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ABSTRACT 
 

Charcoal  produced from plant matter and stored in the soil as a means of removing carbon dioxide 
from the atmosphere. The purpose of this research was to study the impact of biochar application 
on soil pH and chemical properties in both acidic and neutral soils. Three types of biochar were 
used in a greenhouse experiment: 1) red gram straw biochar produced at 400°C, 2) pongamia fruit 
husk biochar produced at 500°C, 3) Calophyllum fruit husk biochar produced at 500°C, and a 
control in which neither of the biochar was used. Each treatment was applied with four levels of 
4t/ha,8t/ha.12t/ha and 16t/ha biochars. Each treatment was replicated five times and whole 
experiment set up was done in factorial CRD (Completely randomised design). Two-way ANOVA 
was also used to analyze the impact of the biochars on soil acidity and other chemical properties. 
The results showed the application of biochar increased the soil pH in both soils. The increase in 
pH was more noticeable in acidic soil. In acidic soil calophyllum fruit husk biochar produced at 500 
°C applied at 16t/ha showed highest pH at all intervals except at 120 days. The increase in pH in 
neutral soil doesn’t show any particular pattern throughout the incubation period. In acidic soil 
exchangeable bases such as Ca, Mg, K and Na were highest in red gram straw produced at 400°C. 
In both acidic and neutral soils, there was no definite trend in micronutrient contents such as 
extractible Mn, Fe, Zn, and Cu. The incorporation of biochar can cause beneficial changes in soil 
chemical properties and improve the bioavailability of plant essential nutrients. 
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1. INTRODUCTION  
 

Low soil fertility and limited availability to fertiliser 
inputs are common issues affecting agricultural 
production in arid and semi-arid regions of India. 
Organic and inorganic fertilisers have been used 
successfully to sustain soil fertility and crop 
productivity [1]. However, the use of organic 
manures contributes to global warming because 
of their rapid decomposition and release of 
greenhouse gases at high temperatures [2]. 
Furthermore, the benefits of using organic 
manures are fleeting and often prohibitively 
expensive for regular application. The use of 
recalcitrant organic material such as biochar 
could be an alternative to enhance soil fertility 
and improve crop production in such regions [3-
6]. Alternative liming agents with multiple 
benefits, such as pyrolytic biochars, which 
improve soil fertility and store carbon in the soil, 
are gaining popularity [7], (Nguyen & Lehmann 
2009) [8]. Liming has been shown to have a 
synergistic effect with nutrients applied (via 
fertilisers) in increasing plant nutrient uptake 
(Chintala et al., 2012b). 
 

The thermal conversion of biomass (pyrolysis) in 
a low or no oxygen environment produces high 
carbonaceous biochar or charcoal with varying 
properties [9]. Biochars are highly recalcitrant 
[10,11] and can influence soil pH [12]. It was 
discovered that applying biochars to acidic soil 
increases nutrient sorption capacity [13] while 
decreasing exchangeable acidity (Van Zwieten et 
al., 2009). Several studies have already 
observed the beneficial effects of biochar on soil 
quality and fertility parameters. Several 
incubation and greenhouse studies have 
demonstrated that biochar application has the 
potential to improve soil chemical [14] and 
physical [15] properties. The use of biochar 
greatly improved nutrient use efficiency as well 
as the C content of and had an effect on the 
chemical properties of the soil as well. Both 
exchangeable K and soil pH increased in tandem 
with coffee husk biochar content. The biochar 
treatment had a much higher efficiency of P 
fertilisation [16]. The highest soil organic carbon, 
available phosphorus potassium was found 
significantly higher in the higher doses of the 
biochars applied [17]. However, the effects vary 
depending on the feedstock, pyrolysis conditions 
such as temperature and residence time, soil 
type, and environment [18]. So, before applying 
biochar as a soil amendment technique, it is 

necessary to analyse its composition and liming 
potential. 

 
2. MATERIALS AND METHODS 
 
An incubation study was carried out  separately 
in two different soils i.e., acidic (pH 5.6) and 
neutral (pH7.2) to determine the dissolution and 
release of nutrients from biochar. Three types of 
biochars such as red gram straw biochar 
produced at 400 degree celcius ,pongamia fruit 
husk biochar produced at 500°C and 
Calophyllum fruit husk biochar produced at 
500°C. Each biochar were applied at four 
different levels such as 4t/ha,8t/ha,12t/ha and 
16t/ha. One kilogram of various soils was placed 
in a separate polybag with the graded level of 
biochar and incubated at field capacity for 150 
days. The incubation study was carried out for 
150 days until the chemical properties                
of soil-amendment mixtures reached a steady 
state. 

 
These soil samples were ground after air-drying, 
so that they could pass through a 2-mm sieve. 
The experiment included 12 treatments that were 
replicated five times in a completely randomised 
design. Apart from this combination of soil and 
RDF with neither of the biochar as control were 
used in the study. The soil and biochar were 
mixed thoroughly together before being wetted 
with deionized water to maintain 70% of the soil's 
field water holding capacity [19]. Destructive soil 
sampling was performed at 30, 60, 90, 120, and 
150 days after incubation. The samples were 
analyzed for pH, primary nutrients (phosphorus 
and potassium) exchangeable bases (calcium, 
magnesium and sodium) micronutrient cations 
(zinc, iron, manganese and copper) by adopting 
standard procedures. pH was measured using 
pH meter in soil water suspension of 1:2.5 [20]. 
Available phosphorus were detected by using 
Brays and Krutz (1945) for acidic soil and 
Watanabe and Olsen (1965) for neutral soil. 
Available potassium was analysed by extraction 
of soil with 1 N (pH 7) ammonium acetate and 
estimated using flame photometer [20]. Available 
Calcium, Magnesium and micronutrients were 
analysed using extraction of soil with DTPA and 
micronutrients were quantified by using ICP-OES 
[21]. A two-way analysis of variance was done 
for each incubation time interval to understand 
the statistical significance between treatments in 
each soil. 
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3. RESULT AND DISCUSSION  
 

Biochar addition increases the pH of both acidic 
and neutral soils under the study across the 
incubation period (Table 1). The findings of this 
study corroborate the findings of previous studies 
[22], Liard et al., 2010b; [23] that showed that 
adding different types of biochar to soil increased 
soil pH. The increase in pH was more noticeable 
in acidic soil. Biochar has been shown to improve 
the pH of acidic, base-poor soils [24] and [25]. 
The release of alkaline chemicals that 
neutralised soil acidity increased soil pH, which 
can be attributed to the observed increase in pH 
of biochar-treated soil. Cations in the feedstock 
(primarily K, Ca, Si, and Mg) generated metal 
oxides during pyrolysis, which when applied to 
soil can react with H + and monomeric Al species 
to alleviate soil pH. Biochar can replace the 
monomeric Al species from the soil exchange 
complex in acidic soil because it contains a 
considerable amount of Ca. 
 

As a result of the depletion of easily hydrolyzable 
monomeric Al and the formation of more neutral 
[Al (OH)3] species, the pH of the soil solution 

may rise [26]. Different sources of biochar 
significantly influenced the soil pH of acidic as 
well as neutral soil. Increase in the pH of acidic 
soil showed a definite pattern where calophyllum 
fruit husk biochar produced at 500 °C had 
highest pH throughout the incubation period. 
While in neutral soil, highest pH was observed in 
calophyllum fruit husk biochar produced at 500 
°C at 30 DAI. Later phases of the incubation 
period saw a highest pH in samples treated with 
red gram straw biochar produced at 400 °C. It 
was also observed that pH varied with the 
biochar raw materials. In one of the study the 
researchers showed that pine chip biochar has 
fewer base cations than pea shell biochar, hence 
it has lower pH reactions [27]. Among the levels 
of biochar used in the study, significant variation 
on pH was observed at 60, 90 and 120 DAI in 
acidic soil and 30 to 120 DAI in neutral soil. In 
acidic soil, at 60 DAI, highest pH was found in 
samples applied with 16t/ha (5.87) which are on 
par with 8t/ha (5.86). At 90 DAI, both 8t/ha and 
16t/ha showed highest pH of 5.89. At 120 DAI, 
highest pH was found in soils applied with 8t/ha 
(6.00).  

 
Table 1. Effect of different sources and levels of biochar application on soil pH in acidic and 

neutral soil at different intervals 
 

Treatments Acidic soil Neutral Soil 

30D
AI 

60D
AI 

90D
AI 

120D
AI 

150D
AI 

30D
AI 

60D
AI 

90D
AI 

120D
AI 

150D
AI 

Control 5.70 5.71 5.74 5.71 5.78 7.17 7.22 7.27 7.25 7.27 
RGBC @ 4 t  ha

-1
 5.72 5.78 5.82 5.88 6.01 7.24 7.35 7.53 7.50 7.60 

RGBC @ 8 t  ha
-1

 5.77 5.80 5.83 5.88 6.04 7.28 7.40 7.30 7.30 7.46 
RGBC @ 12 t  ha

-1
 5.79 5.81 5.84 5.92 6.06 7.33 7.45 7.41 7.39 7.44 

RGBC @ 16 t  ha
-1

 5.82 5.83 5.86 6.02 6.13 7.37 7.47 7.50 7.49 7.51 
PFHBC @4 t  ha 

-1
 5.83 5.85 5.87 6.04 6.18 7.37 7.33 7.31 7.32 7.40 

PFHBC @8 t  ha
-1

 5.86 5.87 5.88 6.08 6.20 7.38 7.39 7.28 7.31 7.44 
PFHBC @ 12 t  
ha

-1
 

5.77 5.77 5.79 5.84 6.03 7.31 7.48 7.38 7.35 7.46 

PFHBC @ 16 t ha
-

1
 

5.78 5.80 5.83 5.87 6.02 7.34 7.27 7.26 7.30 7.34 

CaFHBC @4 t  ha 
-1

 
5.82 5.85 5.86 5.91 6.05 7.37 7.30 7.25 7.28 7.38 

CaFHBC @8 t  ha
-

1
 

5.90 5.91 5.94 6.03 6.14 7.41 7.42 7.44 7.40 7.44 

CaFHBC @ 12 t  
ha

-1
 

5.89 5.94 5.96 6.04 6.24 7.43 7.45 7.46 7.41 7.47 

CaFHBC @ 16 t  
ha

-1
 

5.93 5.96 5.98 6.03 6.29 7.44 7.46 7.38 7.38 7.47 

SE.m 0.02 0.01 0.01 0.02 0.03 0.02 0.01 0.01 0.01 0.01 
C.D @0.05 0.08 0.04 0.03 0.07 0.09 0.07 0.03 0.02 0.02 0.04 
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a) 

 

b) 

 

c) 

 
d) 

 

e) 

 
 

Fig.1. Effect of different sources and doses of biochar on the uptake of various nutrients a) 
Available P2O5 b) Exchangeable K c) Exchangeable Ca d) Exchangeable Mg e) Exchangeable 

Na in acidic soil  over the incubation period 
 
a) 

 

b) 

 

c) 

 
d) 

 

e) 

 

 

 
Fig. 2. Effect of different sources and doses of biochar on the uptake of various nutrients a) 
Available P2O5 b) Exchangeable K c) Exchangeable Ca d) Exchangeable Mg e) Exchangeable 

Na in neutral soil 
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Enhanced application rate increased the addition 
of bases, resulting in a higher pH in the current 
study. These basic cations can be exchanged 
with the exchangeable Al3+ and H + on the soil 
exchange complex, resulting in a reduction in 
exchangeable acidity in both acidic and neutral 
soils. A decrease in exchangeable Al3+ with 
increased amounts of Eucalyptus biochar 
application, and with 0 to 12 t ha-1 of biochar, 
exchangeable acidity was reduced from 0.60 to 
0.39 cmol (p+) kg

-1 
[25]. The interactive effect 

shows a significant influence on soil pH at all 
intervals in both the soils. In acidic soil 
calophyllum fruit husk biochar produced at 500 
°C applied at 16t/ha showed highest pH at 
30,60,90 and 150 DAI with values 5.94,5.96,5.98 
and 6.30 respectively. The increase in pH in 
neutral soil doesn’t show any particular pattern 
throughout the incubation period. 
 
Biochar treatment improved accessible P2O5 
content in all soils investigated, regardless of 
type or level at all intervals (Fig 1a). The 
existence of soluble and exchangeable 
phosphate in biochar is one probable explanation 
for increased P availability with biochar 
application in soil. Such increase in available 
P2O5 content with biochar addition was also 
reported by Laird et al. [28], Novak et al. [26], 
Parvage et al. [29] and Hass et al. [30]. Among 

the sources of biochar used in the study, highest 
available P2O5 was observed in pongamia fruit 
husk biochar produced at 500 °C and least in red 
gram straw biochar produced at 400 °C at all 
intervals in both soils. Among the levels of 
biochar highest available P2O5 was recorded in 
soils treated with16t/ha at all intervals in acidic 
soil. Phosphorus is largely present in the ash 
fraction, where pH-dependent processes and in 
presence of chelating chemicals regulate its 
solubilisation [31]. Interactive effect in acidic soil 
showed a significant influence on the available 
P2O5 at 30 DAI only. In neutral soil, highest 
available P2O5 was noticed in 16t/ha at all 
intervals. The interaction effect of sources and 
levels of biochar showed a significant influence 
on the available P2O5 at all intervals. Highest 
available P2O5 was noticed in pongamia fruit 
husk biochar produced at 500 °C at 16t/ha at all 
intervals. The available P2O5 at 30, 60, 90,120 
and 150 DAI were noted as 194.41, 196.07, 
197.36, 196.29 195.48 kg/ha respectively. In 
both acidic and neutral soils, there was an  
overall reduction in P2O5 content with time (Fig 
1a & 2a). Over time, the combination of         
P2O5 adsorption and precipitation with Fe3+, 
Al3+, and Ca2+ lowered the amount of 
accessible P2O5. These findings were 
comparable to those of Sample et al. [32] and 
Sharpley et al. [33].  

 
a) 

 

b) 

 
c) 

 

d) 

 
 

Fig.3.Effect of different sources and doses of biochar on the uptake of various nutrients a) 
Extractable Fe b) Extractable Mn c) Extractable Zn d) Extractable Cu  in acidic soil over the 

incubation period 
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a) 

 

b) 

 
c) 

 

d) 

 
 

 
Fig.4.Effect of different sources and doses of biochar on the uptake of various nutrients a) 

Extractable Fe b) Extractable Mn c) Extractable Zn d) Extractable Cu  in neutral soil over the 
incubation period 

 
Exchangeable bases such as Ca, Mg, K, and Na 
varied significantly depending on the type and 
amount of biochar use (Fig 1& 2). In acidic soil 
exchangeable bases such as Ca, Mg and Na 
were highest in red gram straw produced at 
400°C. A pattern of increase in exchangeable K 
content from 30 DAI to 150 DAI was observed 
being highest in red gram straw produced at 
400°C on par with pongamia fruit husk biochar 
pyrolysed at 500°C. The release of basic cations 
from biochar causes an increase in 
exchangeable bases in soil at different periods. 
Biochar's ash rapidly releases free bases 
including Ca, Mg, and K into the soil solution, 
raising not just soil pH but also exchangeable 
bases. Such observations were also noticed by 
Lehmann et al. [34] and Chan et al. [35]. Ca and 
Mg release was pH dependant and followed a 
zero order response and a quick release of K 
that was not pH dependent and followed a zero-
order response [36].This was observed in the 
present investigation where in all of the soils 
examined, exchangeable K increased 
significantly with the addition of biochar at all 
application rates (Fig 1b& 2b). We also noticed 

varying effect of biochar application on 
exchangeable Ca and Mg in different soils which 
can be explained by the pH impact. Among the 
various levels of biochar studied 16t/ha biochar 
application showed a highest amount of 
exchangeable K content at all intervals. The 
highest amount of exchangeable K was given as 
170.67, 164.82, 171.57 and 173.93 Kg/ha at 30, 
60, 120 and 150 DAI respectively. At all the given 
intervals, samples treated with the lowest dose of 
4t/ha showed least exchangeable K.   
 

With the application of different types and 
quantities of biochar during a period of incubation 
in both acidic and neutral soils, there was no 
definite trend in micronutrient contents such as 
extractible Mn, Fe, Zn, and Cu (Fig 3& 4). 
Biochars may cause micronutrient immobilisation 
in soil due to its high surface area, high metal 
affinity, increased nutrient retention capacity, 
presence of acidic and basic functional groups, 
and propensity to alkalize soil. Such of these 
mechanisms of metal immobilization due to 
biochar application were also reported by Park et 
al. [37], Vithanage et al. [38], Cao et al. [39], 
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Novak et al. (2009) and Paz- Ferreiro et al. 
(2014). Although there was an increase in Cu 
content with biochar application, no clear pattern 
was found in the current study with regard to 
application rate. The use of biochar may have 
increased the amount of soluble organic carbon 
in the soil, allowing Cu to be mobilised. Organic 
carbon significantly chelates Cu, making it less 
susceptible to adsorption. Cu concentration is 
also affected by soluble C and pH, according to 
Beesley and Marmiroli [40]. 
 

4. CONCLUSION  
 
The biochars used in this study were red 
gram straw biochar produced at 400°C, 
pongamia fruit husk biochar produced at 500°C, 
and Calophyllum fruit husk biochar produced at 
500°C. With batches of production using different 
feedstocks and pyrolytic conditions, the 
properties and reactivity of biochars with soil are 
highly heterogeneous. In conclusion, this 
incubation study demonstrated the efficacy of 
biochars in soil amelioration by increasing soil pH 
and soil nutrients. The release of basic cations 
from biochar causes an increase in 
exchangeable bases in soil at different periods. 
Biochar's alkalinity, proton consumption capacity 
(or acid neutralisation capacity), and base cation 
concentration all contribute to its liming potential. 
The incorporation of these highly biochar 
materials can result in beneficial changes in soil 
chemical properties as well as increased 
bioavailability of plant essential nutrients. This 
type of research in different locations using 
different feedstocks and pyrolytic processes will 
aid in the development of biochar materials as 
liming amendments for farmers to reclaim acidic 
soils with specific recommendations. 
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