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Highlights

Biochar was produced from poultry litter.
Biomass and ear production were influenced by biochar application.
The recommended rate for the best results is 6.4 t ha™.

Abstract

Poultry litter biochar has shown to be promising in crop development and production. On this basis, this
study was developed to investigate the influence of increasing rates of poultry litter biochar on the growth
and production of maize hybrid BRS 2022. The experiment was laid out in a completely randomized design
with six biochar rates (0, 2.0, 4.0, 6.1, 8.1 and 10.1 t ha™") and four replicates. Plots consisted of pots with a
volume of 20 dm3, with one plant each. The following variables were evaluated at 83 days after sowing: plant
height; first-ear insertion height; stem diameter; number of leaves; leaf area; internode length and number;
stem, leaf and total dry weights; ear weight; grain weight per plant; 1000-grain weight; and ear length and
diameter. Biochar application influenced plant height; first-ear insertion height; stem diameter; leaf area;
internode length; and stem, leaf and total dry weights, having a positive impact in increasing in ear weight,
grain weight per plant, 1000-grain weight and ear length and diameter. For the conditions in which the
experiment was conducted, the recommended biochar rate to obtain the best results is 6.4 t ha™.
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Resumo

Biocarvao da cama de aviario tem se mostrado promissor no desenvolvimento e producdo de culturas.
Dessa forma, o objetivo com esse trabalho foi o de avaliar a influéncia de doses crescentes de biocarvao
de cama de aviario no crescimento e na producao do milho hibrido BRS 2022. O experimento foi conduzido
em delineamento inteiramente casualizado, com quatro repeticdes, sendo seis doses de biocarvao (0; 2,0;
4,0;6,1;8,1e 10,1 tha™) e as parcelas constituidas por uma planta por vaso com volume de 20 dm3. Aos 83
dias apds a semeadura do milho foram avaliadas as seguintes variaveis: alturas da planta e da insercédo da
primeira espiga, didametro do colmo, nimero de folhas, area foliar, comprimento e nimero de internédios,
fitomassa seca de colmos, de folhas e total, massa de espiga, de grdos por planta e de 1000 gréos e
comprimento e didametro de espigas. A aplicacao do biocarvéao influenciou na altura da planta e dainsercao
da primeira espiga, didmetro do colmo, area foliar, comprimento de internddios, fitomassa seca de colmo,
de folhas e total, refletindo positivamente no aumento das massas de espiga, de graos por planta, de 1000
graos, comprimento e didmetro de espigas. Para as condi¢des em que o experimento foi conduzido a dose

de biocarvao recomendada para obtencao dos melhores resultados é de 6,4 t ha™.
Palavras-chave: Zea mays L. Crescimento e Produc¢do. Cama de aviério.

Introduction

Biochar has been used as a soill
conditioner, as it reduces acidity and Al
availability; increases pH and nutrient
availability to plants (P and K, mainly); and
influences the physical and water properties
of the soil, increasing the field capacity, wilting
point and available water (Mendes et al., 2021;
Chaves et al., 2020). In addition to adding
carbon to the soil, biochar also delays its
return to the atmosphere in the form of CO2
(Tito, Fernandes, Chaves, Guerra, & Dantas,
2021).

Biochar is a solid high-carbon material
derived from a process called pyrolysis
(Tomczyk, Sokotowska, & Boguta, 2020). Its
chemical characteristics vary depending on
the conditions of this process, especially
temperature. At high temperatures, the
chemical composition of biochar is more
similar to that of graphite, whereas biochar
produced at low temperatures is closer to
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the original raw material, with a high content
of volatile materials (Fernandes et al., 2020).
Accordingto Spokasetal.(2011), these volatile
materials contribute to the immobilization of
nitrogen and reduction of microbial activity,
negatively affecting plant growth. In their
study, Revell, Maguire and Agblevor (2012)
found that the application of low-dose poultry
litter biochar increased lettuce germination by
almost 50%, but became toxic at rates greater
than 2.5%, likely due to the toxicity of soluble
salts present in it. The effects of biochars on
crop development have not yet been widely
discussed due to the large variability between
different types of carbonized materials.
Therefore, responses are diverse, with many
studies showing positive effects, others
negative results and others inconsistent
outcomes (Agboola & Moses, 2015; Biederman
& Harpole, 2013).

Liu et al. (2013) observed an average
increase of 11% in the yield of crops treated
with biochar, highlighting the 30% increase
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in legumes, 29% in leafy vegetables and 14%
in grasses. As stated by these researchers,
biochar rates below 30 t ha' provided the
best results. Furtado and Chaves (2018) used
poultry litter biochar in the sunflower crop
and observed marked increases in the growth
rates and yield of this crop. After comparing
the effect of poultry litter and biochar from this
biomass on the improvement of soil acidity
and the growth of maize, Masud et al. (2020)
concluded that biochar was more efficient in
correcting soil acidity, which provided greater
nutrient absorption by maize plants.

Maize (Zea mays L.), one of the main
cereal crops commonly grown in Brazil, is
an essential part of food supply for humans,
animal feed and raw materials for some
agribusinesses (Pissinati, Oliveira, Pissinati,
& Moreira, 2013). Based on maize genetics
research, an early-cycle, double hybrid was
developed: BRS 2022, which is recommended
for rainy- and dry-season crops and suitable
for low investment agriculture, combining
good yields with good tolerance to lodging
and breakage (Pacheco et al., 2009). On the
other hand, in the state of Paraiba, Brazil, a
large number of small farmers have been
associated with big poultry companies, which
started to produce large volumes of poultry
litter, whose transformation into biochar
represents an economic alternative for these
producers. According to the 2017 Agricultural
Census (IBGE), the poultry flock in the state
exceeded 12 million head, raised in 99,545
establishments.

Focusing on this scenario, the present
study proposes to investigate the growth and
production of maize hybrid BRS 2022 using
poultry litter biochar as an alternative fertilizer
source.
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Material and Methods

The experiment was conducted in an
agricultural greenhouse made of transparent
polyethylene, belonging to the Academic
Unit of Agronomic Engineering of the Center
for Technology and Natural Resources at the
Federal University of Campina Grande (UFCG),
located in Campina Grande - PB, Brazil. The
greenhouse dimensions were 4 x 8 x 3 m
(width, length and height). Samples of the soil,
classified as dystric Gray Ultisol, were collected
in the arable layer (0-0.2 m depth), in the
municipality of Lagoa Seca - PB (07°09'22.42'
S; 35952'09.64" W) for the experiment. These
samples were characterized chemically
according to Teixeira, Donagemma, Fontana
and Teixeira (2017), which revealed the
following properties: pH (H,0) = 5.35; organic
carbon =18.8 g kg™"; P = 1.27 mg kg™" and in
cmolckg™:Ca=2.78;Mg=1.26;Na=0.11; K=
0.17;H+ Al = 3.27 and CEC = 7.59.

The biochar used in this study was
produced in the Irrigation and Salinity
Laboratory - LIS at UFCG, from poultry litter
resulting from the farming of broiler chickens,
under slow pyrolysis at 350 °C for 3 h in a
muffle oven. Analysis of the material revealed
following chemical attributes: pH = 9.44; EC =
7.33dS m™; P,O, = 4.08%; K,O = 4.35%:; Ca =
5.04%; Mg = 1.28%; S = 0.41%; Fe = 0.72%; Mn
= 0.05%; Cu = 0.01%; Zn = 0.05%; B = 0.01%;
organic carbon = 42.22%; and C/N = 18.76.

The experiment was laid out in a
completely randomized design with six
treatments and four replicates, totaling 24
experimental units. Treatments corresponded
to the application of increasing biochar rates
(0.00, 2.0, 4.0, 6.1, 8.1 and 10.1 t ha) for the
cultivation of maize (Zea mays L. hybrid
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BRS 2022. These rates corresponded to
twice the amounts needed to raise the soil
base saturation 63, 69, 75, 81 and 87%,
respectively, which were calculated based on
calcium carbonate (Relative Total Neutralizing
Value, RTNP, 100%). This was done because
the TRNP of biochar is not known.

Plastic containers with a capacity
of 20 dm3, filled with approximately 23 kg
of soil, were used for the experiment. After
incorporating the biochar rates, according
to the treatments, the soil was irrigated until
reaching 90% of field capacity (FC), to ensure
the effectiveness of the seed germination
seedling development processes. Sowing was
carried out by distributing three seeds of BRS
2022 maize into each pot equidistantly, at a
depth of 0.05 m. After germination, around 10
days after sowing, thinning was performed to
leave one plant per experimental unit.

Drip irrigation was applied with an
Arduino MEGA2560 system, which features
sensors that measure the temperature of the
environment and soil moisture (hygrometer).
With real-time readings, the irrigation system
was activated whenever the soil moisture
was below 70% of FC and turned off when it
reached 90% of FC.

The growth and production variables
evaluated at the end of the experiment (83

3710

days after sowing) were plant height (cm); first-
ear insertion height (cm); stem diameter (mm);
number of leaves; leaf area (m?); internode
length (cm) and number; stem, leaf and total
(stems + leaves + ears) dry biomass (g); ear
weight(g); grainweight per plant(g); 1000-grain
weight (g); and ear length and diameter (cm).
The biomasses and ears were oven-dried at
65 °C, under forced ventilation, until reaching
a constant weight.

Once the assumptions of normality
(Shapiro  Wilk's test) and homogeneity
(Bartlett's test) were met, the data were
subjected to analysis of variance with the
significance level determined by the F test
at 5% probability. The effect of biochar rates
was analyzed using polynomial regression, in
SISVAR statistical software, following Ferreira
(2011).

Results and Discussion

Based on the variance of the growth
and biomass variables (Table 1), the biochar
rates had a significant effect on plant height;
first-ear insertion height; stem diameter; leaf
area; internode length; and stem, leaf and total
(stem + leaves + ears) dry biomasses. The
other evaluated traits showed no significant
effects.
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Table 1
Summary of analysis of variance for growth parameters and biomass of BRS 2022 maize as according to
biochar rates

Mean square
SV DF

PH FEIH SD NL LA INL  NIN SDB" LDB?  TDB®

Rate 5 23557* 7843 208" 064 7e® 163" 082 3.92e™* 102" 569e%

Linear 1 5585.4% 20053 863" -  24e?* 4263 -  134e%* 279e™* 1,680
Quadratic 1 1559.7* 2744 67 -  16e? 1403 -  420e"* 171e™* 835e%
Deviaton 3 15445* 547.2¢  37% -  le*s  833® -  6.65e™ 208e™ 1,08e
Eror 18 3057 1453 17 050 0002 29 063 31760 13202 1,92¢°

CV (%) 859 134 737 592 1485 1159 1163 220 2229 1966
C:;’:;" 2036cm 899cm 17.7mm 12  034m? 1474cm 7  2557g 1629g 7.1e'g

SV =source of variation; DF = degrees of freedom; PH = plant height; FEIH = first-ear insertion height; SD = stem diameter;
NF = number of leaves; LA = leaf area; INL = internode length; NIN = number of internodes; SDB = stem dry biomass; LFB
= leaf dry biomass; TDB = total dry biomass. **,* " Significant at 1%, 5% and not significant, respectively; (1), (2) and (3)

1.389_1 x1.7424_1 x2.3989_1

Data transformed into

’

and
1.389 1.7424 2.3989

Plant height increased with the use
of biochar, which provided higher means
than control treatment at all rates applied.
Regression analysis revealed that there was
an increase in the height of maize up to the
rate of 7.9 t ha (219.2 cm), whereas control
treatment resulted in the lowest height (170.6
cm) (Figure 1A). Also withregard to plant height,
the highest mean in this study (219.2 cm) was
higher than the 197 cm reported by Neves et
al. (2015) in hybrid BRS 2022. This hybrid was
fertilized at sowing with 150 kg ha™* ammonium
sulfate, 450 kg ha™' triple superphosphate
and 100 kg ha™ potassium chloride and top-
dressed with 150 kg ha ammonium sulfate at
30 and 60 days after plant emergence, which
correspond to vegetative phases V3 and V6,
respectively.

First-ear insertion height increased
linearly, at a rate of 2.6 cm per ton of biochar
applied to the soil, with the greatest height

Semina: Ciénc. Agrar. Londrina, v. 42, n. 6, suplemento 2, p. 3707-3720, 2021

, respectively.

(103.3 cm) reached with the application of 10.1
t ha' of this substrate (Figure 1B). This height
was 54.2% greater than the 67 cm obtained
by Neves et al. (2015). Although plants with a
higher insertion of the first ear are more prone
to lodging, this event did not occur in the
present study.

The greater plant height and first-
ear insertion height obtained with the use of
biochar suggest that it provides nutrients
for the maize crop, including P (40.8 g kg-1).
Saldanha, Rocha, Araujo and Alves (2017)
also observed an increase in plant height with
the supply of P. It is known that the amount
of phosphorus absorbed influences shoot
development, since it is a function of P in the
plant as part of the adenosine triphosphate
(ATP) molecule, acting in the storage and
transfer of chemical energy captured from
sunlight in photosynthesis (Saldanha et al.,
2017).
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Figure 1. Plant height (A), first-ear insertion height (B), stem diameter (C), leaf area (D), internode
length (E), total dry weight (stems + leaves + ears) (F), stem dry weight (G) and leaf dry weight (H)
per plant according to biochar rates in BRS 2022 maize plants.
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Like first-ear insertion height, the stem
diameter values fitted the linear regression
model. This variable increased by 0.55 mm
per ton of biochar applied to the soil, and the
highest mean, 20.4 mm, was obtained at the
rate of 10.1 t ha' (Figure 1C). When compared
with the control treatment, the highest biochar
rate provided a 37.2% increase in stem
diameter. This result is promising, since the
stem is a reserve structure that allows the
translocation of photoassimilates to the grains
(Fabrini, Silva, & Rezende, 2021). According to
Fagbenro, Oshunsanya and Onawumi (2013),
the application of wood sawdust biochar in
the production of moringa (Moringa oleifera)
seedlings significantly influenced the stem
diameter of these seedlings.

The largest leaf area (LA) of maize was
0.375 m?, which was obtained with 6.9 t ha' of
biochar (Figure 1D). This result corroborates
the data described by Situmeang, Adnyana,
Subadiyasa and Merit (2015), who used
bamboo biochar, composed of cow dung and
a mineral fertilizer (15% N, 15% P and 15% K)
in maize growth and found a larger average LA
when biochar was applied at the rates of 5 and
10tha™.

The significantincrease in LA indicates
greater growth of the maize plants. The positive
correlation between plantarchitecture and leaf
arearesults in better use of photosynthetically
active radiation, since the easier the access
and the larger the flat leaf blades, the greater
the ability of the plant to capture light and
produce photoassimilates, which will later be
distributed among the plant organs (Takasu,
Rodrigues, Goes, & Kaneko, 2019).

The greatestinternodelength(16.1 cm)
was found with the application of 7.7 t ha™ of
biochar (Figure 1E). This result was higher than
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the 10.5 cmreported by J. S. M. Islam, Mannan,
Khaliq and Rahman (2018) at 75 days after
sowing, using maize hybrid BARI-9 fertilized
with 7.0 t ha™ of rice husk biochar. However, it
is important to emphasize that in the present
study, internode length was evaluated at 83
days after sowing.

Ingeneral, plantswithlongerinternodes
are more susceptible to lodging (plant arching
duetostembending)orbreakage.Nonetheless,
although biochar increases internode length,
this behavior was not observed in this study.
Plants that have a strong stem are at a lower
risk of lodging (Robertson, Lee, Julias and
Cook, 2016), so improving the strength of the
maize stem especially against the bending of
the basal internodes is essential to reduce the
risk of lodging and increase grain yield.

The biochar rates induced a quadratic
increase in total dry biomass (Figure 1F),
whose maximum value was 175.3 g plant™
(corresponding to 100,527.3 g plant”,
transformed data), at 7.2 t ha"' of biochar.
The increase in production between control
and the rate of 7.2 t ha' was equivalent to
339.8% (non-transformed data). Considering
that the plants were harvested with a moisture
percentage of 70%, the highest total fresh
matter would correspond to 573.5 g plant”’
(non-transformed data).

Stem dry biomass increased with the
biochar rates, with the highest mean, 83.1
g plant’ (333.3 g plant™, transformed data),
achieved at the rate of 7.7 t ha™. (Figure 1G).
Leaf dry biomass showed the same response,
with the highest mean, 29.1 g plant™ (203.6 g
plant’, transformed data), provided by the use
of 6.9 t ha' of biochar (Figure 1H). Faloyea,
Alatise, Ajayi and Ewulo (2017) also found
significant effects of biochar addition on
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biomass, with the rate of 10 t ha™ increasing
the total biomass yield of maize by 62% as
compared with the control treatment.

The higher biomass yields and growth
of maize with the use of biochar are related
to the nutrients present in it and, probably, to
the presence of humic substances originating
from its decomposition, which have hormonal
properties that stimulate plant growth and
improve yield (Fagbenro et al., 2013). The
availability of nutrients in biochar particularly
the phosphorus and potassium elements is
evidenced by the responses shown by the
growth and yield parameters of maize seen in
this study. These elements are essential for the
initial development of the plant, with P being of
great importance for root growth, whereas K,
despite not constituting any organic molecule
in the plant, is important for increasing stem
thickness, activating enzymes and controlling

Table 2

the fluid flow in the plant (Freitas, Oliveira,
Pinto, Cecon, & Galvao, 2004).

Poultry litter biochar influenced the
development of maize; however, it should be
stressed that the effects of the application of
this biochar on cropyield are complexand vary
according to several factors, e.g. properties of
the biochar raw material, rate of application,
soil properties, climate, crop responses and
management practices.

With respect to ear production,
regardless of the biochar rate applied, only
one ear was harvested per plant. In contrast,
ear weight increased significantly with the use
of biochar (Table 2), with the highest weight,
68.2 g, achieved with the use of 6.6 t ha™,
which represented a 363.2% increase when
compared with the control treatment (Figure
2A).

Summary of analysis of variance for the production parameters of BRS 2022 maize according to different

biochar rates

Sourceof  Degrees of Mean square
variation freedom EW GW®O 1000W EL ED
Rate ) 2156.64** 14.22** 4810.99** 10.07** 271.06**
Linear 1 4036.71** 20.57** 8146.61** 17.02** 543.12**
Quadratic 1 3819.59** 15.02** 13870.16** 12.29* 451.30**
Deviation 3 975.63** 11.84** 679.40" 7.01* 120.30**
Error 18 106.56 790.73 1.72 23.08
CV (%) 20.41 26.88 36.29 12.20 16.38
Overall mean 50.57 g 3.95¢g 77499 10.79 cm 29.34 mm

Ear weight (EW), grain weight per plant (GW), 1000-grain weight (1000W), ear length (EL) and ear diameter (ED), **, *,
ns Significant at 1% and 5% probability and not significant, respectively; "'vx transformed data.
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Grain weight per ear responded
similarly to ear weight, with the highest mean,
26.0 g (non-transformed data), achieved with
the use of 6.6 t ha (Figure 2B). By comparing
thisyield with the 2.4 g obtained in the absence
of biochar (non-transformed data), we found
that this input increased it by 1006.8%.
Stipulating grain yield for field conditions and
considering a spacing of 1 m between rows
with five plants per linear meter, grain yield
would be only 1.3 tha™’, which is well below the
5.5and 10.3 t ha obtained by J. S. M. Islam et
al. (2018) with the rice husk biochar rates of O
and 7 tha™, respectively.

As also illustrated in Figure 2B, the fit
of the grain-weight means to the quadratic
regression model suggests that the decrease
in yield at rates above 6.59 t ha' may be
associated with various reasons. One of them
is the presence of basic cations in biochar,
which increased the soil base saturation (after
incubation) to 87% with the application of the
highest rate (10.12 t ha™). It is noteworthy that
the increase in base saturation was mainly
due to the contribution of K and Na and that
the recommended base saturation for the
maize monoculture is 65% (Brito, Pereira, &
Brachtvogel, 2019). The increase in soil fertility
with applications of biochar amounts larger
than 6.6 t ha™ likely caused imbalance and
damage to the plant metabolism, interfering
with the biochemical processes that occur in
it. With metabolism affected, vital functions
were impaired and the damage resulted in
decreased grain yield.

Despite not being presented in this
study, the number of grain rows per ear
was crucial for grain yield, because with the
exception of ears produced with 6.1 t ha™
of biochar, the others exhibited low grain

Semina: Ciénc. Agrar. Londrina, v. 42, n. 6, suplemento 2, p. 3707-3720, 2021

filling. Although nitrogen fertilization was split
into three applications, the high potassium
concentration may have reduced the nitrogen
availability for the plant, which negatively
affected the number of grains per ear and ear
weight.

Another important factor that may
also have contributed to the low grain yield
in this study was incubation time, i.e., planting
took place three days after the application of
biochar to the soil. Major, Rondon, Molina, Riha
and Lehmann (2010) analyzed the yield and
nutrition of maize fertilized with biochar for four
years and did not observe a significant effect
on crop vield in the first year. Nevertheless, in
subsequentyears, the yield of maize increased
with the increasing rates of biochar applied,
demonstrating residual effects favorable to
crop yield.

Biochar is known to influence many
soil characteristics, e.g., color, cation-
exchange capacity, nutrient content (macro
and micronutrients), aeration, among
others; however, because it is organic, its
decompositiontime, through microbial activity,
should be considered. According to some
authors, at first, microorganisms function
as soil conditioners, with biochar acting as a
catalyst, which would explain the increase in
the yield of maize in the years subsequent to
the application of biochar. Such increases in
yield have already been described to last up
to three years after the application of biochar
from organic waste (T. Islami, Kurniawan, &
Utomo, 2013). Thousand-grain weight was
significantly influenced by the biochar rates
(Table 2) and the highest yield (108.63 g) was
achieved with the application of 6.2 t ha'
(Figure 2C).
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Figure 2. Ear weight (A), grain weight per plant (B), 1000-grain weight (C), length (D) and ear diameter
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Ear length and diameter reached
their highest values (11.8 cm and 35.5 mm)
with the application of 6.8 and 6.7 t ha' of
biochar, respectively (Figures 2D and 2E), and
the lowest means were obtained with control
treatment (without biochar). Ear length is
directly linked to the yield potential of maize,
as larger ears may have a higher number of
grains in the row. Lager ears are associated
with higher yield in maize plants, as this trait
influences grain weight.

In a study on the impact of rice husk
biochar on maize yield, Shashi, Mannan, Islam
and Rahman (2018) obtained the highest
100-grain weight, ear length and ear diameter
(27.7 g, 17.7 cm and 39.0 mm, respectively)
with the application of 20 t ha and a water
regime of 80% of field capacity.

Conclusions

The application of increasing rates of
poultry litter biochar in the growth of maize
hybrid BRS 2022 influenced agronomic
performance, that is, plant height, first-ear
insertion height, stem diameter, leaf area,
internode length, stem dry biomass, leaf dry
biomass and total dry biomass. Likewiseg, it had
a positive influence in increasing all production
variables analyzed (ear weight, grain weight
per plant, 1000-grain weight, ear length and
ear diameter). Overall, poultry litter biochar
has the potential to increase the yield of maize
in a dystric Gray Ultisol. The biochar rate used
and, therefore, recommended to achieve the
best results in this study corresponds to an
application of 6.4 t ha' of this input.
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