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Abstract

Biochar was used to improve the quality of an acidic soil. The acidic soil was treated for 1 month with both soy
bean stover derived biochar and oak derived biochar in the range of 0 to 5 wt% for pH improvement and
exchangeable cation enhancement. Following 1 month of treatment, the soil pH was monitored and exchangeable
cations were measured. Moreover, a maize growth experiment was performed for 14 days with treated soil samples
to investigate the effectiveness of the treatment. The results showed that the pH of the treated acidic soil increased
by more than 2 units and the exchangeable cation values were greatly enhanced upon treatment with 5 wt% of
both biochars, after 1 month of curing. Maize growth was superior in the 3 wt% biochar treated samples rather
than the control sample. The presented results demonstrate the effective use of biochar derived from waste m and
agricultural residues for quality improvement of acidic soils.
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Introduction

It has been reported that poor plant growth yields are strongly associated with low soil pH because of the
deficiencies and toxicities related to a number of elements (Blamey and Chapman 1982; Ok et al. 2007). Also, an
acidic soil problem in the Republic of Korea has received great attention due to its adverse effects including
decreased soil productivity and suboptimal plant growth. Soils in the Republic of Korea originate from acidic
parent materials (mainly granite and granite gneiss) that are naturally more acidic compared to the soil generated
from calcareous shale or limestone. Moreover, atmospheric deposition containing common atmospheric pollutants
(i.e. SOx and NOy) of urban and/or industrial origin can intensify the acidic condition of the soil. A gradual increase
in acid deposition has occurred as a result of  industrialization since the late 1970s (Kim 2005). The annual mean
rain pH near Seoul in the Republic of Korea ranged between 4.2 and 4.8 for the past two decades.

In order to ameliorate the acidic soil, biochar known as biomass-derived black carbon was used. Biochar is
recognized as a multifunctional material that can be used in carbon sequestration, metal immobilization and soil
fertilization (Awad et al. 2012; Chen et al. 2011; Uchimiya et al. 2010). Since biochar is an alkaline material and
it also contains other elements, it could be expected that the soil quality of acidic soil can be improved with respect
to pH and exchangeable cations. The application of biochar to acidic soil is very limited but its affordable cost
makes it a very attractive option. Moreover, a maize growth experiment was conducted after the acidic soil was
ameliorated with biochar. Maize is known as a very important crop for humans and animals. It has been reported
that maize growth is superior in the pH ranges of 6.5 and 8 ((International Institute for Tropical Agriculture 1982).
Therefore, it is expected that maize growth outside of the optimum pH ranges is adversely affected.

The objective of this study was to investigate the effectiveness of ameliorated acidic soil treated with biochar
derived from soy bean stover and oak. The optimum dosage of biochar was evaluated to improve soil quality. Soil
pH, exchangeable cations and maize growth were monitored and used as parameters to evaluate the quality of

ameliorated acidic soil.



Experimental methodology

Acidic soil

Acidic soil was collected from a fruit garden in the Chungcheongnam do Province in the Republic of Korea at a
depth of 0-30 cm below the ground surface. In order to remove large particles and provide homogeneous fractions
of the soil, the acidic soil was sieved through a #10 mesh (2 mm). The soil pH of the acidic soil was measured at
approximately 5.2 in accordance with the KST method (MOE 2002) at a liquid to solid ratio of 5:1.
Physicochemical and mineralogical characterization data for the acidic soil is presented in Table 1. The bulk

chemistry of the acidic soil determined using X-ray fluorescence (XRF) (ZSX100e, Rigaku) is presented in Table

Agents for soil quality improvement

Soybean stover and oak were used as raw feedstocks to produce biochar. Soybean stover was collected from a
local agricultural field in Chungju City, Republic of Korea. Oak was obtained from Naju City, Republic of Korea.
The raw feedstocks were dried in an air-forced oven at 60 °C for 3 days and ground to a size less than 1 mm. The
ground soybean stover and oak were placed in a ceramic crucible with a lid and then pyrolyzed in a muffle furnace
(MF 21GS, Jeio Tech, Seoul, Korea) at 7 °C min-1 under limited oxygen conditions. Carbonization was performed
at 700 °C and held for 3 hours followed by cooling to room temperature inside the furnace. Subsequently, the
resulting biochar was stored in air-tight containers. The physicochemical properties of the biochar are listed in

Table 2.

Treatment conditions



The acidic soil was treated with both soy bean stover derived and oak derived biochars at 1wt% ~ Swt%. All
treatments were cured for 1 month. A liquid to solid ratio of 20:1 was used to ensure full hydration. The specific
treatment conditions based on the percent biochar/soil ratio (dry basis) are presented in Table 3. The sample IDs

are denoted as soy biochar for soy bean stover derived biochar and oak biochar for oak derived biochar.

Maize growth experiment

The maize growth experiment was conducted for 14 days after the acidic soil was ameliorated with biochar for 1
month. Three maize seeds (Miniheukchal, Lot no. 124201) obtained from the Jinheung Nursery Company
(Republic of Korea) were sown in a small pot containing the following samples: control, 3 wt% soy bean derived
biochar and 3 wt% oak derived biochar. The biochar concentration of 3 wt% was selected because the soil pH
upon biochar treatment ranged in between 6.5 and 8 and the CEC values were significantly increased. The pot had
three holes with diameters of about 7 mm on the bottom. A plastic screen was placed on the bottom of the pot in
order to prevent soil loss. Specifically, the pot had a height of 7 cm, a top inner diameter of 5 cm and a bottom

diameter of 4.8 cm.

Physicochemical analyses

The pH values of the acidic soil and treated soil samples were measured after curing in accordance with the Korean
Standard Test (KST) method with a L/S ratio of 5:1. The exchangeable cations were determined by the KST
method and the extracted solutions were analyzed by inductively coupled plasma mass spectrometry (Agilent
7500ce, USA). All sample analyses were conducted in triplicate and the averaged values were reported only if the
individual measurements were within an error of 10 %. In order to monitor the accuracy and performance of the

equipment, two different quality control standards and recovery spikes were used.



Results and Discussion

pH improvement of the acidic soil

The results of the acidic soil pH improvement using two types of biochar (soybean stover derived and oak derived)
are presented in Fig. 4. The biochar treatments were beneficial in increasing soil pH. The soil pH varied in the
range of approximately 5.4 - 5.8, after 7 days of curing in the control sample and increased into the pH range of
7 - 8.64 (beneficial for plant growth) upon biochar treatment at 1 - 5 wt%. Specifically for the soybean stover
derived biochar treatment, the soil pH in the control sample after 7 days of curing was 5.8 and it increased to 7.42,
7.77 and 8.47 after 7 days of curing at 1, 3 and Swt% treatments of biochar, respectively. No major changes in the
soil pH were observed beyond 7 days of curing up to 28 days. This indicates that once the soil pH is improved
after 7 days of curing, the soil pH can be stable for a longer period of time.

For the oak derived biochar treatment, the soil pH in the control sample was approximately 5.4 after 7 days of
curing and it improved to 5.93, 6.2, 6.58, 6.97 and 7.06 after 28 days of curing upon treatments of biochar at 1, 2,
3, 4, and 5wt%, respectively. Similar to the soybean stover derived biochar treatment, no major changes in the
soil pH were observed over a curing period of 28 days.

Overall, pH improvement of the acidic soil using two different types of biochar is clearly evident. The soil pH
increased approximately 2.8 and 2.2 units after 28 days of curing with the addition of Swt% soybean stover derived
biochar and oak derived biochar, respectively. The soil pH increase is more pronounced with the soybean stover
derived biochar than the oak derived biochar. This is mainly due to the higher content of Ca (4.63 %) in the
soybean stover derived biochar as compared to the oak derived biochar. Therefore, the selection of biochar is

important in improving soil pH.

Increase in exchangeable cations upon treatment



Exchangeable cations in the control and treated samples with two types of biochar after 28 days of curing are
presented in Fig. 5. The exchangeable cation values for the control samples were 1.16 cmol+/kg and 1.4 cmol/kg,
respectively for the treatments with soybean stover derived biochar and oak derived biochar, which are similar to
typical values for a sandy soil. The values for exchangeable cations increased with increasing amounts of biochar.
This indicated that once biochar was introduced to the acidic soil, the exchangeable cations were released into the
soil and the occupied soil exchange sites (Yuan et al. 2011). The highest exchangeable cation values of 8.11 and
4.93 cmol+/kg were attained upon addition of 5 wt% soybean stover derived biochar and oak derived biochar,
respectively. An exchangeable cation value of more than 5 cmol’/kg is similar to a typical value for fine sandy
loams. Therefore, it can be concluded that addition of biochar enhances the ability of the treated soil with respect
to the exchangeable cations. This improvement in the exchangeable cations is more pronounced upon treatment
with soybean stover derived biochar rather than oak derived biochar and is attributed to the higher content of Ca,
Mg, K and Na present in the soybean stover derived biochar. Therefore, the type of biochar used in remediation

is important for the improvement of soil quality.

Maize growth experiment

Maize growth of the control and the samples treated with 3 wt% soy biochar and 3wt% oak biochar for a growth
period of 14 days after seeding is presented in Table 4 and Fig. 3. The germination of the control and treated
samples were 100 % and 66.7% (Table 4). The highest height of the maize plant in the control sample after 14
days of cultivation was approximately 16.9 cm. The highest maize height in both treated samples was
approximately 21 cm, which was higher than the control sample (Table 4). Moreover, the plants grown in the
treated soils appeared to be healthier and richer than the control sample. This indicated that the pH and CEC
enhancement by biochar treatment may contribute to the growth of maize in ameliorated acidic soil. It has been
reported that when optimum conditions for pH and CEC are developed in the acidic soil, maize growth was

superior (Onwuka et al. 2009; Moon et al. 2014a; Moon et al. 2014b). Therefore, the optimum use of biochar in



acidic soil could be beneficial to plant growth since the quality of acidic soil was improved.

Conclusions

This study explores sustainable uses of biochar derived from waste plant and agricultural residues as renewable
resources in environmental applications. Biochar derived from soybean stover and oak were used for acidic soil
quality improvements. Soil quality was evaluated based on pH and CEC improvement. Following the quality
improvement of the acidic soil, the maize growth experiment was performed to evaluate the effectiveness of the
treatment. The treatment results showed that the soil pH was increased by 2.8 and 2.2 units after 28 days of curing,
upon treatment with Swt% soy bean stover biochar and oak derived biochar, respectively. The soy bean stover
biochar outperformed the oak derived biochar due to high Ca content. The exchangeable cation values increased
from 1.16 to 8.11 cmol*/kg and 1.4 to 4.93 cmol*/kg upon soy bean stover biochar and oak derived biochar,
respectively, indicating that the soil quality was improved. Moreover, maize growth was superior in both biochar
treated samples and plant grown appeared to be healthier and richer as compared to the control sample. Overall,
considering the pH, exchangeable cations and maize growth results, it could be concluded that the 3wt% biochar

treatment to the acidic soil was the most effective treatment investigated.
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Table 1 Physicochemical properties of the acidic soil

Soil properties Acidic soil
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Soil pH 5.02+0.21

Organic matter content (%)* 7.6

Cation exchange capacity

1.16
(meq/100mg)°
Composition (%)°
Sand 97.5
Silt 1.6
Clay 0.9
Texture? Sand

?Organic matter content (%) was calculated from measured loss-on-ignition (LOI) (Ball 1964, FitzPatrick 1983)
bCation exchange capacity (CEC) measured by USEPA method 9081
°Sand, 50-2,000 pmy; silt, 2-50 pm; clay, <2 pm

4S0il texture suggested by the United States Department of Agriculture (USDA)

Table 2 Physicochemical properties of acidic soil, soybean stover derived biochar and oak derived biochar
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Soybean stover Oak derived

Acidic sol derived biochar ~ biochar
Major chemical properties Major chemical properties
SiO, 61 C 85.3 99
ALO; 19.80 Na 0.0314 0.0129
TiO, 0.72 Mg 0.9 0.0461
Fe,04 456 Al 0.149 0.0057
MnO 0.07 Si 0.436 0.0147
MgO 0.70 P 0.914 0.0181
CaO 0.2 S 0.244 0.0075
Na,O 0.22 Cl 0.075 0.0013
K,O 4.67 K 6.63 0.357
P,05 0.24 Ca 4.63 0.533
SO; 0.04  Fe 0.199 0.0033
pH (1:5) 5.02  pH (1:5) 10.5 10.25

Table 3 Test matrix for untreated and treated samples
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Soybean derived Oak derived

Sample ID Acidic soil biochar (wt%) biochar (wt%) L:S ratio

Control v 0 0 20:1
Soy biocharl Ni 1 - 20:1
Soy biochar2 i, - i, 20:1
Soy biochar3 Ni 3 - 20:1
Soy biochar4 , - ; 20:1
Soy biochar5 Ni 5 - 20:1
Oak biocharl Ni - 1 20:1
Oak biochar2 Ni - 2 20:1
Oak biochar3 N - 3 20:1
Oak biochar4 Ni - 4 20:1
Oak biochar5 N - 5 20:1

Table 4 Maize plant growth results
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Sample ID Germination rate (%) Height (cm)

Control r 100 16.9
Soy biochar3 66.7 20.5
Oak biochar3 66.7 21
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Fig. 1. Soil pH values for samples treated with soy bean stover derived biochar at 1wt%, 3wt% and 5wt% after
28 days of curing (a) and soil pH values for samples treated with derived biochar at 1wt%, 2wt%, 3wt%, 4wt%
and Swt% oak after 28 days of curing (b)

Fig. 2. Changes in exchangeable cations upon the soy bean stover derived biochar treatment (a) and oak derived

biochar treatment (b)

Fig. 3. Maize growth after 14 days of seeding in the following samples: control (a), 3 wt% soy biochar (b), 3 wt%

oak biochar (c)
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Fig. 2
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