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Abstract 
Background: The objective of this study was to estimate the carbon sequestration in soils coope-
rated with organic composts and bio-char during corn cultivation. Methods and Results: For the 
experiment, the soil texture used in this study was clay loam, and application rates of chemical 
fertilizer and bio-char were 230-107-190 kg∙ha−1 (N-P2O5-K2O) as recommended amount after soil 
test and 0.2% to soil weight. The soil samples were periodically taken at every 15-day intervals 
during the experimental periods. The treatments consisted of cow compost, pig compost, swine 
digestate from aerobic digestion system, and their bio-char cooperation. For estimating soil C se-
questration, it is determined by the net balance between carbon inputs and outputs during corn 
cultivation periods. For the experimental results, it found that applications of aerobic swine di-
gestate, cow compost, and pig compost could sequester C by 38.9%, 82.2% and 19.7% in soil, re-
spectively, when bio-char from rice hulls was cooperated with soil. For plant responses, applica-
tion of bio-char in the corn field for carbon sequestration was not occurred the damage of corn 
growth. Conclusion: When bio-char from rice hulls was cooperated with soil, applications of aero-
bic swine digestate, cow compost, and pig compost could sequester C by 38.9%, 82.2% and 19.7% 
in soil, respectively. Therefore, addition of bio-char with organic composts could have a potential 
soil C sequestration in agricultural practices. 
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1. Introduction 
Agriculture and land use change in greenhouse gases, particularly CO2, are estimated to be contributed at 20% in 
the total amount of greenhouse gases. There are also reports regarding direct and indirect effects of climate 
change on crop productivity [1]-[3]. There are reports which indicate that 70% - 90% of CO2 emitted to the at-
mosphere has been attributed to the over consumption of fossil fuel [4] [5]. Burning plant residues, tillage prac-
tices, application of chemical fertilizers and change in land use have also been mentioned as the important con-
tributors for evaluating CO2 content in the atmosphere [6]. 

Bio-char applied to soils has currently generated considerable interest for scientists and policy makers [7], and 
may be a potential solution for mitigating the greenhouse gas in the agricultural practice. Bio-char is a charcoal- 
like material produced by thermo chemical pyrolysis of biomass. It is being considered as a potentially signifi-
cant means of storing carbon for long periods to mitigate greenhouse gases [8]. Much of the interest in bio-char 
comes from studies of Amazonian soils that appear to have been amended with bio-char, but Preta soil in Ama-
zon was naturally generated as a form of bio-char with specific conditions, with significant improvements in soil 
quality and positive effects on crop production [9]. Bio-char represents a stable form of carbon and thus pro-
vides an intriguing potential carbon storage strategy as soil amendment [10]. 

Bio-char may improve soil physical properties as increase of soil pH and cation exchange capacity (CEC), 
and enhancement of nutrient retention. The reduction in N2O emissions after bio-char soil amendment was first 
reported in a greenhouse experiment by Rondon et al. [11]. They found that N2O emissions were decreased by 
up to 50% for soybean and by up to 80% for grass growing in a low fertility oxisol from the Colombian savanna. 
Since then, the interest in bio-char as a N2O mitigation strategy for agricultural soils has been continuously in- 
creasing, and the number of studies evaluating N2O emissions from bio-char treated soils has risen exponential-
ly.  

The rate of carbon sequestration is determined by the net balance between carbon inputs and outputs. Carbon 
inputs and outputs are affected by management and by two biotic processes-production of organic matter in the 
soil and decomposition of organic matter by soil organism. A desire to find solutions that would enhance soil C 
sequestration has led to studies of effect of bio-char application on soil organic carbon (SOC) decomposition 
[12]-[14]. However, both suppression and stimulation of native SOC decomposition by bio-char have been re-
ported by previous studies [14]-[16]. The inconsistent results were probably due to differences in the nature of 
bio-char and soil, incubation conditions used in different studies [13]. 

Therefore, this experiment was conducted to estimate the carbon sequestration amount, especially for total 
carbon in soil cooperated with different composts and their bio-char during corn cultivation periods.  

2. Materials and Methods 
The corn variety used in this experiment was Miback 2 Ho, and planting distance was 25 × 60 cm. Soil texture 
was clay loam. The experimental design of this study was a randomized split plot design with three replications. 
The treatments were consisted of cow compost (CC), pig compost (PC), anaerobic digestate (AD), and their bio- 
char cooperation. Fertilizers were applied with 230-107-190 kg∙ha−1 (N-P2O5-K2O) as whole basal application 
for P2O5 and K2O, and it was especially applied half for basal and half for additional application for nitrogen at 3 
day before sowing, based on chemical properties of soil before experiment. CC and PC were applied with 
25,000 and 5500 kg∙ha−1 into soil, respectively. AD was applied with 100 ton ha−1 in soil that was 16% of water 
holding capacity. Chemical properties of soil used were presented in Table 1. 

Application rate of bio-char cooperated with soil was 0.2% of soil weight (1,300,000 kg∙ha−1). Bio-char from 
rice hull was purchased from local farming cooperative society. Soil samples were periodically collected for 15 
days after treatment during corn cultivation periods. The samples were dried and passed through 2 mm sieve and 
then stored in refrigerator (4˚C) untilanalyzing the soil chemical properties.  

 
Table 1. Physiochemical properties of soil used in this study.                                         

Soil Texture pH 
(1:5) 

EC 
(dS∙m−1) 

OM 
(g∙kg−1) 

T-C 
(%) 

Av. P2O5 
(mg∙kg−1) 

CEC (cmol+ kg−1) 

K Ca Mg 

Clay Loam 6.3 0.2 15 1.03 165 0.29 6.3 2.5 
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Analytical soil chemical properties were total nitrogen (TN), total carbon (TC), total organic carbon (TOC) 
and total inorganic carbon (TIC) by TOC analyzer (Elementar Vario EL II, Germany). Total carbon combustion 
temperatures was 950˚C and WO3 was used as the catalyst. The carbonate was destroyed completely by using 2 
M HCl until there were no bubbles and fumes, and then samples were dried for another analysis. Thus TOC 
content was obtained. Total inorganic carbon (TIC) was determined by the difference between TC and TOC. For 
estimating soil C sequestration, it is determined by the net balance between carbon inputs and outputs during 
corn cultivation periods. 

3. Results and Discussions 
For investigating TC contents of input materials, its bio-char was higher at 2% than CC. Bio-char could be 
mostly organic carbon as well as their CC and PC due to carbon fractions (data not shown here). However, 
bio-char could be mostly non-degradable organic carbon on the contrary of its CC and PC because it resists mi-
crobial decomposition in the soil for a much longer time than regular biomass [9]. Also, bio-char’s carbon bonds 
don’t break down, and remain in soil for centuries [18]. Lowest TC content was observed to be its PC. For ni-
trogen contents of input materials, TN content of PC was highest at 2.3%, but lowest one was CC at 1% (Table 
2). Furthermore, TC and TN contents were increased at 20.6% and 3.7 times, respectively, when compared with 
original material, rice hull.  

Changes of TC contents in the soil applied with different organic composts cooperated with bio-char during 
corn cultivation periods were described in Figure 1. The effect of input materials for TC in soil were defined as 
TC contents in the treatments deducted TC contents at initial day of soil sample in the non application plot. Also, 
effects of biomass for TC were implied TC originated from biomass such as leftovers of tassel, leaf, roots and 
microorganisms. For soil carbon sequestration, effects of bio-char were TC contents for differences between the 
compost treatment only and the same compost treated plot cooperated with bio-char. It observed that TC con-
tents were increased with days after sowing, and their peaks were 20 days after sowing (Figure 1). TC contents 
in treatments cooperated with bio-char at harvesting stages were ranged from 2.09% to 2.10%, and its CC ap-
plied plot was highest at 2.10%. 

Estimation of carbon sequestration with TC for organic composts cooperated with bio-char during corn culti-
vation periods was shown in Table 3. With only application of organic composts, residual amounts of soil TC 
were ranged from 11,124 to 12,175 kg∙ha−1, and its amount in the PC’s plot was highest at 12,175 kg∙ha−1. With 
cooperated bio-char, their carbon sequestrations were ranged from 225 to 940 kg∙ha−1, and the highest sequestra-
tion was observed to be 82.2% in CC’ plot (Table 3). Lehmann et al. [17] reported that bio-char can sequester 
up to 50% of the initial carbon input. However, we found that applications of AD, CC, and PC can sequester C 
by 38.8%, 82.2% and 19.7% in the soil, respectively, when cooperated with bio-char from rice hulls into soil. It 
was observed that recovery rate of total carbon for input bio-char was different with organic composts. 

Effects of plant height and fresh biomass weight to application of different organic composts and their coope-
rated bio-char were shown in Table 4. It was appeared that plant height and fresh weight were not significantly  

 

   
(a)                                                      (b) 

Figure 1. Changes of total carbon contents in the soil applied with different organic composts and their cooperated 
with bio-char during corn cultivation periods (AD: aerobic digestates, CC: cow compost, PC: pig compost).         
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Table 2. Total carbon and nitrogen contents of input materials.                                       

Input materials* TC (%) TN (%) 

CC 41.52 ± 0.68 0.95 ± 0.05 

PC 34.45 ± 0.42 2.29 ± 0.06 
Rice hull 36.47 ± 0.41 0.37 ± 0.03 

Bio-char based rice hull 43.97 ± 0.86 1.73 ± 0.02 
*CC: cow compost, PC: pig compost. 

 
Table 3. Estimation of carbon sequestration in the soil applied with different composts and their cooperated 
with bio-char during corn cultivation periods.                                                       

Treatments* Compost only (A) With bio-char (B) C-sequestration (B-A) Recovery rates** 

 --------------kg∙ha−1-------------- (%) 

AD 11,685 12,129 444 38.8 

CC 11,124 12,064 940 82.2 

PC 12,175 12,400 225 19.7 
*AD: aerobic digestates, CC: cow compost, PC: pig compost. **Bio-char input: 2600 kg∙ha−1 (TC: 44%). 

 
Table 4. Plant responses to applications of different organic composts and their cooperated with bio-char.      

Treatments* Plant height (cm) Fresh biomass weight (kg∙ha−1) 

Compost only 

CC 124.0 ± 7.83 10,520 ± 199 

PC 134.1 ± 7.40 15,570 ± 212 

AD 112.3 ± 5.40 10,400 ± 188 

With bio-char 

CC 122.8 ± 5.71 11,270 ± 191 

PC 117.3 ± 6.36 10,150 ± 669 

AD 113.8 ± 12.01 10,630 ± 477 

*AD: aerobic digestates, CC: cow compost, PC: pig compost. 
 

different between application plots of organic composts and plots cooperated with bio-char. It was determined 
that application of bio-char in the corn field for carbon sequestration was significantly not occurred the damage 
of corn growth and enhanced the fresh biomass weight of corn except PC treatment. However, it was indicated 
that declines in plant growth in some experiments with bio-char has been attributed a decline in available am- 
monium [19]. 

4. Summary 
For the experimental results, it observed that applications of AD, CC, and PC can sequester C by 38.9%, 82.2% 
and 19.7% in soil, respectively, when cooperated with bio-char from rice hulls into soil. For plant responses, ap- 
plication of bio-char in the corn field for carbon sequestration did not show the damage of corn growth and en-
hanced the fresh biomass weight of corn except PC treatment. Therefore, addition of bio-char with organic 
composts could have a potential soil C sequestration in agricultural practices. For the future study, application of 
pellet form of bio-char with organic compost in agricultural land need to be more elucidated soil C sequestration 
in practice with labor save and reduction of non point contaminant.  
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