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ABSTRACT

Biochar comes from organic biomass and is used to improve agricultural productivity. However, its variable chemical
composition limits its classification and effective use. Thus, the objective of this study was to characterize the nutrient
contents and properties of different biochars produced in the southern Agreste region of Pernambuco. The research was
developed at the Federal University of Agreste de Pernambuco (UFAPE), where biochars are produced from sewage
sludge (B1), grape fermentation (B2), cashew wood (B3), chicken litter (B4) and beans (B5) via a slow pyrolysis process.
Standard Embrapa and Iac methodologies were followed in the chemical analyses. Principal component analysis (PCA)
was used to identify specific characteristics that made them suitable for use in different soil types. PCA revealed that the
first four main components (PC1, PC2, PC3 and PC4) explained 100% of the total data variability. PC1 was defined by
variables such as C, H and pH. PC2 was positively correlated with nutrient content and CEC. PC3 and PC4 were positively
correlated with K, N, P and Mg. On this basis, the use of B1 is indicated for soils with high levels of organic matter, B2
is indicated for soils deficient in elements such as N and K, B3 and B5 are indicated before its use, its association with
other sources of nutrients is necessary, and B4 is recommended for soils poor in P and Ca.

Keywords: principal component analysis, soil fertility, pyrolysis.

Caracterizacio dos teores de nutrientes e propriedades de biochars para

uso agricola no estado de Pernambuco

RESUMO

O biochar ¢ proveniente da biomassa orgénica, sendo utilizado na melhoria da produtividade agricola. Entretanto, a
composicdo quimica variavel limita sua classificagdo e uso eficaz. Desta forma, objetivou-se caracterizar os teores de
nutrientes e propriedades de diferentes biochars produzidos na regido do Agreste Meridional de Pernambuco. A pesquisa
foi desenvolvida na Universidade Federal do Agreste de Pernambuco (UFAPE), onde foram produzidos biochars de lodo
de esgoto (B1), fermentagdo de uva (B2), madeira de cajueiro (B3), cama de frango (B4) ¢ casca de feijdo (B5) em
processo de pirolise lenta. Foram seguidas metodologias padrdes da Embrapa e Iac nas analises quimicas. A analise de
componentes principais (ACP) foi utilizada para identificar apresentavam caracteristicas especificas que os tornavam
adequados para uso em distintos tipos de solo. Por meio da ACP foi possivel identificar que as quatro primeiras
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componentes principais (CP1, CP2, CP3 e CP4) explicam 100% da variabilidade total dos dados. A CP1 foi definida por
variaveis como C, H e pH. A CP2 se correlacionou positivamente com teores de nutrientes e CTC. As CP3 e CP4 se
correlacionaram positivamente com K, N, P e Mg. A partir disso, o uso do B1 ¢ indicado para solos com altos teores de
matéria organica, B2 ¢ indicado para solos com deficiéncia de elementos como N ¢ K, B3 ¢ B5 antes do seu uso, ¢
necessaria sua associagdo com outras fontes de nutrientes, ¢ B4 ¢ indicado para solos pobres em P e Ca.

Palavras-chave: analise de componentes principais, fertilidade do solo, pirdlise.

Introduction

Biochar is a product resulting from the
biomass pyrolysis process at high temperatures,
generally ranging between 200 and 1200 °C under
conditions of low oxygen input (Farhangi Abriz et
al., 2021; Joseph et al., 2021). Under specific
temperature conditions, cellulose, hemicellulose,
and lignin undergo various reaction mechanisms,
such as depolymerization, fragmentation, and
bonding, which correspond to new states of charcoal,
such as liquid, solid, and gaseous (Singh et al., 2021).
Biochar can be produced using various types of
reactors, such as paddle furnaces, bubbling fluidized
beds, and stirred sand rotary kilns (Sakhiya et al.,
2020). In more, this material can be prepared from
various raw materials of organic waste, highlighting
it can be rich in carbon (Wang & Wang, 2019;
Barbhuiya et al., 2024; Gao et al., 2024 Liu et al.,
2024; Rambhatla et al., 2025), being the subject of
various studies (Ji et al., 2022; Xie et al., 2022;
Yadav et al., 2023; Nie et al., 2024; Sadegh et al.,
2024; Kang et al., 2025; Sheikh et al., 2025; Yuan et
al., 2025).

The use of biochar in agricultural systems
increases crop yields and mitigates the
environmental externalities of intensive production,
such as climate change or carbon loss from the
system (Sohi et al., 2010; Jeffery et al., 2011;
Wijitkosum & Jiwnok, 2019; Diatta et al., 2020;
Alkharabsheh et al., 2021; Brockamp et al., 2021;
Wu et al., 2024; Vicente et al., 2025; Waheed et al.,
2025). This material can be used in a large number
of applications, from heat and energy production to
soil correction (Kloss et al., 2012; Weber & Quicker,
2018; Ortiz et al., 2020; Wang et al., 2020; Bolan et
al., 2024; Zou et al., 2024). In general, this product
has a high specific surface area, high porosity, and
good cation exchange capacity, making it suitable
for multiple applications, including the reduction of
greenhouse gas emissions such as CO; and CH4 (Qi
et al., 2020; Lehmann et al., 2021).

The composition of biochar is variable, as it
is a solid material of mineral or organic nature and
can be used purely or in combination with other
materials (Angin, 2013; Li et al., 2016; Muthusamy
et al., 2019). Thus, the potential use of biochar in
various applications depends on its properties (Qian
et al., 2015). Among the factors affecting this
product are the type of biomass, temperature,
residence time, and thermal efficiency, which can
significantly influence the yield and properties of

biochar (Agrafioti et al., 2013; Zhang et al., 2015;
Debiagi et al., 2018; Leng et al., 2021; Zhou et al.,
2021). In this perspective, the higher the temperature
in the pyrolysis process, the lower the yield of the
biochar produced (Kim et al., 2012; Ippolito et al.,
2015; Ponnusamy et al., 2020; Gotore et al., 2024).
The increase in pyrolysis temperature can result in
an increase in the pH of biochar as a result of the
addition of ashes (Song & Guo, 2012; Leng et al.,
2021). This increase, when temperatures are above
500 °C, results in an increase in hydrophobicity,
specific surface area and total volume of micropores,
which makes biochar sensitive to the removal of
organic pollutants (Lee et al., 2013; Sakhiya et al.,
2020).

This variability is a factor that makes it
difficult to determine their physical and chemical
characteristics, as there is no standard classification
in the literature (Islam et al., 2021). The multifaceted
potential of biochar in different domains highlights
its importance in contemporary studies (Santos et al.,
2025).

In this context, it is necessary to analyze and
study biochar classification parameters to favor the
formulation process and facilitate production
management.

One approach to examining the chemical
attributes of biochar is through the use of
multivariate analysis techniques (Neder et al., 2013).
In multivariate analysis, principal component
analysis (PCA) generates new variables from the
original data, maximizing the proportion of
uncorrelated variance in subsequent principal
components. Furthermore, PCA also considerably
reduces the size of the dataset (Silva & Sbrissia, 2010;
Zhao et al., 2014). Being used in different research on
biochar (Dai et al., 2014; Clemente et al., 2018; Janu
et al., 2021; Quintana-Najera et al., 2023; Faloye et
al., 2024).

PCA is applied to generate indices and group
individuals. This technique groups individuals on the
basis of their variations, that is, taking into account
the variability of their characteristics that define each
individual. In this way, PCA helps to remove
unnecessary data and extract original information,
reducing the size of the dataset (Yang et al., 2023).
Although these techniques were initially used in
problems related to biology and psychology,
multivariate analysis techniques can also be applied
in different areas of knowledge, such as soil science
(Regazzi et al., 2000).

332

Barbosa, E. D.; Melo, R. E.; Costa, J. C. C.; Alves, M. F. A. T.; Lopes, M. H. L., Silva, V. P.; Souza Junior, J. H.;
Silva, T. B.; Abreu, E. D.; Martins Filho, A. P.; Medeiros, E. V.; Lima, J. R. S.; Hammecker, C.



Revista Brasileira de Geografia Fisica v.19, n.01. (2026) 331-345.

Therefore, the objective of this study was to
characterize the nutrient content and properties of
different biochars produced in the southern Agreste
region of Pernambuco.

Material and Methods

Location of the search

40°0'W 38°0W 36°0'W

The research was carried out under laboratory
conditions at the Garanhuns Research Support
Center (CENLAG), belonging to the Federal
University of Agreste de Pernambuco (UFAPE),
located in Garanhuns (Figure 1), in the Agreste
Meridional region of Pernambuco, with geographic
coordinates of 08° 53' 25" S latitude and 36° 29' 34"
W longitude, from March 2022 to April 2023.

36°29'W
1

8°55'S
8°65'S

1
T
36729'W

40°0'W 38°0'W 36°0'W

Legend: [ Pernambuco [[] Garanhuns

@ CENLAG - UFAPE

Figure 1. Location of CENLAG at the Federal University of Agreste de Pernambuco (UFAPE).

Biochar production

The selection of materials for biochar production
was based on the availability of these materials in the
aforementioned region. Biochars were produced
from sewage sludge (B1), grape fermentation (B2),
chicken litter (B4) and bean hulls (B5). This
procedure was carried out through incomplete
combustion via slow pyrolysis in a traditional oven
at temperatures ranging between 400 and 500 °C for
approximately 10 hours (Lima et al., 2018).

After the pyrolysis process, the biochars
were sieved through a sieve with a 2 mm mesh
opening. In contrast, cashew wood biochar (B3) is
produced via slow pyrolysis of waste from cashew
trees through earth charcoal ovens, which are
commonly used in the production of charcoal in
Northeast Brazil (Lima et al., 2019).

The oven temperature was monitored with a
thermocouple and varied between 500-550 °C for
24-48 h (Lima et al., 2021).

After the pyrolysis process, B3 was crushed
into forage to obtain a material with smaller
particles, which was subsequently sieved through a
2 mm sieve. All the biochars were subsequently
macerated, and samples of these materials were
separated for analysis.

Methodological procedures

The biochar analyses were conducted in
accordance with the standard methodologies of
EMBRAPA (Brazilian Agricultural Research
Corporation) and TAC (Agronomic Institute of
Campinas). The chemical attributes of the biochars
were determined on the basis of these analyses, as
shown in Table 1.
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Properties Units B1 B2 B3 B4 BS
C % 19.06 60.43 77.49 36.83 49.0
H % 1.53 2.78 3.59 2.25 22
N % 2.02 6.40 2.78 3.04 2.5

C/N adm. 9.44 9.44 27.87 12.11 19.7

pH adm. 7.92 10.01 9.32 10.0 10.54
K cmolc.kg! 3.07 3.55 0.73 2.38 2.02

P mg.kg! 18.41 230.53 230.13 450.86 180.7
Ca cmolc.kg! 50.9 3.4 1.9 55.80 7.4
Mg cmolc.kg! 13.16 0.32 0.51 0.17 0.15
Na cmolc.kg™! 7.83 0.19 0.67 0.11 0.5

SO+ hg.g'! 1.42 0.64 0.09 1.32 1.521
H+ Al cmolc.kg! 0.66 0.50 2.97 6.97 1.79
CTC cmolc.kg! 75.73 7.87 64.85 284.44 11.8

C: carbon. H: hydrogen. N: nitrogen. C/N: carbon/nitrogen ratio. pH: hydrogen potential. K: potassium. P: phosphorus.
Ca: calcium. Mg: magnesium. Na: sodium. SO4*: available sulfate. H + Al: potential acidity. CEC: cation exchange

capacity.

Available phosphorus (P) was determined
via the Olsen method described by (Irving &
Mclaughlin, 1990) and analyzed according to
(Teixeira et al., 2017a). The exchangeable sodium
and potassium contents (Na and K) were determined
according to (Teixeira et al., 2017b); the
exchangeable magnesium (Mg) content was
determined by atomic absorption according to
(Teixeira 2017¢); and the available sulfate () content
was determined according to (Williams &
Steinbergs, 1959) and analyzed according to the
methodology of (Camargo et al., 2009a). The pH of
the water at a ratio of 1:2.5 was obtained according
to (Teixeira et al., 2017d), and the total nitrogen (N)
content was obtained according to (Camargo et al.,
2009b). The OM content was determined according
to (Fontana, 2017) by dividing by the van Bemmelen
factor (1.724) to determine the TOC content
according to (Fageria et al., 1999).

The carbon (C), nitrogen (N) and hydrogen
(H) contents of the samples were determined by
combustion at a temperature of 925 °C in a CHNS-
O celemental analyzer (Perkin Elmer PE-2400).
Acetonalamide was used as a reference standard,
with the following levels: C (71.09%), H (6.71%)
and N (10.36%). The results obtained were used to
calculate the cation exchange capacity (CEC) and the
carbon—nitrogen ratio (C/N), according to (Teixeira
etal., 2017¢).

Principal component analysis

Statistical procedures for PCA were
performed via PAST® software, version 4.03
(Hammer et al., 2001). The raw data were not entered
into PAST®, as they were at different scales, and a
transformation was carried out to balance the
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weights of the selected variables. For this, the
following equation was used (Petersen et al., 1989):

Ci-
Score — z = (%‘X) (1)
where Score-z is the standard score for each variable;
Ci is the corresponding value of each standardized
variable; x is the arithmetic mean of the variable; and
o is the sample standard deviation of the variable.

Jamovi®  software  version  2.4.11
(https://www.jamovi.org/download.html) was used
for calculations of the eigenvalues.

Results and Discussion

In Table 2, the eigenvalues and variance in
percentage of each main component of the chemical
attributes of the biochars are presented.

Table 2. Characteristics of the main components of the biochar.

Components Eigenvalue % total variance % accumulated variance
PCl1 4.98 38.3 38.3
PC2 4.29 33.0 71.4
PC3 2.32 17.9 89.2
PC4 1.40 10.8 100.0
PC5 3.03e-15 2.33e-14 100.0
PCé6 2.22e-15 1.71e-14 100.0
PC7 1.51e-16 1.16e-15 100.0
PC8 1.16e-16 8.91e-16 100.0
PC9 9.29e-17 7.15e-16 100.0
PC10 -2.51e-17 1.93e-16 100.0
PC11 -4.47e—17 3.44e-16 100.0
PC12 -2.71e-16 2.08e-15 100.0
PC13 -5.24e-16 4.03e-15 100.0

The table shows the percentage variances
explained by the main components. The first
component (PC1) explained 38.3% of the total data
variability, ~whereas the second principal
component (PC2) explained 33.0% of the
remaining variance not explained by the first
component, the third principal component (PC3)
explained 17.9%, and the fourth principal
component (PC4) explained 10.8% of the
remaining variance not explained by PCIl. The
components together explain 100% of the total data
variability. In the same table, the eigenvalues are
verified. According to the criterion established by
(Kaiser, 1960), which considers only the principal

components with eigenvalues greater than 1 (>
1.0), we conclude that the principal components
retained are PC1, PC2, PC3 and PC4.

In Table 3, the -correlation coefficients
between the variables used for each biochar (filler)
and the main components are listed. The most
significant ~ correlation  coefficients  were
highlighted for each component to identify the
most important variable in the formation of the
components. Therefore, loads above 0.3 meet the
established minimum, loads of 0.4 are considered
more relevant, and loads above 0.5 are statistically
significant (Hair et al., 2005).
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Table 3. Loadings of the main components by variables.

Variables PC1 PC2 PC3 PC4
K 0.49415 0.51886 0.69461 -0.06422
Na 0.88592 -0.23762 -0.031183 -0.39712
P 0.31969 0.74657 -0.16155 0.56066
Ca -0.089711 0.98523 -0.13216 0.061767
Mg 0.018457 -0.80343 -0.17219 0.56966

SO -0.62245 0.64211 0.29634 -0.3353
H+ Al 0.50479 0.57281 -0.64498 0.032931

CTC 0.44344 0.76049 -0.40894 0.24041
pH 0.79504 0.45041 0.30888 -0.26386
C 0.94357 -0.2786 0.17564 -0.034846

N 0.43308 -0.016047 0.81569 0.38318
H 0.91965 -0.31993 0.026442 0.22624

C/N 0.67091 -0.3012 -0.55172 -0.3934

PC1: main component 1. PC2: main component 2. PC3: main component 3. PC4: main component 4. K:
potassium; Na: sodium; P: phosphorus; Ca: calcium; Mg: magnesium; SO4*: available sulfate; H+Al: potential
acidity; CTC: cation exchange capacity; pH: hydrogen potential; C: carbon; N: nitrogen; H: hydrogen; C/N:

carbon:nitrogen ratio.

PC1 is defined by most of the variables,
namely, Na, SOs*, H+Al, pH, C, H and the C/N
ratio, with charge values (correlations) of 0, 88592,
0.62245, 0.50479, 0.79504, 0.94357, 0.91965, and
0.67091, reflecting most of the variability in the
data. These results demonstrate that PC1 is highly
influenced by variables that denote the efficiency
of biochar as a material with potential for
agricultural use. Biochars with high PC1 values
strongly tend to be rich in C and H and contain
considerable amounts of Na and SO,%, in addition
to having a high pH and a high C/N ratio,
suggesting that these biochars can effectively
improve soil structure (Edeh et al., 2020; Razzaghi
et al., 2020) and increase nutrient and water
retention capacity, acting as neutralization agents
for acidic soils. The high C/N ratio indicates that
these biochars are stable and have good durability
in the soil, resulting in long-term benefits in the soil
(De Jesus Duarte et al., 2019).

PC2 can be defined by the following variables:
K, P, Ca, Mg, SOs#, H+Al and CTC. The
correlation values between PC2 and each of these
variables are 0.51886, 0.74657, 0.98523, 0.80343,
0.64211, 0.57281, and 0.76049, respectively,

capturing the second largest part of the data
variability. PC2 is related to the nutrient content
and cation exchange capacity of biochar. These
factors are related to the applicability of biochar in
terms of plant nutrition and soil fertility and are
useful for improving nutrient retention in the soil
(Agbede & Oyewumi, 2022; Zhang et al., 2022).
Therefore, the choice of biochar to be used by the
producer must take into account the ability of this
product to improve CTC, increasing plant growth
potential and increasing soil health.

PC3 is defined by the following variables: K,
H+Al, N and the C/N ratio. The correlation values
between PC3 and each of these variables are
0.69461, 0.64498, 0.81569, and 0.55172,
respectively, capturing the third largest part of the
data variability. These results demonstrate that PC3
can be used to understand how different types of
biochar influence plant nutrition and nutrient
dynamics in the soil. Furthermore, these results are
important for choosing the most suitable biochar to
improve soil fertility and soil quality (Lima et al.,
2018; Zhang et al., 2021a).

PC4 is defined by the following variables,
namely, P and Mg, with the following correlation
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values between the main component and each of
these variables: 0.56066 and 0.56966, respectively,
capturing the fourth largest part of the variability of
the data. This high correlation of variables with
PC4 reinforces that this main component is
sensitive to variations in the levels of these
nutrients in biochars. PC4 provides important
information about the capacity of biochars to
supply phosphorus and magnesium to the soil,
identifying which biochars are most relevant in
correcting specific nutrient deficiencies (Faria et
al., 2018; Fristak et al., 2018).

Figure 2  shows the  graphical
representation of the correlation coefficients

(biplot) demonstrating the distribution of the
biochars used (B1, B2, B3, B4 and B5) as a
function of the first two principal components (PC1
and PC2). The green lines, representing the
variables analyzed, represent the correlations of the
variables with the principal components. The data
indicated that the parameters evaluated were
sufficient to identify the correlations and multiple
effects of the treatments with different variables.
The multivariate analysis revealed complex
patterns and relationships between the biochar
components.

PC 2(33,01%)

I 1
5.00 -225 -1.50

PC 1(38,34%)
Figure 2. Biplot graph of PC1 and PC2 with correlation coefficients.

With respect to the specific interpretation
of the biochars, B1 presented reduced values of the
variables correlated with PC1, such as H+Al, pH,
C, N, and the C/N ratio. This result indicates that
B1 has lower acidity; lower contents of elements
such as C and N; and a low C/N ratio. In contrast,
B3 presents high acidity and a high C/N ratio,
which occurs because its location is opposite to that
of B1 along the PC1 axis. B4 presents high values
of P and Ca, which reflects its positive position in
relation to the PC2 axis. B2 and BS5 present similar
characteristics and are located in the center of the

graph, indicating the absence of extreme values in
relation to the variables analyzed.

In this context, Bl, owing to its
correlations, exerts less influence on the alteration
of soil properties, making it more suitable for
incorporation in soils with high levels of organic
matter. B2 and B5 can be used in different types of
soil without altering chemical properties. B3,
owing to its correlations, is less efficient in
providing nutrients in the short term, requiring
adjustments to optimize its application as a soil
conditioner. B4 improves the productivity of
agricultural crops and is a potential source of
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nutrients. The observed variability highlights the
importance of choosing the right type of biochar for
agricultural crops, inducing efficient use and
contributing to greater agricultural sustainability.
Figure 3  shows the  graphical
representation of the correlation coefficients
(biplot) demonstrating the distribution of the
biochars used (B1, B2, B3, B4 and B5) as a

function of the first two principal components (PC3
and PC4). The green lines, representing the
variables analyzed, represent the correlations of the
variables with the principal components. This PCA
provides new correlations on the characteristics
and distribution of the biochars.

PC 4 (10,77%)

PC3(17,88%)

Figure 3. Biplot graph of PC3 and PC4 with correlation coefficients.

With respect to the specific interpretation
of the biochars, B1 had little influence on PC3 and
PC4 but had significant values and important
correlations with PC1, indicating its high potential
to be used as a source of organic matter and specific
nutrients. For PC3, the biochars that presented the
greatest correlation were B2 and B5. B2 was
positively correlated with N and K, making this
biochar a potential source of essential nutrients for
vegetative growth. B5 had a negative correlation,
with lower concentrations of these nutrients than
the other biochars did. This result indicates that the
use of this biochar may be limited by its
effectiveness in relation to these elements or
indicates the use of this biochar with nutrient
supplementation.

For PC4, biochars B3 and B4 are located,
indicating a positive correlation with P and Mg,
indicating that these biochars have relatively high

levels of these nutrients. These results demonstrate
that these biochars are rich in P and Mg, which are
elements that assist in the structure of the plant, in
physiological functions such as the photosynthetic
process and in the synthesis of ATP. These results
help in understanding how different types of
biochar can be used to improve soil fertility and
vegetative growth and increase the sustainability of
the system. In this context, chemically
characterizing the biochars before their use to
select them appropriately maximizes the benefits of
this soil conditioner.

In general, the application of biochar has
the potential to improve soil fertility by facilitating
the biochemical cycling of nitrogen. The organic
matter content of biochar provides
plants with essential nutrients such as N, P, K, and
C, among others (Guimaraes et al., 2017; Lima et
al., 2018; Zhang et al., 2021b). In addition, the
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potential of biochar to retain nutrients in the soil
reduces the use of synthetic fertilizers in crops
(Adekiya et al., 2022).

The chemical properties of the soil are also
affected by the addition of biochar, which include
pH and cation exchange capacity (El-Naggar et al.,
2019; Palansooriya et al., 2019; Farkas et al.,
2020). These properties are related to the raw
material used to manufacture the biochar, as well
as the production conditions. In general, biochar
has an alkaline character, and high pH values
directly affect the pH of the soil after incorporation,
reducing the mobility of toxic nutrients (Fidel et al.,
2017; Glaser & Lehr, 2019). After being added to
the soil, biochar has the potential to exchange H*
and AI*" in the soil, with the aim of reducing the
concentration of ions in the soil (Palansooriya et
al., 2019).

Several studies have shown consistent and
positive results for soil chemical attributes after the
incorporation of biochar (Faria et al., 2018;
Mensah & Frimpong, 2018; Sadeghi et al., 2018;
Oni et al, 2019; Agbede & Oyewumi, 2022;
Godlewska & Oleszczuk, 2022). These effects are
due to the physical-chemical properties of biochar,
such as its porous structure (Edeh et al., 2020;
Razzaghi et al., 2020).

Conclusions

B1 (sewage sludge biochar) is more
suitable for soils with high levels of organic matter
because it is a biochar with lower acidity and has a
low correlation with the contents of C and N and a
reduced C/N ratio.

B2 (grape fermentation biochar) is more
suitable for soils with N and K deficiency because
it is a biochar with high levels of K and N.

B3 (cashew wood biochar) is not indicated
for use in the short term, and it is recommended to
complement it with other fertilizers because it is a
biochar with high acidity and a high C/N ratio.

B4 (chicken bed biochar) is recommended
for application in the soil to improve the
productivity of agricultural crops because of its
strong correlation with P and Ca, especially in soils
poor in P and Ca.

The application of BS5 (bean peel biochar)
is complemented with other sources of nutrients
because of its low correlation with N and K.

Future studies should focus on the long-
term evaluation of these biochars and their
recalcitrant effects on the soil, in addition to
investigating the interaction of biochars with other
sources of fertilizers.
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