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ABSTRACT 
Biochar is a highly stable form of carbon produced by slow pyrolysis of organic matter. This 
study explored biochar’s ability to improve soil fertility for crop production. The experiment 
used four different levels of biochar with three replicates in completely randomized block 
design. The experiment included (1) control (BC 0), (2) biochar 10 t/ha (BC 10), (3) biochar 20 
t/ha (BC 20), and (4) biochar 30 t/ha (BC 30). The experiment was conducted in the Pa-Deng 
Biochar Research Center (PdBRC), Pa-Deng Sub-district, Petchaburi, Thailand. The results 
showed higher rates of soil nutrients, growth,dry matter and yields in biochar treatments. 
Moreover, the findings indicated that the biochar treated soils had elevated levels of total 
nitrogen (TKN) and exchangeable potassium; the differences were statistically significant at 
p<0.05. TKN levels increased in proportion to the amount of biochar added to the treatment 
while pH, Organic Matter (OM), available phosphorus and Carbon Exchange Capacity (CEC) 
did not show statistically significant differences but the likeliness to increase in the biochar 
treatments. Growth and yields of soybean, including stem height, number of nodes, dry matter of 
stems, dry matter of leaves,dry matter of pods,and dry matter of seeds ofbiochar treatments show 
statistically significant differences at p<0.05) compared tocontrol (BC 0). The most significant 
results obtained in this study was the increases of pods and seeds which were statistically 
significant (p<0.05). Moreover, according to the results, treatments with 20 t/ha and 30 t/ha of 
biochar produced seeds weight which were 28.0 percent and 36.8 percent heavier, respectively in 
comparison to the untreated control.   

Key Words : Charcoal, Slow pyrolysis, Food security, Soil improvement, Soil amendment, 
Soybean 

 
INTRODUCTION 

Biochar is a porous and highly stable form of 
charcoal produced by slow pyrolysis of 
organic wastes such as crop residues. There is 
increasing interest in its potential particularly 
as a soil amendment and for carbon 
sequestration1. During the pyrolysis process, 
biomass (e.g. crop residues) is heated in a 
zero- or low-oxygen environment. The process 
generates three products; biochar, tar and 
syngas2. The pyrolysis process retains carbon 
in the biomass in the form of biochar, instead 
of being converted to carbon dioxide as in 
regular combustion2, 3. Biochar is highly stable 
and can remain in the soil for hundreds or 
thousands of years. Soil stability of biochar is 

largely dependent on starting material and 
pyrolysis conditions. For example, biochar 
made from rice straw in China has been shown 
to remain in the soil for 244-1,700 years4 
whilst Terra Preta in the Amazon basin 
remained in the farm soils for 500-7,000 
years5. 
Biochar has the valuable ability to retain water 
and nutrients. Moreover, the material offers a 
conductive habitat for soil microorganisms 
and, thus can contribute to soil fertility6. 
Biochar is used as a soil amendment to 
increase yields of rice, soybean, corn and 
vegetables. 7-10In addition, biochar can also be 
used to improve topsoil water retention in 
farmlands, reduce nitrous oxide emissions, 
balance soil acidity and increase soil organic 
carbon11. By enhancing soil organic matter, *Author for correspondence 
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biochar also enhances soil nutrient levels and 
water availability12, which in turn contribute to 
higher crop yields. 
Thailand’s agriculture makes heavy used of 
farm chemicals, which can adversely affect 
soil quality, environment, and human health 
while increasing production costs. However, 
crop residues (biomass) can be converted on 
the farm to produce biochar, which can 
contribute to improved soil quality and 
increased yield. In the longer term, this method 
of soil amelioration can contribute to more 
sustainable farming. The study was conducted 
in Pa-Deng Sub-district, adjacent to 
KaengKrachan National Park, Thailand. 
Agricultural soils in this area suffer from low 
soil fertility, periodic water scarcity and soil 
erosion. These are reported as the result of 
increasing population pressure leading to 
expansion of agricultural areas and invasion of 
forests and foothills for agricultural purposes. 
In Thailand, there has been relatively little 
research in biochar as a means of increasing 
crop yields, especially for soybean. Even 
though soybean is a major crop, supply can 
never meet even domestic demand.  

AIMS AND OJECTIVES 
To investigate the potential benefits of biochar  
on soil fertility, growth and yield of soybean. 

MATERIAL AND METHODS 
Collection of soil samples 
Soil samples were collected at the depth of 0-
15 cm from the pre-treatment soil and the soil 
from each experimental plot. Samples were 
allowed to dry under shade, then ground and 
sieved to pass through a 2 mm sieve.          

Each sample (weighing approximately 0.5kg) 
was stored in prepared plastic bags for 
subsequent laboratory analysis. Analysis 
parameters for this experiment were pH, 
Cation Exchange Capacity (CEC), Organic 
Matter (OM), Total Nitrogen (TKN), available 
phosphorus and exchangeable potassium. The 
parameters were analyzed according tothe 
standard of Land and Development 
Department13 pH were determined in a 1:1 
ratio (soil/water) Cation Exchange Capacity 
(CEC) were determined by using ammonium 
acetate method Organic Matter (OM) were 
determined by using Walkley and Black 
method), Total Nitrogen (TKN) were 
determined by using Kjeldahl method available 
phosphorus were determined by using Bray II 
extraction exchangeable potassium were 
determined by using ammonium acetate 
extraction determined by flame 
spectrophotometer. Properties of soils before 
and after biochar application are shown in 
Table 1 and  Table 2 respectively. 
Preparing biochar 
The biochar used in this study was prepared by 
pyrolysis of Blachiasiamensis gagnep at 500-
600 degrees Celsius in a low-cost, locally-
designed retort for approximately 24 hours at 
the Pa-deng Biochar Research Center 
(PdBRC), Pa-Deng Sub-district, Petchaburi 
Province, Thailand. The kiln was constructed 
using a ready-made concrete cylinder with a 
diameter of 1.0 m and height of 0.40 m. The 
retort itself was made from a regular 200 L 
drum placed inside the concrete kiln14. 
Following pyrolysis, the biochar was ground 
and sieved through a 2 mm sieve. Properties of 
biochar are shown in Table 2. 

Table 1 : Properties of soils before biochar application 

Parameters Soil before biochar application 

pH 7.4 

Total N (mg/kg) 500 

% OM 1.14 

Available P (mg/kg) 27 

Exchangeable K (mg/kg) 167 

CEC (cmol/kg) 20.12 
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Table 2 : Properties of soils after biochar application 

Parameters Value 
pH 8.5 
Cation Exchange Capacity: CEC (cmol/kg) 26.97 
Total C (%) 78.88 
Total N (%) 0.78 
Specific surface area (m2/g) 137.91 
Total pore valume (cc/g) 0.0255 
Average pore diameter (Å) 28.34 
Available phosphorus (%) 0.25 
Exchangeable Potassium (%) 0.77 
Water absorption capacity (g/g of d.m.) 2.51 

Preparation of experimental plots 
The experiment was a completely randomized 
block design with three replicates.The 
experiment was conducted using 2x5 m 
experimental plots ploughed to a 30 cm depth. 
The soil surface was pulverized and raked 
even. Levees were constructed to separate the 
plots. In this experiment, Treatment 1 was the 
untreated control (BC 0) in Treatment 2 was 
the soil with biochar at 10t/ha (BC 10), 
Treatment 3, soil with biochar at 20t/ha (BC 
20) and Treatment 4, soil with biochar at 
30t/ha (BC 30). Biochar was applied by 
spreading the material on the soil surface and 
incorporating using a rake. In addition to 
biochar, cow manure was applied to all four 
treatments at a rate of 10t/ha. 
Crop cultivation 
The soybean variety used in this experiment 
was Chiang Mai 60, developed by the Chiang 
Mai Field Crops Research Center, Chiang Mai, 
Thailand. The seeds were first inoculated with 
rhizobium, ensuring even coating of every 
seed15. The seeds were planted immediately 
after rhizobium inoculation. Each plot was 
sub-divided into rows, with an inter-row 
distance of 30 cm and 30 cm between planting  
holes. Six seeds were planted in each hole. 
After seedling emergence, three seedlings were 
removed, leaving the strongest three remaining 
in each hole. Weeds were regularly removed 
by hand-weeding between 14-45 days after 
planting. Preventive treatments to combat 
diseases and insects were applied by spraying 
with a mixture of Derris elliptica extract, 
Derris  malaccensis  and   Siamese  neem  at  

regular intervals and immediately if pests were 
observed. The extract was mixed with water at 
a ratio of 1:20L. 
Growth data collection 
The growth data of soybean in each 
experimental plot were collected 5 times full 
pod (day 62), beginning seed (day 70), full 
seed (day 80), beginning maturity (day 89) and 
full maturity (day 97). Growth data include 
stem height, number of nodes, dry matter of 
stems, dry matter of leaves, dry matter of pods 
and dry matter of seeds. 
The yield data of soybean in each experimental 
plot were collected at the full grown stage (day 
97), including the total number of raw pods per 
stem, the total weight of pods per stem, the dry 
weight of pods per stem, the dry weight of 
seeds per pod and the size of seeds (gram per 
100 seeds). 
Statistical analysis 
The data collected from in this experiment 
were analyzed and compared for statistical 
differences using the Analysis of Variance 
(ANOVA) method and Duncan’s New 
Multiple Range Test (DMRT), and a software 
package - Statistical Package for the Social 
Sciences (SPSS) was used to process the 
analyses.  

RESULTS AND DISCUSSION 
Soil chemical properties 
The analysis results of soil properties after the 
experiment are presented in Table 3. The 
addition of biochar transformed many soil 
properties. The increase in biochar volume 
added in the soil goes in proportion with the 
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TKN level. To illustrate, compared to BC 0, 
treatments BC 30, BC 20 and BC 10 have the 
overall TKN level of 35 percent, 17 percent, 
19 percent respectively. However, BC 30 is the 
only treatment condition with statistically 
significant (p < 0.05) increase in TKN level 
when compared to BC 0 treatment while BC 
10 and 20 treatments show no statistical 
difference (p > 0.05). 
Moreover, adding biochar into the soil also 
modifies the exchangeable potassium. Both 
treatment BC 10 and BC 30 have significant 
increase (p < 0.05) in the exchangeable 
potassium availability compared to BC 0 

treatment while BC 20 treatment does not show 
statistical difference (p > 0.05). However, BC 
10, BC 20 and BC 30 show the increase in 
exchangeable potassium by 31 percent, 18 
percent and 24 percent respectively when 
compared to BC 0. Other properties of the soils 
after the test, including pH values, organic 
matter (OM), available phosphorus and cation-
exchange capacity (CEC), were not 
significantly different (p<0.05). However, 
organic matter (OM), available phosphorus and 
cation-exchange capa -city (CEC) in the biochar 
treated plots are likely to be higher than the 
control plot (Table 3).  

Table 3 : Properties of soil after harvesting soybean 

Parameters Test treatments 
  BC 0 BC 10 BC 20 BC 30 
pH 7.8a 7.8a 7.8a 7.8a 
Total N (mg/kg) 1026.07a 1196.2ab 1190.87ab 1386.8b 
OM (%) 1.16a 1.24a 1.19a 1.18a 
Available P (mg/kg) 30.67a 34.00a 47.00a 43.33a 
Exchangeable K (mg/kg) 145.00a 190.00b 171.67ab 180.00b 
CEC (cmol/kg) 18.19a 17.90a 19.84ab 19.44ab 

The data are presented as mean S.E. of 3 replicates.The same letters are not significantly  different at the 
level of 0.05. 

Growth and yield 
Adding biochar into soybean growing soil 
enhances the growth of the plant statistically 
significant (p<0.05). At every growth stage of 
the test soybean, according to the analysis, BC 
20 and BC 30 treatments had a significantly 
higher soybean stem height compared to BC 0 

treatment. Also, the height of soybean stem 
increased in proportion with the volume of 
biochar added. In other words, BC 30 
treatment showed the highest soybean stem at 
every growth stage (but full pod) whereas BC 
0 treatment resulted in the lowest soybean 
height at every growth stage (Fig. 1).   

 
Fig 1 :  Stem height of soybean at different levels of biochar in each growth stage 
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Adding biochar into soybean growing soil 
increased the nodes of the plant significantly 
(p<0.05). At every growth stage of the test 
soybean, according to the analysis, BC 20 and 
BC 30 treatments had more soybean nodes 
significantly (p<0.05) compared to BC 0 
treatment. Also, the number of soybean nodes 
increased in proportion with the volume of 

biochar added. In other words, BC 30 
treatment showed the most soybean nodes at 
full seed, beginning maturity, and full maturity 
stages while BC 30 treatment saw the most 
soybean nodes at full pod and beginning seed 
stages, whereas BC 0 treatment resulted in the 
least soybean nodes at every growth stage 
(Fig. 2). 

 
Fig. 2 :  Nodes (number) of soybean at different levels of biochar in each growth stage 

Adding biochar into soybean growing soil 
increased the dry weight of the plant 
significantly (p<0.05), including stem dry 
weight, leaves dry weight, pod dry weight, and 
seed dry weight. Substantially, the analysis 
showed that adding biochar at smaller volume 
(10 t/ha) did not result in the statistically 
significant increase in dry weight of soybean 
compared to the BC 0 treatment. However, 
higher volume of biochar added to the soil (20 
t/ha and 30 t/ha) resulted in statistically 
significant increase in dry weights of each 
soybean part compared to the BC 0 treatment. 
In other words, BC 20 and BC 30 treatments 
had more soybean nodes significantly (p<0.05) 

compared to BC 10 and BC 0 treatments. Stem 
and leaves dry weights from BC 20 treatment 
rose by 26.8 percent and 25.6 percent 
compared to BC 0 treatment. Stem and leaves 
dry weights from BC 30 treatment rose by 81.7 
percent and 97.4 percent compared to BC 0 
treatment. Likewise, pods and seed dry 
weights from BC 30 treatment also showed a 
statistical significance (p<0.05) compared to 
BC 0 treatment. In other words, pods and seed 
dry weights from BC 30 treatment rose by 23.8 
percent and 24.8 percent compared to BC 0 
treatment. However, root dry weight from 
every treatment did not show any statistical 
significance (p>0.05). (Fig 3) 

 
Fig. 3 :  Dry matter of soybean at different levels of biochar in each growth stage 
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Adding biochar in the growing soil of soybean 
increased the number of pods per plant, seeds per 
pod, and seed dry weight compared to the 
biochar non-treated soil. In other words, the 
number of pods per plant increased with higher 
levels of biochar incorporation (Table 4). 
Average pod number per plant for the BC 20 and 
BC 30 treatments was significantly different 
(p<0.05) from BC 0 treatment. The BC 30 
treatment had the highest pod number (44.1 
pods) while BC 0 (untreated control) the lowest 

(33.3 pods). The results indicate increased seed 
weight with higher levels of biochar 
incorporation. Seed weight for the BC 30 and BC 
20 treatments were significantly higher (p<0.05) 
than BC 0. Seed weight increases for the BC 30, 
BC 20 and BC 10 treatments were 36.8, 28.0 and 
4.0 percent higher, respectively, than the control 
BC 0 treatment. However, the total pods per 
plant and dry seed weight from BC 20 and BC 
30 treatment did not show any statistical 
significance. 

Table 4 : Influence of biochar soil incorporation on average soybean yield 

Treatment Pods/plant Seed/pod 100 seed dry weight (g) Seed weight (t/ha) 
     BC 0 33.3a 2.0a 20.0a 3.9a 

BC 10 35.9ab 2.1a 21.3a 4.1a 
BC 20 39.8bc 2.1a 21.9a 5.0b 
BC 30 44.1c 2.1a 22.1a 5.4b 

Incorporation of biochar into theplantation soil 
of soybean can increase the soil fertility and 
plant nutrients. The result of this study showed 
that addition of biochar in clay loam plantation 
soil can increase the Total Nitrogen (TKN) for 
the soil significantly compared to that of the 
control plot. One reason behind soil 
enrichment of biochar is its cation exchange 
capacity, i.e., the ability to hold nitrate (NO3

-) 
and ammonium (NH4

+) in the soil and prevent 
them from being eroded by water. This 
property retains nitrate and ammonium within 
the soil16,17.The other reason is the biochar’s 
high internal porosity, enabling it to ventilate 
oxygen well in the soil, preventing the loss of 
nitrogen caused by emission of nitrous oxide 
from the soil through denitrification process. 
The denitrification process could incur once 
the soil is lacking in oxygen or flooded18. 
Therefore, adding biochar into clay loam for 
growing soybean helped increase TKN and 
exchangeable potassium significantly 
compared to the control plot. This could be 
caused by the fact that the ash that comes with 
biochar emits exchangeable potassium 
abruptly19. The emitted exchangeable 
potassium is then held in the clay loam, 
accumulating it in volume. Even though the 
analysis of phosphorus in the experimental 
treatments (BC 10, BC 20 and BC 30) and the 
control plot (BC 0) did not show statistically 
significant difference, there was a tendency for  

its increase in the biochar treated plot. This 
could be attributed to its ability to retain 
phosphorus in the soil and prevent phosphorus 
erosion in its soluble state. Adding biochar into 
the soil increased its ability to retain 
phosphorus better since the substance 
improves the bond between calcium and 
phosphorus. However, biochar will be more 
effective in holding phosphorus in acidic soil20. 
Likewise, Carbon Exchange Capacity (CEC) 
from all experimental plots did not show 
statistically significant differences (p > 0.05). 
However, BC 30 and BC 20 treatments has 
higher CEC by 10 percent and 5 percent 
respectively compared to BC 0 treatment. 
Adding biochar into the soybean plantation 
soil did not significantly increase CEC since 
the test plots were of clay loam which had 
relatively the same CEC as that of biochar. 
Previous studies indicated that application of 
biochar can increase CEC significantly in 
sandy soil or the soil with low CEC21. 
Although biochar is naturally basic and thus 
useful for increasing pH of acidic soil, the pre-
experiment pH of the plots was 7.4 while the 
pH of biochar was 8.5. When mixed, the post-
experiment pH was 7.8. However, biochar can 
be used to improve pH of the soil and it could 
be very useful for the soil with acid level from 
medium to low because it will increase the pH, 
enabling the plant to absorb vital nutrients 
more effectively22. 
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Adding biochar into the plantation soil 
enhanced the growth and yield of soybean 
significantly (p<0.05). The analysis showed 
that BC 20 and BC 30 treatment increased 
stem height and number of nodes significantly 
compared to the control plot (BC 0). This 
result agrees with other previous studies, 
indicating that biochar added into the 
plantation soil ameliorated the plant growth 
significantly or is likely to make the plant 
grow better than non-treated plot21, 23. The 
influence of biochar on the stem height and 
number of nodes was due to the material’s 
property to increase TKN, the ability to hold 
nitrate (NO3

-) and ammonium (NH4
+) in the 

soil and prevent them from being eroded by 
water. This property retains nitrate and 
ammonium within the soil and reduces the loss 
of nitrogen caused by emission of nitrous 
oxide from the soil through denitrification 
process. The denitrification process could 
incur once the soil is lacking in oxygen or 
floode. Nitrogen availability in the soil is very 
vital for plant growth since it stimulates the 
plant to grow and remain healthy, enhance the 
growth of leaves and stems. As a result, BC 20 
and BC 30 treatments has substantial 
improvement in stem height, resulting in more 
nodes. Adding biochar in soybean plantation 
soil increase dry weights in many parts of the 
plants significantly (p<0.05), including dry 
stem weight, leaves dry weight, pods dry 
weight, and seed dry weight. This test result 
agreed with previous studies, indicating that 
adding biochar in plantation soil increase dry 
weights of plant significantly or is like to 
increase dry weights more than biochar non-
treated plot24-27. More importantly, adding 
biochar showed statistically significant 
increase in the number of pods per plant and 
seed weight.28, 29 The influence of biochar on 
dry weights and soybean seed weight is due to 
its properties in soil enrichment, enabling the 
plant to accumulate its dry weights and seed 
weight better. This is because biochar is 
characterized by its ability to retain and 
increase nutrients, reduce loss of nutrient 
caused by erosion, improve water absorption, 
relieve soil density and enhance the growth of 
beneficial microorganisms. In addition, 
biochar could also contribute to the suitable 

environment for the growth of plant         
root.30-33 In conclusion, adding biochar at the 
suitable amount for type and fertility of soil, in 
this case BC 20 and BC 30 treatments, could 
increase the growth for soybean, especially 
stem height and leaves which are the essential 
element to dry weights and soybean yield 
eventually.34-37 

CONCLUSION 
Adding biochar into plantation soil of soybean 
is an important alternative to control soil 
fertility, enhance its growth and yield. It is 
noticed that adding 30 t/ha of biochar increase 
TKN and exchangeable potassium 
significantly while available phosphorus is 
likely to increase compared to the control plot 
(BC 0). The growth and dry weights at the 
soybean parts and yield also increased 
significantly in BC 20 and BC 30 treatments 
compared to BC 0 treatment. However, this 
study is a short-term experiment. Some of the 
points were not as clear as it should have been. 
The results about influence of biochar on soil 
and soybean growth in a long term could 
explain more clearly about soil properties and 
the most suitable depth for adding biochar, 
relationship with microorganisms in the soil, 
and absorption of available nutrient to 
minimize the use of fertilizers. 
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