Biochar in substrate composition for production of teak seedlings
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Abstract — The objective of this work was to evaluate the development and quality of clonal seedlings of teak
(Tectona grandis) grown in substrate with two types of biochar. The assay was carried out in a randomized
complete block design, with ten treatments and four replicates: CS, commercial substrate, composed of pine
bark and vermiculite at a ratio of 4:1; NS, nursery substrate composed of carbonized rice husk and coconut
fiber at 1:1; and the remaining treatments were composed of the inclusions of biochar (BC) or activated
biochar (BCA) in the CS, at the proportions of 25, 50, 75, and 100%. The development and quality parameters
of seedlings were evaluated 90 days after striking the minicuttings in the substrates. BCA substrate additions
at 25, 50, and 100% allowed for a development of height and stem diameter comparable to that of the NS.
Biochar without the activation procedure does not improve quality parameters of seedlings, in comparison
with the commercial substrate. The use of 25% activated biochar added to the commercial substrate is enough
to improve seedling growth performance to the same level as that provided by the already validated NS.

Index terms: Tectona grandis, agroindustrial waste, biochar activity, pyrolysis, seedling quality.

Biochar na composicao de substratos para a produgao de mudas de teca

Resumo — O objetivo deste trabalho foi avaliar o desenvolvimento e a qualidade de mudas clonais de teca
(Tectona grandis) cultivadas em substrato com dois tipos de biochar. O ensaio foi realizado em delineamento
de blocos ao acaso, com dez tratamentos e quatro repetigdes: SC, substrato comercial, composto de casca de
pinus e vermiculita a proporcao de 4:1; SV, substrato do viveiro, composto de casca de arroz carbonizada e
fibra de coco a 1:1; e o restante dos tratamentos foi composto de inclusdes de biochar (B) e biochar ativado
(BA), nas propor¢des de 25, 50, 75 ¢ 100% do SC. Os parametros de desenvolvimento e qualidade das mudas
foram avaliados 90 dias apos o plantio das estacas nos substratos. A adi¢do de 25, 50 e 100% de BA possibilitou
o desenvolvimento em altura e didmetro do coleto comparavel ao proporcionado pelo SV. O biochar sem o
procedimento de ativagdo ndo melhora os pardmetros de qualidade das mudas, em comparagdo ao substrato
comercial. A adigdo de biochar ativado na propor¢ao de 25% ja ¢ suficiente para melhorar o crescimento das
mudas para o mesmo nivel proporcionado pelo ja validado SV.

Termos para indexagdo: Tectona grandis, residuo agroindustrial, atividade do biochar, pirolise, qualidade de

mudas.

Introduction

The timber industry generates a significant amount
of wood residues in its production process, 50% of the
amount of wood, on average (Koopmans & Koppejan,
1998). Proper destination to these residues should
be considered, and their use as reconstituted wood,
briquettes, pellets, fertilizer, and biochar is common
(Kwapinski et al., 2010; Woolf et al., 2010). These
alternative uses can transform valueless residues in
an important by-product of the industrial process and
incorporate additional income to the sector. Biochar

production has a great potential, mainly as a soil
conditioner (Van Zwieten et al., 2010; Petter & Madari,
2012), or as a component of seedling substrates
(Lehmann & Rondon, 2006; Ogawa & Okimori, 2010;
Dharmakeerthi et al., 2012; Petter et al., 2012).
Biochar is treated here as the pyrolyzed biomass,
prepared specifically for soil application to increase
soil fertility and to alleviate anthropic greenhouse
gas emissions, by CO, sequestration, or N,O emission
decrease (Novotny et al., 2015). Biochar is a porous,
carbonaceous, pyrogenic C-rich material, whose
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structure can vary according to the thermal treatment
used in its production. Although it is a very chemically
stable material, pyrogenic C can show a relatively high
activity. Biochar reactivity can originate from the
presence of charged sites, as the ones resulting from
hydroxyl or carboxyl ionization. This type of biochar
can be produced by using lower temperatures (around
450°C degrees) and short residence time (Novotny
et al., 2015). Biochar activity can also be derived from
its physical adsorption capacity, which results from its
high porosity and specific surface area (SSA).

A Dbiochar with high SSA and porosity can be
produced at high temperatures (700°C degrees for
instance), when most of condensed volatiles is removed
from the carbonaceous matrix allowing porous cleaning.
This process is exactly the same as that used to produce
activated charcoal, a powerful adsorbent. The activation
treatment can promote the release of volatiles, formation
of crystalline C, improvement of organic radical charges
in the carbon surface, and increased surface area and
porosity (Downie et al., 2009).

A material that acts as a slow release matrix for
nutrients, such as active biochar, can be of great
importance for the production of seedlings. A substrate
for seedlings should have low density and good water
retention capacity (Altland & Krause, 2012); biochar,
when present in substrate compositions, increases
water retention both at low and high matric potentials,
and improves the conditions for the development
of seedlings (Souza et al., 2006; Lazcano et al.,
2009). Specifically for the minicutting propagation
technique, the substrate used for rooting of seedlings
has to provide adequate aeration, moisture, and the
necessary nutrition for root development (Kratz et al.,
2012). However, appropriate substrate for rooting
depends on the species (of biochar and seedlings), type
of stake, propagation system, cost, and availability of
components. The most used substrates for rooting are
vermiculite, compost, sand, carbonized rice husk (that
could be considered as biochar, by definition), sawdust,
and soil (Hartmann et al., 2002).

Recently, teak (Tectona grandis L.f) has been
attracting a lot of atention in Brazil, due to its high wood
quality for producing fine furniture, and to its high use
potential in the naval industry. Considering the state
of Mato Grosso alone, in Brazil, the planted area with
teak is around 60 thousand hectares (Anuario..., 2013),
and little is known about the use of biochar as substrate
for the production of teak seedlings.
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The objective of this work was to investigate the
development and quality of clonal seedlings of teak,
cultivated in substrates with biochar and activated
biochar.

Materials and Methods

The work was carried out at Flora Sinop nursery,
between December 2012 and March 2013, in Sinop,
state of Mato Grosso, Brazil, at 11°52°23” S, 55°29°54”
W, and at 384 m altitude. The annual averages of
temperature and rainsfalls are 24°C and 1,900 mm,
respectively, and the relative humidity ranges between
80 and 35% during the year (Souza et al., 2012). Teak
minicuttings commercially known as Proteca Al
were used. The propagules were collected in a clonal
minigarden.

We used a randomized complete block design,
with ten treaments, four replicates, and 50 seedlings
per plot. The treatments consisted of the following
substrates: CS, composed by pine bark and vermiculite
(4:1 m/m); NS, composed by carbonized rice husk
and coconut fiber (1:1 m/m); and binary mixtures of
CS with biochar (BC), or activated biochar (BCA) at
25, 50, 75, and 100% — BC25, BC50, BC75, BC100,
BCA25, BCAS0, BCA75 and BCA100, respectively.

Biochar was produced from fresh sawdust of tropical
native species, obtained in sawmills in Sinop. To obtain
the BC, sawdust was processed in a slow pyrolysis
reactor (vertical furnace), with 25 min residence
time, at 450°C. The BCA was prepared in a pyrolysis
reactor (horizontal tubular oven) at 650°C, with water
steam injection during the process. Phenol proportions
(-OH) decreased after biochar activation (Figure 1),
and the relative amount of carboxyl (-COOH) and
lactone (-OCOH) groups increased, showing some
degree of funcionalization. Carboxyl groups, being a
stronger acid group than hydroxyl, can dissociate as
carboxylate, creating ionic charges and increasing
the cationic exchange capacity of biochar. Linhares
et al. (2012) say that biochar interaction with the
environment can form new compounds with carboxyl
groups directly connected to the charcoal recalcitrant
aromatic structures, contributing to the cation
exchange capacity. These processes were conducted
according to Fidel (2012) and Tsechansky & Graber
(2014). The chemical characterization of the biochars
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—pH, Ca?, Mg*, K', and P contents (Claessen, 1997) —
are shown in Figure 2.

The substrates were homogeneized with an electric
mixer, and chemical slow release fertilizers were
equally added to all treatments: 225 g Basacote 6M,
225 g Basacote 3M, and 600 g FH Eucalipto Heringer
in 150 L of substrate. The composition of Basacote 6M
and Basacote 3M are 16-08-12 NPK, with: 2% Mg,
5% S, 0.4% Fe, 0.02% B, 0.02% Zn, 0.05% Cu, and
0.06% Mn. The composition of FH Eucalipto Heringer
is 4-31-4 NPK, with: 0.4% Zn and 22% Co.

Plastic tubes used for rooting were 12 cm long, with
50 cm’® capacity and 4 to 6 longitudinal grooves. They
were previously sterilized in water at 80°C, for 30 s
(Kohmann & Borja, 2002).

Greenhouse environmental conditions were
monitored to keep the temperature around 30°C,
and the relative humidity above 80%. After 20 days
of staking, teak seedlings were relocated in a shade
house, with 50% attenuation of solar radiation, and,
after 30 days more, the seedlings were taken to full
sun. In early production stages, seedling density per
tray was one per cell and, in the full sun environment,
the density was one plant every four cells.

The substrates were physically characterized for the
following parameters: apparent and real density; total
porosity; water retention at field capacity; and particle
size fractionation (Table 1). The water retention capacity
in saturated mass was calculated after weighing the
substrates at equilibrium drainage and atmospheric
pressure, and by subtracting from it the dry substrate
weight. Substrate physical characterization procedures
were carried out in the soil analysis laboratory of the
Universidade Federal do Mato Grosso.
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Figure 1. Surface functional groups in biochar (BC) and
activated biochar (BCA).
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Stem diameter and seedling height were measured 90
days after planting. Thereafter, seedlings were removed
from the nursery and sent to the biomass laboratory at
Embrapa Agrossilvopastoril, in order to obtain their
fresh and dry weight. Fresh and dry weight of roots and
shoots were also obtained. Dry weight was obtained
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Figure 2. Contents of Ca*, Mg*, and K (A), besides
P (B) and pH values (C) in the evaluated substrates:
CS, commercial substrate, 100%; NS, substrate used in
nurseries, 100%; BC, biochar; and BCA, activated biochar.
The numbers following the initials indicate the biochar
rates used in the mixture with CS.
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after drying the material at 60°C for 72 hours. Only
the 20 seedlings located at the center of the plots (50
seedlings) were used as the available plot. The quality
index of Dickson (QID) was calculated according to
the equation (Dickson et al., 1960) QID = TFM/(H/D +
SDM/RDM), in which: TFM is the total fresh biomass
(g); SDW, shoot dry weight (g); RDM, root dry weight
(g); H, height (cm); and D, stem diameter (mm). Fonseca
et al. (2002) say that QID is a good indicator of seedling
quality because it considers the robustness and the
distribution equilibrium of biomass in the plants, using
several important parameters to its determination.

The statistical analysis was done considering a two-
way multivariate analysis of variance, and a subsequent
analysis of variance with Bonferroni correction. Means
were compared using the Scott-Knott test, at 5%
probability, and regression analyses were used when
necessary. All statistical analyses were performed with
the R software (R Core Team, 2012).

Results and Discussion

Seedling responses to biochar were consistently
positive and strong. BCA applications and NS, in
general, significantly increased stem diameter, seedling
height, RDM, TFM, SDM, and QID of seedlings, in
comparison with BC and CS substrates (Figure 3).
These results agree with the literature, which, in
general, shows strong positive growth responses of
seedlings to the use of biochar in the nursery phase
(Cernansky, 2015; DeLuca et al., 2015; Ghosh et al.,
2015; Thomas & Gale, 2015).

The highest stem diameter was observed for
BCA100, followed by BCA25, BCAS50, BCA75, and
NS treatments (Figure 3), while the smallest one was
observed in the treatments with BC additions to CS
(BC25, BC50, BC75, and BC100) and in the control
treatment CS. Seedling height showed a similar

Table 1. Apparent (Da) and real (Dr) density, and total
porosity in the evaluated substrates: CS, commercial
substrate; NS, substrate used in nurseries; BC, biochar; and
BCA, activated biochar.

Substrate Dr Da Porosity
(g cm™), (%)
CS 1.16 0.47 59
NS 1.02 0.15 85
Activated biochar 1.67 0.24 85
Biochar 1.27 0.31 75
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response pattern, with best results for treatments with
BCA additions and for NS substrate. The highest
values for root and shoot dry weight, total freshweight,
and QDI were also obtained with BCA additions and
with NS substrate.

Seedling height and stem diameter did not show a
linear behavior with BCA doses, displaying a curve
inflection at BCA75, probably due to the largest number
of small particles (<0.125 mm) in BCA (Figure 4),
which could have decreased substrate macroporosity
as a result of its increasing additions. However,
future tests are important to verify the causes of this
result. Stem diameter and seedling height are widely
used in the investigation of seedling development in
nurseries, and biochar effects on these parameters can
be beneficial (Kwapinski et al., 2010; Dharmakeerthi
et al,, 2012) or absent, depending on the evaluated
species (Zanetti et al., 2003; Petter & Madari, 2012).

As to seedling quality, QID increased substantialy
with BCA additions, peaking at the dose of 65%
(Figure 5). The improved water retention in NS and
BCA substrates (Figure 6) could be the responsible
for the positive results of their use in the development
parameters and quality (QID) of seedling. The positive
effects of BCA as substrate conditioner on stem
diameter and plant height, reported in the literature
(Souza et al., 2006; Ogawa & Okimori, 2010; Petter
et al., 2012), are strongly related to its water holding
capacity, since CO, assimilation process is regulated by
water availability, and it has great influence on seedling
development for height and stem diameter (Kozlowski,
1962; Altland & Krause, 2012). Altland & Krause
(2012) mention that root system is highly sensitive
to physical and chemical conditions of the substrate.
Therefore, the low dry weight of roots and shoots using
substrates with BC and CS, in the present work, are
possibly related to their low water retention capacity
(Ishii & Kadoya, 1994; Yang et al., 2015). Nonetheless,
charcoal application has been shown to increase soil
water retention capacity (Beck et al., 2011), and such
improvement in soil physical and chemical properties
can be effective in enhancing plant growth (Lehmann
et al., 2003; Steiner et al., 2007; Graber et al., 2010;
Cernansky, 2015).

The ideal porosity for substrates is between 70
and 80% (Gongalves et al., 2000). Both NS and BCA
showed 85% porosity, while BC showed 75%, and CS,
59% (Table 1). NS and BCA also had lower values of
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Figure 3. Stem diameter, height, shoot and root dry weight, total fresh biomass, and quality index of Dickson (QID) for
Tectona grandis seedlings in different substrates: CS, 100% commercial substrate; NS, 100% substrate used in nurseries;
BC, biochar; and BCA, activated biochar. The numbers following the initials indicate the biochar rates used in the mixture
with CS. Means followed by equal letters do not differ by Scott-Knott test, at 5% probability. Error bars represent the
standard deviations.
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apparent density than BC and CS. The ideal substrate
density for plant propagation in trays is between 0.1
and 0.3 g cm?, for recipients with 15 cm height, and
between 0.3 to 0.5 g cm!, for recipients with 20-30 cm
height (Kampf, 2005).

The quality index of Dickson, expressed by QID
(Dickson et al., 1960), is considered a good measure
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Figura 4. Particle size in the evaluated substrates: CS,
100% commercial substrate; NS, 100% substrate used in
nurseries; BC, biochar; and BCA, activated biochar. The
numbers following the initials indicate the biochar rates
used in the mixture with CS.
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Figure 5. Quality index of Dickson (QID) for Tectona
grandis affected by activated biochar (BCA) proportions
used in the mixture with commercial substrate. The
measures were made 90 days after striking the minicuttings
in the substrate. Error bars represent the standard deviations.
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Figure 6. Water retention capacity of the evaluated
substrates: CS, commercial substrate; NS, substrate used in
nurseries; BC, biochar; and BCA, activated biochar. Error
bars represent the standard deviations.

for evaluating the seedling quality of forest species in
general (Davis & Jacobs, 2005; Bayala et al., 2009),
including teak (Tiwari et al., 2002; Yasodha et al., 2004;
Zhou et al., 2012). Moreover, biochar was reported as
a suitable substrate conditioner for the production of
Eucalyptus citriodora seedlings (Petter et al., 2012),
when used in proportions from 7.5 to 15%. However,
the authors found that the same doses did not influence
on quality of Fucalyptus urophylla seedlings.

In future studies, other parameters can be evaluated,
in order to detect biochar effects on seedling production
of forest species. There are favorable reports of its
effects on rooting of Paullinia cupana (Arruda et al.,
2007), and on leaf senescence in Tachigali vulgaris
(Souchie et al., 2011). Riviére & Caron (2001) stated
that the search for alternative substrates for nursery
plants is very important, especially if they are
environmentally friendly. The research should focus
on biochar physical properties, mainly as to the
management of stored water and of air fluxes in the
substrate, but it also should assess nutrient availability,
and adequate air and water requirements for growth.

Conclusions

1. Activated biochar added to commercial substrate
increases the development of Tectona grandis seedlings
both for height and stem diameter, and provides growth
performance comparable to that of nursery substrate.

2. Biochar without the activation procedure does
not improve quality parameters of seedlings, in
comparison with the commercial substrate.
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3. The use of 25% activated biochar added to
commercial substrate is enough to improve growth
performance to the same level as that provided by the
already validated nursery substrate.
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