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        ABSTRACT
Sandy soils are not suitable for agriculture because they do not retain nutrients, and water 
drains quickly. The biochar applied to these soils provides nutrients, improves their fertility, 
and favors crop yields. Thus, this work aimed to evaluate the effect of the application of pine 
biochar and the pruning of green areas obtained by slow pyrolysis on the physicochemical 
attributes of sandy soil. For this purpose, a greenhouse experiment was conducted in fifteen 
pots randomly divided into three groups (five replicas) of treatment depending on the dose 
of biochar: 0% (0 g/pot, T1 control treatment), 10% (100 g/pot, T2), and 25% (250 g/pot, T3) 
calculated according to the volume of the soil. Likewise, 05 seeds of turnip (Brassica rapa 
subsp. rapa) were placed in each pot, where their germination and growth were monitored. 
Application of biochar reported an increase in organic matter, porosity, pH, electrical 
conductivity, cation exchange capacity, NO3

-, K, and Mg (without significant differences) and 
a reduction in bulk density, P, and Ca (without significant differences). These behaviors were 
higher in T3, followed by T2, compared to T1. Similarly, T3 (68%, 7.5 ± 0.9 cm) showed a 
higher number of turnip germinations and growth compared to T2 (48%, 7 ± 0.6 cm) and T1 
(28% 6 ± 0.4 cm). The biochar applied improved the attributes of the sandy soil, strengthening 
it against possible erosion and promoting the preservation of terrestrial ecosystems.

INTRODUCTION

Land degradation is a problem that is growing at alarming rates, threatening land 
productivity and fertility, as well as food security, sustainable development, and 
healthy ecosystems in many countries around the world (Jie et al. 2002). The 
Intergovernmental Science-policy Platform on Biodiversity and Ecosystem Services 
(IPBES) indicates that only a quarter of the world’s land is free from anthropogenic 
impact and that by 2050 this will be reduced to one-tenth (IPBES 2018). Likewise, 
the United Nations (UN) maintains that every year 24000 million tons of fertile 
soil are lost as a result of desertification, which puts at risk the well-being of 3200 
million people (ONU 2019). In Latin America, Brazil and Honduras show the 
highest deforestation, while Mexico, Argentina, Bolivia, Chile, and Peru have the 
highest desertification (Ontiveros 2014). 

In Peru, desertification is classified according to its geographical regions. In the 
Sierra, due to overgrazing, water and wind erosion and pollution, on the coast by 
salinization, and the jungle mainly by water erosion (Eguren & Marapi 2015). Peru 
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faces significant soil degradation challenges due to erosion 
in the Andes, deforestation in the Amazon, overgrazing in 
highland pastures, and unsustainable agricultural practices 
like monoculture and excessive chemical use (Tito et al. 
2022). Mining activities contribute to soil contamination and 
erosion, while climate change exacerbates these issues with 
extreme weather events (Bech et al. 2017). Additionally, 
irrigation-induced salinization and rapid urbanization further 
degrade soil quality, complicating efforts to maintain soil 
health. For instance, the National Forest and Wildlife Service 
(SERFOR) identified 8.2 million degraded hectares in Peru, 
with 2.2 million referring to the Sierra, 519,000 in the Jungle, 
and 149,000 in the Coast (Andina 2021). Among the main 
problems of soil degradation in Peru are the loss of vegetation 
cover and biodiversity, burning of pastures and forest fires, 
reduction of ecosystem services, overgrazing, poor agricultural 
practices, inadequate water use, change of land use (overuse), 
erosion, etc. (Andina 2021). Soil degradation occurs when 
it loses or is altered its chemical, physical, ecological, and 
biological properties as a result of natural or anthropogenic 
disturbances (population growth, industrialization, and climate 
change) (FAO 2015). 

Soil degradation processes include erosion, nutrient, 
and organic matter depletion, loss of organic carbon, 
desertification, acidification, and pollution (Samec et al. 2023).

Sandy soils are prone to erosion, especially in areas with 
minimal vegetation cover or where the wind is strong, which 
degrades soil quality over time (Flumignan et al. 2023). Much 
of Peru’s sandy soils are found along the coastal regions, 
particularly in the desert areas, which is a major agricultural 
hub, producing a variety of high-value crops such as asparagus, 
avocados, grapes, and various fruits and vegetables for 
domestic consumption and export (Olarte et al. 2023). Thus, 
this degradation could be reversed if sustainable management 
practices and the use of appropriate technologies are put into 
practice.

Biochar is a carbon-rich material, a highly porous 
product that can be obtained from the carbonization (thermal 
decomposition) of organic materials through the process 
of pyrolysis (combustion in the absence of oxygen) with 
temperatures below 700oC. Its application is considered as a 
promising soil amendment in for several reasons, such as i) 
soil health improvement because it enhances soil structure, 
increases nutrient retention, and boosts microbial activity 
(Yadav et al. 2023), ii) carbon sequestration due to that 
reduces greenhouse gas emissions and long-term carbon 
storage (Zhang et al. 2023), iii) environmental benefits 
because reduces pollution and water quality improvements 
(Oni et al. 2019), iv) sustainable agriculture due to that 
enhanced crop yields and reuse agricultural and forestry 

residues (Liu et al. 2023), and v) climate resilience because 
improve drought resistance and extreme weather conditions 
(Lehmann et al. 2021). Furthermore, due to its high specific 
surface, high porosity, and strong adsorption capacity, biochar 
as an organic amendment can remedy soils contaminated by 
different pesticides (Brassard et al. 2019, Pan et al. 2022) 
and metals (Haider et al. 2022, Xiong et al. 2024). In plants, 
biochar improves the biological nitrogen fixation processes by 
stimulating bacterial nitrification rates. Likewise increases the 
availability of C, Ca, Mg, K, and P to plants. Biochar-added 
modified soil microbial habitats and directly affect microbial 
metabolisms, which together induce changes in microbial 
community and activity (Zhu et al. 2017). 

In addition, recent studies reported that the application of 
biochar in soils helped to minimize the absorption of metals, 
thus reducing the toxicity of the metal in different plants 
such for example wheat (Triticum aestivum L.) (Rehman et 
al. 2020), alfalfa (Medicago sativa L.) (Zhang et al. 2019), 
and lettuce (Lactuca sativa L.) (Vannini et al. 2021, Rivera 
et al. 2022). 

Avoiding, reducing, and reversing the problem of 
contaminated and degraded soils will protect biological 
diversity and ecosystem services important for life on Earth 
and ensure human well-being. Therefore, the objective of 
this work was to determine the effect of the application of 
biochar on the physicochemical properties of sandy soils and 
to evaluate their germination and growth of turnips.

MATERIALS AND METHODS

Soil Sampling and Characterization

The potting experiments were conducted under greenhouse 

Table 1: Characterization of physicochemical properties of soil used in 
biochar experiments.

Parameter Value

Bulk density (B. D.) 2.20 g.cm-3

Real density (R.D) 2.74 g.cm-3

Porosity (PO) 19.87%

pH 7.77

Electrical conductivity (EC) 726 uS.cm-1

Cation Exchange Capacity (CIC) 0.9 meq.100g-1

Organic matter (OM) (3.23%)

Texture Sandy loam

Nitrate (NO3) 1.40 mg.L-1

Potasium (K) 4.5 mg.L-1

Phosphorus (P) 1.10 mg.L-1

Calcium (Ca) 165 mg.L-1

Magnesium ((Mg) 20 mg.Lv1

Color Wet: Dark Brown
Dry: Yellowish Brown
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conditions using soils sampled within the plant’s facilities 
of the Universidad Peruana Unión (11º59'24" S, 76º50'29" 
O), Lurigancho-Chosica, Lima (Perú). The soils were 
obtained by sampling an area of 25 m2 at 30 cm depth, 
applying the methodology of patterns with uniform 
distribution described in the “Guide for Soil Sampling” 
of the Ministry of the Environment (MINAM) (MINAM 
2014). In total, 25 subsamples were collected (1 kg per m2), 
which were gathered, homogenized, sieved (Size 1.18 mm 
with ASTM-E-11 specifications), and quartered to obtain 
25 representative samples of 1 kg. One of the samples was 
randomly characterized as physicochemical (Table 1), 
presenting a sandy loam texture.

Production and Characterization of Biochar

A pyrolytic furnace of 20 kg capacity was designed and 
manufactured with two metal cylinders (Fig. 1). An external 
one (70 cm in height and 58 cm in diameter) produces the 
biochar with perforations to release volatile gases and energy. 
An internal one (40 cm in height and 38 cm in diameter) 
that allowed to feed the residual biomass and increase the 
temperature of pyrolysis and perforations to regulate the 
aeration and collect the ashes through the sieving. It is 
important to mention that the system had a hermetic lid with 
a chimney (10 cm height and 5 cm height) that allowed the 
moderate entry and exit of oxygen. 

Plant biomass (branches, trunks, and leaves mainly of 
the pine tree, plant remains, and grasses) corresponding to 
the pruning of green areas and gardens of the District of 
Chaclacayo, Lima (Peru) was used as raw material (RM). 

This RM was subjected to the process of slow pyrolysis in the 
pyrolytic furnace, starting with a temperature of 0oC to 200oC 
(first stage for evaporation of moisture and light volatiles) 
with a heating rate of 5 oC.s-1 to reach 450 oC (the second 
stage where hemicellulose and cellulose were devolatilized 
and decomposed) and with a residence time of 45 min.

Plant biomass (branches, trunks, and leaves mainly of 
the pine tree, plant remains, and grasses) corresponding to 
the pruning of green areas and gardens of the District of 
Chaclacayo, Lima (Peru) was used as raw material (RM). 
This RM was subjected to the process of slow pyrolysis in 
the pyrolytic furnace, starting with a temperature of 200oC 
with a heating rate of 5oC.s-1 to reach 450oC and with a 
residence time of 45 min.

The biochar obtained was transferred to the laboratory, 
after which it was crushed using a mortar and sieved to obtain 
particles smaller than 2 mm (ASTM-E-11 specifications) 
(Fig. 2) before its use as an organic amendment. From a 
total of 12.5 kg of biomass, 4.85 kg (38.8% yield) of biochar 
was obtained. 

Application of Biochar Pots with Turnip Seeds 
(Brassica rapa subsp. rapa)

To experiment was carried out in fifteen pots, where was 
added 1 kg of soil, which were divided into five pots (five 
repetitions) in three treatments: control treatment (T1) had 
a concentration of 0% (0 g of biochar), treatment two (T2) 
had a concentration of 10% (0.1 kg of biochar) and treatment 
three (T3) was 25% (0.25 kg of biochar). Likewise, 05 
seeds of turnip (Brassica rapa subsp. rapa) were placed 

 

 

Fig. 1: Desing and use of pyrolytic furnace to produce biochar. 

Plant biomass (branches, trunks, and leaves mainly of the pine tree, plant remains, 

and grasses) corresponding to the pruning of green areas and gardens of the District 
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Fig. 2: Crushing and sieving of biochar produced. 
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To experiment was carried out in fifteen pots, where was added 1 kg of soil, which 

were divided into five pots (five repetitions) in three treatments: control treatment (T1) 

had a concentration of 0% (0 g of biochar), treatment two (T2) had a concentration of 

10% (0.1 kg of biochar) and treatment three (T3) was 25% (0.25 kg of biochar). 

Likewise, 05 seeds of turnip (Brassica rapa subsp. rapa) were placed in each pot and 

irrigated with 250 mL of water every two days.  

Germination and stem height were monitored every 10 days in the three treatments for 

40 days. 

Physicochemical Parameters Evaluated 

The physicochemical parameters measured at the beginning and end of the 

experiments, their units, the methodology used, and ideal ranges for the 

physicochemical properties of soil are presented in Table 2. 
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Bulk density 
(BD) g.cm-3 Cylinder Low: ≤0.7 

Ideal: 0.7-0.8 (Reyes 2001) 

Fig. 2: Crushing and sieving of biochar produced.

Table 2: Physicochemical parameters to be evaluated.

Parameter Unity Methodology Ideal ranges References

Bulk density (BD) g.cm-3 Cylinder Low: ≤0.7
Ideal: 0.7-0.8
High: 09-1.2
≥1.2

(Reyes 2001)

Real density (DR) g.cm-3 Pycnometer Around 2.65 g,cm-3

*Always minor to BD
(Volverás-Mambuscay 
et al. 2020)

Porosity (P) % Relation between RD and BD Very low: 30-35
Low: 35-40
Medium: 40-45
High: 45-55
Very high: 55-60

(Reyes 2001)

pH Potentiometer Low: < 5
Medium: 5-6
Optimal: 6-7
High: >7

(Meléndez & Molina 
2001) 

Electrical 
conductivity (EC)

µs.cm-1 Potentiometer Non-saline: 0-2 dS.m-1 
Slightly saline: 2-4 dS.m-1

Moderately saline: 4-8 dS.m-1

Strongly saline: 8-16 dS.m-1

Very strong saline: >16 dS.m-1

*1000µS.cm-1 = 1 dS.m-1

(Gallart 2017)

Cation exchange 
capacity (CIC)

meq.100g-1 Vacuum pump Very low: <5 cmol.Kg-1

Low: 5-10
Moderately: 10-15
High: 15-20
Very high: >20

(Ortega 1995) 

Texture Bouyoucos Ideal: loam 
Good: Sandy loam
Acceptable: Approaching or within loamy 
loam, clay loam, or sandy loam
Regular: Approaching or inside silty, clayey, 
or sandy

(Salinas & García 
1979)

Organic matter % Titrimetric Low: <2
Medium: 2-5
Óptimal: 5-10
High:>10

(Meléndez & Molina 
2001) 

Nitrate (NO3) mg.L-1 Photometry Optimal: 2 mg.kg-1 - 8 mq.kg-1 HORIBA (AOAC 
2023)
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treatment presented the lowest bulk density with 1.82 ± 0.01 
g.cm-3, while the control treatment obtained the highest bulk 
density with (2.22 ± 0.06 g.cm-3), showing to be higher by 
18.0%. Likewise, it is observed that the addition of biochar 
to the soil decreases the bulk density by increasing the 
dose of biochar. Delaye et al. (2020) reported reduced bulk 
density by adding biochar in soils collected at different soil 
depths (0-5 cm, 5-10 cm, 10-20 cm, and 20-30 cm). Li et al. 
(2023) reported a soil bulk density decreasing from 1.30 to 
1.10 µg.cm-3 when was added more corn straw biochar on 
light sierom soil (0-20 cm). Likewise, the authors reported 
a reduction of soil thermal conductivity and soil thermal 
diffusivity but no effects on the soil thermal capacity with 
the increase of biochar amendment rate. Singh et al. (2022) 
found a significant reduction in the bulk density of soils with 
biochar compared to control soils, with greater emphasis 
on greenhouse studies (62%) than laboratory studies (30%) 
and field studies (23%). Although the ideal range (0.7- 0.8 
g.cm-3) of BD was not reached, a reduction in BD could be 
observed with the increase in the amount of biochar, which 
could perhaps be achieved if working with for example, 
50% dose (500 g biochar) (Reyes 2001). Agbede & Adekiya 
(2020), after applying biochar of maize on sandy soil, found 
a significantly improved grain yield and soil chemical 
properties (reduction bulk density, penetration resistance, 
and increased porosity).

The organic matter (O.M.) shows significant differences 
(p<0.05) between the treatments evaluated (Fig. 3b). The 
highest concentration of O.M. was found in T3 (24%) with an 
increase of 1044% followed by T2 (13.3%), with an increase 

in each pot and irrigated with 250 mL of water every  
two days. 

Germination and stem height were monitored every 10 
days in the three treatments for 40 days.

Physicochemical Parameters Evaluated

The physicochemical parameters measured at the beginning 
and end of the experiments, their units, the methodology 
used, and ideal ranges for the physicochemical properties 
of soil are presented in Table 2.

Statistical Analysis

The data obtained was subjected to the normality test. 
Subsequently, the data were submitted to the ANOVA 
analysis of variance and the Tukey multiple comparison tests 
(p-value ˂ 0.05) to see differences between the treatments. 
All statistical treatments were carried out in the free software 
RStudio (R Team Core 2019) version 4.2.6.

RESULTS AND DISCUSSION

Physicochemical Characterization

Fig. 3 shows the characterization of physical parameters 
(Bulk Density, organic matter, Porosity, pH, Electrical 
Conductivity, and Cation Exchange Capacity) measured in 
the treatments: T1 (0% biochar, control treatment), T2 (10% 
biochar), and T3 (25% biochar).

Bulk Density (BD) shows that there is a significant 
difference (p<0.05) between treatments (Fig. 3a). The T3 

Parameter Unity Methodology Ideal ranges References

Potassium (K) mg.L-1 Photometry Very low: <0.10
Low: 0.10 – 0.20
Moderate: 0.21-0.30
High: 0.31-0.40
Very high: >0.40

(Ortega 1995)

Phosphorus (P) mg.L-1 Photometry Low: <12 mg.L-1

Medium:12-20 mg.L-

Óptimal: 20-50 mg.L-1

High: >50 mg.L-

(Meléndez & Molina 
2001)

Magnesium (Mg) mg.L-1 Photometry Low: <1
Medium: 1-3
Óptimal:6-3
High: > 6
*cmol/L =10 mmol.L-

1mmool/L = 1ppm ÷ (24.3)
1ppm = 1mg.L-1

(Meléndez & Molina 
2001)

Calcium (Ca) mg.L-1 Photometry Low: <4 cmol.L-1

Medium: 4-6 cmol.L-1

Óptimal:15-6 cmol.L-1

High: >15 cmol.L-1

*cmol/L =10 mmol.L-1

1mmol.L- = 1ppm ÷ (40)
1ppm = 1mg.L-1

(Meléndez & Molina 
2001)
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of 578%, both compared to the T1 control treatment (2.3%). 
It is observed that with an increase in biochar, the amount 
of MO increases. Biochar has the potential to sequester 
carbon in the soil, mainly in soils that lose organic matter 
(Rebolledo et al. 2016). Oses (2013) argues that this happens 
because Biochar is an amendment with a high content of 
Organic Matter, and when incorporated into the soil can have 
positive effects on physicochemical parameters, specifically 
MO. Likewise, Fiallos-Ortega et al. (2015) reported higher 
MO content after the addition of Biochar to the soil. Based 
on the classification of Meléndez and Molina (2001), the 
organic matter in the control treatment (T1, 2.13%) was at 
the intermediate level (2-5%), and after adding the biochar, 
the T2 (13.3%) and T3 (24%) began to present a high level 
of MO (˃10%).

Porosity (Fig. 3c) showed differences (p˃0.05) between 
the three treatments (T1, T2, and T3). An increase in porosity 
is observed when biochar is added to treatments. T3 presented 
the highest porosity of 23.2%, followed by T2 with 21.4%, 
and finally T1 with 19.8%. Baiamonte et al. (2019) found 
that biochar applied to desert sandy soil from the United 
Arab Emirates significantly increased soil porosity and the 
amount of storage pores. Likewise, this behavior of increased 
porosity and reduction in the BD is in agreement with works 
previously published in the scientific literature (Toková et 
al. 2020, Chang et al. 2021, Singh et al. 2022). According to 
the classification of Reyes (2001), the porosity of T2 and T3 
found are within the very low level (30%-35%). However, 
increases of 20% (T3) and 8% (T2) were achieved compared 
to the T1 control treatment. Singh et al. (2022) found higher 
porosity (31% to 66%) when biochar is prepared at higher 
temperatures (˃500oC), while at lower pyrolytic temperatures 
(˂500oC), it has a greater effect on biological diversity, 
some that were not measured in this work. Based on this, 
our very low porosity could be related to the low pyrolytic 
temperature used (450oC).

The pH measured showed differences (p˃0.05) 
between the three treatments (Fig. 3d). pH is an indicator 
of soil quality because it affects soil function and nutrient 
availability for plants, pesticide yield, and decomposition 
of organic matter (Penn & Camberato 2019). There is an 
increase in pH in T3 (8.05) of 3.6% and 2.3% in T2 (7.95) 
compared to T1 (7.77) when biochar is added. Lima et al. 
(2018) applied biochar of coffee residues on sandy soil and 
found an increase in pH in the function of the doses. Similar 
findings of pH increase were reported when the percentage 
of biochar types was increased on different types of soils 
(Toková et al. 2020, Chang et al. 2021, Singh et al. 2022, 
Xiong et al. 2024). An optimal pH range varies from 6 to 7 
(Meléndez & Molina 2001). Here, the pH varies from 7.77 
to 7.95, which is characterized as high (˃7). However, this 

slightly alkaline scale is also considered suitable for growing 
any plant and can immobilize metals in the soil. 

Regarding Electrical Conductivity (EC), statistical 
differences (p˃0.05) were found between treatments (Fig. 
3e). Fig. 3(e) shows an increase in EC with increasing biochar 
dose, i.e., T2 increased by 74% and T3 by 154% concerning 
T1, respectively. Kane et al. (2021) indicated that the increase 
in EC differs depending on the pyrolysis temperature, catalyst 
used, raw material, and heating rate. For instance, Singh et 
al. (2022), after doing review work, found an increase in 
EC of 78% when used as raw material herbaceous, 55% 
in fine-textured soils, and 51% in biochar prepared at low 
temperatures (˂500oC), all compared to the control group. 
Thus, the increase in EC in the soil could be related to the 
fact that pine and garden pruning debris were used as raw 
materials, which were subjected to a slow pyrolysis of low 
temperature (450oC) to obtain the biochar. Likewise, all the 
results are in the category “Non-saline” (Table 2) considered 
of good quality for agricultural productivity, these results 
are positive since the low concentration of EC allows the 
soil not to store salts that could interfere with productivity. 
This event may be because biochar does not contain high 
concentrations of salts, unlike synthetic fertilizers.

Fig. 3(f) shows that the values of the Cation Exchange 
Capacity (CEC) present differences (p˃0.05) between the 
treatments. Likewise, an increase in CEC was observed 
in T2 treatment (1.3 ± 0.6 meq.100g-1) and T3 (1.9 ± 1.3 
meq.100g-1) compared to T1 (0.9 ± 0.5 meq.100g-1). This 
shows that the application of biochar contributes to increasing 
the ability of sandy soil to retain cations (Ca, Mg, Na, etc.). 
Despite showing a growing trend, the concentration of all 
treatments was less than 5 meq.100g-1 is considered a “very 
low” CEC for agricultural soil (Ortega 1995). However, it is 
important to note that the chemical properties require more 
time under study to obtain significant results. Rebolledo et 
al. (2016) argued that the increase in CEC is probably due 
to the high negative surface charge, high charge density, 
and high specific surface area of the Biochar. Chinchajoy 
(2021) also presented an increase in CEC in treatments with 
the application of biochar in the soil, which he mentions is 
related to the oxidation of aromatic carbon and the formation 
of negatively charged carboxyl.

Fig. 4 shows the chemical parameters of Nitrate  
(NO3

-), potassium (K), phosphorus (P), magnesium (Mg), 
and Calcium measured in the three treatments: control T1 
(0% biochar), T2 (10% biochar), T3 (25% biochar) applied 
in sandy soils.

Fig. 4(a) shows significant differences (p<0.05) between 
treatments for nitrate (NO3), with a higher value in T3  
(7.6 ± 2.7 mg.kg-1), followed by T2 (4.3 ± 2.1 mg.kg-1), and 
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T1 (2.4 ± 1.3 mg.kg-1). From Fig. 4(a), it is observed that 
the addition of biochar increased the amount of nitrate in T2 

(79%) and T3 (216%) compared to T1. Hu et al. (Hu et al. 
2023) reported an increase of 4.7% to 32.3% when adding 
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biochar concentrations between 1% to 4% on cropland. Our 
results were higher probably because higher concentrations 
of biochar were added to the soil. Nitrate measures the 
amount of nitrogen (N) available in the soil that can be 
immediately absorbed by plants (Horiba 2015). Nitrogen 
in the soil is a complex parameter. It is involved in a whole 
cycle and is essential for plant growth and ecosystem health 
(Dong et al. 2022). A higher percentage of nitrogen is found 
in the atmosphere, which plants cannot capture without 
microbial help; for that reason, the percentage of MO in the 
soil is vital to determining the availability of nitrogen (Anas 
et al. 2020). Pacheco-Avila et al. (2002) mention that the 
degradation of MO releases Ammonium (NH4), part of this 
compound is used by plants, and the rest is transformed into 
nitrites (NO2), the same that are oxidized to nitrates (NO3), 
a compound that serves as fertilizer for plants. The addition 
of biochar can improve N recycling in agricultural soil-plant 
systems, reduce N2O emissions, control N leaching, and 
increase microbial activity and crop productivity (Gul & 
Whalen 2016, Liao et al. 2020). According to Wilson (2017), 
our values (4.3 to 7.6 mg.L-1) are within the optimal range 
(2 mg.L-1 to 8 mg.L-1) for cropland.

The potassium result (K) is presented in Fig. 4b, where 
the treatments showed a significant difference (p˃0.05). 
An increase in K in T2 (3.47 ± 1.73 mg.L-1) and T3 (4.83 ± 
2.39 mg.L-1) was noted concerning the T1 control treatment 
(1.80 ± 0.90 mg.L-1). Doulgeris et al. (2023) and Farrar et al. 
(2022) reported that an increase in the proportion of biochar 
above the soil increased available K. Likewise, Farrar et 
al. (2022) argue that the addition of biochar causes less K 
to be leached, causing more K to be retained, which could 
explain the increase in K when higher concentrations of 
biochar is applied.

Fig. 4(c) shows significant differences (p>0.05) between 
the three treatments, with a reduction in phosphorus (P) by 
47% for T2 (0.49 ± 0.25 mg.L-1) and 72% for T3 (0.26 ± 
0.14 mg.L-1) compared to control treatment T1 (0.93 ± 0.47 
mg.L-1). P is a vital element for plant growth; its reduction in 
soils indicates soil degradation and environmental pollution 
(Xu et al. 2019). The availability of P is a function of the pH 
level of the soil (optimal range between 6.5 to 7.5), showing 
a high affinity for Al, Fe, and Ca, with which it can form 
insoluble precipitates dependent on the acidity of the soil. For 
instance, Penn and Camberato (2019) indicate that phosphate 
solubility is affected at a pH greater than 6.5. Likewise, 
Chang et al. (2021) argued that P becomes insoluble at pH 
less than 6.5, while at higher values, it becomes soluble. 
Thus, the reduction of available P observed in the soil added 
with biochar could be related to the increase in pH (7.95 to 
8.05) (Fig. 3c) and the formation of precipitates with calcium.

For Magnesium (Mg), the behavior of the results between 
the treatments did not show significant differences (p˃0.05), 
but there was a slight increase of 11.5% in T2 (19.3 ± 9.5 
mg.L-1) and 19.3% for T3 (20.7 ± 8.4 mg.L-1) compared to 
T1 (17.3 ± 8.6 mg.L-1) (Fig. 4d). These meetings show that 
the application of Biochar had a positive change on the Mg 
parameter. Arévalo (2020) reported an increase of 24% (from 
1.04 to 1.29 meq.100mL-1) when adding 2.5 kg pine biochar 
above ground. A greater increase in Mg is probably related 
to the greater amount of biochar added. Likewise, Wu et al. 
(2020) reported an increase in Mg (control = 12.9 mg.kg-1) 
of 24.5% (16.2 mg.kg-1), 65.7% (21.5 mg.kg-1), and 24.2% 
(16.12 mg.kg-1) when straw, rice, and corn biochar were 
added, respectively.

Fig. 4(e) shows a reduction in calcium (Ca) concentration 
of 3.7% in T2 (105 mg.kg-1) and 8.7% for T3 (100 mg.kg-1) 
compared to T1 (109 mg.kg-1). However, there was no 
significant difference (p˂0.05) between treatments. Ca is an 
essential component of soil and plants and is key in regulating 
the acidity, structure, and function of ecosystems (Luo et al. 
2023). Arévalo (2020) reported a Ca reduction of 15% and 
21% in two 2x2 m soil plots when 2.5 kg of biochar was 
added as an organic amendment. Wu et al. (2020) found 
a reduction of Ca by 0.6% when corn biochar was added, 
.26% with straw biochar, and 48% when wheat biochar was 
applied. These findings corroborate the report by Singh et al. 
(2022), who indicate that the effect of biochar on chemical 
properties is dependent on the raw material used.

*

Effect of Biochar on Turnip Germination

Germination and height were measured every 10 days in the 
three treatments for 40 days (Table 3). Table 3 shows that 
the addition of biochar significantly increased (p˃0.05) the 
germination of seeds of T3 (68% germinated) and T2 (48% 
germinated) concerning T1 (28% germinated). It was also 
noted that 02 seeds took more than 20 days to germinate 
in T1, which could be related to the physicochemical 
characteristics of the control soil. About the height of the 
stems was observed a greater growth in treatments T1 
and T2 without significant difference between these, but 
if compared to T1. Therefore, it could be attributed that 
higher germination of seeds is related to a higher dose (% 
biochar) added. Tammeorg et al. (2014) reported a similar 
encounter, where a greater number of turnip seeds germinated 
when biochar was added compared to the control treatment. 
Murtaza et al. (2023) reported that the addition of biochar on 
sandy soil caused the growth of corn to increase as a response 
to the increase in the rate of photosynthesis, reduction 
of bulk density, moisture retention, and the relationship 
between plant water and soil. Thus, the addition of biochar 
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could control poor germination and plant growth resulting 
from poor soil attributes (Furtado et al. 2016). Likewise, 
an increase in crop productivity after applying biochar was 
reported in leguminous crops (21.2%), corn (14.3%), and 
wheat (8.0%) (Zhang et al. 2022). It is important to note 
that this type of work is influenced by different factors and 
interactions between, for example, the type of soil, raw 
material to produce biochar, pyrolysis method, and dose 
to be added, which must still be studied more extensively.

The application of biochar based on pine and remains of 
tree pruning on sandy loam soil improved the physicochemical 
parameters of the soil through the increase of porosity, 
organic matter, CEC, and K, stabilized the pH, electrical 
conductivity, there was a slight increase in Mg and 
maintained the Ca. The physicochemical parameters showed 
a greater increase (T3 followed by T2) when higher doses 
(25% and 10%) were added of biochar, compared to T1 (0% 
control). The sandy soil became ideal for plant development. 
The seeds germinated in greater quantity and volume in T2. 
Therefore, it is inferred that the higher the dose of biochar 
the results are more favorable, without detracting from the 
results obtained in T2 since a large part of its parameters fall 
into the quality range.

Biochar offers practical benefits for farmers by enhancing 
soil fertility, improving water retention, and boosting crop 
yields, particularly in degraded soils. It helps sequester 
carbon, supporting climate change mitigation efforts. For 
policymakers, promoting biochar use aligns with sustainable 
agriculture goals, reducing the need for chemical fertilizers 
and addressing soil degradation. Integrating biochar into 

agricultural policies can lead to long-term environmental 
and economic benefits, making farming more resilient and 
sustainable.

As a recommendation, for sandy soils, apply biochar 
at 5-10 tons per hectare, mixing it into the top 15-20 cm 
along with compost or manure. Incorporate it during land 
preparation or post-harvest, and use cover crops and drip 
irrigation to enhance its benefits. Regularly test soil and 
monitor crop performance to adjust application practices 
for optimal results.

CONCLUSIONS

The application of biochar based on pine and remains of tree 
pruning on sandy loam soil improved the physicochemical 
parameters of the soil through the increase of porosity, 
organic matter, CEC, and K, stabilized the pH, electrical 
conductivity, there was a slight increase in Mg and 
maintained the Ca. The physicochemical parameters showed 
a greater increase (T3 followed by T2) when higher doses 
(25% and 10%) were added of biochar, compared to T1 (0% 
control). The sandy soil became ideal for plant development. 
The seeds germinated in greater quantity and volume in T2. 
Therefore, it is inferred that the higher the dose of biochar 
the results are more favorable, without detracting from the 
results obtained in T2 since a large part of its parameters fall 
into the quality range. Finally, it is concluded that the biochar 
used as an organic amendment contributes significantly to 
the improvement of the physicochemical parameters of the 
soil, positively impacting the environment.

Future research on biochar should focus on long-term 
impact studies and examine the effects of biochar on soil 
health, crop productivity, and carbon sequestration over 
extended periods. Likewise, to explore how different biochar 
types and feedstocks affect the soil properties and plant 
growth. 
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