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Antioxidant capacity in relation to nutrition, stomatal density,
and yield of carrot (Daucus carotaL.) fertilized with bleaching
soil compost
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Abstract

In Peru, oil production is related to the gastronomic boom; consequently, consumption has increased in recent years,
which has led to an increase in bleaching earth waste that often lacks proper final disposal. Reason, an investigation
was conducted on the antioxidant capacity in relation to the nutrition, stomatal density, and yield of carrots
fertilized with bleaching earth-based compost (BEBC). The objective was to determine the antioxidant capacity
in relation to the nutritional, stomatal density, and higher yield of the carrot fertilized with BEBC. Methodology
was applied with an experimental approach, as the completely randomized block design statistical model was
used, with three blocks and five treatments: T, with 0, T, with 3, T, with 3.6, T, with 4.2, and T, with 4.8 t ha"!
of BEBC, applied 30 days after planting. The physical characteristics (total plant length, root size, root diameter,
storage root weight, and commercial yield) were evaluated. The concentration of nutrients (nitrogen, potassium,
phosphorus, calcium, magnesium, sulfur, iron, manganese, copper, zinc, boron, molybdenum, chlorides, sodium)
and the antioxidant capacity of the leaves were determined. The total consumption of nitrogen, phosphorus, and
potassium was determined, and the stomatal density in leaves and profitability were evaluated. Results highlighted
T, in total plant length with 48.76 cm, root size with 16.75 c¢m, root diameter with 5.03 cm, storage root weight
with 238.33 g, and commercial yield with 37.264 t ha™'. Total nitrogen consumption with 183.4 kg ha’!, total
phosphorus pentoxide consumption with 52.21 kg ha™, total potassium oxide consumption with 822.74 kg ha"',
and profitability with 139.8%. T, stood out in leaf nutrient analysis with nitrogen, potassium, phosphorus, sulfur,
and chlorides. In antioxidant capacity with 3,521.8 pMol trolox 100 g and in stomatal density T, with 245 stomata
mm-2. It concludes that T°, with an adequate antioxidant capacity of 2,907.5 pmol Trolox/100 g and a concentration
of sulfur, iron, and sodium in leaves associated with a lower stomatal density (110 stomata mm-), favored the
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efficiency of transpiration, the formation and translocation of carbohydrates to the storage root; moreover, it
contributed to the balance of reactive oxygen species (ROS), which strengthened and maximized the crop yield.

Keywords: bleaching soil, compost, nutrition, dosage, antioxidant, yield, carrot.

Resumo

No Peru, a produgdo de 6leo esta relacionada com o auge gastronémico; consequentemente, o consumo aumentou
nos Gltimos anos, o que incrementou os residuos de terra de branqueamento que, frequentemente, ndo contam com
uma disposicao final adequada. Razdo pela qual se investigou sobre a capacidade antioxidante em relagao a nutrigao,
densidade estomatica e rendimento da cenoura fertilizada com composto a base de terra de branqueamento
(BEBC). O objetivo foi determinar a capacidade antioxidante em relacdo a nutricional, densidade estomatica e
maior rendimento da cenoura fertilizada com BEBC. A metodologia foi aplicada com enfoque experimental, ja
que se empregou o modelo estatistico de desenho de blocos completamente ao acaso, com trés blocos e cinco
tratamentos: T1 com 0, T2 com 3, T3 com 3,6, T4 com 4,2 e T5 com 4,8 t ha! de BEBC, aplicados 30 dias ap6s o
plantio. Foram avaliadas as caracteristicas fisicas (comprimento total da planta, tamanho da raiz, didmetro da
raiz, peso da raiz de armazenamento e rendimento comercial). Determinaram-se a concentragao de nutrientes
(nitrogénio, potassio, fésforo, calcio, magnésio, enxofre, ferro, manganés, cobre, zinco, boro, molibdénio, cloretos,
s6dio) e a capacidade antioxidante das folhas. Determinou-se o consumo total de nitrogénio, fosforo, potassio e
avaliou-se a densidade de estdmatos em folhas e rentabilidade. Resultados destacaram T5 na altura total da planta
com 48,76 cm, tamanho da raiz com 16,75 cm, didmetro da raiz com 5,03 cm, peso da raiz de armazenamento
com 238,33 g e rendimento comercial com 37.264 t ha"'. Consumo total de nitrogénio com 183,4 kg ha"!, consumo
total de pentéxido de difésforo com 52,21 kg ha!, consumo total de 6xido de potassio com 822,74 kg ha' e
rentabilidade com 139,8%. O T3 destacou-se na andlise de nutrientes nas folhas com nitrogénio, potassio, fésforo,
enxofre e cloretos. Em capacidade antioxidante com 3.521,8 1Mol trolox 100 g e em densidade de estomatos T1
com 245 estdbmatos mm-2. Conclui que T5, com adequada capacidade antioxidante de 2.907,5 pmol Trolox/100 g e
concentragao de enxofre, ferro e sédio nas folhas associada a menor densidade estomatica (110 estdmatos mm),
favoreceu a eficiéncia da transpiracdo, a formacao e translocagdo de carboidratos para a raiz de armazenamento;
além disso, contribuiu para o equilibrio das espécies reativas de oxigénio (ROS), o que fortaleceu e maximizou o

rendimento da cultura.

Palavras-chave: clareamento do solo, compostagem, nutri¢do, dose, antioxidante, rendimento, cenoura.

I. Introduction

Currently, the increase in the global population has
intensified the demand for food, which has put pressure
on food security. This situation has caused a food deficit
due to the shortage or difficulty in acquiring essential
nutrition products. This crisis of availability originates
from the increase in the costs of inputs necessary for
agricultural production. In this regard, Cruz Nieto et al.
(2024a) state that the increase in the prices of fertilizers,
energy, and other raw materials has caused an economic,
food, and social crisis worldwide. According to the latest
FAO data, the number of people who cannot afford a
healthy diet increased by 112 million, reaching almost
3.1 billion worldwide, which highlights the rise in food
prices during the pandemic (FAO, 2022).

In this context, it is noteworthy that the exploitation
of natural resources to meet food needs is intensifying.
In this case, the edible oils industry is an example, as oil
is an essential input for food preparation. Various studies
report that these industries have increased production,
which implies greater use of inputs and materials in the
transformation processes. For this, specific clays are used in
the purification and decolorization stages, which generates
excessive waste. In this regard, Modiba et al. (2025)
mention that the growth of the global population affects
the preservation of natural resources by intensifying the
demand for land, food, and water, which are essential for
survival, resulting in a negative impact considering that we
have already surpassed 7.884 billion inhabitants. According
to data from the European Palm Oil Alliance (EPOA, 2016),
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in 2015 the global production of oils (palm, soy, rapeseed,
palm kernel, cotton, peanut, corn, coconut, and olive)
reached 177.39 million tons. For their part, Hernandez
and Isturiz (2022) explain that the decolorization of edible
oils is processed with acid-activated bentonite, known as
bleaching earth, used to reduce the color of fats and oils by
adsorbing pigments such as carotenoids and phospholipids,
retaining up to 30% of the product.

In this sense, the production of edible oil has increased
proportionally with the growth of the global population.
This overproduction of edible oil is linked to the increase in
the generation of bleaching earth waste, a material whose
treatment is limited, which can cause environmental
damage. According to Keogh-Brown et al. (2019), vegetable
oils are an economical and essential product in food
preparation, as their global use has multiplied by 4.5 since
1980. On the other hand, Abdelbasir et al. (2023) point out
that spent bleaching earth, a waste product resulting from
the refining of vegetable oils, has limited reuse options
and a global surplus of approximately two million tons is
generated, with considerable volumes in the Middle East,
asitis produced in excess there. Likewise, Sunartono et al.
(2025) warn that this solid waste is generated during the
refining of crude palm oil to obtain edible oil, so if it is not
properly disposed of, it can cause environmental damage,
as it contains toxic metals and residues of this material.

In Peru, the production of edible oil is directly related
to the gastronomic boom, which has led to a significant
increase in consumption recently. This increasing
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production has led to a rise in bleaching earth waste,
which in many cases does not have proper final disposal.
Regarding consumption levels, Vilar et al. (2018) indicate
that per capita consumption is 0.104 liters, while Rodriguez
(2013) reports an average family consumption of 2.26 liters
per month and 8.46 liters per year per person. Given this
high demand, Carbajal (2022) states that the Ministry of
Environment of Peru generates more than seven million
tons of solid waste per year, of which six thousand tons
correspond to residual clay, and there are only 64 authorized
landfills, which is insufficient for such a volume.

Therefore, it is necessary to promote sustainable
alternatives, such as the production of BEBC, since it
contains nutrients and, when applied to the soil, improves
its physical, chemical, and biological properties. In this way,
it promotes the reduction of production costs, increases
crop yields, and decreases environmental damage. In this
regard, Vélez Chang (2024) highlights that the BEBC has a
pH of 5, electrical conductivity (EC) of 3.8 mS/cm, moisture
content of 4.70%, organic matter of 52.40%, nitrogen of
1.2%, P,0, of 0.96%, K,0 of 1.18%, Ca0 of 7.25%, MgO of 1%,
and C/N ratio of 37.99%. In this same vein, Cheong et al.
(2013) state that the formulation of decolorizing earth
with agricultural biomass improved the balance of N, P,
K nutrients, the C:N ratio, and the pH of the bioorganic
fertilizer, which is appropriate as it enhances soil
properties and promotes the growth and yield of eggplant.
Complementarily, Sinaga et al. (2021) determined that
NPK fertilization with 5% clay mineral plus 5% spent or
de-oiled bleaching earth has the same nutritional effect
as NPK with 10% clay mineral on plant yield.

It is worth noting that the application of BEBC provides
nutrients and microorganisms that enhance the availability
of elements for absorption by the plant, in this case, the
carrot. As a result, these nutrients optimize transpiration,
photosynthesis, the formation and translocation of
carbohydrates to the storage root, and other physiological
processes. Likewise, they are involved in the formation of
antioxidant enzymes and compounds related to antioxidant
capacity. These compounds enhance stress fortification,
resulting in good development and, consequently, in
higher yield of the crop. In agreement, Cruz Nieto et al.
(2025b) indicate that the addition of BEBC provided
essential nutrients that improved their absorption by the
plants, optimizing photosynthesis and the translocation
of carbohydrates to the reserves, which strengthened
them against stress and improved performance.
Complementarily, Ait-EI-Mokhtar et al. (2020) report that,
under the stress suffered by the plant due to the presence
of sodium chloride in the soil, the combined application
of compost and arbuscular mycorrhizal fungi maximized
growth, stomatal conductance, leaf water potential, the
activity of all antioxidant enzymes, and the absorption of
phosphorus, potassium, nitrogen, and calcium, as well as
the content of proline and soluble sugars.

The BEBC contributes to the synthesis of antioxidant
enzymes, secondary metabolites, and beta-carotene.
The enzymes act at the cellular level, and many
metabolites, such as flavonoids and vitamins, are found
in the cytoplasm, where they are stored in vacuoles,
while beta-carotene accumulates in the chromoplasts.

Braz. ]. Biol., 2026, vol. 86, e305575

Together, these compounds integrate the antioxidant
system, which acts as an electron donor that balances
the ROS caused by nutritional, environmental, and pest
stress. According to Mishra et al. (2023), this balance
between the production and elimination of ROS is
maintained through enzymatic antioxidant mechanisms,
such as ascorbate peroxidase (APX), superoxide dismutase
(SOD), catalase (CAT), and glutathione reductase (GR),
and non-enzymatic mechanisms, such as liposoluble
antioxidants (a-tocopherol and B-carotene) and
water-soluble antioxidants (glutathione, ascorbic acid,
etc.). Complementarily, Vicidomini et al. (2024) highlight
that plants have developed antioxidant mechanisms with
enzymes that eliminate ROS and reduce their harmful
effects, in addition to the synthesis of non-enzymatic
compounds, such as flavonoids, phenolic acids, and
vitamins, which effectively neutralize them and regenerate
other antioxidants, offering broad protection against
oxidative stress. For their part, Prasad and Shivay (2020)
explain that nitrogen fertilization can increase the carotene
content in carrots, while Almagro et al. (2022) mention
that B-carotene functions as an antenna pigment and
antioxidant in plants, providing them protection against
photooxidative damage caused by ultraviolet type B light.

For this reason, the antioxidant capacity in relation to
nutrition, stomatal density, and yield of carrots fertilized
with BEBC was investigated. The objective was to determine
the antioxidant capacity in relation to nutritional, stomatal
density, and higher yield of the carrot fertilized with
BEBC. Therefore, the statistical model of a completely
randomized block design was employed, consisting of
3 blocks and 5 treatments, which included the standard
dose and the control.

2. Methodology

2.1. Location of the experiment

The experiment was conducted in the populated
center of Chilampa, in the district of Végueta, in the
province of Huaura, in the region of Lima. The coordinates
of the experiment were south latitude, 10° 56’ 12.355”;
west longitude, 77° 38’ 12.682". Regarding the climatic
conditions, the temperature ranges between 20 and 24 °C,
the relative humidity is between 73 and 80%, and the
average probability of precipitation is 10%.

2.2. Type of research

This is applied research with an experimental approach,
as evaluating the carrot samples provided data on their
physical characteristics, which were processed through
statistical analysis to determine the appropriate dose of
BEBC. This dose will be recommended to the farmers in
the area.

2.3. Population

It refers to the carrot plants that develop in the Végueta
district, situated between 0 and 150 meters above sea
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level. Therefore, once the results of the experiment were
obtained, they were validated.

2.4. Sample

Regarding the sample, 50% of the carrot plants were
randomly selected, and those in the central twin rows
were marked with tape. This procedure was carried
out with the aim of avoiding edge effects in each plot.
These plants were evaluated for their physical characteristics
until harvest, and leaf samples were taken for chemical
and biological analyses.

2.5. Study factor

To determine the standard dose of BEBC in carrot
cultivation, the results of the soil analysis and the amount of
fertilizer that farmers in the area apply to this crop, which
is between 3 and 4 t/ha, were considered. For their part,
Hirzel and Salazar (2016) recommend applying between
4 and 8 t ha™ of compost made from chicken manure,
poultry, straw, or other materials with a high C/N ratio.
Therefore, a dose of 3.6 t ha™' of BEBC was established,
which was applied only once. Table 1 presents, in detail,
the doses for each treatment.

2.6. Calculation of the amount of nitrogen in the soil

To calculate the amount of nitrogen in the soil, the
following procedures were carried out.

2.6.1. Determination of the weight of the arable soil layer

To determine the weight of the soil, the depth of the
arable layer and the bulk density have been taken into
account, as stated by [panaqué (2023). Below, the Formula
1 for calculating the weight of the arable layer of the soil
is detailed.

Formula for the weight of the arable layer.

Table 1. BEBC doses for carrot cultivation.

Treatment Dose of BEBC (t ha)
T, 0
T, 3
T, 3.6
T, 4.2
T 4.8

@

Table 2. Soil analysis of the experimental area.

[Weightha] :(Soil Depth) (Apparem‘ s.d.)(Ha) (1)

where: Weight ha: Soil weight per hectare (3,500 t ha! of
soil); Soil Depth: Soil depth (0.25 m.); Apparent s.d.:
Apparent soil density (1.4 g cm3); Ha: Hectare (10,000 m?).

2.6.2. Determination of organic carbon

The next step was to determine the organic carbon, for
which the value of the soil organic matter was taken into
account and multiplied by a conversion factor (Vela et al.,
2012). The Formula 2 for organic carbon is detailed below.

Formula of organic carbon.

[C.org.]=[(0M)(0.58)] (2)

where: C.Org.: Organic carbon (1.276%); O.M.: Organic
matter (2.2%) (See Table 2) (INIA, 2025a).

2.6.3. Determination of the C/N ratio

To determine the value of the soil C/N ratio, the Formula
3 detailed below was used.
Formula for the C/N ratio

c [(om)(0.58)] .

N N

where: N: Soil nitrogen (0.1%) (see Table 2) (INIA, 2025a);
OM.: Organic matter (2%) (see Table 2) (INIA, 2025a); C/N:
Carbon to nitrogen ratio (11.6).

Once the C/N ratio was obtained, which is 11.6, it
was taken as an indicator within the range of that ratio
(i.e., between 10 and 12), which is equivalent to 140 ppm
of nitrogen in the soil (see Table 3).

After setting the amount of 140 ppm of nitrogen in
the soil indicated in Table 3, the formula to calculate the
available nitrogen (AN) was applied. This formula consists
of multiplying 140 ppm by 0.1% of the soil nitrogen
(see Table 2) (INIA, 2025a), resulting in 14 ppm of AN.
Next, this amount was projected over the weight of the
arable layer (3,500 t/ha), resulting in 49 kg/ha of soil
available nitrogen (SAN).

2.7. Determination of the standard dose of BEBC in
relation to nitrogen

To determine the standard dose of BEBC, the following
steps were followed:

For this, the amount of nitrogen from the nutritional
recommendation obtained at INIA-Hural, which is 150 kg
ha (see Table 4) (INIA, 2025b), was taken. This value was

E.C. pH 0.M. N P

Cation exchange

K CaCo, (mEq/100 g of soil)

N° Lab. CE.C
1:2:5dS/m  1:2:5 (%) (%) (ppm) (ppm) (%)
Ca Mg Na K
091534-25/ 0.702 8.00 2 0.1 34 192.78 47 6.77 1.81 0.96 0.49 10.03
SU/DO

Note: C.E.C. = Cation Exchange Capacity; E.C. = Electrical Conductivity. Source: INIA (2025a).
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subtracted from the 49 kg of SAN, resulting in an applied
available nitrogen (NDA) of 101 kg ha™'.

Next, the amount of 2.8% of the nitrogen from BEBC
was taken (see Table 5) (INIA, 2025c¢). This amount was
projected for doses of 0, 3, 3.6, 4.2, and 4.8 t ha"' of BEBC
(see Table 1), resulting in 0, 84, 100.8, 117.6, and 134.4 kg
ha of nitrogen respectively.

Finally, the 101 kg ha™ of SAN (obtained from the
difference between the nitrogen in the nutritional
recommendation and the soil) was compared with
the nitrogen projection of the BEBC corresponding to
3.6and 4.2 tha™!, which results in 100.8 and 117.6 kg ha™',
respectively. Therefore, it is concluded that the standard
dose is 100.8 kg ha™! of nitrogen, which is equivalent to
3.6 t ha™ of BEBC.

2.8. Calculation of the amount of phosphorus in the soil

To determine the calculation of diphosphorus pentoxide
(P,0,) in the soil, the following procedures were carried out.

2.8.1. Determination of the weight of the arable soil layer
To calculate the weight of the arable soil layer, its depth,
bulk density, and area have been taken into account, as
mentioned by Ipanaqué (2023). Below, the Formula 4 for
performing this calculation is detailed.
Formula for the weight of the arable layer of the soil.

[Weight ha] =(S0il Depth)(Apparent s. d.) (Ha) (4)

Table 3. Conversion factor from total nitrogen to available nitrogen
in relation (C/N).

Conversion of total

C/N Ratio Range nitrogen percentage (T.N.)
nitrogen to (ppm)
Greater than 12 11.2
10to 12 140
Less than 10 225

Source: Kass (1998).

Table 4. Recommended macronutrients for carrot cultivation.

where: Weight ha: Soil weight per hectare (3,500 t ha™' of
soil); Soil Depth: Soil depth (0.25 m.); Apparent s.d.:
Apparent soil density (1.4 g cm); Ha: Hectare (10,000 m?)

2.8.2. Determination of phosphorus in the soil

After obtaining the weight of the arable layer of the
soil, which is 3,500 t ha™!, it was projected using the P2
from the soil analysis, as mentioned by Bello and Pino
(2000). Next, the Formula 5 for projecting the weight of
the arable layer with soil phosphorus is detailed.

Formula for projecting the weight of phosphorus in
relation to the weight of the arable layer.

|:Weight Py (kg ha™! ):| =

[WeightS.(kg ha*l)}[Weighth s.(mg)]

lkg )

where: Weight P,. (kg ha''): Weight of phosphorus
(11.9 kg ha? of P,); Weight S. (kg ha'): Weight of the soil
(3,500,000 kg ha™ of soil); Weight P, S (mg kg™'): Weight
of phosphorus in soil (3.4 mg kg of P2) (See Table 2)
(INIA, 2025a).

2.8.3. Determination of P,0, in the soil

To obtain the amount of P,0; in the soil, the weight of
phosphorus in kg ha* and the number of moles of P, and
P,0, were taken into account, as stated by Carrasco and
Aguirre (2023). Below, the Formula 6 for projecting P, to
P,0, kg ha™' is detailed.

Formula to project P, to P,0, kg ha'.

[W.on5 (kg ha*l)} -

N moles P,Os || W.Ps kg ha”!
5
|:N moles P2:|

(6)

where: W. P,0, (kg ha'): Weight of P,0, (27.25 kg
ha'' of P,0,); N moles P,0,: Number of moles of P,0,
(142 moles of P,0,); N moles P,: Number of moles of P,
(62 moles of P,); W. P, (kg ha'): Weight of phosphorus
(11.9 kg ha' of P,).

Nutrients (kg ha)
N P K 2.9. Determination of potassium in the soil
150 80 60 To determine the potassium oxide (K,0) in the soil, the
Source: INIA (2025b). following procedures were carried out.
Table 5. Chemical Analysis of BEBC.
ID Humidity 0.M. PO K0 Cao MgO
N° Lab. H E.C. (mS cm! N (% 2°5 2 C/N
sample P (mSem™) 7 (x) @ N ow o ow o 9
A0205- Fertilizer 4.6 34 12.8 50.7 2.8 0.52 0.20 0.90 0.44 18.11
DO-24

Source: INIA (2025¢).

Braz. ]. Biol., 2026, vol. 86, e305575
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2.9.1. Determination of the weight of the arable soil layer

To calculate the weight of the arable layer, the depth,
the bulk density of the soil, and the area were taken into
account, as stated by Ipanaqué (2023). Below, the Formula
7 for performing this calculation is detailed.

Formula for the weight of the arable layer

I:Weight ha] :(Soil Depth)(Apparent s. d,) (Ha) (7)

where: Weight ha: Soil weight per hectare (3,500 t ha! of
soil); Soil Depth: Soil depth (0.25 m.); Apparent s.d.: Apparent
soil density (1.4 g cm); Ha: Hectare (10,000 m?).

2.9.2. Determination of potassium in the soil

Once the weight of the arable layer, which is 3,500 t ha"!,
was obtained, the projection was made with K2, which was
obtained from the soil analysis, as stated by Toledo (2016).
Next, the projection of the weight of the arable layer in
relation to the potassium content of the soil is detailed.

Formula 8 for projecting the weight of potassium in
relation to the weight of the arable layer.

[W.Kz(kgha_l)} =

[W.S.(kg ha”! )}[W.Kz inS.(mg)]
lkg

(8)

where: W.K,. (kg ha™): Weight of potassium (674.73 kg
haofK,); W.S. (kg ha): Weight of the soil (3,500,000 kg
ha™ of soil); WK, in S. (mg kg'): Weight of potassium
in soil (192.78 mg kg™ of K,) (See Table 2) (INIA, 2025a).

2.9.3. Determination of K,0 in the soil

In this process, the weight of potassium in the soil (kg
ha')and the number of moles of K, and K,0, data mentioned
by Toledo (2016), have been taken into account. Below, the
Formula 9 for projecting K, to K,0 in kg ha™ is detailed.

Formula to project K, to K,0 kg ha'.

[W.K2O(kg ha*l)} -

[Nmoles KZO][W.KZ kg ha_l]
[Nmaleusj

(9)

where: W.K,0 (kg ha'): Weight of K,0 (813.14 kg ha™' of
K,0); N moles K,0: Number of moles of K,0 (94 moles of
K,0); N moles K,: Number of moles of K, (78 moles of K, );
W. K, (kg ha'!): Weight of potassium (674.73 kg ha' of K,).

2.10. Statistical analysis

2.10.1. Statistical analysis for the data on the physical
characteristics of the carrot

2.10.1.1. Analysis of variance

Once the data on the physical characteristics of the
carrot were obtained, they were processed using analysis of
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variance to determine if there were significant differences
between the treatments (the calculated F was greater than
the tabulated F), that is, if the application of BEBC had any
effect. To do this, the tabulated F data were obtained from
Fisher’s table with a 5% error. The coefficient of variation
was also determined, which allowed for the evaluation of
whether there was variation in the averages of the plots.

2.10.1.2. Duncan’s test

Next, the data on physical characteristics were
processed using the Duncan test with a 5% error level,
which classified and grouped the treatment averages into
letters. In this way, it was determined whether there was
statistical differentiation when the letters were different
or not. It was also determined which treatment stood out
compared to the others.

2.10.2. Statistical analysis to determine total nitrogen
consumption

The total nitrogen consumption for carrots was
determined by taking 2.8% nitrogen from the BEBC
(see Table 5) (INIA, 2025c), and projecting it to the doses
of 0, 3, 3.6, 4.2, and 4.8 t ha™' of the fertilizer indicated
in Table 1. Thus, 0, 84, 100.8, 117.6, and 134.4 kg ha™' of
nitrogen were obtained. Subsequently, these values were
added to the soil nitrogen (49 kg ha™'), resulting in 49,
133, 149.8, 166.6, and 183.4 kg ha™ of nitrogen. Finally,
the treatments were arranged from lowest to highest in
a table along with their mentioned results, antioxidant
capacity, and commercial yields, which allowed for their
interpretation and analysis (see Table 6).

2.10.3. Statistical analysis to determine the total
consumption of P,0,

The total phosphorus consumption for carrot cultivation
was calculated using the P,0, from the fertilizer, which
is 0.52% (see Table 5) (INIA, 2025c), and projected to the
doses of 0, 3, 3.6, 4.2, and 4.8 t ha™! of BEBC indicated in
Table 1. This resulted in 0, 15.6, 18.72, 21.84, and 24.96 kg
ha™ of P,0,, respectively. These amounts were added to
the soil’s P,0,, which is 27.25 kg ha™, resulting in 27.25,
42.85,45.97,49.09, and 52.21 kg ha' of P,0,, respectively.
Finally, the doses of the treatments were arranged from
lowest to highest along with the aforementioned results,
antioxidant capacity, and commercial yield, which allowed
for their interpretation and analysis (see Table 7).

2.10.4. Statistical analysis to determine the total K,0
consumption

The total potassium consumption of the soil was
determined taking into account the K,0 of the BEBC,
which is 0.20% (see Table 5) (INIA, 2025c). This value was
projected for the doses of 0, 3, 3.6, 4.2, and 4.8 t ha™ of said
fertilizer indicated in Table 1. This resulted in 0, 6, 7.2, 8.4,
and 9.6 kg ha™ of K,0. Next, these values were added to
the soil potassium, whichis 813.14 kg ha™' of K, 0, resulting
in 813.14, 819.14, 820.34, 821.54, and 822.74 kg ha™! of
K,0, respectively. Finally, the treatments were placed and
ordered from lowest to highest in a table along with their
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mentioned results, antioxidant capacity, and commercial ~ equipment from the AGQ Pert S.A.C. laboratory, and the

yield for interpretation and analysis (see Table 8). antioxidant capacity was quantified with materials from
the Nutritional Research Institute (IIN) laboratory. Finally,
2.11. Techniques and instruments for data collection to quantify the stomata, the Quanta scanning electron

microscope was used.

2.11.1. Data collection techniques on carrot characteristics

To collect data on the characteristics of the carrot, 2.11.2. Techniques to determine antioxidant capacity

observation and measurement techniques were employed The determination of the antioxidant capacity of carrot
for its physical, chemical, and biological characteristics ~ leaves was carried out using the ABTS assay (2,2’-azinobis
(Herndndez Mendoza and Duana Avila, 2020). For this  (3-ethylbenzothiazoline-6-sulfonic acid)), a simple and
purpose, measuring instruments such as a digital scale, ~ widely used method to measure and neutralize the cation
a measuring tape, and a caliper were used. The nutrient  radical (Mejia-Reyes et al., 2021). Also, the DPPH assay
concentrations in the leaves were determined using the  (2,2-diphenyl-1-picrylhydrazyl), which is simple and more

Table 6. Total nitrogen consumption in relation to antioxidant capacity.

*BEBC o s Total nitrogen Antioxidant Commercial
Dose of BEBC . Soil nitrogen N . .
Treatment (kg ha") Nitrogen (kg ha) consumption capacity yield
€ (kg ha) (Kg ha) (1Mol trolox 100 g) (tha')
T, 0 0 49 49 2,368.9 31.875
T, 3,000 84 49 133 3,349.4 35.376
T, 3,600 100.8 49 149.8 3,521.8 38.410
T, 4,200 117.6 49 166.6 2,706.8 40.965
T 4,800 1344 49 183.4 2,907.5 42.264

5

*Note: The nitrogen from the BEBC, which is 2.8% (see table 5) (INIA, 2025c¢), was taken and projected to 4,800 kg ha'! of BEBC, resulting in 134.4
kg ha' of nitrogen. This procedure was also carried out for the other treatments indicated in Table 1.

Table 7. Total consumption of phosphorus pentoxide in relation to antioxidant capacity.

Treatment Dose of BEBC *P,0, from P,0, in the corl::l?:n%g:m Antioxidant capacity = Commercial
(kg ha) BEBC (kg ha') soil (kg ha) (Kg ha™") (1Mol trolox 100 g) yield (t ha)

T, 0 0 27.25 27.25 2,368.9 31.875

T, 3,000 15.60 27.25 42.85 3,3494 35.376

T, 3,600 18.72 27.25 45.97 3,521.8 38.410

T, 4,200 21.84 27.25 49.09 2,706.8 40.965

T, 4,800 24.96 27.25 52.21 2,907.5 42.264

5

“Note: The P,0, from the BEBC, which is 0.52% (see table 5) (INIA, 2025C), was taken and projected to 4800 kg ha! of BEBC, resulting in 24.96 kg
ha' of P,0,. This procedure was also carried out for the other treatments indicated in Table 1.

Table 8. Total potassium oxide consumption in relation to antioxidant capacity.

*K,0 from Total K,0

Dose of BEBC Soil K,0 X Antioxidant capacity Commercial
Treatment =\ o pa1y BEBC (kgha')  comsumption (uMol trolox 100 g) ield (t ha')
2 (kg ha) 2 (kg ha) H g y
T, 0 0 813.14 813.14 2,368.9 31875
T, 3,000 6.0 813.14 819.14 3,349.4 35.376
T, 3,600 72 813.14 820.34 35218 38.410
T, 4200 8.4 813.14 821.54 2,706.8 40.965
T 4,800 96 813.14 822.74 2,907.5 42.264

5

“Note: The K,0 from the BEBC, which is 0.20% (see Table 5) (INIA, 2025c), was taken and projected to 4,800 kg ha™ of BEBC, resulting in 9.6 kg
ha™ of K,0. This procedure was also carried out for the other treatments indicated in Table 1.
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commonly used, was employed to reduce the free radical
with Trolox as the antioxidant, diluted with reagents such
as ethanol, carbonates, and distilled water; the decrease
in absorbance is measured by spectrophotometry in the
visible region (Dorantes-Salazar et al., 2023). The percentage
of inhibition can be calculated using the Equation 10
presented in various studies, such as that of Almanza
Gamez et al. (2024).
Formula to determine percentage inhibition.

(ABTS ,_g — ABTS,_¢)

% Inh. = *100 (10)
ABTS ;g

where: % Inh.: Percentage of inhibition; ABTS =0y’

Absorbance obtained at time zero; ABTS (e6)" Absorbance

t=6)"
after 6 minutes.

Then, the expression according to the TEAC-DPPH
method used to determine antioxidant capacity was
applied, as described by Gutiérrez Rodas (2022).

Formula 11 to determine antioxidant capacity.

C.A.(pmol TROLOX eq./ g)

G 7+V) (11)

*Fd

where: C.A.: Antioxidant capacity; Y: pmol (Micromole);
W: Sample weight (g); V: Solvent volume (mL);
Fd: Dilution factor.

2.11.3. Techniques for determining soil nutrients

To analyze the elements present in the soil, a
representative sample of 1 kg of soil was taken to the
INIA-Huaral laboratory, where different techniques
were employed for its study. To determine the pH of
the soil and the residues, method 9045D was used. To
determine the amount of organic matter, the Walkley-Black
AS-07 method was used, and this result allowed for the
determination of the nitrogen content. To determine
the amount of phosphorus, the Olsen method was used,
and for potassium, the calcium carbonate technique
(acid neutralization method AS-29) was applied. Finally, to
calculate the number of microelements such as calcium,
magnesium, sodium, and potassium, ammonium acetate
was used.

2.12. Procedures

To prepare the BEBC, 33% bleaching soil, 33% guinea
pig guano, and 33% dry grass were used. These materials
were left to compost in a pit 1 meter deep, 1.5 meters long,
and 1 meter wide. During the first month, three washings
were carried out with an average of 20 liters of water every
10 days; in the second and third months, it was washed
twice and turned. This process continued until the fourth
month, until the compost was mature. That is, it should
be dark in color, odorless, and granular.

Then, the land was prepared as the farmers of
the Vegueta district in the province of Huaura do.
Afterward, 20 soil sub-samples were taken using the
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zigzag method, covering the entire experimental field to
a depth of 0.25 m. Next, the 20 sub-samples were mixed
on a blanket, and a representative sample of 1 kg was
taken, which was sent to the INIA-Huaral laboratory to
determine its chemical characteristics.

OnJune 21, 2026, carrot seeds with a high germination
percentage, varietal purity, and no damage were used.
For this purpose, a portable seed drill was used, which
sowed in a continuous stream and at 0.60 m between
twin furrows. Afterward, a heavy irrigation was carried
out, and four days later, a light irrigation, totaling 5-6
irrigations per month, depending on the soil and climate.
In addition, two weeding sessions were carried out per
month. It is also indicated that the treatment had a length
of 4 m, a width of 1.2 m, and a separation between block
streets of 0.5 m.

At 30 days after planting, the thinning was carried out
throughout the experimental area, leaving one plant every
0.10 m, and subsequently, the doses of BEBC indicated
in Table 1 were applied all at once. Then, the physical
characteristics of the plant were evaluated until October
18, 2026. Once the data was obtained, it was processed
through statistical analysis.

During the harvest, samples of undamaged and fresh
leaves were randomly taken from the carrot blocks,
without repeating the treatments. These samples were
taken to the AGQ Per( SAC laboratory to determine the
nutrient concentration. Similarly, samples from the five
treatments were taken to determine the antioxidant
capacity at the IIN, and another five representative leaf
samples were taken to the laboratory where the Quanta
model scanning electron microscope is located, allowing
for the quantification of stomatal density.

Finally, the yield and cost of each plot were projected
per hectare to determine the commercial yield and
production cost. Then, the commercial yield was multiplied
by the unit price in kilograms to obtain the total income.
This value was subtracted from the production cost to
obtain the profit. Next, this result was divided by the
production cost to obtain the profitability. This procedure
was carried out for all treatments.

Profitability Formula 12.

U
C.p.

*100

P.= (12)

where: P.: Profitability; U: Utility; C.p.: Cost of production.

3. Results

3.1. Soil analysis of the experimental area

After analyzing the soil in the INIA-Huaral laboratory,
it was determined that the pH indicates it is moderately
alkaline, that the levels of organic matter and
phosphorus are low, and that the levels of nitrogen and
potassium are within the medium ranges (Prialé, 2016).
The calcium carbonate content is within normal values
(Sales-Davila et al., 2024). Regarding the levels of calcium,
magnesium, sodium, and potassium, these are within
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normal values (McKean, 1993; see Table 2; INIA, 2025a).
Therefore, this land is suitable for carrot cultivation,
although it is necessary to incorporate fertilizer and
properly prepare the land to optimize its properties.

For the nutritional recommendation of carrot
cultivation, the soil was analyzed, which determined that
160 kg ha™' of nitrogen, 80 kg ha* of phosphorus, and 60 kg
ha' of potassium are needed (see Table 4) (INIA, 2025b).
To provide these nutrients, BECB was applied, which
increased the availability of these elements in the soil,
promoting their absorption by the plant and improving its
yield. For this purpose, the standard dose was set taking
into account the amount of nitrogen.

3.2. Chemical analysis of BEBC

Regarding the chemical analysis of the BEBC, it was
determined that the concentration of phosphorus and
potassium was at low levels. However, the low C/N ratio
indicates that the compost is mature (see Table 5) (INIA,
2025c¢). In comparison with another study, Vélez Chang
(2024) analyzed this fertilizer and reported the values
of organic matter (52.4%), nitrogen (1.2%), P,0, (0.96%),
K,0(1.18%), and C/N ratio (37.99%). Likewise, Roman et al.
(2013) establish that the appropriate ranges for mature
compost between 3 and 6 months should consider a C/N
ratio between 10:1 and 15:1 and moisture between 30%
and 40%. Therefore, when comparing the results, it is
noted that this fertilizer has a higher nitrogen percentage
and is suitable as a nutritional source, which benefits
carrot cultivation.

Regarding the analysis of micronutrients in BEBC
detailed in Table 9 (INIA, 2025d), a low concentration of
iron, zinc, copper, and manganese is observed compared to
other fertilizers. According to Marcelo Angulo et al. (2022),

Table 9. Micronutrient analysis of BEBC.

the compost made with 33% blanching soil waste, 33%
guinea pig manure, and 33% straw for four months showed
concentrations of iron (5,666.5 ppm), zinc (51.85 ppm),
copper (3.89 ppm), and manganese (138.05 ppm), and
its application in radish cultivation improved the yield.
Therefore, it is evident that this fertilizer is a nutritional
source that improves carrot crop yield.

3.3. Physical characteristics of the carrot

After obtaining the data on the physical characteristics
of the carrot, they were processed using analysis
of variance, which determined that there was no
significance, meaning there was no effect of the
BEBC dose. The Duncan test determined that all
treatments were classified with the same letter (a),
indicating that there are no statistical differences and
that T5 obtained the best results in all evaluations.
The yield was 42.264 t ha™', 24.58% more than in T1,
which was 31.875 t ha™ (see Table 10 and Figure 1).
These results are interpreted as indicating that a higher
dose of BEBC improved nutrition and resilience against
nutritional, environmental, and pest stress, resulting
in higher yield.

3.4. Nutrient concentration in carrot leaves

Regarding the nutrient analysis in carrot leaves, it
was determined that T, stood out for its concentration of
nitrogen, potassium, phosphorus, sulfur, and chlorides,
although it did not influence the yield. However, T, with
sulfur, iron, and sodium, influenced the highest carrot
yield (see Table 11) (AGQ Pert S.A.C., 2025). This result is
interpreted as indicating that, with a higher dose of BEBC,
the concentration of nutrients in the leaves decreased,

which was associated with a significant increase in

Elements Iron Zinc Copper Manganese
Amount (mg kg) 210.37 2.52 345 2.81
Source: INIA (2025d).
Table 10. Physical characteristics of the carrot by treatment.
Treatment Dose of I?EBC Total plant Sto_rage root S'torage root :tvoeriag;et :(f:t yf;g‘:;ec‘:::(l' "
(kg ha) length (cm) size (cm) diameter (cm) @) (t ha')
T, 48 48.763 a 16.746 a 5.025a 23833 a 42.264 a
T, 4.2 48516 a 16.254 a 4904 a 22833 a 40.965 a
T, 3.6 47.960 a 16.054 a 4.854a 211.67 a 38.410a
T, 3 47533 a 15.833a 4700 a 193.33a 35376 a
T, 0 47.400 a 14.700 a 4.660 a 180.00 a 31.875a
Significance N.S. N.S. N.S. N.S. N.S.
Coefficient of variation (%) 3.04 7.80 6.26 21.56 13.90

Note: Significance (S) and not significant (N.S.). It is mentioned that the same letters, according to Duncan’s ranking, indicate that the treatments

are statistically homogeneous.
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Figure 1. Comparison of carrot development based on BEBC doses.

Table 11. Nutrient concentration in carrot leaves by treatment.

Normal range according to

Elements T, T, T T, T AGQ Peru S.A.C. (2025)
Macronutrients (%)

Total Nitrogen 2.7 3.1 3.1 2.8 2.7 210-35
Potassium 214 2.19 2.76 1.89 179 2.80-4.0
Phosphorus 0.25 0.28 0.32 0.29 0.25 0.20 - 0.50

Calcium 345 3.58 3.34 3.37 3.52 1.40 - 3.00
Magnesium 0.24 0.29 0.28 0.23 0.21 0.30-0.50
Sulfur 0.95 0.99 117 112 117
Micronutrients (mg kg')
Iron 779 656 577 697 808 50-300
Manganese 246 128 74.0 85.8 98.9 60 - 200
Copper 14.7 11.5 10.4 9.86 10.9 5.00 - 15.00
Zinc 38.1 29.3 225 22.7 24.5 25.0-250
Boron 59.7 64.7 58.8 63.5 62.5 30.0-100.0
Molybdenum 5.28 4.56 4.09 3.88 4.59
Phytotoxic elements (%)
Chlorides <0.025 0.032 0.046 <0.025 <0.025
Sodium 1.310 1142 1.499 1341 1.538

Source: AGQ Peru S.A.C. (2025).
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antioxidant capacity and strengthened the plant against
stress, resulting in higher yield.

3.5. Total nitrogen consumption in relation to antioxidant
capacity

Regarding the total nitrogen consumption, T5 stood
out with 183.4 kg ha™', 73.28% more than T1, which had
49 kg ha™'. This influenced the considerable increase
in antioxidant capacity, which reached 2,907.5 pmol
Trolox/100 g. This increase resulted in a higher yield
of 42.264 t ha™' of carrots (see Table 6). This result is
interpreted as a higher nitrogen consumption being
associated with a considerable increase in antioxidant
capacity, which resulted in a higher yield of the crop.

3.6. Total phosphorus consumption in relation to
antioxidant capacity

Regarding the total phosphorus consumption, the
highest dose (T5) stood out with 52.21 kg ha' of P,0,,
which represents a 47.80% increase compared to T1,
with 27.25 kg ha™ of P,0,. This amount of diphosphorus
pentoxide significantly increased the antioxidant capacity,
reaching 2,907.5 pmol Trolox 100 g, resulting in a higher
yield of 42.264 t ha™! of carrots (see Table 7). This result
is interpreted as indicating that, with a higher dose of
BEBC (T5), there was greater consumption of phosphorus
pentoxide, which was associated with a considerable
increase in antioxidant capacity and, therefore, with a
higher yield.

3.7. Total potassium consumption in relation to
antioxidant capacity

In the total potassium consumption, T5 stood out with
822.74 kg ha' of K,0, which represents a 1.16% difference

Table 12. Total antioxidant capacity in lettuce leaves by treatment.

compared to T1, with 813.14 kg ha' of K,0. This higher
potassium contribution was associated with a considerable
increase in antioxidant capacity, reaching 2,907.5 pmol
Trolox 100 g, which resulted in a higher yield of 42.264 t
ha™' of carrot (see Table 8). This result is interpreted as the
higher dose of BECB favored adequate antioxidant capacity,
which responded with higher crop yield.

3.8. Antioxidant capacity in carrot leaves

Regarding the evaluation of the antioxidant capacity
of carrot leaves, as shown in Table 12 (IIN, 2025), it is
observed that T, stood out with 3,521.8 pmol Trolox/100 g,
which represents a 32.73% difference compared to T,
which presented 2,368.9 imol Trolox/100 g. However, this
difference did not affect the yield. This result is interpreted
as follows: at higher doses of BEBC (T,), the antioxidant
capacity decreased until an adequate concentration of
this compound balanced the ROS, resulting in higher
performance.

3.9. Stomatal density in relation to antioxidant capacity

Regarding the stomatal density related to the antioxidant
capacity shown in Table 13, it is observed that T1 stood out
with 245 stomata mm; however, this amount did not
influence the increase in antioxidant capacity or carrot
yield, since T5 stood out for its higher yield (see Table 13 and
Figure 2). This result is interpreted in the sense that with
a higher dose of BECB (T), a lower stomatal density was
obtained, which was associated with an adequate antioxidant
capacity that balanced the ROS, resulting in a higher yield.

3.10. Profitability per treatment

Regarding the profitability of carrots, as shown in
Table 14, the highest dose of BECB (T5) achieved the highest

Treatment Dose of BEBC (kg ha') Result (1Mol trolox /100 g of sample) Commercial yield (t ha')
T, 0 2,368.9 31.875
T, 3 3,3494 35.376
T, 3.6 3,521.8 38.410
T, 4.2 2,706.8 40.965
T, 48 2,907.5 42.264
Source: [IN (2025).
Table 13. Stomatal density in relation to antioxidant capacity.
Treatment
Evaluation parameters
T, T, T, T, T,
Number of stomata per 0.3190 mm? 78 67 50 41 35
Stomatal density (number of stomata mm-) 244.5 210.0 156.7 128.5 109.7
Antioxidant capacity (1Mol trolox 100 g) 2,368.9 3,349.4 3,521.8 2,706.8 2,907.5
Commercial yield (t ha') 31.875 35.376 38.410 40.965 42.264

Note: Projected area of the micrograph is equivalent to 0.3190 mm?.
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2

Ts = 110 stomata mm™

Figure 2. Micrograph of carrot stomata by treatment.

profitability, with 139.8%, which is 21.53% higher than
T1, with 109.7%, resulting in higher income. This result
is interpreted as the highest fertilizer dose generating
more than double the income and exceeding the T1 dose
by more than one-fifth, indicating that the T5 dose is
profitable and an economical alternative, which can serve
as a recommendation for farmers in the Végueta district.

4. Discussion

4.1. Physical characteristics of the carrot

When statistically analyzing the data on the physical
characteristics of the carrot, it was determined that
there were no statistical differences in the treatments.
Additionally, it is noted that T5 achieved the best
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results in all evaluations and in yield, with 24.58%
more than T1 (see Table 10). This result is analyzed as
indicating that, by using a higher dose of BEBC, beneficial
elements and microorganisms were added to the soil,
which improved their availability for plant absorption.
The above aligns with Kumar et al. (2022), who
highlight that microorganisms (plant growth-promoting
rhizobacteria, phosphate-solubilizing bacteria, among
others) perform activities that promote growth due to their
beneficial characteristics and their key role in improving
access to nitrogen, phosphorus, potassium, zinc, and sulfur.
They also optimize biochemical reactions, such as
transpiration, photosynthesis, and the formation
and translocation of carbohydrates to the storage
root, and increase antioxidant capacity. In fact,
Gavelien¢ et al. (2021) demonstrated in their trials that the
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Table 14. Profitability of carrots by treatment.

Treatment Dl‘;lz;g ‘ con;ri[ellec:ﬂal Unit value . Total prsgfltc(t)ifon Utility (S) Profitability
(kg ha") (kg ha") per kg (S) income ($) ) (%)
T, 0 31,875 0.298 9,498.8 4,529.98 4,968.8 109.7
T, 3 35,376 0.298 10,542.0 4,980.87 5,561.2 111.7
T, 3.6 38,410 0.298 11,446.2 5,071.05 6,375.1 125.7
T, 4.2 40,965 0.298 12,207.6 5,161.23 7,046.3 136.5
T 4.8 42,264 0.298 12,594.7 5,251.40 7,343.3 139.8

5

Note: Price of dollar is S/. 3.36 soles.

combination of microbial biostimulants (Bacillus subtilis,
Lactobacillus spp., Rhodopseudomonas spp., and genera
associated with nitrogen fixation and biocontrol such
as Azotobacter, Rhizobium, Bradyrhizobium, and
Trichoderma) increased the antioxidant activity of
carrots by 10% to 20% compared to untreated carrots.
Overall, these biochemical mechanisms resulted in
higher crop yields, which aligns with the findings of
Pellegrini et al. (2021), who state that strains of plant
growth-promoting bacteria (Azospirillum brasilense,
Gluconacetobacter diazotrophicus, Herbaspirillum
seropedicae, and Burkholderia ambifaria) benefit the
growth and development of carrots, as evidenced in
field trials.

4.2. Concentration of nutrients in leaves

When analyzing the nutrients present in carrot leaves,
it was determined that T3 stood out in most elements.
However, T5, which contains sulfur, iron, and sodium, influenced
the highest yield (see Table 11) (AGQ Pert S.A.C., 2025).
This result indicates that the higher concentration of
sulfur is involved in the synthesis of amino acids and
the formation of antioxidant compounds, while the
concentration of iron contributes to the formation of
enzymatic cofactors and the biosynthesis of chlorophyll.
Likewise, sodium can partially replace potassium in
osmotic regulation and contribute to the energy balance
of plant cells. Consequently, these elements participated
in biochemical reactions that increased the antioxidant
capacity, resulting in higher yield. The above is supported
by Li et al. (2020), who mention that sulfur is essential
for plant development, as it is absorbed from the soil in
the form of sulfate and translocated to the leaf plastids,
where it is assimilated as cysteine, which acts as a
precursor of metabolites with biological and antioxidant
functions such as glutathione and methionine. For
their part, Murgia et al. (2022) point out that iron is
an essential micronutrient for plants, as many cellular
processes, such as photosynthesis, respiration, and ROS
uptake, depend on adequate levels of this element.
Finally, Nieves-Cordones et al. (2016) state that, although
sodium is not essential for most plants, with the exception
of halophytes, it is compartmentalized outside the
cytoplasm and can accumulate in high concentrations
in the vacuoles, where it performs an osmotic function,
proving beneficial by partially substituting potassium.
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4.3. Total nitrogen consumption in relation to antioxidant
capacity

Regarding the total nitrogen consumption, T5 stood out
with 183.4 kg ha™, 73.28% more than T1, which was 49 kg
ha™. This increase was associated with a considerable rise
in antioxidant capacity, which resulted in higher yield
(see Table 6). This result is analyzed in the sense that a
higher dose of BEBC (T5) provided a greater amount of
this element and beneficial microorganisms that improved
its availability for the plant to absorb under moderately
alkaline soil conditions. This optimized biochemical
reactions and led to greater formation and translocation
of carbohydrates toward the storage root, as well as a
significant increase in antioxidant capacity. All these
processes strengthened the plant against stress, resulting
in a higher carrot yield. This result is consistent with
that of Loh et al. (2013), who demonstrated that spent
bleaching earth, composted with agricultural and palm
oil by-products, enhances the physical attributes of the
soil for plant growth and microbial rejuvenation, due to
the adequate amount of improved organic carbon, cation
exchange capacity, water retention capacity, and the C:N.
Likewise, Zayed et al. (2023) highlight that nitrogen is
an essential element that is part of many compounds,
such as amino acids, the construction of enzymes and
proteins, as well as chlorophyll, which is fundamental
in photosynthesis and improves the quality of leaves
to absorb solar energy, resulting in higher plant yield.
Finally, Wang et al. (2023) found that nitrogen application
improved the activities of enzymatic antioxidants (SOD,
CAT, and GR) and non-enzymatic antioxidants such as
ascorbic acid (AsA), which eliminated the excess ROS
produced by salt stress, resulting in enhanced osmotic
substances (soluble protein, soluble sugar, and proline)
in the seedlings.

4.4. Total phosphorus consumption in relation to
antioxidant capacity

In phosphorus consumption, the T5 dose with 52.21 kg
ha™' of P,0, stood out, representing 47.8% more than T1.
This amount was associated with an increase in antioxidant
capacity and higher carrot yield (see Table 7). This result
indicates that the highest dose of BECB provided a greater
amount of phosphorus and microorganisms, which
increased its availability for absorption. Consequently, this
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contribution optimized energy formation, transpiration,
photosynthesis, carbohydrate biosynthesis, and translocation
to the root, as well as other processes such as antioxidant
capacity, resulting in higher yield. In this regard,
Bohorquez-Sandoval et al. (2024) argue that a source of
phosphorus and microorganisms is compost, which, when
applied to the soil, improves availability and recycling
through symbiotic relationships, microbial interactions,
and the action of phosphorus genes, making it sustainable
inagriculture. Likewise, Riaz et al. (2023) point out that soil
phosphorus is classified into organic and inorganic forms
and that plants absorb it directly through the epidermis
and root hairs or through association with arbuscular
mycorrhizal fungi. For their part, Odoom and Ofosu (2024)
highlight that phosphorus is involved in the formation of
adenosine triphosphate, reduced nicotinamide adenine
dinucleotide phosphate, and sugar phosphates, which are
indispensable for the fixation, reduction, and regeneration
of carbon in the ribulose-1,5-bisphosphate cycle; moreover,
itisinvolved in the regulation of ribulose-1,5-bisphosphate
carboxylase/oxygenase activase. In summary, phosphorus
acts as a central axis in photosynthesis, carbohydrate
synthesis, and antioxidant capacity, which strengthens
and maximizes performance.

4.5. Total potassium intake in relation to antioxidant
capacity

In the total consumption of K,0, T5 stood out with
822.74 kg ha™', which represents a 1.16% difference
compared to T1. This greater availability of potassium
was associated with an increase in antioxidant capacity,
which resulted in a higher carrot yield (see Table 8).
This result is analyzed in the sense that the highest
dose of BEBC provided more K,0, which improved its
availability and absorption. This amount of the nutrient
optimized transpiration, photosynthesis, protein synthesis,
the transport of carbohydrates from the leaves to the
root, and other processes such as antioxidant capacity,
and also regulated water and reduced oxidative stress.
Consequently, this element strengthened the plant and
facilitated the accumulation of sugars in the root, resulting
in higher yield and quality. In this regard, Vélez Chang et al.
(2022) mention that the BEBC provided 0.78% K,0, which,
at its highest dose (T5), of 10 t ha™, is equivalent to
78 kg ha™' of K,0, an amount that corresponded to the
higher yield of the beet. For their part, Al-Dulaimy and
Al-Abdaly (2024) highlight that potassium promotes
the physiological process of carrots through its function
as the transport of sugars and carbohydrates from
the leaves to the storage roots, which stimulates root
growth, strengthens against pests, and contributes to
resistance to drought and frost stress. Finally, Sardans and
Pefiuelas (2021) state that potassium positively regulates
antioxidant metabolism and strengthens growth under
water and osmotic stress.

4.6. Antioxidant capacity in carrot leaves

The antioxidant capacity of the leaves stands out
in T3 with 3,521.8 umol Trolox/100 g, 32.73% more
than T1 with 2,368.9 pmol Trolox/100 g. However, the
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highest dose of BEBC (T5), with an adequate antioxidant
capacity (37,264 pmol Trolox/100 g), influenced the
higher yield of the carrot (see Table 12) (IIN, 2025).
Consequently, transpiration, carbohydrate synthesis,
translocation to the storage root reserve, antioxidant
capacity, and other biochemical processes were
optimized. Overall, these biochemical processes acted as
a defense by balancing ROS, which strengthened against
environmental, nutritional, and pest stress, resulting in
higher crop yield. In this regard, Kiraci (2018) determined
that doses of poultry manure stood out in the diameter,
root length, weight, total soluble solids and sugar content,
and antioxidant activity of carrots. Complementarily,
Anli et al. (2020) state that the association of arbuscular
mycorrhizal fungi/plant growth-promoting rhizobacteria-
compost increased photosynthetic pigments and stomatal
conductance mediated by abscisic acid, which enhanced
CO, and photosynthetic capacity; moreover, it favored the
accumulation of osmolytes, the activation of metabolites,
and antioxidant activity, thus contributing to the osmotic
adjustment of leaves, the elimination of ROS, and the
reduction of stress. Miyamoto et al. (2023) state that
compost increased the bacterial composition of the soil,
improving the productivity, antioxidant activity, color, and
flavor of the carrot, as well as the levels of characteristic
leaf and root metabolites.

4.7. Stomatal density in relation to antioxidant capacity

Regarding stomatal density, it is noted that T1 stood
out with 245 stomata mm?; however, this amount did not
influence the increase in antioxidant capacity or carrot
yield, since a lower number of stomata (T5), with 110
stomata mm?, stood out for its higher yield (see Table 13).
This result shows that with a higher dose of BEBC, nutrients
were added to the soil, improving their availability for
greater absorption by the plant. This was associated
with a reduction in stomatal density and an adequate
antioxidant capacity that balanced ROS and optimized
transpiration, photosynthesis, and the formation and
translocation of carbohydrates. Consequently, these
processes contributed to the thickening of the storage
root and to the tolerance to nutritional, environmental,
and pest stress, leading to higher yield and quality of
the crop. The aforementioned is supported by Legua
Cardenas et al. (2024), who highlighted that T5, which is
the high dose of sugarcane compost, achieved the lowest
stomatal density (369 stomata mm™) in cabbage leaves
and was associated with the absorption of potassium,
phosphorus, calcium, and boron, resulting in increased
yield. Likewise, Alvarez-Holguin et al. (2018) highlighted
that in banderita grass, genotypes with lower stomatal
density and index but with a larger stomatal area can
produce a greater amount of biomass and, by exhibiting
a higher chlorophyll concentration, tend to be more
productive. Finally, Cruz Nieto et al. (2025c¢) found that
T5 with adequate antioxidant capacity (4,212.8 pmol
Trolox/100 g) in cilantro leaves showed efficient nutrient
absorption, lower stomatal density, and optimized
physiological reactions that strengthened the plant
against stress and achieved higher yields.
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4.8. Profitability per treatment

Regarding profitability, the highest dose of BECB (T5)
stood out, with 139.8%, which exceeded T1 by 21.53%,
with 109.7%, generating higher income (see Table 14).
This result indicates that more than double the investment
was obtained with the highest dose and more than one-fifth
inrelation to the T1 dose. Consequently, the application of
this fertilization measure generated a greater economic
gain in carrot cultivation, which is beneficial. These results
suggest that it is advisable for farmers in the Chilampa
populated center area, in the Végueta district.

5. Conclusion

It was concluded that T3 stands out with 3,521.8 pmol
of Trolox/100 g, which is more than 32.73% higher than T1.
However, this amount did not affect the yield. An adequate
antioxidant capacity, such as that of T5, with 2907.5 pmol
Trolox/100 g, influenced the higher yield of the carrot. Therefore,
with a higher dose of BEBC, nutrients were added to the soil
that improved their availability for absorption by the plant,
which favored physiological processes such as transpiration,
photosynthesis, carbohydrate formation, and translocation,
and contributed to the balance of ROS. As a result, plants
were strengthened against nutritional, environmental, and
pest stress, and consequently, a higher yield was achieved.

It was also determined that, in the concentration of nutrients
in the leaves, T3 with nitrogen, potassium, phosphorus, sulfur,
and chlorides stood out; however, this did not influence the yield.
In contrast, T5 with sulfur, iron, and sodium, along with adequate
antioxidant capacity, contributed to the higher carrot yield.
Therefore, the combination of these nutrients and the increase
in antioxidants favored the processes of transpiration,
photosynthesis, biomass formation, and carbohydrate
translocation to the storage root and balanced the ROS, resulting
in plants strengthened against stress and, consequently, in
higher yield.

Finally, it was determined that the stomatal density
was highest in T1, with 245 stomata mm?, but it did not
influence the higher yield. In contrast, T5, with 110 stomata
mm2 and an adequate antioxidant capacity, achieved a
higher carrot yield. Therefore, this lower number of stomata
was taken as an indicator and, along with an increase
in antioxidants, favored the physiological processes of
transpiration, carbohydrate formation, and translocation
to the root storage reserve, and contributed to the balance
of ROS. Consequently, they strengthened the plants against
stress and a higher yield was obtained.

Data Availability Statement

I mention to you that the entire data set supporting
the results of this study was published in the article itself.
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