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Abstract The aim of the study was to evaluate the variation in the copper (Cu) 
accumulation in kale and two different Thai soil series (Korat and Nampong soil series) 
treated with swine manure, compost and vermicompost. Completely randomized design 
(CRD) experiment was conducted on the soil samples collected from Korat and Nampong 
soil series. Same amount of treatments namely swine manure, compost and vermicompost 
of 18.75 t/ha were applied in each experimental unit and harvested after 45 days. Results 
showed that the accumulation of Cu in roots and shoots were found higher in Nampong soil 
series than Korat soil series. The Cu accumulation in roots and shoots was highest when 
treated with swine manure. The Cu content in roots and shoots were 6.62 and 3.69 mgkg-1 
respectively. However, there was no significant difference in the Cu content when treated 
with compost and vermicompost. The Cu accumulation in Korat soil series was found 
higher than Nampong soil series at 6.29 and 6.19 mgkg-1 respectively when treated with 
swine manure. However, accumulation of Cu in Kale and soil depend on difference in soil 
texture and speciation of Cu in swine manure, compost and vermicompost. This is because 
Korat soil contains clay mineral which absorbs Cu whereas Nampong soil series is more of 
sandy which absorbs less Cu. 
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INTRODUCTION 

Fertilization of crops with swine manure is a common practice throughout the world. Due to the 
relatively high Cu contents in swine manure, continuous application of swine manure could have 
negative effects on soil and plant. Cu is nutrient for plant growth and development, Cu may 
become phytotoxic and cause metabolic disorders at high soil concentrations, and lead to a 
potential threat to human health through the food chain (Xu et al., 2013). The increase of Cu in 
human body causes some major diseases such as brain, skin, pancreas, and heart diseases (Nurdan 
and Okan, 2013). The bioavailability and toxicity of metals in soil can vary over several orders of 
magnitude depending on soil modifying factors. The effect of soil types on the bioavailability and 
toxicity of metals to soil organism has been studies (Olugbenga et al., 2010). Clay minerals are 
generally regarded as important natural ion exchange materials because they are generally coated 
with metal oxide and organic matter. Clay has small particle size and a large surface area per unit 
weight, these properties is believed to be a good adsorbent for heavy metal (Sajidu et al., 2006). 
Many researchers studied heavy metal uptake and transports within the plants and accumulation of 
Cu in soil. But the most of widely studies with different kind of plant, raw material and soils. 
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OBJECTIVE  

The aim of this study was to evaluate the accumulation of copper in kale planted in two different 
soil series (Korat and Nampong soil series) that treated with swine manure, compost and 
vermicompost. 

METHODOLOGY 

Soil Sample Collection and Preparation  

The soil used in this study came from Northeast of Thailand were collect from Korat and Nampong 
soil series. Soil was sample from 0-15 cm. depth, air-dried at ambient temperature and finally, 
sieved to < 2 mm. used for pot experiment and for measurement of the soil’s physical-chemical 
properties. 

Soil pH and electrical conductivity (EC) were measured in a 1:5 soil/water mixture, organic 
matter was determined by the Walkley-Black (Walkley and Black, 1965), particle-size distribution 
(clay, silt and sand content) was determined by Hydrometer method, cation exchange capacity 
(CEC) was measured by the ammonium acetate saturation method (Bremner, 1965) and determined 
of Cu in the soil extraction with DTPA measured by Atomic absorption spectrophotometer. 

Composting and Vermicomposting Preparation  

Compost and vermicompost were pepared with swine manure, cassava peel, rice husk ash and soil 
in propotion ration 2:6:1:1 and earthworm species (Eudrillus eugeniae) was introduced to the 
substrate for vermicomposting with the moisture content 80 to 90%. After 60 days separate 
earthworm and air-dried at ambient temperature for compost and vermicompost, finally sieved to < 
2 mm. used for pot experiment and for measurement chemical properties. 

Analysis chemical property of compost and vermicompost; pH and electrical conductivity (EC) 
were measured in a 1:10 mixture with water, organic matter was determined by the Walkley-Black 
(Walkley and Black, 1965), Total nitrogen was determined by the Kejldahl method, Total phosphorus, 
Potassium and Cu digested with mixture of HNO3: HClO4 (1:1) followed by standard method 
(AOAC, 2000). 

The sequential extraction of speciation of Cu in swine manure, compost and vermicompost 
following five fraction were  exchangeable, bound of carbonate, bound of iron and manganese 
oxide, bound of organic matter and residual (Tessier, 1979). 

Pot Experiment 

Plastic pots were filled with 1 kg of air-dried soil sieved to <2 mm. (Ruiz et al., 2009) Four 
different experiment series were; control soil without swine manure, compost and vermicompost, 
soil with swine manure, soil with compost and soil with vermicompost under Korat and Nampong 
soil series. Each series consisted of three replicate in CRD experiment. 

Kale (Brassica alboglabra) seed were sown 10 seeds per pot. After 10 days subsequently 
reduced to 3 seeds per pot. Same amount of treatments namely swine manure, compost and 
vermicompost of 18.75 t/ha were applied in each experimental unit and harvested after 45 days. 
Plant shoots and root were thoroughly washed with de-ionize water, weighed, stored at 75 ºC, 
finely ground to fine powder and sealed in plastic bags for subsequent Cu analysis. The dry plants 
were digested using mixture of HNO3: HClO4 (1:1) followed by standard method (AOAC, 2000) 
The total metal accumulation rate (TMAR) in K ale was calculate using the following equation. 

 
TMAR = [(Mroot x DWroot) + (Mshoot x DWshoot)] / (DWroot + DWshoot) 
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Where Mshoot and Mroot represent the total Cu concentration in Kale shoot and root (mgkg-1), 
respectively, while DWroot and DWshoot represent the weight of Kale roots and shoots (g.) respectively. 
(Ruiz et al., 2009). 

Statistical Analysis  

The Statistic 10 software (version 10, USA) was used to analyze the data including the analysis of 
variance (One Way ANOVA). Treatment means were compared using least significance difference (LSD) 
at P< 0.05. 

RESULTS AND DISCUSSION 

Material Characterization 

The main physical-chemical property of the soil (Korat and Nampong soil series) were analyzed 
and classified as loam and loamy sand include clay content at 16.61 and 6.46% respectively (Table 
1).  

Table 1 Physical-chemical property of the soil used for experiment 

Soil properties Korat soil series Nampong soil series 
1. pH (1:5) 6.42 6.79 
2. EC (1:5; ds/m) 0.04 0.03 
3. CEC (cmol/kg) 7.93 3.38 
4. Organic Matter (%) 1.59 0.97 
5. Total Nitrogen (%) 0.08 0.03 
6. Available Phosphate (%) 49 53 
7. Exchangeable Potash (%) 33 29 
8. Copper (Cu; mg/kg) 0.83 0.26 
9. Texture Loam Loamy sand 
     Sand (%) 50.94 78.87 
     Silt (%) 32.45 14.67 
     Clay (%) 16.61 6.46 

Table 2 Chemical-property of the swine manure, compost and vermicomost  
used for experiment 

Property Swine manure Compost Vermicompost 
1. pH (1:10) 7.4 7.94 7.46 
2. EC (1:10; ds/m) 2.2 1.013 1.223 
3. Total Nitrogen (%) 2.3 0.63 0.54 
4. Total Phosphate (%) 9.4 1.10 1.32 
5. Total Potash (%) 1.3 0.78 1.00 
6. Organic Matter (%) 52.7 19.8    15.9 
7. Copper (Cu; mg/kg) 731.7 175.5            209.1 

The swine manure, compost and vermicomost used for experiment were analyzed chemical 
properties (Table 2). Contamination of Cu in swine manure has been found in high concentration 
because Cu is added to feed additive for pig growth promoting. 

Speciation of Cu in swine manure, compost and vermicompost as show in Fig. 1, the swine 
manure has high concentration of Cu in exchangeable fraction. But compost and vermicomposting 
process cloud reduced the exchangeable form and changed to bound of organic matter. 
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Fig. 1 Speciation of Cu in swine manure, compost and vermicompost 

Effect of Swine Manure, Compost and Vermicompost on Accumulation of Cu in Kale and Soils 

The total metal accumulation rate (TMAR), shoot and root Cu concentration for Kale are presented 
in Table 3. The result show that the treatment with swine manure significantly increased the TMAR 
of Cu. This is a direct consequence of the observed increase in the Cu root concentration (Ruiz et 
al.,2009). The accumulation of Cu in roots and shoots were found higher in Korat soil series than 
Nampong soil series. The Cu accumulation in roots and shoots was highest when treated with 
swine manure. The Cu content in roots and shoots were 6.62 and 3.69 mg/kg respectively. 
However there was no significant difference in the Cu content when treated with compost and 
vermicompost. The accumulation of metal concentration in root and shoot was only observed for 
the most mobile metal. The nutrients with lower mobility are mainly accumulated in the roots, 
while those with relatively higher mobility are accumulated in the shoots to greater extent 
(Materechera, 2002). From the roots, transition metals are mainly transported to the shoot via the 
xylem. Chelation of metals with certain intracellular chelators, e.g. histidine, nicotianamide and 
citrate, appears as a key process that protes root-to-shoot mobility of a metal via xylem transport 
(Clemens et al., 2002). 

Table 3 Effect of swine manure, compost and vermicompost on shoots, root and  
total accumulation of Cu (mgkg-1) in Kale 
Treatment Korat soil series Nampong soil series 

shoot root TMAR shoot root TMAR 
Soil (control) n.d. 0.03b 0.00b n.d. 0.03b 0.00b 
Soil + swine manure 2.61 4.49a 2.67a 3.69 6.62a 3.80a 
Soil + compost n.d. 0.40b 0.01b n.d. 1.37b 0.03b 
Soil + vermicompost n.d. 0.47b 0.02b n.d. 1.50b 0.03b 
F valure - ** ** - ** ** 

Values in same letters in the columns are not significantly different (LSD test, p< 0.01), n.d.: Not detect 

Table 4 Effect of swine manure, compost and vermicompost accumulation of  
Cu (mgkg-1) in soil 

Treatment Korat soil series Nampong soil series 
Soil (control) 0.59b 0.11c 
Soil + swine manure 6.29a 6.19a 
Soil + compost 1.90b 1.64b 
Soil + vermicompost 1.91b 1.70b 
F valure ** ** 

Values in same letters in the columns are not significantly different (LSD test, p< 0.01) 

Table 4 showed the Cu accumulation in Korat soil series was found higher than Nampong soil 
series at 6.29 and 6.19 mg/kg respectively when treated with swine manure. But there was no 
significant difference in the Cu content when treated with compost and vermicompost. This is 
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because Korat soil contains clay mineral which absorbs Cu whereas Nampong soil series is more of 
sandy which absorbs less Cu. Clay is a potentially good adsorptive material because of its large 
surface area, high cation exchange capacity, chemical and mechanical stability, and layered structure 
(Nurdan and Okan, 2013). 

CONCLUSION 

Swine manure has a significant influence on the amount of Cu accumulation in root and shoot 
uptake by kale. The most of Cu in swine manure included exchangeable form and organic matter 
compound. Exchangeable form is availability of Cu and organic matter compound e.g. histidine, 
nicotianamide and citrate, appears as a key process that promotes root-to-shoot mobility of a metal 
via xylem transport. Therefore, accumulation of Cu high concentration in root and shoot when treat 
with swine manure However, accumulation of Cu in Kale and soil depend on kind difference of 
soil and texture. This is clay mineral cloud absorption heavy metal. Therefore Korat soil series 
contains clay mineral which absorbs Cu whereas Nampong soil series is more of sandy which 
absorbs less Cu. 
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