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Abstract: Biochar application has been provided various
benefits to soil. This research was designed to assess the
parameters between traditional biochar production system (TBS)
and the innovative biochar production system (IS). The physical
and chemical properties were assessed in two biochar materials
that derived from traditional system (BCT) and the improved
system (BCI). Also, soil properties changes and Ipomia aquatic
plants growth were investigated after applying BCI at 0, 25, 50,
75 and 100% (v/v) input levels. Maximum heating temperature
was increased up to 600 °C in IS since TBS reached to 500 °C.
Further, time consumption in IS was reduced by 20% than TBS
for the same amount of feedstock. Ash content was increased by
2% in IS compared to TBS. Biochar C content was high
compared with the original feedstock in both BCT and BCI.
Organic C% was increased by 55% and 75% in BCT and BClI,
respectively. Particle-size was greater than 0.25mm in 90% of
total biochar of both samples. BCI showed significantly high
organic carbon, porosity, WHC, pH and EC than BCT. There
was a significant difference of pH, EC, porosity, WHC, available
P and Exchangeable K values among five treatments in the pot
experiment. Mixing 75% biochar with acidic soil resulted neutral
soil pH and recorded highest plant height and fresh weight
compared with other combinations. Higher C content in BCI
may enhance the soil carbon sequestration and improve the crop
growth. Furthermore, farmers can be adapted to this system
which helps to enhance the properties of acidic soil in their
farmlands while opening the possibility of using Cinnamon
wood as biochar material.
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I. INTRODUCTION

Soil sustainability and carbon sequestration emerged as

important concerns in the new millennium due to the effect
of global climate change [1]. Soil organic matter level is one
of a key factor which influence on soil sustainability and
carbon sequestration [2]. Therefore, developing strategies for
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increasing carbon sequestration in agricultural lands is

necessary to enhance the soil sustainability. Biochar is
producing through the pyrolysis of organic waste. Biochar is
consisting of chemically and biologically stable organic C
[3]. Biomass sources such as plant residues, green manure,
timber and agricultural waste can be used to produce biochar
[4]. Soil physical, chemical and biological properties can be
improved by the biochar application. In addition, biochar
application decreasing the greenhouse gas emission though
the carbon sequestration [5]. However, traditional biochar
production system consists of several drawbacks such as
emission of GHG during the pyrolysis process [6]. In the
other hand, Cinnamon sticks (bark less woody material) use
as firewood ever since in Sri Lanka. In addition, Nilwala
farmers experienced severe crop failures annually due to low
pH of their farmlands [7]. Hence, present research study
attempted to design the biochar production process, to assess
the physicochemical properties of Cinnamon wood biochar
and to assess the possibility of using Cinnamon wood biochar
as a soil amendment in problematic soils in southern Sri
Lanka.

Il. METHODOLOGY

A. Biochar production

Cinnamon (Cinnamomum zeylanicum) sticks (bark less)
was used as feed stock. First, feed stock was cut into pieces of
30 cm using a knife. Then feed stock materials were air dried
for 48 hrs. Consequently, 10kg of cinnamon sticks were
pyrolysed using traditional drum kiln and prototype Kiln.
Time consumption for pyrolysis, biochar yield percentage,
ash content and maximum heating temperature were
measured. The biochar materials produced from traditional
method and improved method was referred as BCT and BCI
respectively.

B. Determination of physicochemical properties of
Cinnamon wood biochar

The pH of biochar and soil was measured using a pH meter
[8]. The EC of biochar and soil was measured in using an EC
meter [9]. Kjeldahl Nitrogen content in biochar was
determined using Micro Kjeldahl Method. Total organic
carbon content in biochar was measured by a method which
was used by Walkley and
Black [10]. Available P
content in biochar and soil
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was measured using the Morgan’s solution extraction
method [11].

Exchangeable K content in biochar and soil was measured
by using the ammonium acetate extraction method [12]. The
pycnometer method was used [13] to determine the particle
density of soil and biochar. The bulk densities of biochar and
soil samples were measured by using a method which was
described by Culley [14].

C. Determine the influence of biochar application rates
on soil quality and crop growth

Different BCI contents were evaluated by growing Kangkun
(Ipomia aquatic) in pots. Five treatments with different
biochar and soil combinations (v/v): 0, 25, 50, 75 and 100
were tested. Physicochemical properties of samples were
analyzed. The pot experiment was conducted using
Completely Randomize Design consist three replicates. Data
were analyzed using SAS. ANOVA tests were performed,
and means were compared by Duncan’s test at P < 0.05.

I1l.  RESULTSAND DISCUSSION

A. Characteristics of biochar

Properties of biochar, yield and elemental composition are
summarized in Table 1. Time consumption for pyrolysis the
feedstock was decreased by 20% in improved system (IS)
compared to the traditional barrel system (TBS). Maximum
heating temperature was increased by 20% in the IS
compared to the TBS. In general, biochar yield decreases
when heating temperatures were increased. In this study,
BCI yield was decreased by 2% compared to BCT. On the
other hand, Ash content in IS was increased by 2% compared
to TBS. As expected, C content in both BCT and BCI were
higher than original feedstock. Organic C% was increased by
55% in BCT and 75% in BCI compared to the original
feedstock.

Herath et al., 2013 [15] also observed increased organic
carbon content in biochar when pyrolysis temperature was
increased. Bulk density of BCl was lower than BCT.
Consequently, true density was high in BCI compared to
BCT. This negative relationship resulted high porosity and
water holding capacity (WHC) in BCI compared to BCT. In
general, an increase in solid density is accompanied by a
decrease in bulk densities due to porosity develops during
pyrolysis [16].

As summarized in table 1, pH and EC values of BCI were
significantly (P < 0.05) higher than BCT. The results are
similar to the work by Li et al., 2013 [17] who reported that
comparatively lower pH and EC in rice straw biochar which
produced below 400°C compared to rice straw biochar
produced at 600 °C. pH and EC of both BCT and BCI are
higher than the typical pH and EC values of Maize Stover
biochar, Coconut shell biochar, Groundnut shell biochar and
Coir waste biochar. There was no significant difference (P >
0.05) between N, P and K levels of two biochar. Here, our
results suggest that IS can be produced biochar more
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efficiently than TBS. To this end, results of our study
revealed that BCI can be more effectively enhance the soil C
sequestration, soil physical properties and pH than BCT.

Table 1. Pyrolysis yield and biochar characteristics

Characteristics BCT ECI
Time consumed (minies)* 100 8
Maximuns Heating temperature('C}* 300 600
Biochar vieh (%)° 0 3
OCHk* il |
Ash Comtent 44" § 1
Bulk demsity (g em}t 0.1 0l
True densiry (3 em”] (1) 11
Parusity H* i 80
WHC % 0 i
i 10 111
EC (mm)* 1 1L
hL 014 0.164
P 0.3} 037
E% 1] 07

* . Parameters are significant (P < 0.05) between BCT and BCI

B. Properties of different Treatments

In this study, biochar amendment was significantly
influenced on soil properties of treatments. There were
significant differences (P<0.05) between porosity and WHC
of treatments. Porosity and WHC of treatments were
increased when increasing the biochar input level (Figure
1a). Thereby, the highest porosity and WHC was observed in
T5. These results are similar to the work by Verheijen et al.
[18] who observed increased WHC due to biochar
application. Furthermore, pH and EC values of treatments
were significantly different (P<0.05) from each other (Figure
1b). The pH and EC of treatments were increased with
increase the biochar input level. The highest pH and EC was
observed in T5. It was 6.5 and 1.5-fold of increment than
control.

However, pH of the T4 was neutral and here it is evident
that mixing 75% of BCI enhanced the soil pH by 3.7 units
compared with control. These findings are in agreement with
Van Zwieten et al., 2010 [19] who demonstrated increase in
soil pH from acidic to neutral with the application of paper
mill biochar in a ferrosol: resulting in a concomitant
reduction in exchangeable Al. Similar effects were observed
in weathered tropical soils in Indonesia [20]. Study results
suggest that application of BCI can be a viable strategy to
enhance the pH of acidic soils while improve other soil
properties such as porosity, WHC and EC which may
generate positive impacts on crop growth.
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Figure 1. (a) Porosity and WHC of different treatments, (b) pH
and EC values of different treatments

There was no significant difference (p > 0.05) of the N
content among all five treatments. In this study, nitrogen
content of the initial soil was higher than the nitrogen
content of biochar. Therefore, nitrogen content of the
treatments which amended with different amount of biochar
was lower than the control (zero amendment). Here, our
results are similar with results reported by Carter et al., 2013
[21], who observed lower N content in rice husk biochar
amended treatments compared with soil only control.
However, there were significant differences (P < 0.05) of P
and K levels among treatments (Figure 2). The available P
and exchangeable K contents of treatments were increased
when increasing biochar input level. Furthermore, the
highest P and K values observed in T5 and it was 2-fold and
3-fold of increments compared to the control. The available P
and exchangeable K contents of BCI were higher than the
initial soil. Therefore, BCl amendments increased the soil P
and K levels of other treatments than control. These results
are similar to the work by Carter et al., 2013 [21], who
observed increased soil P and K following the application of
rice husk biochar in their pot experiment. The results of our
study revealed that application of BCI to soil can be a viable
strategy to maintain the soil sustainability in the agricultural
lands via enhances the soil P and K levels. However, our
results suggest that co-application of BCI with another
organic amendment may be an effective strategy for
compensating the limitations such as low N content of
applying BCI alone.
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Figure 2. N, P, K levels of different treatments
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C. Influence of biochar application rates on crop growth

In this research, T4 resulted the highest plant fresh weight
while T3 showed the second highest plant fresh weight. In
addition, T5 resulted the lowest plant fresh weight. As
illustrated in Figure 3, 75, 50 and 25 % biochar mixing to the
soil significantly (P < 0.05) increased the plant fresh weight
of the Ipomia aquatic by 52, 30 and 18 % respectively
compared to the control. However, T5 (100% BCI)
significantly decreased (P<0.05) the plant fresh weight by
17% compared to control This trend was almost same for the
plant height between treatments. Here, mixing 75, 50 and 25
% biochar with the soil significantly (P < 0.05) increased the
plant height of the Ipomia aquatic by 68, 56 and 25 %
respectively compared to the control. In this study, presence
of BCI in soil directly enhanced the soil pH, EC, physical
characteristics, water retention capacity and aggregation.
These effects may facilitate to enhance the nutrient uptake by
plants. However, application of wood biochar in higher rates
could sometimes negatively affect plant growth. A decrease
in crop growth due to high C: N ratio in biochar [22], or to
the increased soil pH [23].
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Figure 3. Effect of different treatment on crop growth

IV. CONCLUSION

It can be concluded that the secondary burning system;
Which was incorporated in the improved system was
increased the temperature up to 600°C and reduced the time
consumption by 20%. This can be reduced the carbon
monoxide (CO), nitrous oxide (N,O) and methane (CH,)
emissions during the pyrolysis process and help to mitigate
the global warming potential. Both BCT and BCI showed
higher organic C content compared with the initial feedstock.
Therefore, both biochar applications may increase the soil
carbon sequestration. BCI showed higher C, pH, EC and
WHC than in BCT. Thereby, BCl can be efficiently
contributed to soil carbon sequestration and soil quality
improvements in problematic soils in southern Sri Lanka. It
can be concluded that BCI mixing with acidic soil until 75%
(v/v) can be increased the yield of vegetable leaf plant
(Ipomoea aquatiac). However, field trials need to carry out as
further study. Farmers in the Nilwala river basin can be
adapted to this system which helps to enhance the properties
of acidic soil in their farmlands while opening the possibility
of using Cinnamon wood as biochar material.
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