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Abstract 
The use of biochar as a soil amendment is being promoted due to its ability for long term improvement 
in soil physical and chemical properties. The aim of this work was to study the effect of biochar on the 
N mineralization dynamics of an agricultural soil amended with sheep manure. A soil incubation 
experiment was performed using 40 g of soil in 100 ml containers at 25 ºC and 30% of its water 
holding capacity during 15 days. Changes in the mineral N forms (NO3

- and NH4
+) were determined 

after 2, 7 and 15 days of incubation. The results showed an interference of biochar in the soil nitrogen 
mineralization dynamics, in particular a significant impact was observed in soil ammonification. The 
amount of NH4

+-N generated from the mineralization of the organic amendment significantly 
decreased in the presence of biochar. This effect may be due to the sorption of the nutrients and 
organic matter onto the biochar surface, limiting the mineralisation rate of the organic amendment. 
 
Introduction  

Biochar is a carbonaceous product obtained by pyrolysis of organic materials. Nowadays, the 
pyrolysis process and biochar are being studied as a treatment technology to convert organic wastes 
and by-products into organics amendments to be recycled in agriculture. The use of biochar is inspired 
in terra preta de indio (Amazonian black earths) from the pre-Columbian civilization times, which 
were characterised by a remarkable soil fertility [1]. In 1697 there were other references to its use in 
agricultural soils of Asia, but this practice was forgotten until the XIX century, when some scientists 
wrote about the benefits of biochar [2]. At present time, scientists around the world have paid attention 
to biochar mainly due to two reasons. Firstly, the potential impact on climate change as a consequence 
of the production of renewable energy from the pyrolysis and the increase of soil C pools after biochar 
application [3,4]. Secondly, an enhancement of soil fertility as observed in many studies evaluating the 
improvements in the quality of agricultural soils or the increments in crop yields with the use of 
biochar [2, 5-7].  
Despite the potential benefits of biochar in soil, the influence of biochar in physicochemical and 
biological properties of soil is still under evaluation. The physicochemical characteristics of biochar 
make this material interesting as organic amendment due to its ability for long term improvement of 
the physical and chemical properties of soil [2]. Several authors have reported that biochar changes the 
soil pH values, water-holding capacity, organic carbon, cation exchange capacity (CEC) and 
absorption of organic compounds, and also the bacterial community [2, 5, 8]. Hence, it is necessary to 
study the changes in the nutrients cycling when biochar is incorporated to soil.  
The aim of this work was to study the effect of biochar on the N mineralization dynamics of an 
agricultural soil amended with sheep manure. The changes in the soil NH4

- -N and NO3
- -N were 

evaluated in order to understand the impact of biochar on the degradation of the organic amendment 
and the availability of mineral N in soil.  
 

Material and Methods  
Materials: Experimental soils, biochar and manure 
An agricultural soil from an organic olive orchard in Murcia Region (SE Spain) was used for the 
incubation experiment. The soil is characterised as a loam-sandy coarse texture and basic pH (Table 
1). The biochar was produced from holm oak and fruit trees by slow pyrolysis at 600ºC. Sheep manure 
was used as organic amendment. 
 
 
 



Characterization of amendments  
The pH and EC of the biochar and mature was measured in aqueous extract of biochar to deionized 
water, mass ratio 1:20 (w:v) [9] and 1:10 (w:v), respectively, by shaking two hours and then filtered 
before measurement with a pHmeter and a conductimeter. Ash content of samples was determined 
after 6 hours in the oven at 550ºC. Total C (CT) and N (NT) were analysed by an elemental analyser.  
Inorganic elements (P, K, Ca, Mg, Na, S, Fe, Cu, Mn, Zn, Mo, B, Cd, Cr, Ni, Pb) were determined by 
acid digestion of the samples followed by ICP-OES analysis. 
 
Table 1: Basic properties of loam-sandy coarse soil used in this study. 

Sand (%) Silt (%) Clay (%) pH EC (dS/m) CaCO3 (g/kg) C org (g/kg) NT (g/kg) 
52 21 27 8.0 0.199 415 10.4 1.0 

EC: Electrical conductivity; C org: Organic carbon; NT: total nitrogen. 
 
Soil incubation 
A soil incubation experiment was performed with the following treatments: (S) control soil with no 
added organic material; (S+B 2%) soil with biochar 2%; (S+B+M 1%) soil with biochar 1% and 
manure 1%; (S+M 1%) soil with manure 1% and (S+M 2%) soil with manure 2%. All percentages 
expressed on dry weight basis. The soil was preincubated at 25 ºC during 7 days. 40 g (oven dried 
basis) of soil was incubated in triplicate for each treatment in 100 ml glass containers at 25 °C and 
30% of its water holding capacity (WHC) during 15 days in aerobic conditions. Soil was preincubated 
in the same conditions prior to the incubation for 7 days. Moisture levels in the containers were 
checked three times a week by weight loss measurements, and deionised water was added when 
necessary to maintain constant moisture. 
 
Ammonium and nitrate extracts 
Three parallel incubations were set out for destructive sampling after 2, 7 and 15 days, with the aim of 
measuring the extractable NO3

- and NH4
+.  

Ammonium was extracted with 2M KCl using a 1:10 (w/v) ratio by shaking two hours and then 
filtered through 0.45µm membrane filters before analysis by a modified colorimetric method based on 
Berthelot´s reaction [10]. 
Nitrate was extracted with deionized water using a 1:10 (w/v) ratio by shaking two hours and then 
filtered through 0.45 µm membrane filters before analysis by ion chromatograph (HPLC).  

 

Table 2: Properties and elemental composition of amendments used in this study. 

Proximate analysis 
 Moisture (%) pH EC (dS m-1) Ash (%) OM (%)  

Manure <1 9.05 3.89 54.4 45.6 

Biochar 7.28 9.39 0.449 12.9 87.1 

Ultimate analysis 

 CT (%) NT (%) P 
(g/kg) 

K 
(g/kg) 

Ca 
(g/kg) 

Mg 
(g/kg) 

Na 
(g/kg) 

S 
(g/kg) 

Fe 
(mg/kg) 

Manure 19.6 1.98 8.4 15.98 86.6 26.2 2.5 0.8 4589 

Biochar 65.3 0.62 1.9 6.30 35.7 2.3 0.2 0.5 507 

 Cu 
(mg/kg) 

Mn 
(mg/kg) 

Zn 
(mg/kg) 

Mo 
(mg/kg) 

B 
(mg/kg) 

Cd 
(mg/kg) 

Cr 
(mg/kg) 

Ni 
(mg/kg) 

Pb 
(mg/kg) 

Manure 345 525 777 4.4 44 <0.1 21 12 12 

Biochar 9.3 433 28 <0.5 15 <0.1 3 8 1 

Data are expressed on a dry matter basis. 
EC: Electrical conductivity; OM: Organic matter; CT: total carbon; NT: total nitrogen;  



Data and statistical analysis 
The soil incubations were conducted with three replicates. Chemical analyses of biochar and sheep 
manure were performed in duplicate. The data collected were analysed statistically using SPSS 20.0 
software. One-way ANOVA and test Tukey-B were used to compare the means of the treatments, and 
the statistical level of significance was chosen at P<0.05. 
 
Results 
Characterisation of amendments 
Both amendments are characterised (Table 2) by high levels of pH (9.05 and 9.39 for manure and 
biochar respectively). Biochar had higher total carbon concentration and a lower total nitrogen 
concentration than the manure. Biochar was characterised by a lower potentially toxic heavy metal 
content than the sheep manure. 

A 

B 

Figure 1: N dynamic in the soil during the incubation at the day 2, 7 and 15 for with the following 
five treatments: S (soil control); S+B (2%) S+M+B (1%); S+M (1%); and S+M (2%). On top of 
the bar refer to the variability, which has been expressed as the standard deviation. A, amount of µg 
NH4

+-N g-1 soil. B, µg NO3
-N g-1 soil.  



N mineralisation dynamics in amended soils  
The soil nitrogen mineralization dynamics was affected differently by each amendment. (Figure 1). 
Mainly, the addition of sheep manure caused a significant increase in extractable NH4

+-N, that was 
already evident at day 2, and increased even more at day 7. The increase in the ammonium 
concentration during the first week was due to the mineralization of the organic matter.  
At the end of incubation all treatments showed a significant decrease as a consequence of the 
nitrification process. However, the treatment with biochar, S+B (2%), did not statistically differ from 
the control soil. This is probably a result of the high levels of recalcitrant carbon in biochar, which 
mineralises slowly in soil. An interesting finding was the significant impact observed in the treatments 
prepared with manure and biochar (S+B+M 1%). A reduction of the amount of NH4

+-N was observed 
after 2 and 7 days of incubation in the treatment prepared with 1% sheep manure and 1% biochar 
compared to the treatment prepared only with 1% sheep manure.  
The lower availability of mineral N in the treatment containing biochar also reduced the conversion of 
NH4

+-N to NO3
--N in the treatment with biochar (34.61 µg NO3

--N g-1 soil at the end of the 
incubation), compared to the treatment without biochar (44.29 µg NO3

--N g-1 soil). 
 
Conclusion and perspectives 
From an agricultural point of view, biochar decreased the availability of soil mineral N as a 
consequence of a low mineralisation rate of the amendment, preventing the risk of NO3

--N lixiviation 
to groundwater when using N-rich organic amendments.  
A series of pot experiments are already ongoing to evaluate the changes in the agronomic value of the 
biochar amended soil. 
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