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Abstract

Biochars can be used as soil amendments for improving soil properties and crop yield. In this study, a pot experiment
was conducted to compare the efficiency of pelleted broiler litter biochar (PBLB) derived from a lab-scale pyrolysis reactor
(PBLBL) with that resulted from 200-liter-oil drum kiln (PBLBO). The biochar generated from each reactor was applied
to the pot that contained lower organics materials, sandy soil, and grown soybeans cv.Chiangmai-60 (Glycine max [L.]
Merr.) at the application rates of 5.00, 10.0, 15.0, and 20.0 t ha™. The results showed that both types of pyrolysis reactors
(PBLBL and PBLBO), at every application rate, significantly improved the physicochemical properties of soil and increased
the growth and yield of soybean; their comparison with a control treatment of soybeans is p < 0.05. At the application rate
of 15.0 t ha' the PBLBL showed the highest soybean yield. The application of PBLBL and PBLBO significantly led to
increased pH, soil organic matter, C:N ration, N, P, K, Ca, Mg and CEC.
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1. Introduction

In recent years, biochar has been reported to boost
soil fertility and improve soil quality such as raising
soil pH, increasing moisture holding capacity, attract-
ing more beneficial fungi and microbes, improving
cation exchange capacity, and retaining nutrients in soil
(Lehmann et al., 2006). Biochar is considered much
more effective than other organic matter in retaining
and making nutrients available to plants (Zheng et al.,
2010). Its surface area and complex pore structure made
by pyrolysis process are hospitable to bacteria and
fungi needed by plants to absorb nutrients from the soil
(Zheng et al.,2010). These characteristics make biochar
an exceptional soil amendment for use in sustainable
agriculture (Verheijen et al., 2010).

Biochar can be created from various kinds of
materials such as plant material, animal litter such as
poultry litter which, in Thailand, is the most common
and easily available; char made from poultry litter
provides useful properties for soil improvement and
plant growth. Broiler littler contains high plant nutrition
values especially nitrogen, phosphorus, and potassium
for soil improvement and crop growth as well as
promoting yield. A direct application of fresh broiler
litter to crop production for immediate consumption

can be harmful to health due to the contamination of
pathogens, parasites, fungi, and heavy metal (Suppadit
et al., 2003). In Thailand pelleting of broiler litter has
been utilized to deal with litter management and, thus,
reducing negative environmental impact (Suppadit,
2000). However, during a pelleting of broiler litter
process some components may be denatured by the
pressure and heat, and continued to release ammonium
during storage time. In addition to pelleting process,
biochar created from poultry litter tends to have more
beneficial effects on soil quality and crop production
than that produced from herbaceous, and biomass
material (Chan et al., 2008). In most of literatures,
biochar is derived from a lab-scale pyrolysis reactor
which is complicated and inconvenient for rural and local
people. For this reason this study proposed a 200-liter-oil
drum kiln, which has been used for charcoal making in
rural sectors of Thailand to reproduce biochar used in
ameliorating lower organic matter soil; it was done
by determining and comparing the efficiency of both
kinds of biochar derived from two types of pyrolysis
reactors in soybean planting. The experiment then
evaluated the productive performance of soybeans in
relation to the soil’s physicochemical properties after
amended with these two different types of biochar.
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2. Materials and Methods
2.1. Soils

The soil used in this study was a series of Ongkarak
soil which was classified as sandy soil containing 94.0%
sand, 3.50% silt, and 2.50% clay. Soil samples were
collected from the Tumbon Promanee areas, Mueng
district, Nakhon Nayok province in Thailand. The
selected soil samples were thoroughly mixed, air-dried,
and passed through a 2.00 mm sieve prior to laboratory
analysis. The physical and chemical characteristics
of the soils were analyzed at the Land Development
Department 1% Region, Pathum Thani province in
Thailand. Table 1 shows the chemical characteristics,
trace element, and heavy metals in the sandy soils before
the experiment.

2.2. Preparation of feedstock

The broiler litter used in this experiment was taken
from Siriwan Company Limited’s network broiler
chicken (Gallus gallusdomesticas) from Saraburi
province in Thailand. Broilers were fed in closed houses
with the evaporative cooling systems that measured
20.0 m wide x 50.0 m long with a stocking density of
17.5 chicken m”. Before starting the feeding broilers,
the concrete floors were covered with rice hulls that
were widely used in chicken farms in Thailand. At
the end of the broiler production cycle (50 days) the
broiler litter was removed and packed to plastic bags.
Then, the broiler litters was brought into the pelleting

process following the methods described by Suppadit
and Panomsri (2010).

2.3. Preparation of biochar

To effect the combustion process of the biochar’s
chemical and physical characteristics the combustion of
PBL was conducted under a lab-scale pyrolysis reactor
and 200-liter-oil drum kiln. In order to generate biochar
(PBLBO) using a 200-liter-oil drum kiln, the oil drum
kiln was designed for a low-cost charchoal burning
tank by cutting of the top tight seal of tank. The kiln
was laid down horizontally for a PBL burning process
(Appropriated Technology Association, 2003). Ten
kilograms of PBL were loaded into the kiln, pre-heated
at 55.0°C - 60.0°C, and its temperature gradually
increased to 150°C in order to drive the cool air into the
tank and dehydrate the sample until the smoke turned
to white color. Then the wood fuel was continually
supplied to the kiln till the temperature rose up to 500°C
at which it was maintained for 5.00 hours. For the
lab-scale of slow pyrolysis, the experiment was
conducted at Land Development 1* Region, Pathum
Thani province in Thailand. Ten kilograms of PBL
were used to generate biochar (PBLBL) at the 500°C
pyrolysis temperature for 5.00 hours based on the
recommendation of Lehmann (2007) and Uzoma
et al. (2011). After the pyrolysis process, the reactor
was cooled down at room temperature and biochar was
collected. PBL was run 4 times in each reactor to
generate PBLBL and PBLBO which were randomly
sampled for use in physical and chemical properties
analysis.

Table 1. Chemical characteristics of soil, pelleted broiler litter (PBL), pelleted broiler litter biochar produced by
lab-scale pyrolysis reactor (PBLBL) and pelleted broiler litter biochar produced by 200-liter-oil-drum kiln

(PBLBO)

Parameter Soil PBL PBLBL PBLBO
Moisture content 4.00 5.99 5.80 5.25
pH 4.50 6.00 9.40 9.90
EC (dS/m) 0.090 0.0787 0.102 0.109
OM (%) 1.07 3.97 3.30 3.37
N (%) 0.083 3.52 2.97 2.86
P (mg kg™ 3.00 2.53 4.25 5.33
K (mg kg™) 35.0 271 507 526
Ca(mgkg™) 135 237 527 738
Mg (mg kg™ 24.0 122 227 217
C/N Ratio 7.00 11.0 9.00 8.00
CEC (me/100g) 2.87 10.3 17.6 18.2
Heavy metal
Cadmium (mg kg™) nd nd nd nd
Mercury (mg kg™) nd nd nd nd
Lead (mg kg™) nd nd nd nd

nd = not detected (< 0.0001 ppm)
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2.4. Location and greenhouse

The study was conducted at the plastic house at
the Chulachomklao Royal Military Academy in Mueng
district, Nakhon Nayok province in Thailand from
November 2011 to March 2012. The temperatures
during the trial period ranged from 23.0 to 33.0°C. The
trials were performed in a greenhouse that measured
6.00 m wide x 8.00 m long x 2.00 m high (96.0 m’)
under a clear plastic roof. Corrugated iron and blue
netting were used as a borders around the plastic house.
The black plastic pots of size 28.0 cm wide x 22.5 cm
high (616 cm®) were used to plant soybeans.

2.5. Pot experiments and data collection

This study was conducted at the plastic house
with natural light and temperature settings. The
temperatures during the experiment ranged from 23.0 to
33.0°C. The experimental design used in the study was a
randomized block design with four replications. Two
kinds of pyrolysis (PBLBL and PBLBO) reactors, and
five levels of biochar application rates (0, 5.00, 10.0,
15.0 and 20.0 t ha") were used. The soils were mixed
with biochar by applying a rotating soil mixer. For each
rate of PBLBL and PBLBO, ten kilograms of mixed
soil were filled into 25.4 cm plastic pots. After that, four
seeds of soybeans cv. Chiangmai 60 (CM. 60) which
were inoculated with Rhizobium spp. soil directly into
each treatments were planted inside the pots. The potted
plants were watered based on field capacity until the R7
stage (beginning maturity). The entire plot areas were
weeded by hand. An aqueous solution of tobacco leaf
extract was sprayed as needed for insect control. The
growth and yield of soybean were recorded as follows;
planting date, stage of emergence, number of nodes,
stem height, leaf area, stem weight, yield (4 plants pot™
x seeds pod” x 1 seed weight), number of pods plant”,
number of seeds pod”' and dry weight of 100 seeds. For
the leaf area measurement, the full expanded leaves of
soybean in each treatment were measured using a leaf
area meter LI-3100A (LI-COR Biosciences). At any
growth stage of soybean, a single stem plant of each
treatment was harvested and dried with a hot air oven
at 70.0°C for 48.0 hours or until a constant weight was
reached before weighing to determine its dry weight.

2.6. Chemical analysis

At the end of the pot experiments, the stems
and seeds of soybeans including soil samples were
harvested and analyzed for their chemical properties at the
laboratories of Land Development 1™ Region, Pathum
Thani province in Thailand. The soil from each pot was
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air-dried at 36.0°C until it reached a constant weight;
then it was crushed gently to pass through a 4.00 mm
sieve to be separated from plant debris following
Suppadit et al. (2012). The EC and pH in PBLBL
and PBLBO and soil samples, before and after the
experiment, were determined in a soil: water extracts
ratio (1:10 w/v) using conductivity meter (electrical
conductivity method) and pH meter respectively
according to procedures of Peverill ef al. (1999). The
cation exchange capacity (CEC) was measured using
NH* replacement method following the procedures of
Schollenberger and Simon (1945); then the <4.00 mm
soil samples were analyzed for their moisture, organic
matter (OM), C/N ratio and extractable N, P, K, Ca, and
Mg. The organic matter was analyzed following the
method of Walkley and Black (1934) and the total N by
the method of Kjeldahl. The available phosphorus was
analyzed using Bray II extraction solution; the amount
of P was determined by Spectrophotometer. The amount
of K, Ca®" and Mg”" were extracted by 1 N NH,OAc,
and pH 7; the extract solution was then analyzed using
Spectrophotometer.

2.7. Plant tissue analysis

The stems and seeds of soybeans were oven dried
at 70.0°C for 48.0 hrs. The protein and lipid in the
seeds were measured using the Kjeldahl method with a
Kjel-Foss Automatic (Model 16210) and the Soxhlet
extraction method according to the procedures
described in the Land Development Department (2004)
manual. The heavy metals in the PBLBL, PBLBO and
soils were measured using the inductively coupled
plasma atomic emission method with an inductively
coupled plasma emission spectrophotometer according
to the procedures of AOAC (1970; 1980).

2.8. Data analysis

The Statistical Analysis System (SAS version 6.12)
softwares were used to analyze the data obtained in this
study. Duncan’s New Multiple Range Test (DNMRT)
was used to determine the means differences among
treatments at a significance level of p < 0.05.

3. Results and Discussion
3.1. Growth and yield of soybean

Soybeans treated with PBLBL and PBLBO, for all
application rates, had higher stem lengths, numbers of
nodes, leaf areas, and dried stem weight than those under
control treatment. The application of a combination
of biochar derived from the two types of reactors
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Figure 1. Effects pelleted broiler litter biochar (PBLB) derived from lab-scale pyrolysis reactor (PBLBL) and
PBLB derived from 200-liter-oil-drum kiln (PBLBO) on plant height (above) and number of nodes plant™

(below) of soybeans cv. Chiang Mai 60.

(PBLBL and PBLBO) with an application rate 0o 20.0 t
ha” produced the shortest stem lengths (Fig. 1). For
application rate, the stem length of soybeans treated
with the PBLBO was slightly higher than that of
soybeans fed with the biochar resulted from PBLBL.

At the end of the experiment the number of nodes
plant” as influenced by biochar derived from lab-scale
pyrolysis reactor and 200-liter-oil drum reactors, at all
application rates, were higher than those of the soybeans
under control treatment. An application of the PBLBL
at 20.0 t ha” produced the highest number of nodes
plant” (7.00 nodes plant ™). The number of nodes plant™
of soybeans with the application rates at 5.00, 10.0 and
15.0 tha” of PBLBL (6.00, 6.10 and 6.10 node plant™)
was higher than that of soybeans treated with PBLBO
application (5.50, 5.70 and 5.80 node plant”) (Fig. 1).
The least number of nodes plant” was recorded among
the soybeans under control treatment.

The leaf areas of soybeans at the growth stages of
R1, R3, RS, and R7 increased significantly (p < 0.05)
for all treatments. The soybeans under control treatment
had the lowest leaf areas for all growing stages. An
application of PBLBO at 15.0 tha™ produced the highest
leaf areas at the RS and R7 of growth stages. With
the exception of the application of PBLBO at 15.0 t
ha', the leaf areas of soybeans treated with PBLBO
at the growth stage of R7 were higher than those other
treatments (Fig. 2).
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The dried stem weight of soybean was significantly
influenced by biochar derived from both of PBLBL
and PBLBO, for all application rates, except for an
application of PBLBO at 5.00 t ha™. With the exception
of an application of PBLBO at 5.00 t ha" and control
treatment, the dried stem weight of soybeans increased
gradually till reaching the peak of growth stage at R6;
after that the dried stem weight of soybean decreased
rapidly. Both applications of PBLBL and PBLBO at
15.0 t ha" produced the higher stem dried weight of
soybeans. The highest dried weight of soybeans was
found in the treatment of PBLBL at 15.0 t ha (Fig. 3).

All yield constituents in terms of number of pods
plant”, number of seeds pods”, and 100 dried seed
weight were showed significant interaction results
(p < 0.05) (Table 2.). The interaction between PBLBL
mixing rate 15.0t ha" showed the highest yieldat 10.0 g
pot” following with PBLBO at the same mixing rate
(8.78 g),and the lowest was the soybeans in the
controlled group (2.00 g). The pods plant”, seeds
pods”, and 100 dried seeds weight also showed the
similar trends like the yield pots™ (Table 2.). According
to Uzoma et al. (2011) the study using cow manure
biochar for maize planting in sandy soil revealed that
a biochar mixing rate 15.0 t ha" had maize grain yield
up to 150 % greater than that resulted from applying
the highest mixing rate of 20.0 t ha. Also according to
Suppadit et al. (2012) using quail litter biochar (QLB)
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Figure 2. Effects of pelleted broiler litter biochar (PBLB) derived from lab-scale pyrolysis reactor (PBLBL) and
PBLB derived from 200-liter-oil-drum kiln (PBLBO) on leaf area of at different growth stage (R1-R7) planted
in lower organic and sandy soil treated with PBLBL and PBLBO at various levels.
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Figure 3. Effects of pelleted broiler litter biochar (PBLB) derived from lab-scale pyrolysis reactor (PBLBL) and
PBLB derived from 200-liter-oil drum kiln (PBLBO), at different application rates, on dried stem weight at
different growth stages.

Table 2. Effects of PBLB derived from PBLBL and PBLBO with four application rates on yield and nutrients in seed of
soybeans cv. Chiangmai 60.

Hems Control PBLBL (tha") PBLBO (tha™)

5.00 10.0 15.0 20.0 5.00 10.0 15.0 20.0
Yield components
Yield (g pot™) 200" 7.20° 8.80° 10.0° 7.20° 4.00° 7.60° 8.78" 7.20°
Pods plant’ 3.50°  7.60° 8.60° 9.19° 7.68" 4.80" 8.27" 8.40° 7.80°
Seeds pod™ 129 2.00° 2.09” 2.20° 2.03% 1.98° 2.09° 2.09° 2.00°
100 dried seeds weight (g) 1075 16.5° 17.6° 18.4* 17.5% 15.8" 17.6° 18.2° 17.6°
Seed’ quality
Protein (%) 3515 35.9° 36.0° 36.1° 36.6° 35.5¢ 36.0° 36.1° 36.5°
Lipid (%) 18.1"  19.2 19.6" 19.9° 19.9° 19.1® 19.5° 19.7¢ 20.0"

Means in the same row with different letters are significantly different at p < 0.035.
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at 94.3 g pot” showed the highest soybean yield than
applying the maximum QLB rate at 123 g pot”. The
higher yield resulted from the mixing rate 15.0 t ha’
in comparison with the mixing rate 20.0 t ha" was
perhaps mainly due to the fact that biochar is alkaline
in nature, which may affect soil pH (Suppadit, 2012).
That the application of PBLBO yielded soybeans with
much higher EC than those treated with PBLBL may
be due to the salinity affect to plant for nutrient uptake
(Crowley and Arpaia, 2011).

3.2. Seed quality

The applications of biochar derived from PBLBL
and PBLBO at all rates (5.00, 10.0, 15.0 and 20.0 tha™)
produced significantly higher yield pot”, pods plant™,
seeds pod”', 100 dried seed weight and seed quality (%
protein and % lipid) than control. The highest number of
yield pot” (10.0 gpod™), pods plant™ (9.19 pod plant™),
seeds pod” (2.20 seeds pod™) and 100 dried seeds
weight (18.4 g) produced by a combination of PBLBL
at 15.0 tha” of application rate, while the least number
of yield components was produced by controlled
pots. The influence of biochar derived from PBLBL
and PBLBO on seed quality revealed that the highest
amount of protein obtained from an application rate of
20.0 tha™', while the highest amount of lipid was found
in an application of biochar derived from PBLBO and
applied to soybean at 20.0 tha™ (Table 2.). The increase
of protein contents in seeds could be directly related
to nitrogen uptake of plants (Winslow, 2011). Biochar
also plays important roles in improving their nitrogen
fertilizer uptake (Chan et al., 2007). Hunt et al. (2010)
also reported that an application of biochar to plants in
both tropical and temperate climates condition could
increase plant growth, water retention, and microbial
activity as well as reducing nutrient leaching.

3.3. Effects of PBLBL and PBLBO on physicochemical
properties in soil

The effects of PBLBL and PBLBO on
physicochemical properties in soil are given in
Table 3. The statistical analysis revealed a significant
(p < 0.05) increase in soil physicochemical properties
due to an addition of PBLBL and PBLBO. The percent of
moisture content in soil treated with both biochar
increased dramatically according to the rates of
application and higher than that of control treatment
(Table 3). The soil treated with PBLBL, at all
application rates, showed the higher amount of moisture
content than that treated with PBLBO. The highest
means values of soil moisture contents were observed
in the soil treated with PBLBL with an application rate

0f 20.0 t ha™". The soil used in this study is sandy soil
with low ability of water retention. Using the biochar
derived from PBL, PBLBL and PBLBO could increase
water holding ability in soil. It was expected that the
biochar derived from pelleted broiler litter had a greater
impact in increasing water retention in sandy soil.
Revell (2012) reported that an addition of poultry litter
biochar to sandy and silt loam soil in a lettuce germination
study increased linearly water holding ability about
15.0% and 40.0% of each soil respectively. Brockhoff
et al. (2010) also showed that an addition of biochar
0f 25.0% by volume increased water holding capacity
(WHC) of pure sand by as much as 370%. The study
of Kammann et al. (2011) showed that an application
of biochar at the rate up to 100 mg ha™ to sandy soils
improved drought tolerance and water use efficiency in
Chenopodium quinoa relative to an untreated control.
Woolf et al. (2010) confirmed that biochar is a useful
tool for increasing of available moisture in sandy soil.
Moreover, PBLBL and PBLBO are porous materials
with a high surface areas (Liang et al., 2006) and mainly
consist of micro-pores (Verheijen et al., 2010). This
can lead to an increase in water retention in soil at root
zone. Therefore, PBLBL and PBLBO can function as
improvers to keep the soil moist and nutrients more
available for growing and improving crops productivity
(Steinbeiss et al., 2009).

The application of PBLBL and PBLBO on sandy
soil for growing soybeans in this study significantly
(p < 0.05) increased the means values of pH and EC
(Table 3). The pH levels were expected to rise with the
addition of biochar derived from PBLBL (pH 9.40)
and that from PBLBO (pH 9.90). The highest means
values of pH and EC were observed in soil treated with
PBLBL and PBLBO at the rate 0f 20.0 t ha™. The result
was consistent with Singh et al. (2011) which it was
found that adding of empty fruit bunches (EFB) with
pH 8.00 to the soil obviously elevated it. In addition,
Basri et al. (2013) indicated that the soil pH treated
with biochar was increased from 5.20 to 6.20. Biochar
have neutral to basic pH and researches explored an
elevation in soil pH after biochar applications when
initial pH was low. Adding biochar is not only an
attractive approache to reduce environmental pollution
these days, but also has an ability to reduce nutrient
leaching, improve crop yield, and lead to a sustainable
management of fertilizer (Glaser et al., 2001). Plant or
animal litter can be sources of organic materials to be
turned into biochar which was highly considered as a
carbon sequester, soil conditioner, and retainer of am-
monium to reduce nitrous oxide emission (Clough and
Condron, 2011; Singh et al., 2011). The soil analysis
after soybean harvest showed that the organic matter
level of soil treated with PBLBL and PBLBO at any
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Table 3. Effects of addition of PBLBL and PBLBO mixed for growing soybeans cv. Chiangmai-60 on soil
physicochemical properties

PBLBL (t ha™)

PBLBO (t ha™)

Items

Control 5.00 10.0 15.0 20.0 5.00 10.0 15.0 20.0
Moisture content (%) 4.48° 5.27° 5.30° 6.00° 6.93° 4.92¢ 4.92¢ 5.35° 6.00°
pH 4.00" 4.85° 5.05° 5.40° 5.45° 4.40° 4,60 5.00™ 5.30°
EC (dS/m) 0.0898° 0.0514"  0.0732°  0.0910°  0.130° 0.0732°  0.0811°  0.0918°  0.152°
OM (%) 1.05° 1.35° 1.36° 1.38% 1.40° 1.29¢ 1.37% 1.49° 1.40°
N (%) 0.0830° 0.0978°  0.0983°  0.0990°  0.123% 0.0980°  0.0980°  0.0998°  0.120°
P (mg kg™") 3.00° 10.0° 28.0¢ 38.0° 37.0° 22.0° 23.0° 55.0° 104
K (mg kg™ 35.00 96.0¢ 167¢ 227¢ 256° 95.8¢ 149" 220¢ 267
Ca(mgkg") 135" 149" 208° 209¢ 236° 145¢ 165° 169¢ 256
Mg (mg kg™) 24.0' 37.5 56.5° 75.5¢ 80.5° 38.5¢ 55.5" 71.5¢ 94.5°
C : N ratio 6.50¢ 7.00" 8.07¢ 8.41% 8.65" 737 8.12% 8.51° 9.07"
CEC (me/100g) 2728 2728 2.82" 3.00¢ 3.11° 2.82" 2.89° 3.46° 3.68"

Means in the same row with different letters are significantly different at p < 0.05.

rate was higher than that of control treatment. This
indicated that the biochar derived from PBLBL and
PBLBO acted as original organic matter material when
added to soil. The PBLBL and PBLBO themselves have
high organic matter.

The nitrogen level in soil, for all kinds of biochar
derived and application rates, increased 0.740% to
2.00% rates. The highest increase of nitrogen level
in soil after soybean harvest was the applications of
biochar derived from both PBLBL and PBLBO at
20.0 t ha™, 0.123% and 0.120%, respectively. The P,
K, Ca, Mg, C:N ratio, and CEC level in soil increased
significantly at all application rates of any kinds of
biochar. The potassium and phosphorus levels were
significantly increased two to seven folds and three
to twelve folds, respectively. For all applications the
rates of PBLBL and PBLBO significantly increased in
the C:N ratio and increase gradually with the increase
of application rates. Biochar is characterized by C:N
ratios with the enrichment sources of carbon. The C:N
ratio of organic soil amendment could be affected
directly whether to N mobilize or immobilize
particularly when the C:N ratio was higher than
20:1, a generic interpretation indicated that N will be
immobilized and became unavailable to plants
(Havlin et al., 2005). According to result in this study, the
C:N value in all treatments were lower than 20, which
suggested that any application rated of both biochar used
in the study can be used as organic soil amendment.

4. Conclusion

Converting poultry litter into biochar using a
200-liter-oil drum kiln provides a low cost method to

generate a value-added product in rural sectors of
Thailand. This study clearly showed that PBLBO
biochar which is derived from the low cost
biochar-making tank produced the higher chemical
and physical properties than that of PBL and PBLBL.
When PBLBO biochar was added to sandy soil for
growing soybeans cv. Chiangmai-60 it was found that,
irrespective addition of either PBLBO or PBLBL, it
improved the physicochemical properties of soil, the
growth, and yield of soybeans despite of application
rates. This suggested that the addition of PBLBO and
PBLBL into the soil can promote the growth and yield
of soybeans cv. Chiangmai-60 as well as improving the
chemical and physical properties of soil. Even though,
PBLBL showed potentials in promoting plant growth
and yield including improvement of soil properties the
making biochar by this method is costly. Therefore, the
PBLBO method seem to be the most suitable biochar
reactor for farmers because it was a simple and low
cost way to reproduced biochar in remote areas; the
farmers should be encouraged to generate biochar and
apply it to their crops.
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