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Biochar from different residues on soil properties and common bean production
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ABSTRACT: The production of biochar from organic residues promises to be an interesting
strategy for the management of organic waste. To assess the effect of biochar on soil properties
and the production and nutrition of common bean (Phaseolus vulgaris L.), three simultaneous
experiments were conducted in a greenhouse with different biochar from organic residues
(rice husk, sawdust, and sorghum silage) used as filtration material for swine biofertilizer. In
each experiment the treatments consisted of five different biochar concentrations (0, 25, 50,
75 and 100 L m-3), arranged in a completely randomized design, with four repetitions. In the
experiments, the use of biochar increased soil pH, cation exchange capacity, nutrient availability
in the soil, and nutrient accumulation in grains. The biochar concentrations corresponding to the
maximum production of grain dry matter of bean plants were 100, 68, and 71 L m-3 for biochar
from rice husk filter (BRHF), biochar from sawdust filter (BSF), and biochar from sorghum silage
filter (BSSF), respectively.
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Introduction

The use of organic residues as filtration materials
is an efficient and inexpensive option for the primary
treatment of wastewaters. However, as the filtration me-
dia retains liquid impurities, the filtration rate decreases
over time thereby making total or partial replacement
of the filtration material at defined intervals a necessity.
These replacements lead to the formation of large fur-
rows of residues, which can be used directly as organic
fertilizers. Alternatively, this residue could undergo a
process of pyrolysis under controlled conditions of tem-
perature and oxygen to produce a material called bio-
char (Mukherjee and Lal, 2016).

The term biochar refers to a solid carbon-rich
material of fine texture, with high specific surface
area, which is obtained from the thermochemical
transformation of biomass in a low oxygen environ-
ment (Kookana et al., 2011). The biochar production
from materials discarded from filtration is interesting
for several reasons. First, the production of biochar
facilitates the recycling of large amounts of residues
(Abdelhafez et al., 2014), which reduces environmen-
tal waste (Ahmad et al., 2014). Second, carbon in bio-
char is more resistant to chemical and biological de-
composition than the material in natura, which results
in increased soil carbon stock, and mitigation of CO,
emissions. Finally, biochar could be used as a soil con-
ditioner to increase crop yield (Mukherjee and Lal,
2016).

Although environmental and agricultural
benefits are well described in various studies (Albu-
querque et al., 2014; Chan et al., 2007; Mukherjee
and Lal, 2016; Uzoma et al., 2011), there is a great
variability in plant responses to the application of bio-
char to soil, depending on the diversity of materials
used and pyrolysis conditions.
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Therefore, the aim of the present study was to
assess the effect of biochar on soil properties and the
production and nutrition of common bean (Phaseolus
vulgaris L.).

Materials and Methods

Preparation and characterization of biochar

The biochar used in the present study was pro-
duced from material obtained from three different or-
ganic filters, used in the filtration of swine biofertilizer
from an anaerobic biodigestor.

After filling the filters with the Dbiofertilizer
solids, the filtration media of rice husk, sawdust, and
sorghum silage were removed and air-dried. These
materials were then charred using a traditional car-
bonizer. During the charring process, the temperature
varied between 385 °C and 430 °C and the total dura-
tion of the process varied between 2.3 and 3.2 h.

The biochar that resulted from charred filters
was designated as biochar from rice husk (BRHF),
biochar from sawdust filter (BSF), and biochar from
sorghum silage filter (BSSF). The yield of each biochar
was determined using the following equation: Biochar
yield = biochar mass/filtration material mass.

The biochar was ground into particles (< 0.5
mm) before applying to the soil and prior to sam-
pling for characterization. Biochar chemical charac-
terization (Table 1) was performed according to the
official method proposed by the Brazilian Ministry
of Agriculture and Supply (MAPA, 2015) for organic
fertilizers.

Greenhouse experiments

Three experiments were conducted simultaneous-
ly in a greenhouse between Feb and Apr 2015. Each ex-
periment comprised the application of one biochar type
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Table 1 — Chemical and physical characterization of biochar.

Table 2 — Amounts of added nutrients to the soil by different biochar.

Characteristic BRHF BSF BSSF
Yield (%) 33 45 38
Maximum Temperature (°C) 430 385 385
Carbonization time (h) 2.3 3.0 3.2
pH 6.8 7.1 7.2
Electric conductivity (mS cm-?) 121.8 69.8 97
Density (kg m-3) 370 510 540
Ashes (%) 29 15 40
Organic carbon (g kg™1) 14.4 430.4 3324
N (g kg™) 16.5 12.4 22.8
P(g kg™ 34 16.7 29.6
K (g kg™ 6.7 35 4.75
Cal(gkg™) 27.3 17.8 24.44
Mg (g kg1) 8 3.9 7.1
S(gkg) 2 1.3 1.5

BRHF = biochar from rice husk; BSF = biochar from sawdust filter; BSSF =
biochar from sorghum silage filter.

(BRHF, BSF, or BSSF). The treatments consisted of five
different biochar concentrations (0, 25, 50, 75 and 10 L
m~3), arranged in a completely randomized design, with
four repetitions.

The surface layer (0 to 20 cm) of an Oxisol (Typ-
ic Ustox) (Soil Survey Staff, 1998) was collected from
an area of native vegetation (geographic coordinates:
16°54'14.99" S and 43°57'41.28" W; altitude: 600 m
above sea level), municipality of Montes Claros, state of
Minas Gerais. The physical and chemical soil properties
were determined according to Claessen (1997): sand =
780 g kg™'; silt = 100 g kg™'; clay = 120 g kg™*; pH (H,0)
= 5.2; available phosphorus (resin method) = 18.01 mg
dm~3 potassium = 0.89 mmol dm~* calcium = 5.0
mmol dm~% magnesium = 2.0 mmol dm~* aluminum
= 2.4 mmol, dm~*; base saturation = 24 %; effective
cation exchange capacity pH 7.0 = 32.5 mmol, dm~?
soil organic carbon = 11.6 g kg™".

The soil was sifted (< 4 mm) and placed in 4
L plastic pots. The soil in each pot was homogenized
with 5 g of simple superphosphate (22 % of P,0,). The
amounts of nutrients supplied by the biochar application
are shown in Table 2.

Ten bean seeds (Phaseolus vulgaris L. cultivar
BRSMG Talisma) were sown in each pot. Thinning was
performed after seedling emergence and two plants
were kept per pot. The pots were regularly irrigated with
distilled water and moisture was kept near field capacity
throughout the experimental period. Water availability
in the soil was monitored daily by weighing the pots,
and water were replaced when necessary.

Four top-dressing fertilizations were performed
during the experimental period at 14, 21, 28, and 35
days after planting. In the two first fertilizations, each
pot received 240 mg dm~3 of MgNO, and 250 mg dm~?
of KNO,. On the last two fertilizations, 100 mg dm~*
of urea was applied per pot, defined according to the
development of the plants.

Level Nutrients (mg dm-3)

(Lm3) C N P K Ca Mg S
BRHF 2908.2 152.6 3145 61.9 2525 740 185

25 BSF  5487.6 158.1 21293 44.6 226.9 49.7 16.6
BSSF  4487.4 307.8 399.6 64.1 3299 959 20.3
BRHF 5816.4 305.3 629.0 123.9 505.1 148.0 37.0

50 BSF 10975.2 316.2 425.9 89.2 453.9 99.5 33.2
BSSF  8974.8 615.6 799.2 128.3 659.9 191.7 40.5
BRHF  8723.6 457.9 9435 1859 757.6 222.0 55.5

75 BSF 16462.8 474.3 638.8 133.9 680.9 149.2 49.7
BSSF 13462.2 923.41198.8 192.4 989.8 287.6 60.8
BRHF 11632.8 610.51258.0 247.9 1010.1 296.0 74.0

100 BSF 21950.4 632.4 851.7 1785 907.8 198.9 66.3

BSSF 17949.6 1231.2 1598.4 256.5 1319.8 383.4 81.0
BRHF = biochar from rice husk; BSF = biochar from sawdust filter; BSSF =
biochar from sorghum silage filter.

Experiment assessment

In the physiological maturation of the bean plant,
two months after sowing, the grains were collected and
dried in a forced-air oven at 60 °C, until a steady mass
was reached to determine the grain dry matter. Then, the
grains were ground and N, P, K, S, Ca, and Mg contents
were determined according to the method described by
Maathuis (2013). The accumulation of nutrients in the
grains was estimated by multiplying nutrient content by
dry grain weight. Soil chemical properties were deter-
mined in samples from each pot according to Claessen
(1997).

The data were subjected to the analysis of variance
(p < 0.05) and regression equations were obtained for
the variables under study.

Results and Discussion

Soil properties

Soil pH values increased linearly after the addition
of the biochar produced from filtration of waste materi-
als. At the highest dose (10 L m~* of soil volume), BRHF,
BSF, and BSSF increased the soil pH by 0.76, 1.17, and
1.68 units, respectively (Table 3). Therefore, biochar act-
ed on soil as an acidity corrector. This increase in soil
pH was also observed in other studies (Albuquerque et
al., 2014; Chan et al., 2007; Yuan and Xu, 2012) and
is regarded as a positive biochar effect, particularly in
acidic soils.

In addition to the pH increase, exchangeable cation
content (K, Ca, and Mg) increased with biochar concen-
trations (Table 3), which is in line with previous studies
(Chan et al., 2007; Houben et al., 2013; Rondon et al.,
2007). The increase in pH, and in exchangeable cation
content, may be explained by the presence of ashes in
the biochar (Table 1). Ashes are rich in oxides and hy-
droxides of alkali metals, which are easily dissolved and
react rapidly with the soil thereby increasing the pH
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Table 3 — Regression equations adjusted between soil properties and biochar levels.

Soil properties Biochar Equations R? Vmax Nmax
BRHF y = 52.43+0.756* *x 0.98 6.00 10
pH BSF y =50.93+1.166* *x 0.99 6.26 10
BSSF y=51.73+1.676"*x 0.98 6.85 10
BRHF y =204.42+71.99**x 0.97 92.43 10
P (mg dm-3) BSF y =199.20+65.00* *x 0.96 84.92 10
BSSF y = 198.38+72.72* *x 0.96 92.56 10
BRHF y = 295.84+15.39* *x 0.96 44.97 10
K (mg dm-3) BSF y = 232.54+40.47**x 0.91 63.72 10
BSSF y = 222.59+136.49* *x 0.98 158.75 10
BRHF y =12.20-0.21**x +0.087*x? 0.95 1.88 10
Ca (cmol dm-3) BSF y =12.28-0.19**x+0.097*x? 0.99 2.01 10
BSSF y =11.95+0.80**x 0.99 1.99 10
BRHF y =5.93+0.07**x +0.017*x? 0.84 0.83 10
Mg (cmol,_dm=3) BSF y =5.98-0.163**x +0.05*x? 1.00 0.90 10
BSSF y =5.70+0.32* *x 0.96 0.89 10
BRHF y = 36.73-0.726* *x+0.18*x? 0.92 4.75 10
Cation Exchange Capacity (cmol_dm-3) BSF y = 36.73+0.78**x 0.92 4.45 10
BSSF y = 37.23+0.67**x 0.90 4.39 10
BRHF y = 105.80+6.42x** 0.98 1.70 10
Soil Organic Carbon (g kg) BSF y =102.71+6.01**x 0.99 1.63 10
BSSF y =93.54+8.53**x 0.94 1.78 10

Vmax = maximum value of the variable response estimated by the regression equation; Nmax = concentration of biochar corresponding to the maximum value of the
variable response; BRHF = biochar from rice husk; BSF = biochar from sawdust filter; BSSF = biochar from sorghum silage filter.

(Steenari et al., 1999) and releasing free bases, such as
K, Ca, Mg, and other ions into the soil solution (Glaser
et al., 2002).

The available P content in the soil increased
linearly (Table 3). This change was primarily a result of
the high P concentration in biochar (Table 1), since P
is only lost via volatilization at pyrolysis temperatures
higher than 760 °C (Knicker, 2007).

Another possibility for increasing P availability
was to increase the soil pH by applying biochar. Ac-
cording to Troeh and Thompson (2005), when the soil
pH is lower than 5.7, P is predominantly in the form
of H,PO, ions, which frequently reacts with or is ad-
sorbed by Fe or Al compounds to form low-solubility
compounds.

In addition, Andrade et al. (2002) reported that the
incorporation of organic material to the soil increases
P availability. The negative charges in the functional
groups of the organic matter compete with P for adsorp-
tion sites and complex Fe and Al ions thereby increasing
P activity in the soil solution. Thus, negative electric
charges in biochar are likely to have blocked the fixation
sites of P in the soil and/or complexed with Fe and Al
in the solution. Moreover, the additional P supplied by
biochar is an important contribution because the soils
in the Brazilian Cerrado are characterized by a low P
availability to plants.

Cation exchange capacity (CEC) values increased
with the concentrations of biochar in the three experi-
ments (Table 3). These results confirm that biochar al-
tered the density of pH-dependent negative charges. Be-
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cause of the continuous oxidation of surfaces, and the
adsorption of organic acids by biochar, CEC is expected
to increase further with time, as observed in the study
by Cheng et al. (2008). These authors reported that the
incubation of a biochar during one year raised its CEC
from 1.7 to 71.0 mmol kg-1.

The content of soil organic carbon (SOC) increased
linearly with biochar concentrations (Table 3). This is
probably because biochar also undergoes biodegrada-
tion, although it is considered stable in the soil system.
According to Bird et al. (1999), the time required for bio-
degradation of soil-charred particles is related to their
granulometry. These authors estimated that the half-life
of particles smaller than 2 mm is lower than 50 years
and that of particles larger than 2 mm is lower than 100
years.

Small changes in the SOC content (determined by
oxidation with potassium dichromate in acid medium)
in areas where biochar has been recently applied may
be explained by the stability of pyrogenic carbon. Ac-
cording to Petter et al. (2012), the high molecular stabil-
ity of pyrogenic carbon in biochar hinders the complete
oxidation of the material derived from pyrolysis via this
method.

Production and nutrition of bean plant

Grain dry mass (GDM) increased linearly with
increasing concentrations of biochar from BRHF (Table
4). The addition of 10 L m~* of this biochar led to an in-
crease in GDM from 3.39 g (control treatment) to 18.73
g per plant. In the other experiments, the GDM values
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Table 4 — Regression equations adjusted between dry grain mass and biochar levels.

Variable response Biochar Equation R? Vmax Nmax
BRHF y=21.412+11.539**x-0.884*x? 0.94 18.73 10

DGM (g per plant) BSF y = 65.201+28.598"* *x-1.954*x? 0.97 17.57 6.80
BSSF y = 39.305+14.801* *x 0.90 18.60 7.12

DGM = dry grain mass; Vmax = maximum value of the variable response estimated by the regression equation; Nmax = concentration of biochar corresponding to
the maximum value of the variable response; BRHF = biochar from rice husk; BSF = biochar from sawdust filter; BSSF = biochar from sorghum silage filter.

changed quadratically with biochar concentrations (Ta-
ble 4). In the experiment with BSF, the maximum GDM
production was 17.57 g per plantat a concentration of 68
L m~* (Table 4), whereas in the experiment with BSSF,
the maximum production was 18.60 g per plantat a con-
centration of 71 L m~3 (Table 4).

Uzoma et al. (2011) also observed positive effects
on crop yield after biochar application and indicated that
these effects are associated with the enhancement of soil
chemical properties and increase in nutrient availability
to plants.

Macronutrient in grain (N, P, K, Ca, Mg, and S)
increased with biochar concentrations (Table 5), which
indicated that biochar increases availability of nutrients
to plants and/or enhances soil quality for crop growth.
According to Chan et al. (2007), biochar addition pro-
motes positive changes in soil quality, such as acidity
correction, increased CEC, and improved environment
for root growth. These effects promote greater nutrient
use efficiency and absorption by plants.

In addition to the above-mentioned factors, al-
though it was not within the scope of the present study,
a higher number of nodules of nitrogen-fixing bacteria
and greater number of fine roots were observed in the
root system of plants that received biochar. Although
long-term, open-field studies are still necessary, several
authors have reported positive effects of biochar on ni-
trogen biological fixation (NBF). Rondon et al. (2007)
showed that biochar addition to the soil increased
availability of B, Mo, K, Ca, and P, as well as soil pH,
thus favoring the increase in NBF. In addition, the ratio
of N in bean plants via NBF increased from 50 % to 72 %
with the incorporation of 90 g kg~! of biochar.

In this study, the greatest N accumulation at
higher biochar concentrations is probably also related to
NBF (Table 5). Uzoma et al. (2011) indicated that biochar
application to the soil is an alternative to improve the
efficiency of nitrogenous fertilizers, especially in sandy
soils, where N loss is a major agronomic and environ-
mental problem.

The increase in grain phosphorus accumulation,
which is the most limiting nutrient in the Brazilian Sa-
vanna soils, may be the result of plant-microorganism
interactions, which may have contributed to P nutrition
of the plants. Hammer et al. (2014) reported that bio-
char favors mycorrhizal associations and therefore the
increase in P absorption. Lehmann et al. (2003) also ob-
served an increase in P accumulation in the aerial part of
caupi bean after biochar addition to the soil.

Table 5 — Regression equations adjusted between nutrient content in
grains and biochar levels.

. Equations Rz Vmax Nmax
Biochar -
Nutrient content
BRHF y =1.567+0.712**x 0.94 0.87 10
N BSF y = 1.30+2.00**x-0.147*x2 0.95 0.81 6.81

BSSF y=1.64+1.76"*x0.101*x? 091 093 8.70
BRHF y = 0.146+0.06*x 0.96 0.075 10

P BSF y =0.15+0.17**x0.012*x? 0.96 0.073 6.96
BSSF y = 0.18+0.15**x-0.008*x? 0.91 0.085 9.13
BRHF y = 0.51+0.225* *x 0.94 0.28 10

K BSF y = 0.37+0.646" *x-0.05*x? 096 0.25 6.73
BSSF y = 0.49+0.55* *x-0.033*x? 0.90 0.28 8.36
BRHF y =0.223+0.103* *x 0.95 0.13 10

Ca BSF y = 0.17+0.299* *x-0.02*x2 0.97 0.12 6.79
BSSF y = 0.24+0.25**x-0.015*x? 0.89 0.13 84
BRHF y = 0.403+0.178* *x 0.94 0.22 10

Mg BSF y = 0.327+0.51**x-0.036*x? 0.97 0.21 6.99
BSSF y = 0.45+0.42**x-0.024*x? 0.89 0.23 8.79
BRHF y =0.515+0.214**x 0.92 0.26 10

S BSF y = 0.36+0.65**x-0.047*x? 096 0.26 6.89
BSSF y = 0.49+0.56" *x-0.034*x? 091 0.28 825

Vmax = maximum value of the variable response estimated by the regression

equation; Nmax = concentration of biochar corresponding to the maximum

value of the variable response; BRHF = biochar from rice husk; BSF = biochar
from sawdust filter; BSSF = biochar from sorghum silage filter.

Conclusion

The three types of biochar improved the soil
properties and increased the yield and accumulation of
nutrients in the grains of the bean plant. The biochar
from sorghum silage provided the best soil environment
for the growth of bean plants.

The biochar concentrations corresponding to the
maximum grain dry matter production were 100, 68 and
71 L m~3 for biochar from rice husk filter (BRHF), saw-
dust filter (BSF), and sorghum silage filter (BSSF), respec-
tively.
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