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Abstract – This study aimed to use char-
coal derived from the bamboo and melaleuca
produced by traditional kiln applied to sandy
soil growing mustard green (Brassica juncea L.).
The charcoals were applied at three ratio (1%,
2%, and 3%, which correspond to 10, 20, and
30 g charcoal/kg soil in pots) and the control
treatment without charcoal. Soil properties were
investigated including bulk density, pH, electri-
cal conductivity (EC), cation exchange capacity
(CEC), organic matter content, total nitrogen,
and total phosphorous. The results showed that
bulk density decreased in charcoal-treated soils.
pH and EC were in the suitable range for plants.
Nutrients and CEC of the soil in the charcoal
treatment were significantly higher compared
with the control (CEC increase 6.8% to 16%;
TC increase 80% to 115%; TN increase 37.5
to 75%). Green mustard growing on charcoal-
amended soil had greater height (higher 3% to
21%), bigger leaves, and higher yield (increase
18% to 81%) than those of plants groomed in
the control treatment. This study showed the
potential of using charcoal as supplying nutrient
to the poor soil. Moreover, the abundant of raw
material and easy to produce, it is suitable for
applying in the Mekong Delta, Viet Nam, and
other countries with similar conditions and in-
frastructure.
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I. INTRODUCTION

In recent years, the application of biochar as
soil amendment has received a lot of attention
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around the world. Many studies have investigated
the impacts of biochar on C sequestration [1],
[2], crop production [3], [4], greenhouse gas
emission [5], [6], remediation of contaminated
soils [7], [8], etc. The potential of biochar on soil
amendment is not doubted leading to the neces-
sity of producing a large of amount biochar for
agriculture and remediation of contaminated soil.
The principle of biochar production is pyrolysis
biomass in limited oxygen condition [9], equiva-
lent to produce charcoal in the traditional com-
mercial kiln. However, charcoal produced from
traditional technique was not widely recognized
in the soil amendment ability, studies investigated
the effect of charcoal in soil are still lacking.
Meanwhile, charcoal production is widespread in
the Mekong delta, Viet Nam, focus mainly on
two provinces: Hau Giang and Soc Trang. The
main feedstock for production is wood from fruit
gardens that do not exploit anymore. More than
1,500 traditional kilns in these two provinces,
could be the great woody charcoal source for
amendment and remediation of contaminated soil
in agriculture and other applications in the envi-
ronment, especially in the developing countries
due to the low cost and easy production.

On the other hand, the quality of agricultural
land in Viet Nam tends to decrease due to de-
sertification or the abuse of fertilizers and plant
protection from drugs that reduce the produc-
tivity of the soil. Typically, soil in the hills, or
soil with over fertility in the Mekong Delta, this
affects agricultural cultivation. There are many
researches on biochar applications to improve soil
condition and soil productivity in Viet Nam and
the world. However, studies have just shown the
effects of different biochars at different soil types
[3].

Therefore, the aim of this study is to deter-
mine the effects of woody charcoal derived from
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Bamboo and Melaleuca produced by the tradi-
tional kiln on the properties of the soil, and the
plant growth, specifically on mustard green. The
results are expected to contribute in promoting
the use of those charcoals as soil amendments
instead of using the artificial fertilizers.

II. MATERIALS AND METHODS

A. Preparation of charcoals

The bamboo (Bambusa bambos (L.) Voss)
and melaleuca (Melaleuca cajuputi Powell) were
collected in Chau Thanh District, Hau Giang
Province, Viet Nam. The raw material was cut
with a length of 50-60 cm, especially, melaleuca
need to peel before pyrolysis.

Thereafter, bamboo and melaleuca were put
inside the charcoal kiln of a farmer at Phu Tan
charcoal production village, Chau Thanh District,
Hau Giang Province, Viet Nam (Figure 1). The
time of pyrolysis was 25 days and the highest
temperature in the kiln was 284oC on the 17th

day [10].

Fig. 1: The charcoal production village

B. Experimental design

A pot experiment was designed for evaluating
the effect of two kinds of charcoal on sandy soil
and the growth of mustard green (Brassica juncea
L.) in the pots. There were four seeds/pot, the
diameter of the pot is 20 cm.

The experiment was designed in a net house
at Can Tho University, Can Tho City, Viet Nam
with the Randomized complete block design

(RCBD) two factors: kind of charcoals (Bamboo
charcoal – BC and Melaleuca charcoal – MC)
and application rates (1%, 2%, and 3%), and a
treatment without charcoal which acted as con-
trol treatment used for comparing with charcoal-
treats. Each treatment was replicated four times,
thus the experiment included seven treatments
and twenty-eight pots in the experiment. The
treatments in the experiment were described in
Table 1.

Table 1. Summary of treatments

The charcoal after sieving to 2 mm was mixed
into sandy soil before filling into the pots, there
was 5 kg of sandy soil in each pot, so the amount
of charcoal was 50 g, 100 g, and 150 g for 1%,
2%, and 3% application rates, respectively. The
Mustard green (Brassica juncea L.) was planted
following the guide of Phu Nong company, which
was presented on the seed’s package.

The soil samples were collected two times,
before planting and after harvesting for analyz-
ing physical and chemical properties to monitor
planted soil change if treated by charcoal. The
parameters of the sandy soil were monitored
including bulk density, pH, EC, total nitrogen,
total phosphorus, organic carbon, and CEC.

The agronomy data of mustard green were
collected at the end of the cultivation process,
including the plant height (cm), leaf size (cm),
and crop yield (g/pot).
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C. Statistic analysis

One-way ANOVA was performed to assess the
statistically significant differences in soil prop-
erties and agronomy parameters between treat-
ments. LSD post-hoc test was used to determine
the significant difference at the 0.05 level.

The R statistical programming language was
used to analyze data and graphs.

III. RESULTS AND DISCUSSION

A. The properties of charcoal

Table 2 shows the charcoals having high par-
ticle density, pH value, electrical conductivity
(EC), and ash content. At high temperatures, the
structure of biomass was destroyed. According
to Brewer [11], particle density of biochar range
in 1.5-1.7 g/cm3, there was a relation between
particle density and ash content in charcoal. The
high ash content was the result of a progres-
sive concentration of minerals and destructive
volatilization of cellulosic matter at high temper-
atures [12].

Table 2. Properties of charcoal in studies

(Note: Presented value: mean ± standard
deviation)

The pH value of charcoal increased due to the
evaporation of acidity function group (-COOH, -
OH) in the pyrolysis process. On the other hand,
the compounds of CO32− (CaCO3, MgCO3) and
alkalinity elements (Na, K) were durable in the
pyrolysis process [13]. EC value in bamboo char-
coal was high (6.85±0.04 mS/cm) but it could
not cause problems to plants when mixed with
soil [14], because the amount of charcoal added
to the soil is not enough for the salinity problem
to plants (base on charcoal/soil weight).

B. Effect of charcoal on sandy soil properties

The application of charcoal has improved the
bulk density, chemical properties, and nutrient
retention of sandy soil as presented in Figure 2,
Table 3, and Table 4.

The bulk density increased at the control treat-
ment (1.29 ± 0.01 g/cm3 and 1.46 ± 0.02
g/cm3 before cultivating and after harvesting,
respectively) but decreased at all charcoal-treated
treatments. The difference was significant sta-
tistically (p < 0.05). The soil bulk density was
decreased while increased the application rate of
charcoal (Figure 2). Bulk density of soil in the
charcoal-treatment was increased after harvesting
to compare with the one before cultivating, but
the difference was not significant (p > 0.05).
Adding charcoal to soil reduced the compression,
provided more space for plant roots, microorgan-
isms, and oxygen for the synthesizing of organic
matter in the soil. These results were consistent
with other soil-biochar incubation studies [1]–[4].

The improvement of the soil bulk density
has enhaced chemical parameters (Table 3). In
general, the chemical properties of soil with
charcoal-treatment were significantly increased to
compare with the chemical properties of control
treatment (p < 0.05). The pH value of soil in
charcoal-treatment was higher than that of the
soil without charcoal. The melaleuca charcoal
was more effective than bamboo charcoal in
increasing the pH value of soil whereas the most
effective application rate of these two kinds of
charcoal was presented at 2%. The pH value
in charcoal-treatment increased after cultivating
that caused charcoal dissolving ash and releasing
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Fig. 2: Effect of charcoal on soil bulk density

(Note: The columns with the same letters
followed (a, b, c, A, B, C) were no significant

difference statistically at p < 0.05.)

alkaline cations (Ca2+, Mg2+, and K+) into soil
colloids [15], [16].

Electrical conductivity (EC) is using to mea-
sure salt amount in the soil. It is an important
indicator of soil health with direct effect on crop
yields, crop suitability, and activity of soil mi-
croorganisms. The EC ranged from 0.05 mS/cm
to 0.09 mS/cm. EC in all treatments was stable
and in the appropriate range for plant growth.
These pH and EC of soil were consistent with
other previous studies [9], [12].

For the CEC value, melaleuca charcoal was
also shown more effective in soil amendment
than bamboo charcoal (Table 3). The highest
value of CEC was found at MC3% (5.85±0.19
cmol/kg) and the lowest was found at the control
(5.05±0.16 cmol/kg). However, there was no
significant difference to compare with the CEC
value in the control treatment at the ratio of
1% adding two kinds of charcoal. The charcoal
application rate has a positive linear correlation
with the CEC of soil. This CEC result was in line
with the previous studies [17], [18].

The nutrient parameters of sandy soil after
harvesting were shown in Table 4. In general, the
nutrient parameters in adding charcoal treatment
were increased to compare with the control treat-
ment (without charcoal). Total organic (Total C)
in charcoal-treatment was higher than the total

Table 3. Effect of charcoal on soil chemical
properties after harvesting

(Note: In the same column, the values with the
same letters followed (a, b, c . . . ) are no

significant difference statistically
at p < 0.05. N = 4.)

C in the control treatment(without charcoal), the
difference was from 80% to 115%. Melaleuca
charcoal-treatment (MC) has higher total carbon
than bamboo charcoal-treatment (BC), the high-
est was at treatment MC3% (1.40%±0.00), the
next one is at BC3% (1.33%±0.00) and treatment
BC1% - the lowest total carbon content among
charcoal-treated (1.17%±0.08). The application
with different ratios has a positive correlation
with the total carbon content in the soil.

Similar results were found in total nitrogen
and total phosphorus content in the soil after
harvesting. Bamboo charcoal has not shown the
difference among all three application rates for
total nitrogen and total phosphorus (p > 0.05).
Adding charcoal into the soil retains nutrients
from fertilizer, leading to the nutrient in charcoal
treatment was higher than that of the control
(without charcoal).

Many previous studies had found that adding
charcoal into soil helped to improve crop pro-
ductivity by enhancing soil properties [19]–[21].
Besides, with high CEC [22], charcoal retained
nutrient ions, reduced nutrient leaching in soil
[23], improved soil fertility. The charcoal has also
improved the physical properties of soil, observed
by the improving soil bulk density [17], [24].
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Table 4. Effect of charcoal on soil chemical
properties after harvesting

(Note: In the same column, the values with the
same letters followed (a, b, c . . . ) are no

significant difference statistically
at p < 0.05. N = 4.)

C. Effect of charcoal on the growth of Brassica
juncea L.

The plant height was found highest in treat-
ment MC3% and BC3%, followed by MC2%
and BC2%. There was no significant difference
between MC1%, BC1% to compare with the one
in the control treatment (Table 5).

Table 5. Effect of charcoal on the growth of
Brassica juncea L.

(Note: In the same column, the values with the
same letters followed (a, b, c) are no significant

difference statistically at p < 0.05)

The growth of the leaves’ Brassica juncea L.
size was correlated with the charcoal application
rates in this study. The leaves growth parameter
showed the development ability of the plant,
because the leaf plays an important role in the
nutrient synthesis, creating biomass for plants,
thereby deciding harvest yield. The results of this
study showed that the treatments with adding
charcoal gave better leaf size (include length,
width) than those without charcoal. The plant
height and leaf size proved that adding charcoal
to the soil improved the soil’s porosity, changed
pH, and retains the nutrients provided from the
fertilizer, the plants can absorb more nutrients,
lead to the crop yield better.

The crop yield (g/pot) of Brassica juncea L.
was showed in Figure 3. The highest yield was
recorded at the MC3% treatment. All treatments
with melaleuca charcoal were higher crop yield
than bamboo charcoal. There was no significant
difference between the 1% and 2% application
rates of both two charcoal. The crop yield of
Brassica juncea L. was increased under all ap-
plication rates for two kinds of charcoal from
18% to 81% compared with the crop yield of
the control treatment.

Fig. 3: Effect of charcoal on soil chemical
properties after harvesting

(Note: In the same column, the values with the
same letters followed (a, b, c . . . ) are no

significant difference statistically
at p < 0.05. N = 4.)
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The increase of crop yield corresponds to the
amount of charcoal adding to the soil, because
charcoal increases the soil porosity [25], creates
more pores in the soil, is favorable for the devel-
opment of roots and helps plants to grow well.

In general, the results showed that adding
charcoal to the soil helps plants better in grow-
ing, gave higher yields, and especially the yield
of the charcoal-treatment was the highest. The
results proved that the role of biochar (char-
coal) in increasing soil porosity, facilitating plant
root development. In addition, it enhanced nutri-
ents in the root zone, reduce nutrient leaching
[29], thereby providing adequate nutrition for the
plants to grow.

IV. CONCLUSIONS

Charcoal derived from traditional kiln could be
applied widely, especially in environment, agri-
culture. Adding charcoal into the soil improves
chemical and physical properties, as well as de-
creases the compress, increases organic matter
and nutrients in the soil, supports the mineral-
ization process, and improves the cation exchange
capacity in the soil.

It could be concluded that the benefit of adding
charcoal into the soil is dependent on the kind
and the application rate of charcoal. Although
these results are good on soil fertility and plant
growth, further studies with longer period, with
different plants are needed to conduct to affirm
the benefits of charcoal for amending soil.
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