
Zn treatment are significantly different after ANOVA and Tukey’s HSD at p = 
0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost 
addition ; 0, 75, 150 = spiked Cu concentration ; 0, 200, 400 = spiked Zn 
concentration) 
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 12 (g/pot
Table 12. A two-way ANOVA analysis for the effect of Cu and Zn on the Bok Coy dry 

weight (g/pot ) in different treatments

)

Effect NA Lime Compost 

Cu *** NS NS
Zn ** NS NS
Cu ×Zn  * NS NS
NS : not significant. 
* significance at the 0.05 probability levels. 
** significance at the 0.01 probability levels. 
*** significance at the 0.001 probability levels.
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition. 
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400 mg/kg  0

200 400 mg/kg

75 mg/kg 150 mg/kg 

200 mg/kg 400 mg/kg

200 mg/kg 400 mg/kg 75 

mg/kg 150 mg/kg

 0.17 - 0.63 g/pot p > 0.05

 0.55 - 1.81

g/pot p > 0.05

 0.44 ± 0.19 g/pot 75 mg/kg 400 mg/kg 0.47

± 0.14 g/pot 150 mg/kg 400 mg/kg

Cu 0 + Zn 0 Cu 0 + Zn 200 Cu 

0 + Zn 400 10 mg/kg  18

75  150 mg/kg
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 13 (g/pot
Table 13. The effect of Cu - Zn interaction on Bok Coy dry weight (g/pot

)
) 

Treatments NA Lime Compost 

Cu 0  Zn 0 2.27 ± 0.47 a# 0.63 ± 0.39 a 1.81 ± 0.65 a 
 Zn 200 1.16 ±0.37 cde 0.31 ± 0.31 a 1.16 ± 0.48 a 
 Zn400 1.92 ± 0.76 ab 0.45 ± 0.23 a 1.51 ± 0.50 a 
Cu 75 Zn0 1.65 ± 0.57 abc 0.17 ± 0.11 a 1.79 ± 0.67 a 
 Zn 200 1.26 ± 0.59 bcd 0.40 ± 0.34 a 1.42 ± 0.81 a 
 Zn 400 0.44 ± 0.19 e 0.62 ± 0.38 a 1.25 ± 0.50 a 
Cu 150 Zn 0 0.98 ± 0.30 cde 0.55 ± 0.46 a 0.55 ± 0.46 a  
 Zn 200 0.67 ± 0.30 de 0.35 ± 0.12 a 1.43 ± 0.93 a 
 Zn 400 0.47 ± 0.14 e 0.30 ± 0.17 a 1.72 ± 1.15 a 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150 
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg

Values represent mean ± standard deviation (n=4). Different letters within same 
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05. 

).
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Spiked Cu and Zn concentration (mg/kg)
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Fig. 18. Cu concentration (mg/kg) of Bok Coy in different treatments. Values represent 

mean standard deviation (n = 4). Different letters within same each spiked 
Cu and Zn treatment are significantly different after ANOVA and Tukey’s HSD 
at p = 0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost 
addition ; 0, 75, 150 = spiked Cu concentration (mg/kg

) )

) ; 0, 200, 400 = 
spiked Zn concentration (mg/kg ) ) 
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 10 

mg/kg 75 mg/kg 150 mg/kg  10 

mg/kg  4.64 mg/kg ( , 1991)

 2011  10 10

 53.3  ( , 2012)

 (1991) 

 25 - 30 mg/kg

14

 0 mg/kg

 8.41  2.26 mg/kg

 200  400 mg/kg

 8.41  2.26 mg/kg  200  400 mg/kg

 5.79  0.34 mg/kg  6.50  0.67 mg/kg

 6.95  1.31 mg/kg 

 9.33  0.59 mg/kg  19a

 4.94 - 6.09 mg/kg p > 0.05
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 14 (mg/kg
Table 14. A two-way ANOVA analysis for the effect of Cu and Zn on the Cu 

concentration (mg/kg) of Bok Coy in different treatments

)

Effect NA Lime Compost 

Cu *** *** ***
Zn *** NS *
Cu ×Zn  ** * NS
NS : not significant. 
* significance at the 0.05 probability levels. 
** significance at the 0.01 probability levels. 
*** significance at the 0.001 probability levels.
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition. 
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 19  (mg/kg) (a)
 0 mg/kg, (b)  75 mg/kg, (c)  150 mg/kg

Fig. 19. Cu concentration (mg/kg) of Bok Coy with Zn addition in different treatments
(a) Cu 0 mg/kg, (b) Cu 75 mg/kg, and (c) Cu 150 mg/kg
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 5 % 

 75 mg/kg

75 mg/kg  200  400 

mg/kg  25.7 1.5 mg/kg  16.1 1.7 mg/kg

  

19.6 4.38 mg/kg

75 mg/kg  200 400 mg/kg

p < 0.05  19b

75 mg/kg  200  400 

mg/kg 

75 mg/kg 200 mg/kg 

400 mg/kg

 7

 20.2 1.4 mg/kg Cu 

75 + Zn 0  9.00  1.51 mg/kg Cu 75 + Zn 200  9.72  1.27

mg/kg Cu 75 + Zn 400

 150 mg/kg

150 mg/kg

 45.3 9.82 mg/kg

  

 19c  200 400 mg/kg

 28.7  9.52 mg/kg  26.7  2.91 mg/kg

 200 400 mg/kg
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 14.7 - 25.5 mg/kg p > 

0.05  23.8 - 29.7 mg/kg

Cu 0 + Zn 0 Cu 75 + Zn 0 Cu 150 + Zn 0

 55 mg/kg  20 38.1 mg/kg(

 223 - 751 

mg/kg

( 1991)

Paugh et al. (2002)  (1991) 

 > 100 mg/kg  500 - 1500 mg/kg

Kabata-Pendias 

Pendias (2000)  150 - 200 mg/kg 

 100 - 500 mg/kg  10 %
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Fig. 20. Zn concentration (mg/kg) of Bok Coy in different treatments. Values represent 
mean standard deviation (n = 4). Different letters within same each spiked 
Cu and Zn treatment are significantly different after ANOVA and Tukey’s HSD 
at p = 0.05. (NA = no amendment ; Lime = lime addition ; Compost = compost 
addition ; 0, 75, 150 = spiked Cu concentration (mg/kg

) (NA = ; Lime = 
; Compost = ; 0 75 150 =  (mg/kg ) ; 0

200 400 =  (mg/kg ) )

) ; 0, 200, 400 = spiked 
Zn concentration (mg/kg ) ) 
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 15

 0 mg/kg

 75  150 mg/kg

  

 200 mg/kg

 41.7  7.6 mg/kg  55.1  4.3 mg/kg

p > 0.05  21a

 75  150 

mg/kg

24.1 - 44.7 mg/kg  47.0 - 53.6 mg/kg

 21b 223 - 293 mg/kg ( )

69.9 - 122 mg/kg  140 - 204 mg/kg

p > 0.05

200 mg/kg  75 150 mg/kg

  

 400 mg/kg

400 mg/kg  75 

150 mg/kg  21c

 89.4 - 146 mg/kg  5%

 280 - 530 mg/kg
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 15 (mg/kg )
Table 15. A two-way ANOVA analysis for the effect of Cu and Zn on the Zn 

concentration (mg/kg) of Bok Coy in different treatments

Effect NA Lime Compost 

Cu *** NS NS
Zn *** *** ***
Cu ×Zn  *** NS NS
NS : not significant. 
* significance at the 0.05 probability levels. 
** significance at the 0.01 probability levels. 
*** significance at the 0.001 probability levels. 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition. 
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 21  (mg/kg) (a)
 0 mg/kg, (b)  200 mg/kg, (c)  400 mg/kg

Fig. 21. Zn concentration (mg/kg) of Bok Coy with Cu addition in different treatments
(a) Zn 0 mg/kg, (b) Zn 200 mg/kg, and (c) Zn 400 mg/kg
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0.05 M EDTA 

 0.05 M EDTA  22

0.05 M EDTA 

0.05 M EDTA 

 0.05 M EDTA 

(Madejon et al., 2009; Zeng et al., 2011)  0.05 M EDTA 

0.05 M EDTA

(Ure 1995)  0.05 M EDTA 

0.05 M EDTA

0.05 M EDTA 

0.05 M EDTA 0.05 M EDTA 

pH pH  6.2 

pH (Cavallaro and McBride, 1978; Martinez and Motto, 

2000) pH (Yoo and James, 

2003) pH  0.05 M EDTA 

0.005 M DTPA 

0.005 M DTPA  23

0.005 M DTPA 

0.005 M DTPA DTPA 

0.005 M DTPA 

Khan  Jones (2009) 
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 22  0.05 M EDTA  (mg/kg ) (NA = 
; Lime = ; Compost = ; 0 75 150 =

(mg/kg ) ; 0 200 400 =  (mg/kg
Fig. 22. 0.05 M EDTA extractable Cu and Zn concentration (mg/kg) of different 

treatments. Values represent mean standard deviation (n = 4). Different 
letters within same each spiked Cu and Zn treatment are significantly 

) )

0.05 M EDTA extractable Zn

0.05 M EDTA extractable Cu
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different after ANOVA and Tukey’s HSD at p = 0.05. (NA = no amendment ;
Lime = lime addition ; Compost = compost addition ; 0, 75, 150 = spiked Cu 
concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg ) ) 
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 23 0.005 M DTPA  (mg/kg ) (NA = 
; Lime = ; Compost = ; 0 75 150 =

 (mg/kg ) ; 0 200 400 =  (mg/kg
Fig. 23. 0.005 M DTPA extractable Cu and Zn concentration (mg/kg) of different 

treatments. Values represent mean standard deviation (n = 4). Different 
letters within same each spiked Cu and Zn treatment are significantly different 
after ANOVA and Tukey’s HSD at p = 0.05. (NA = no amendment ; Lime = 
lime addition ; Compost = compost addition ; 0, 75, 150 = spiked Cu 
concentration (mg/kg

) )

) ; 0, 200, 400 = spiked Zn concentration (mg/kg

0.005 M DTPA extractable Zn

) ) 

0.005 M DTPA extractable Cu
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 0.005 

M DTPA ZnCO3

0.01 M CaCl

(Nriagu, 1984) 0.005 M DTPA 

 0.005 M DTPA 

2

 75 150 mg/kg  0.01 

M CaCl2  24

 0.01 M CaCl2

Alloway, 1995

1 pH 

(McBride, 1989) 2

(McBride et al. 1997) 3

( ; Lee et al., 2004)

(Bhattacharyya et al., 2006; Lee et al., 2009; Mohamed et al., 2010)  0.01 M 

CaCl2

1

0.05 M EDTA 0.005 M DTPA 0.01 M CaCl2

2 0.01 M CaCl2

0.05 M EDTA 0.005 M DTPA 0.05 

M EDTA 0.005 M DTPA 0.01 M CaCl2
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 24  0.01 M CaCl2

Fig. 24. 0.01 M CaCl

 (mg/kg ) (NA = 
; Lime = ; Compost = ; 0 75 150 = 

(mg/kg ) ; 0 200 400 =  (mg/kg ) )

2 extractable Cu and Zn concentration in different treatments. 
Values represent mean standard deviation (n = 4). Different letters within
same each spiked Cu and Zn treatment are significantly different after ANOVA 
and Tukey’s HSD at p = 0.05. (NA = no amendment ; Lime = lime addition ;
Compost = compost addition ; 0, 75, 150 = spiked Cu concentration (mg/kg ) ; 
0, 200, 400 = spiked Zn concentration (mg/kg

0.01 M CaCl2 extractable Zn

) ) 

0.01 M CaCl2 extractable Cu
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( ) 0.05 M EDTA 

0.05 M 

EDTA 16

 0.05 M EDTA 

0.05 M EDTA 

0.05 M EDTA  2.38 - 2.69 mg/kg

 17  75 mg/kg  200  400 mg/kg

0.05 M EDTA 20.1 ± 0.6 mg/kg

24.0 ± 4.0 mg/kg  27.7 ± 1.0 mg/kg

 150 mg/kg  200  400 mg/kg 0.05 M 

EDTA 52.8 ± 3.5 mg/kg 52.4 ± 1.1 mg/kg

p < 0.05  150 mg/kg 

 200  400 mg/kg 0.05 M EDTA 

 75  150 mg/kg  200 

mg/kg 400 mg/kg  0.05 M EDTA 

 400 mg/kg 

p < 0.05  75 mg/kg

 400 mg/kg  0.05 M EDTA 

( ) 0.005 M DTPA 

0.005 M DTPA  18

 0.005 M 

DTPA  0.005 

M DTPA (Sarkunan et al., 1989)
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 16 0.05 M EDTA (mg/kg

Table 16. A two-way ANOVA analysis for the effect of Cu and Zn on the 0.05 M EDTA 
extractable Cu concentration (mg/kg) in different treatments

)

Effect NA Lime Compost 

Cu *** *** ***
Zn *** * **
Cu ×Zn  *** NS *
NS : not significant. 
* significance at the 0.05 probability levels. 
** significance at the 0.01 probability levels. 
*** significance at the 0.001 probability levels.
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition. 
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 17  0.05 M EDTA (mg/kg
Table 17. 0.05 M EDTA extractable Cu concentration (mg/kg) in different treatments

) 

Treatments NA Lime Compost 

Cu 0  Zn 0 2.38 ± 0.18 e# 3.47 ± 0.09 c 3.89 ± 0.25 d 
 Zn 200 2.47 ± 0.26 e 3.23 ± 0.22 c 3.82 ± 0.25 d 

Zn 400 2.69 ± 0.13 e 3.21 ± 0.20 c 4.59 ± 0.11 d 
Cu 75 Zn 0 20.1 ± 0.6 d 22.4 ± 1.1 b 28.1 ± 2.7 c 
 Zn 200 24.0 ± 4.0 cd 24.9 ± 2.3 b 33.9 ± 1.6 c 

Zn 400 27.7 ± 1.0 c 26.3 ± 2.5 b 30.1 ± 1.7 c 
Cu 150 Zn 0 40.9 ± 2.5 b 45.2 ± 1.4 a 51.7 ± 10.2 b 
 Zn 200 52.8 ± 3.5 a 46.3 ± 3.6 a 66.2 ± 4.4 a 
 Zn 400 52.4 ± 1.1 a 50.8 ± 5.5 a 62.0 ± 4.6 a 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150 
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg

Values represent mean ± standard deviation (n=4). Different letters within same 
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05. 

).
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 18  0.005 M DTPA (mg/kg

Table 18. A two-way ANOVA analysis for the effect of Cu and Zn on the 0.005 M 
DTPA extractable Cu concentration (mg/kg) in different treatments

)

Effect NA Lime Compost 

Cu *** *** ***
Zn ** * **
Cu ×Zn  * * ***
NS : not significant. 
* significance at the 0.05 probability levels. 
** significance at the 0.01 probability levels. 
*** significance at the 0.001 probability levels. 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition. 
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0.005 M DTPA  1.59 - 1.69 

mg/kg 15.6 - 20.3 mg/kg  75 mg/kg  25.6 - 31.5 mg/kg

150 mg/kg  19  0.005 

M DTPA

 75  150 mg/kg  200 400 mg/kg

 200  400 

mg/kg 0.005 M DTPA 0.005 M 

DTPA  1.63 - 1.78 mg/kg 20.2 - 21.1 mg/kg

 75 mg/kg  27.9 – 37.4 mg/kg 150 mg/kg

 0.005 M DTPA 0.005 M DTPA 

 1.34 - 1.51 mg/kg 15.1 - 16.8 mg/kg 75 mg/kg

22.6 - 26.2 mg/kg 150 mg/kg

( ) 0.01 M CaCl2

 0.01 M CaCl2

 20 0.01 M CaCl2

 200 400 mg/kg 0.01 M 

CaCl2  0.07 - 0.14 mg/kg

5%  21  0.01 M 

CaCl2

 0.01 M CaCl2 Luo and Rimmer, 1995( )

 75 mg/kg 400 mg/kg

 0.01 M CaCl2  0.12 ± 0.07 
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 19  0.005 M DTPA (mg/kg
Table 19. 0.005 M DTPA extractable Cu concentration (mg/kg) in different treatments

) 

Treatments NA Lime Compost 

Cu 0  Zn 0 1.69 ± 0.06 d # 1.51 ± 0.03 d 1.78 ± 0.12 d 
 Zn 200 1.65 ± 0.06 d 1.50 ± 0.12 d 1.78 ± 0.05 d 
 Zn400 1.59 ± 0.05 d 1.34 ± 0.11 d 1.63 ± 0.14 d 
Cu 75 Zn0 15.6 ± 0.7 c 15.2 ± 0.8 c 21.1 ± 2.0 c 
 Zn 200 17.5 ± 3.3 c 15.1 ± 1.2 c 20.7 ± 1.3 c 
 Zn 400 20.3 ± 1.6 c 16.8 ± 1.4 c 20.2 ± 0.8 c 
Cu 150 Zn 0 25.6 ± 3.0 b 22.6 ± 1.3 b 29.4 ± 4.4 b 
 Zn 200 31.5 ± 3.8 a 26.2 ± 1.9 a 37.4 ± 3.1 a 
 Zn 400 29.8 ± 1.9 ab 25.2 ± 2.1 ab 27.9 ± 1.1 b 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150 
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg

Values represent mean ± standard deviation (n=4). Different letters within same 
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05. 

).
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 20 0.01 M CaCl2 (mg/kg

Table 20. A two-way ANOVA analysis for the effect of Cu and Zn on the 0.01 M CaCl

)

2

extractable Cu concentration (mg/kg) in different treatments

Effect NA Lime Compost 

Cu *** *** ***
Zn *** * NS
Cu ×Zn  *** NS NS
NS : not significant. 
* significance at the 0.05 probability levels. 
** significance at the 0.01 probability levels. 
*** significance at the 0.001 probability levels. 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition. 
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 21  0.01 M CaCl2 (mg/kg
Table 21. 0.01 M CaCl

) 

2 extractable Cu concentration (mg/kg) in different treatments

Treatments NA Lime Compost 

Cu 0  Zn 0 0.07 ± 0 d # 0.12 ± 0.02 c 0.09 ± 0.02 c 
 Zn 200 0.12 ± 0.06 d 0.10 ± 0.03 c 0.12 ± 0.02 c 
 Zn400 0.14 ± 0.04 d 0.17 ± 0.04 abc 0.20 ± 0.06 bc 
Cu 75 Zn0 0.12 ± 0.07 d 0.20 ± 0.21 abc 0.19 ± 0.05 bc 
 Zn 200 0.18 ± 0.07 d 0.12 ± 0.14 c 0.19 ± 0.05 bc 
 Zn 400 0.43 ± 0.13 c 0.17 ± 0.07 abc 0.26 ± 0.09 abc 
Cu 150 Zn 0 0.60 ± 0.15 c 0.18 ± 0.04 abc 0.34 ± 0.11 ab
 Zn 200 1.02 ± 0.32 b 0.23 ± 0.03 ab 0.35 ± 0.05 ab
 Zn 400 1.28 ± 0.46 a 0.25 ± 0.05 a 0.41 ± 0.12 a 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150 
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg

Values represent mean ± standard deviation (n=4). Different letters within same 
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05. 

).
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0.43 ± 0.13 mg/kg 150 mg/kg 200

400 mg/kg  0.01 M CaCl2

400 mg/kg 0.01 M CaCl2 Kim McBride (2009) 

Luo et al. (2001) 0.01 M CaCl2

0.01 M CaCl2 

75 mg/kg 150 mg/kg

 200 400 mg/kg 0.01 M CaCl2

 0.01 M CaCl2

( ) 0.05 M EDTA

 22  0.05 M EDTA 

 0.05 M EDTA 

 0.05 M 

EDTA

200 mg/kg 400 mg/kg 

75 mg/kg  150 mg/kg  0.05 M EDTA 

 23 200 mg/kg 

400 mg/kg 0.05 M EDTA

( ) 0.005 M DTPA

0.005 M DTPA  24

0.005 M DTPA

 0.005 M DTPA 
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 22  0.05 M EDTA (mg/kg )

Table 22. A two-way ANOVA analysis for the effect of Cu and Zn on the 0.05 M EDTA 
extractable Zn concentration (mg/kg) in different treatments

Effect NA Lime Compost 

Cu NS NS *
Zn *** *** ***
Cu ×Zn  * NS ***
NS : not significant. 
* significance at the 0.05 probability levels. 
** significance at the 0.01 probability levels. 
*** significance at the 0.001 probability levels. 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition. 
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 23  0.05 M EDTA (mg/kg
Table 23. 0.05 M EDTA extractable Zn concentration (mg/kg) in different treatments

) 

Treatments NA Lime Compost 
Zn 0 Cu 0 1.26 ± 0.82 d  1.11 ±0.36 d 5.40 ± 0.78 e 
 Cu 75 0.92 ±0.23 d 1.63 ± 0.13 d 5.42 ± 1.01 e 
 Cu 150 0.68 ± 0.37 d 0.71 ± 0.11 d 4.46 ± 0.03 e 
Zn 200 Cu 0 44.9 ± 7.1 c 45.1 ± 4.0 c 91.8 ± 11.1 c 
 Cu 75 57.5 ± 3.6 b 43.0 ± 1.6 c 74.9 ± 3.9 d 
 Cu 150 62.1 ± 2.4 b 44.7 ± 3.0 c 76.8 ± 4.3 cd 
Zn 400 Cu 0 145 ± 15 a 110 ± 3 ab 143 ± 12 b 
 Cu 75 140 ± 3 a 117 ± 6 a 163 ± 8 a 
 Cu 150 145 ± 4 a 94.6 ± 22.9 b 138 ± 5 b 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150 
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg

Values represent mean ± standard deviation (n=4). Different letters within same 
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05. 

).
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 24 0.005 M DTPA (mg/kg

Table 24. A two-way ANOVA analysis for the effect of Cu and Zn on the 0.005 M 
DTPA extractable Zn concentration (mg/kg) in different treatments

)

Effect NA Lime Compost 

Cu ** *** NS
Zn *** *** ***
Cu ×Zn  NS *** *
NS : not significant. 
* significance at the 0.05 probability levels. 
** significance at the 0.01 probability levels.
*** significance at the 0.001 probability levels. 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition. 
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Sarkunan et al. (1989) 0.005 M DTPA

200 mg/kg 400 mg/kg 

75 mg/kg  150 mg/kg  0.005 M DTPA 

 25 0.005 M DTPA

( ) 0.01 M CaCl2

 0.01 M CaCl2

Luo and Rimmer, 

1995

26 (

) 0.01 M CaCl2

 75  150 mg/kg 0.01 M 

CaCl

p > 0.05

2  0.31 - 0.50 mg/kg p > 0.05

27 200 mg/kg  75  150 mg/kg 0.01 M 

CaCl2 12.1 ± 1.4 mg/kg 17.8 ± 0.6 mg/kg 23.4 ± 

0.9 mg/kg p > 0.05 400 mg/kg 

 75  150 mg/kg 0.01 M CaCl2

 62.1 ± 0.7 mg/kg  69.8 ± 2.5 mg/kg  200  400 

mg/kg  75  150 mg/kg  0.01 M CaCl2

p < 0.05 Kim McBride (2009) Luo  Rimmer (1995)

0.01 M CaCl2

 75  150 mg/kg 0.01 M CaCl

Luo et al. (2001) 

2

 0.26 - 0.29 mg/kg p  
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 25  0.005 M DTPA (mg/kg
Table 25. 0.005 M DTPA extractable Zn concentration (mg/kg) in different treatments

) 

Treatments NA Lime Compost 

Zn 0 Cu 0 0.77 ± 0.18 d# 0.78 ± 0.10 e 3.75 ± 0.61 d 
 Cu 75 0.61 ± 0.02 d 0.78 ± 0.03 e 3.12 ± 0.20 d 
 Cu 150 0.58 ± 0.01 d 0.78 ± 0.02 e 2.60 ± 0.12 d 
Zn 200 Cu 0 41.3 ± 1.5 c 35.0 ± 1.1 c 60.1 ± 4.7 b 
 Cu 75 41.2 ± 3.0 c 32.5 ± 1.1 cd 50.2 ± 2.8 c 
 Cu 150 48.6 ± 4.6 c 32.4 ± 0.5 d 52.8 ± 2.9 bc 
Zn 400 Cu 0 125 ± 8 ab 78.2 ± 1.1 b 113 ± 10 a 
 Cu 75 118 ± 3 b 80.5 ± 2.0 b 117 ± 3 a 
 Cu 150 127 ± 5 a 87.8 ± 1.6 a 116 ± 4 a 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150 
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg

Values represent mean ± standard deviation (n=4). Different letters within same 
column are significantly different after ANOVA and Tukey’ HSD at p = 0.05. 

).
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 26  0.01 M CaCl2 (mg/kg

Table 26. A two-way ANOVA analysis for the effect of Cu and Zn on the 0.01 M CaCl

)

2

extractable Zn concentration (mg/kg) in different treatments

Effect NA Lime Compost 

Cu *** NS **
Zn *** *** ***
Cu ×Zn  *** NS NS
NS : not significant. 
* significance at the 0.05 probability levels. 
** significance at the 0.01 probability levels. 
*** significance at the 0.001 probability levels. 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition. 
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 27  0.01 M CaCl2 (mg/kg
Table 27. 0.01 M CaCl

) 

2 extractable Zn concentration (mg/kg) in different treatments

Treatments NA Lime Compost 

Zn 0 Cu 0 0.31 ± 0.04 g# 0.26 ± 0.03 c 0.26 ±0.03 c 
 Cu 75 0.49 ± 0.10 g 0.27 ± 0.05 c 0.27 ± 0.02 c 
 Cu 150 0.48 ± 0.06 g 0.29 ± 0.04 c 0.33 ± 0.02 c 
Zn 200 Cu 0 12.1 ± 1.4 f 0.49 ± 0.34 bc 1.28 ± 0.18 bc 
 Cu 75 17.8 ± 0.6 e 0.44 ± 0.08 c 1.78 ± 0.15 b 
 Cu 150 23.4 ± 0.9 d 0.45 ± 0.09 c 1.99 ± 0.57 b 
Zn 400 Cu 0 55.5 ± 1.93 c 1.02 ± 0.06 a 4.99 ± 0.32 a 
 Cu 75 62.1 ± 0.7 b 0.79 ± 0.03 ab 5.60 ± 1.27 a 
 Cu 150 69.8 ± 2.5 a 0.78 ± 0.15 ab 6.18 ± 0.53 a 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150 
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg

Values represent mean ± standard deviation (n=4). Different letters within same 
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05. 

).
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> 0.05  200  400 mg/kg 0.01 M CaCl2

 0.436 - 0.493 mg/kg 200 mg/kg  0.784 - 

1.02 mg/kg 400 mg/kg p > 0.05

 0 200 400 mg/kg

 75  150 mg/kg  0.01 M CaCl2

 75  150 mg/kg 

 0.01 M CaCl2

0.05 M EDTA 0.005 M DTPA  0.01 M CaCl2 

4.12 mg/kg 1.87 mg/kg  0.268 mg/kg  25 - 30

0.05 M EDTA 0.005 M DTPA  0.01 M CaCl2

 19.6 - 70.9 mg/kg 0.05 M 

EDTA  25 28 14.3 - 41.1 mg/kg 0.005 M DTPA  26 29  0.073 

- 1.37 mg/kg 0.01 M CaCl2  27  30

0.05 M EDTA 0.005 M DTPA 

(Ure, 1995) 0.01 M 

CaCl2

0.05 M EDTA 0.005 M DTPA 

0.01 M CaCl2 r p < 

0.05 25 -27 0.05 M EDTA 0.005 M DTPA 

0.01 M CaCl2

r

 pH 
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r

0.05 M EDTA r  0.746 NA

0.707 Lime 0.813 Compost  28 - 30 0.005 M DTPA

r  0.753 NA 0.668 Lime

0.781 Compost

0.05 M EDTA 0.005 M DTPA 

r 0.05 M EDTA 0.005 M DTPA

0.01 M CaCl2

Hooda et al. (1997) 

 0.05 M EDTA 0.005 M DTPA 1 M NH

r

p < 0.01

4NO3  0.05 M CaCl2

0.05 M EDTA DeAbreu et 

al., 1996 Mehlich - 3 DTPA Mehlich - 1
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 25 0.05 M EDTA (a) (b) 
(c) (0 75 150 = ; 0 200 400 = 

) 
Fig. 25. The relationship between Cu concentration in brown rice and 0.05 M EDTA 

extractable Cu concentration. (a) NA (b) Lime (c) Compost

(c)

(0, 75, 150 = spiked 
Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg) ) (n = 
36) 
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 26 0.005 M DTPA (a) (b) 
(c) (0 75 150 = ; 0 200 400 = 

) 
Fig. 26. The relationship between Cu concentration in brown rice and 0.005 M DTPA 

extractable Cu concentration (a) NA (b) Lime (c) Compost

(b) 

(0, 75, 150 = spiked 
Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg) ) (n = 
36) 

(c)
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 27 0.01M CaCl2

Fig. 27. The relationship between Cu concentration in brown rice and 0.01 M CaCl

(a) (b) 
(c) (0 75 150 = ; 0 200 400 = 

) 

2

extractable Cu concentration (a) NA (b) Lime (c) Compost

(b) 

(0, 75, 150 = spiked 
Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg) ) (n 
= 36) 
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 28 0.05 M EDTA (a) 
(b) (c) (0 75 150 = ; 0 200 400 = 

) 
Fig. 28. The relationship between Cu concentration in Bok Coy and 0.05 M EDTA 

extractable Cu concentration. (a) NA (b) Lime (c) Compost

(b) 

(0, 75, 150 = 
spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration 
(mg/kg) ) (n = 36) 
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 29 0.05 M DTPA (a) 
(b) (c) (0 75 150 = ; 0 200 400 = 

) 
Fig. 29. The relationship between Cu concentration in Bok Coy and 0.005 M DTPA 

extractable Cu concentration. (a) NA (b) Lime (c) Compost

(b) 

(0, 75, 150 = 
spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration 
(mg/kg) ) (n = 36) 
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 30 0.01 M CaCl2

Fig. 30. The relationship between Cu concentration in Bok Coy and 0.01 M CaCl

(a) 
(b) (c) (0 75 150 = ; 0 200 400 = 

) 

2

extractable Cu concentration. (a) NA (b) Lime (c) Compost

(b) 

(0, 75, 150 = spiked 
Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration (mg/kg) ) (n 
=36) 
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 6.10 mg/kg 0.05 M EDTA 4.32 

mg/kg 0.005 M DTPA  0.62 mg/kg 0.01 M CaCl2  31 - 36

 38.4 - 170 mg/kg 0.05 M EDTA  31  34 31.7 - 69.9 mg/kg 0.005 M 

DTPA  32  35  0.214 - 73.0 mg/kg 0.01 M CaCl2 33  36 EDTA 

DTPA (Ure, 1995) 0.01 M CaCl2

McLaughlin et al., 2000( )

0.05 M EDTA 0.01 M CaCl2

0.05 M EDTA  0.826 NA

0.671 Lime  0.690 Compost p < 0.001  34 0.005 M DTPA  0.01 M 

CaCl

0.005 M DTPA 

 0.703 0.693  0.69 p < 0.001 31 - 34

2  35 - 36 r

 0.64  - 0.827 0.005 M DTPA p < 0.001  0.711 - 0.745 0.01 M CaCl2

p < 0.001 0.05 M EDTA 0.01 M CaCl2 0.005 M DTPA 

r
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 31 0.05 M EDTA (a) (b) 
(c) (0 75 150 = ; 0 200 400 = 

) 
Fig. 31. The relationship between Zn concentration in brown rice and 0.05 M EDTA 

extractable Zn concentration. (a) NA (b) Lime (c) Compost

(b) 

(0, 75, 150 = 
spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration 
(mg/kg) ) (n = 36) 
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Fig. 32. The relationship between Zn concentration in brown rice and 0.005 M DTPA 

extractable Zn concentration. (a) NA (b) Lime (c) Compost

(b) 

(0, 75, 150 = 
spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration 
(mg/kg) ) (n = 36) 
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 33 0.01 M CaCl2

Fig. 33. The relationship between Zn concentration in brown rice and 0.01 M CaCl
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Fig. 34. The relationship between Zn concentration in Bok Coy and 0.05 M EDTA 

extractable Zn concentration. (a) NA (b) Lime (c) Compost

(b) 

(0, 75, 150 = 
spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration 
(mg/kg) ) (n = 36) 
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r = 0.826 (p < 0.001)
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Fig. 35. The relationship between Zn concentration in Bok Coy and 0.005 M DTPA 

extractable Zn concentration. (a) NA (b) Lime (c) Compost

(b) 

(0, 75, 150 = 
spiked Cu concentration (mg/kg) ; 0, 200, 400 = spiked Zn concentration 
(mg/kg) ) (n = 36) 
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r = 0.643 (p < 0.001)
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Fig. 36. The relationship between Zn concentration in Bok Coy and 0.01 M CaCl
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Table 1.  The effect of Cu - Zn interaction on the height of rice  

Treatment NA Lime Compost 

Cu 0  Zn 0 104 ± 1  95.8 ± 4.7  106 ± 6  
 Zn 200 104 ± 3  94.0 ± 7.4  101 ± 6  

Zn 400 104 ± 8  98.1 ± 6.1  92.1 ± 8.8  
Cu 75 Zn 0 106 ± 6  105 ± 5  113 ± 4 
 Zn 200 96.6 ± 3.3  92.9 ± 7.6  93.4 ± 11.9  
 Zn 400 101 ± 3  97.6 ± 5.9  86.6 ± 12.6  
Cu 150 Zn 0 100 ± 6  98.0 ± 7.0  95.3 ± 9.6  
 Zn 200 98.8 ± 8.8  93.6 ± 4.4  86.4 ± 15.8  
 Zn 400 98.1 ±16.7  101 ± 11 63.1 ± 9.0
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150 
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg

Values represent mean ± standard deviation (n=4). Different letters within same 
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05. 

).
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Table 2.  The effect of Cu - Zn interaction on the tiller number of rice 

Treatment NA Lime Compost 

Cu 0  Zn 0 10.5 ± 2.5  10.5 ± 1.7  12.8 ± 1.0  
 Zn 200 10.3 ± 1.7 12.3 ± 2.2  8.25 ± 1.50  
 Zn 400 12.3 ± 1.0  11.5 ±1.9  11.5 ± 2.6  
Cu 75 Zn 0 11.8 ± 0.5  11.8 ± 1.0  10.8 ± 0.5  
 Zn 200 13.0 ± 0.8  12.5 ± 1.3  9.75 ± 3.77  
 Zn 400 13.8 ± 2.2  12.8 ± 1.0  6.00 ± 2.16  
Cu 150 Zn 0 12.0 ± 1.4  12.5 ± 1.3  8.50 ± 1.29  
 Zn 200 13.3 ± 1.5  11.8 ± 1.7  6.75 ± 2.63  
 Zn 400 12.0 ± 2.9  10.8 ± 1.5  4.75 ±3.10 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150 
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg

Values represent mean ± standard deviation (n=4). Different letters within same 
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05. 

).
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Table 3.  The effect of Cu - Zn interaction on the weight of rice shoot (g/pot
)

) 

Treatment NA Lime Compost 

Cu 0  Zn 0 27.5 ± 4.96  24.4 ± 3.77  36.8 ± 1.32  
 Zn 200 29.1 ± 7.11  24.9 ± 3.40  25.9 ± 9.57
 Zn400 28.5 ± 6.91  24.9 ± 5.10  20.7 ± 5.35 
Cu 75 Zn0 31.9 ± 4.59  29.0 ± 1.44  32.9 ± 4.06
 Zn 200 26.8 ± 2.05  28.9 ± 4.45 16.9 ± 4.95 
 Zn 400 26.5 ± 4.33  32.4 ± 3.06  10.8 ±5.86  
Cu 150 Zn 0 28.6 ± 1.10  23.1 ± 3.05  24.6 ± 5.36  
 Zn 200 24.4 ± 1.60  25.6 ± 4.97  11.5 ± 6.72  
 Zn 400 20.3 ± 2.81  21.4 ± 0.991 5.93 ±4.59 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150 
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg

Values represent mean ± standard deviation (n=4). Different letters within same 
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05. 

).
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Table 4.  The effect of Cu - Zn interaction on the weight of rice root (g/pot
)

) 

Treatment NA Lime Compost 

Cu 0  Zn 0 4.56 ± 1.11  4.77 ± 1.38  5.32 ±0.742  
 Zn 200 4.79 ± 1.56  6.35 ± 2.50  3.83 ±1.58  
 Zn 400 4.39 ± 0.694  4.60 ± 1.50  3.61 ±1.16  
Cu 75 Zn 0 6.57 ± 1.56  4.98 ± 0.248  4.41 ±0.761  
 Zn 200 5.02 ± 0.933  6.58 ± 1.46  2.73 ±1.44  
 Zn 400 4.22 ± 0.925  5.18 ± 1.47  1.41 ±0.758  
Cu 150 Zn 0 4.97 ± 0.798  4.95 ± 1.48  4.36 ±0.486  
 Zn 200 3.82 ± 0.900  5.00 ± 1.33  1.05 ±0.464  
 Zn 400 3.79 ± 0.949  2.89 ± 0.362  0.856 ±0.750  
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150 
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg

Values represent mean ± standard deviation (n=4). Different letters within same 
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05. 

).
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Spiked Cu and Zn concentration (mg kg-1)
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Fig. 2. Organic matter content (%) in different treatments 
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Table 5. The effect of Cu-Zn interaction on shoot Cu/ grain Cu in different treatments

Treatments Shoot Cu/grain Cu 

Cu Zn NA Lime Compost  
0 0 0.45  0.03 e# 0.65  0.17 e 0.59  0.16 b 
 200 0.533  0.07 de 0.83  0.15 de 0.72  0.20 b  
 400 0.75  0.08 de  0.99  0.38 cde 2.56  1.95 a 
75 0 1.46  0.66 abc 1.42  0.30 bcd 0.87  0.15 ab
 200 1.94  0.22 a 1.56  0.17 abc 2.10  0.09 ab
 400 1.14  0.24 bcd 1.38  0.33 bcd 0.96  0.24 ab  
150 0 1.78  0.11 a 2.20  0.21 a 1.63  0.51 ab
 200 1.76  0.11 ab 1.84  0.32 ab 1.6  0.65 ab
 400 1.07  0.19 cd 1.20  0.03 bcde 1.00  0.12 ab 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150 
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg

Values represent mean ± standard deviation (n=4). Different letters within same 
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05. 

).
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Table 6. The effect of Cu-Zn interaction on root Cu/ shoot Cu in different treatments

Treatments Root Cu/shoot Cu

Cu Zn NA Lime Compost 
0 0 3.95  0.51 bc# 2.71  0.45 d 4.01  1.88 d 
 200 3.73  0.25 bc 2.58  0.28 d 5.57  1.15 cd
 400 2.37  0.65 c 3.29  0.44 d 3.72  1.25 d 
75 0 3.92  1.37 bc 5.57  1.83 bcd 9.89  1.36 b 
 200 4.94  0.73 bc 6.38  0.87 bcd 6.85  1.15 bcd 
 400 5.67  0.77 bc 4.91  0.95 bcd 5.37  0.80 cd
150 0 6.54  1.98 ab 8.37  1.66 abc 17.4  3.18 a 
 200 6.67  1.49 ab 7.39  1.37 bc 8.57  2.32 bc 
 400 9.89  3.97 a 12.6  4.78 a 6.87  2.18 bcd 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150 
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg

Values represent mean ± standard deviation (n=4). Different letters within same 
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05. 

).
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Table 7. The effect of Cu - Zn interaction on shoot Zn/grain Zn in different treatments

Treatments Shoot Zn/ grain Zn 

Zn Cu NA Lime Compost 
0 0 0.86  0.15 c# 0.78  0.20 d 0.68  0.12 b 
 75 0.99  0.21 c 1.26  0.30 bcd 0.78  0.12 a 
 150 1.11  0.22 c 0.96  0.20 bcd 0.61  0.07 a 
200 0 1.68  0.17 c 0.94  0.21 cd 1.26  0.17 a 
 75 2.81  0.29 bc 1.00  0.36 bcd 0.74  0.10 a 
 150 2.63  0.33 bc 1.18  0.30 bcd 0.98  0.52 a 
400 0 4.29  1.78 ab 1.99  0.36 ab 1.56  0.38 a 
 75 4.24  1.09 ab 1.95  0.57 abc 1.65  1.02 a 
 150 5.53  2.36 a 2.45  0.90 a 0.75  0.32 a 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150 
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg

Values represent mean ± standard deviation (n=4). Different letters within same 
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05. 

).
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Table 8. The effect of Cu - Zn interaction on root Zn/ shoot Zn in different treatments

Treatments root Zn/shoot Zn 

Zn Cu NA Lime Compost 
0 0 1.73  0.42 cd# 1.45  0.44 c 2.53  0.33 bc 
 75 1.24  0.15 d 0.987  0.392 c 2.09  0.73 c 
 150 1.46  0.35 d 1.05  0.25 c 2.29  0.30 bc 
200 0 4.26  0.78 a 4.91  0.62 ab 3.60  0.85 bc 
 75 2.68  0.33 bcd 3.79  0.50 ab 4.94  0.23 bc 
 150 2.60  0.51 bcd 3.07  0.60 bc 3.87  0.59 bc 
400 0 3.24  1.02 ab 5.34  0.74 a 4.30  0.77 bc 
 75 3.13  0.72 abc 3.94  0.94 ab 5.06  2.94 b 
 150 2.18  0.67 bcd 4.56  2.07 ab 8.61  1.44 a 
§ NA = no amendment ; Lime = lime addition ; Compost = compost addition ; 0, 75, 150 
= spiked Cu concentration (mg/kg ) ; 0, 200, 400 = spiked Zn concentration (mg/kg

Values represent mean ± standard deviation (n=4). Different letters within same 
column are significantly different after ANOVA and Tukey’s HSD at p = 0.05. 

).
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 3  27 (a) Cu 0 + Zn 0 (b) Cu 75 +
Zn 0 (c) Cu 150 + Zn 0 (0, 75, 150 =  (mg/kg ) ; NA =

; Comp = ; Lime = ) 
Fig. 3-1. Pictures of Bok Coy in different treatments after 27 days (a) Cu 0 + Zn 0 (b) 

Cu 75 + Zn 0 (c) Cu 150 + Zn 0 (0, 75, 150 = spiked Cu concentration (mg/kg ) ;
NA = no amendment ; Comp = compost addition ; Lime = lime addition)

NA Comp Lime

NA Comp

NA Comp

Lime

Lime

(a) Cu 0 + Zn 0  

(b) Cu 75 + Zn 0  

(c) Cu 150 + Zn 0  
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 3-2  27  (d) Cu 0 + Zn 200 (e )Cu 75 
+ Zn200 (f) Cu 150 + Zn 200 (0. 75, 150 =  (mg/kg ) ; 0, 200, 400 
=  (mg/kg

Fig. 3-2. Pictures of Bok Coy in different treatments after 27 days (d) Cu 0 + Zn 200 (e)
Cu 75 + Zn200 (f) Cu 150 + Zn 200 (0, 75, 150 = spiked Cu 
concentration(mg/kg

) ; NA= ; Comp = ; Lime =
) 

) ; 0, 200, 400 = spiked Zn concentration (mg/kg ) ; NA = 
no amendment ; Comp = compost addition ; Lime = lime addition

NA Comp

NA Comp

NA Comp

Lime

Lime

Lime

(d) Cu 0 + Zn 200 

(e) Cu 75 + Zn 200 

(f) Cu 150 + Zn 200 
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 3-3  27  (g) Cu 0 + Zn 400 (h) Cu 75
+ Zn 400 (i) Cu 150 + Zn 400 (0. 75, 150 =  (mg/kg ) ; 0, 200, 400 
= (mg/kg

Fig. 3-3. Pictures of Bok Coy in different treatments after 27 days (g) Cu 0 + Zn 400 (h)
Cu 75 + Zn 400 (i) Cu 150 + Zn 400 (0, 75, 150 = spiked Cu concentration
(mg/kg

) ; NA = ; Comp = ; Lime =
) 

) ; 0, 200, 400 = spiked Zn concentration (mg/kg ) ; NA = no amendment ; 
Comp = compost addition ; Lime = lime addition

Lime

Lime

Lime

NA Comp

NA Comp

NA Comp

(g) Cu 0 + Zn 400  

(h) Cu 75 + Zn 400  

(i) Cu 150 + Zn 400  


