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Abstract - Residual peat land sites are of great biological interest and the risk of mobilization of high amounts of metallic 
trace micronutrients should be assessed. For this, soil incubations under controlled conditions have been carried out, in order 
to quantify two chemical fractions of four essential metallic trace elements in relation to the addition of calcitic limestone. 
Surface soil samples (mineral layers rich in organic matter) were collected from the Lamèque-Portage residual peatland site 
in New Brunswick (Canada). Several portions (200 g) of soil amended with three rates of calcitic limestone (0 g, 10.87 g and 
14.5g) were incubated in a temperature-controlled growth chamber (25°C) for 0 to 150 days. Each treatment was replicated 
two times. After each incubation time, soil samples were air-dried and analyzed for pH. A two-step sequential extraction was 
applied to soil samples for the determination of "exchangeable" (readily labile) and "carbonate-bound" (moderately labile) 
metallic micronutrients (Cu, Fe, Mn and Zn). Analysis of the extracts was carried out by flame atomic absorption 
spectrometry. The results showed that the effect of limestone on the labile forms of metallic micronutrients is time-
dependent. In general, there was a highly significant effect (P<0.001) of limestone application rate on labile forms of 
metallic micronutrients. Application of calcitic limestone, irrespective of the rate used, markedly reduced the labile forms of 
metallic micronutrients compared to the control. The content of labile Cd and Pb in limed soil was very low. These results 
may have practical implications in phytomanagement of residual peat land sites for bioenergy plant production.  
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I. INTRODUCTION 
 
Remediation of acid residual peat with the underlying 
acid mineral soil is necessary to make the land 
resource available for bioenergy plant production. 
Liming technique is frequently listed among the best 
technology for remediation of acid degraded sites [1]-
[4]. The primary objective of liming acid organic 
soils for bioenergy plant production is to reduce the 
concentrations of metallic trace micronutrients or 
heavy metals which are soluble and phytotoxic in 
acid soils [4], [5]. Liming increases response of plants 
to added fertilizers by improving the uptake of 
nutrients by plants. It reduces aluminum toxicity and 
stimulates microbial activity [6], which can increase 
the availability of essential nutrients [4], [7], [8]. 
Generally, plants are healthier and their root system 
better developed on limed soils [9]. Liming has 
beneficial effects on the humificationof peat. It tends 
to increase hygroscopic humidity, soil density, ash, 
CEC and solubility in pyrophosphate solution and to 
decrease C and the C/N ratio of organic soils [10]. It 
also provides optimal conditions for microbial 
activity, which increases the rate of organicmatter 
decomposition [11]-[13] and the release of nutrients 
such as nitrogen (N), phosphorus (P), sulfur (S) and 
some trace metals [14]. 
 
There is little information on the effect of calcitic 
limestone on the lability of metallic trace elements in 
residual peat soils of New-Brunswick (Canada). At 
high concentration, the soluble and exchangeable 
forms of metallic micronutrients may pose a threat to 
the environment because they are readily mobile and 

phytoavailable. The aim of this study is to determine 
the effect of calcitic limestone on the availability of 
copper (Cu), iron (Fe), manganese (Mn) and zinc 
(Zn) in a residual peat soil from New-Brunswick. 
 
II. DETAILS EXPERIMENTAL  
 
2.1. Materials and Procedures 
Surface soil samples (mineral layers rich in OM) 
were collected at different locations from the 
Lamèque-Portage residual peatland site in New 
Brunswick (Canada) (Peatland no 580; 47°49'51.80" 
N, 64°37'36.32" W). Soil samples were air-dried in 
the laboratory, sieved to pass through a 2 mm mesh 
and characterized by standard methods [15]. The 
main chemical properties of the soil are: pH (in 
water): total organic matter (OM): 10.8%; 
exchangeable acidity: 5 cmol/kg; pH (in water): 3.90; 
electrical conductivity of the aqueous soil extract: 
110 μS/cm, Al-Mehlich3: 1183 mg/kg; Exchangeable 
Ca: 74 mg/kg; Exchangeable Mg: 54 mg/kg; 
Exchangeable Cu: 1.2 mg/kg; Exchangeable Fe: 4.9 
mg/kg; Mn exchangeable: 20.3 mg/kg; Zn 
exchangeable: 2.7 mg/kg. The liming material used 
was a calcitic limestone having the following 
characteristics: neutralizing value: 93%; CaCO3: 
93%; CaO: 52%; total Al (637 mg/kg); Cd (< 1.0 
mg/kg); total Cu (< 10 mg/kg); total Fe: 1280 mg/kg; 
total Pb: 40 mg/kg; total Mg: 963 mg/kg; total K: 163 
mg/kg; total Zn: 49 mg/kg. Calcitic limestone 
consists mainly of the mineral calcite, CaCO3. 
Several portions (200 g) of soil were introduced into 
plastic pots (Ø = 140 mm, height = 108 mm) and then 
amended with three doses of calcitic limestone (CC): 
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0 g (D0), 10.87 g (D1) and 14.5g (D2). These rates 
represent 0, 27.2 g and 36.2 g CC/kg soil, 
respectively. The pots were incubated in a 
temperature-controlled growth chamber (25°C) for 0 
to 150 days. Two repetitions were made by mixing 
soil (soil alone and soil + calcitic limestone).  
After each incubation time, soil samples were air-
dried, and analyzed for pH (in water) and fractionated 
sequentially into two fractions: (i) "exchangeable" (1 
M MgNO3)2, pH 7.0) [16] and (ii) "specifically 
adsorbed on carbonates or carbonate-bound" (1 M 
CH3COONa, pH 5.0) [17]. After each extraction, 
liquid-solid separation was performed by 
centrifugation (5000 rpm) for 15 min. The 
supernatant was filtered through Whatman no 42 
filter paper and analyzed for Cu, Fe, Mn, Zn, Pb and 
Cd by flame atomic absorption spectrophotometer 
(AAS) (Perkin Elmer AAnalyst 200). Lead and Cd in 
all aqueous suspensions of soil samples amended 
with limestone were below detection 
limits.Hereinafter, soil fractions "exchangeable" and 
"carbonate-bound" are referred as: MeL (readily 
labile) and MeML (moderately labile), respectively, 
where Me = Cu, Fe, Mn or Zn. Metallic 
micronutrients in the exchangeable fraction (MeL) are 
considered the most mobile and potentially 
phytoavailable forms present in soils, followed by the 
carbonate phase (MeML) [18]. Total labile fractions of 
metallic micronutrients (MeTL) = MeL + MeML. 
 
2.2. Statistical Analysis 
All the generated data were subjected to one-way 
analysis of variance (ANOVA) using Statistix 
software (Analytical Software, Statistix version 9.0, 
User's manual, Tallahassee, Florida, 2008) and the 
least significant difference between means (LSD) 
used to separate the treatment means at statistical 
significance level of P≤0.05. Pearson correlation 
coefficients, denoted r, were calculated using the 
Statistix software to evaluate the linear relationships 
between the variables. 
 
III. RESULTS AND DISCUSSION 
 
The mean values of labile forms of Cu, Fe, Mn and 
Zn in the soil were variable (Fig. 1). Of the four 
metallic trace elements, the amount of labile Fe was 
the highest, followed by Mn, Zn and Cu (control). 
The content of labile Cd and Pb in all limed soil 
samples was very low (values below the limit of 
detection for the AAS) (data not shown). 
At t = 0 d, the amounts of MeTL in limed soils were 
lower than those in soil without amendment (control). 
The average amounts (mg/kg) of MeTL in order of 
increasing abundance were:  D2 (1.47) ˂ D1 (1.67) ˂ 
D0 (1.69) for Cu; D2 (14.3) ˂ D1 (15.5) ˂ D0 (29.7) 
for Fe; D2 (16.9) ˂ D1 (20.4) ˂ D0 (25.6) for Mn; D2 
(1.66) ˂ D1 (1.14) ˂ D0 (2.75) for Zn.  
At t = 150 d, the same trend has been observed. The 
average amounts (mg/kg) of MeL and MeML 

decreased with increasing calcitic limestone rates in 
the following order (mg metal/kg soil): D0 > (1,25) > 
D1 (1,15) > D2 (1,09) for CuL and D0 (0,60) > D1 
and D2 (0.57) for CuML; D0 (0.5) > D1 (0.73) > D2 
(0.69) for FeLand D0 (23.4) > D1 (20.0) > D2 (15.0) 
for FeML; D0 (18.9) > D1 (11.9) > D2 (8.1) for MnL 
and D0 (4.49) > D1 (3.67) > D2 (2.7) for MnML; D0 
(2.15) > D1 (0.92) > D2 (0.85) for ZnL and D0 (15.0) 
> D1 (13.0) > D2 (11.0) for ZnML.  
Overall treatments, the average amounts (mg/kg) of 
MeTL in order of increasing abundance were: D2 
(1.66) ˂ D1 (1.72) ˂ D0 (1.85) for Cu; D2 (16.1) ˂ 
D1 (20.7) ˂ D0 (28.6) for Fe; D2 (11.0) ˂ D1 (16.0) 
˂ D0 (23.0) for Mn; D2 (0.95) ˂ D1 (1.04) ˂ D0 
(2.30) for Zn. Figure 1 shows that the application of 
calcitic limestone reduced the availability of metallic 
micronutrients in the acidic soil, in  agreement with  
the  results reported by other authors [19], [20]. 

 
Fig. 1: Effect of calcitic limestone doses (D0, D1 and D2) on soil 
labile fraction of metallic trace elements (MeTL) after 150 days 

of incubation. D0, D1 and D2 = 0, 27.2 and 36.2 g/kg, 
respectively. 

 
According to the ANOVA, there was a highly 
significant effect (P<0.001) of limestone application 
rate on labile fractions of all metals (MeL and MeML) 
except ZnML (Table 1).  
 
Table 1:Analysis of variance (ANOVA) for the effect of calcitic 
limestone doses (D) and incubation time (t) on labile forms of 
four metallic micronutrients in the soil (***:  significant at the 

0.001 level). 

 
 
There was a significant interaction between limestone 
doses and incubation time on FeL, FeML, MnL, MnML, 

 
Soil metal Limestone Incubation Interaction 
fraction doses  time                
 (D)  (t) (D x t) 

 (d.f.=2)  (d.f.=7) (d.f.=14) 
_________________________________________ 
 
FeL 14640*** 16.92***  20.26*** 
FeML 464*** 43.19**  17.89*** 
CuL 12***  2.09ns  1.05ns  
CuML 13*** 1.93ns  1.0ns  
MnL 1367*** 192.7***  51.2***     
MnML 52*** 210.9***  47.2*** 
ZnL 1617*** 125.7*** 56.7*** 
ZnML 399ns 0.88ns 2.62ns 
_________________________________________ 
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ZnL. The effect of limestone on labile forms of 
metallic micronutrients (except CuL, CuML and ZnML) 
is dependent on the reaction time of the limestone 
with the metal ions, as indicated by the significant F 
values for t (incubation time) and D x t (interaction) 
(Table 1). However, limestone doses had a 
predominant effect (higher F value) on MeL and 
MeML.   
 
These results highlight the role of CaCO3 in reducing 
soil labile metal levels [19], [21].When liming 
material containing Ca and Mg compounds is added 
to the soil, Ca2+ and Mg2+ ions replace the hydrogen 
and other cations retained on soil exchange sites by 
relatively weak (electrostatic) forces of attraction 
[22].  
There were negatively correlations between soil pH 
and readily labile metallic trace elements: CuL (r = -
0.461, P˂0.01), FeL (r = -0.892, P˂0.001), MnL (r = -
0.711, P˂0.001) andZnL (r = -0.753, P˂0.001). Only 
moderately labile forms of Fe and Mn are negatively 
correlated with soil pH :FeML (r = -0.615, P˂0.001); 
MnML (r = -0.534, P˂0.001). These results support the 
fact that there is a strong link between soil pH and the 
availability of metallic trace elements in the soil 
liquid phase[4], [23]. 
 Lime/limestone (CaCO3), by increasing the pH of the 
soil, can promote the formation of metal precipitates 
with little or no solubility [1], [24], [25] and therefore 
not very extractable by means of chemical reagents. 
The rise of soil pH over time, due to the dissolution 
of CaCO3 and the formation of OH- ions, contributes 
to the formation of metal hydroxide solid species 
[26], [27]. It has been shown that lime applied as a 
single amendment significantly decreased the heavy 
metal lability in soils [28]. Shuman [29] also 
observed a reduction in the available forms of Fe 
following the addition of calcitic limestone and 
different magnesium materials on an agricultural soil. 
As reported by [30], the addition of liming materials 
to a soil contaminated by pyrite waste could involve 
the formation of insoluble metal hydroxides or 
carbonates. 
 
CONCLUSIONS 
 
Liming degraded soil has a significant effect on the 
contents of copper, iron, manganese and zinc in easily 
labile and moderately labile forms. The addition of 
calcitic limestone markedly reduces the heavy metal 
lability in the residual peat soil. There is a strong 
relationship between the pH of the residual peat soil 
and the labile forms of metallic micronutrients in the 
residual peat soil. 
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