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ABSTRACT

Objective: To evaluate the effect of three types of fertilization —chemical, biological, and organic— on the
growth, yield, and profitability of three creole chili pepper genotypes (Ancho Liso, Carricillo, and Chino)
cultivated under rainfed conditions in Apaxtla de Castrején, Guerrero, Mexico.
Design/methodology/approach: Three creole chili pepper genotypes grown in Apaxtla de Castrején were
evaluated. A randomized complete block design with a split-plot arrangement was used, where genotype was
the main factor and fertilization type was the secondary factor.

Results: Highly significant differences were observed among genotypes and fertilization types, as well as a
significant genotype X fertilization interaction. The Ancho Liso genotype under chemical fertilization showed
the highest values for plant height (46 cm), number of fruits per plant (22.5), fresh fruit weight, and yield (2.04
t ha™"), in addition to the highest net income (MXN $7,282.5 ha_l) and return per unit of investment (0.23).
In contrast, the Chino genotype exhibited the lowest productive adaptation, showing low fruit yields under all
three fertilization types.

Study limitations/implications: Genotype selection and fertilization management are key determinants for
increasing the yield of creole chili peppers.

Findings/conclusions: The genotype X fertilization interaction is decisive for optimizing creole chili
pepper production. In the Ancho Liso genotype, chemical fertilization was the most effective, whereas in
Carricillo, biological fertilization was as effective as chemical fertilization, and in Chino, yield was unaffected
by fertilization type. These results indicate that only in the Carricillo genotype is it advisable to substitute
chemical fertilization with biological fertilization without reducing crop yield while maintaining economic
profitability.

Keywords: Capsicum annuum L., fruit yield, economic profitability.
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INTRODUCTION

Chili pepper (Capsicum annuum L.) is one of the horticultural crops of greatest economic,
social, and cultural importance in Mexico. It constitutes a staple ingredient in the national
diet and represents an important source of income for rural producers. Its fruit contains
bioactive compounds such as capsaicinoids, carotenoids, and vitamins, which, in addition
to providing flavor and color, contribute to the nutritional value of the diet (Mendoza-Elos
et al., 2020; Diaz-José et al., 2023). Mexico and Central America are recognized as centers
of domestication and diversification of the genus Capsicum; in these regions, a wide genetic
variability is conserved, with numerous creole varieties adapted to specific local conditions
(Carrizo-Garcia et al., 2016).

In the municipality of Apaxtla de Castrejon, Guerrero, three creole varieties with
high cultural and gastronomic value predominate: Ancho Liso, Carricillo, and Chino.
These varieties are cultivated in traditional agricultural systems under rainfed conditions,
using farmers’ own seed, open-field establishment, low planting densities, and limited
management of plant nutrition and phytosanitary practices (Ayvar et al., 2007). As a
consequence, plants exhibit reduced vigor and greater susceptibility to pest and disease
attacks, which limits fruit yield and quality.

Fertilization management is a determining factor for improving chili pepper
productivity. In this regard, farmers frequently use chemical fertilizers due to their
rapid effect on plant growth and yield, mainly applying formulations rich in nitrogen,
phosphorus, and potassium (Mendoza-Elos et al., 2020). However, the continuous and
unbalanced use of these inputs has generated negative effects on soil structure and fertility
as a result of degradation and salinization, in addition to increasing production costs and
the risk of environmental contamination, such as water eutrophication and acidification,
as well as greenhouse gas emissions (Skowronska and Filipek, 2014; Pahalvi et al., 2021).
Chemical fertilizers are subject to bioconversion, leaching, and volatilization, resulting
in nutrient use efficiencies ranging from 10 to 60% (Chhipa, 2017; Zulfiqar et al., 2019).
Among the alternatives to this problem, the use of biofertilizers and organic fertilizers
stands out as a sustainable option, as they supply nutrients gradually, enhance microbial
activity, and promote the biological balance of the soil (Carvajal and Mera, 2010; Singh
et al., 2024).

Biofertilizers, formulated with beneficial microorganisms such as Azospirillum
brasilense, Bacillus subtilis, Trichoderma harzianum, and arbuscular mycorrhizal fungi
(Glomus intraradices), promote biological nitrogen fixation, phosphorus solubilization,
and the production of phytohormones that stimulate plant growth (Sharma et al., 2020).
The application of organic amendments or composts has shown positive effects on
growth, flowering, and yield in horticultural crops, including serrano and habanero
chili peppers (Diaz-José et al., 2023; Ontiveros-Sajuan et al., 2024). In traditional
agricultural systems of the state of Guerrero, these types of nutrient management
can contribute to restoring soil fertility, improving moisture retention, and reducing
dependence on chemical fertilizers. Despite the available information on sustainable
fertilization in crops, there are few studies on the response of Apaxtleco creole chili

peppers to different fertilization sources. Therefore, the objective of this research was to
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evaluate the effect of three types of fertilization —chemical, biological, and organic— on
the growth, yield, and profitability of Apaxtleco creole chili pepper genotypes cultivated
under rainfed conditions in Apaxtla de Castrejon, Guerrero. The hypothesis proposes
that biological and organic fertilization constitute more sustainable alternatives than
chemical nutrition for achieving greater growth, yield, and profitability in Apaxtleco

creole chili pepper genotypes.

MATERIALS AND METHODS
Study area

The studywas conducted at the experimental field of the Centro de Estudios Profesionales
del Colegio Superior Agropecuario del Estado de Guerrero (CEP-CSAEGro), located at
km 14.5 of the Iguala-Cocula highway, Guerrero, Mexico, at an altitude of 640 m above
sea level, with geographic coordinates 18° 22’ 52” N and 99° 33’ 52” W (INEGI, 2013).
The climate is warm dry [Awo (w)(1)g], with summer rainfall, a mean annual precipitation
of 797 mm, and an average temperature of 26.4 °C (Garcia, 2004). Sowing was carried out
on June 12, 2024.

The soil has a fine texture (61.4-77.4% clay), moderately alkaline pH (7.6), no salinity
problems, 0.27% organic matter, 5.3% total nitrogen, and low levels of P and K.

Genetic material

Three creole chili pepper genotypes cultivated in Apaxtla de Castrején were used: Ancho
Liso (AL), Carricillo (CA), and Chino (CH). Seeds were obtained from fruits selected for
morphological uniformity, health, and absence of pests and diseases. This genetic material
was donated by local producers from the municipality.

Experimental design and treatments

A randomized complete block design with a split-plot arrangement and four
replications was used, in order to efficiently study two factors and to ensure reliability,
validity, and consistency of the results. The main factor was genotype (AL, CA, CH), and
the secondary factor was fertilization type: chemical (CF), biological (BF), and organic
(OF), generating nine treatments (AL-CF, AL-BF, AL-OF, CH-CF, CH-BF, CH-OF,
CA-CF, CA-BF, CA-OF).

In the production area of the three creole chili peppers, chemical nutritional
management is commonly practiced; therefore, the treatments AL-CF, CH-CF, and CA-
CF were considered regional controls against which the results obtained were compared.
Each experimental unit consisted of two rows 4 m in length and 0.8 m apart, with five

plants randomly selected within the useful plot for recording the response variables.

Seedling production and transplanting

Seedlings were produced in polyethylene trays with 200 cavities, using Bocashi as the
substrate, which was previously sterilized. Sowing was carried out with one seed per cavity
at a depth of 0.5 cm. The trays were maintained under greenhouse conditions with daily

manual irrigation and preventive sanitary management.
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Transplanting was carried out into the field 31 days after sowing (DAS), placing one
plant per hill (planting site) at 0.4 m spacing, with 0.8 m between rows.

Crop management

Plants were managed according to the fertilization treatments evaluated.

Chemical fertilization consisted of supplying 150-80-80 (N-P-K), using ammonium
sulfate (20.5% N), diammonium phosphate (18% N, 46% P), and potassium chloride (60%
K) as nutrient sources.

For organic fertilization, the commercial product OganoDel® (200 kg ha_l) was used.
This product contains 85% organic matter, 60% humus, 10.7% humic acids, 39-37-29
(N-P-K), 18.4% sulfur, 13.6% magnesium, and 14% calcium. It was applied at transplanting
and at 14, 29, 33, and 55 days after transplanting (DAT).

For biological fertilization, a mixture of Azospirillum brasilense (30 mL) and Trichoderma
spp. + Glomus intraradices (50 mL per plant) was prepared. The source of Azospirillum was
the commercial product AZOSPIRILLUM-GREEN®, with a concentration of 1x10'
CFU propagules per dose, while Trichoderma spp. + G. intraradices were obtained from
TRICHS-MICS®, which contains 150 spores g_1 of G. intraradices and 2X 10° conidia g_1
of Trichoderma spp. Treatments were applied as foliar sprays at transplanting and at 14, 29,
33, and 55 DAT using a 15-L backpack sprayer.

Additionally, all plants received two foliar applications of Biozyme TF® (3 mL L_l) at
20 and 34 DAT to stimulate vegetative growth.

Response variables

In five plants randomly selected from each experimental unit, the following variables
were evaluated: plant height, measured with a metric ruler from the collar to the apex;
stem diameter, measured at the base of the stem using a vernier caliper; and the number of
primary branches per plant.

At physiological maturity, fruits were harvested manually at 114 days after transplanting
(DAT). The number of fruits per plant, fruit length and diameter (cm) were determined, and
fresh fruits were subsequently weighed using a previously calibrated digital scale to ensure
accurate weight recording. Fruits were then dried in a forced-air oven at 70 °C until constant
weight was achieved to determine yield in t ha™'. After recording the response variables,
the product was transported to the market and sold at a price of MXN $60.00 kg_l.

Additionally, a profitability analysis was conducted using the following relationship:

IN =YPy— (3 XiPi + CF)

where IN=net income, Y=yield (kg ha_l), Py=price per kilogram, inPi =sum of
variable costs, and CF=fixed costs (Volke, 1982).

Statistical analysis
Data normality was assessed using the Shapiro-Wilk test to determine whether the

observed values originated from a normally distributed population. Subsequently, the data
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were subjected to analysis of variance (ANOVA), and mean comparisons were performed
using Tukey’s test (p=<0.05). All statistical analyses were conducted using SAS software
(SAS, 2017).

RESULTS AND DISCUSSION

The average maximum and minimum temperatures were 34.5 and 24.6 °C, respectively,
while cumulative precipitation during crop development was 587 mm.

Analysis of variance showed highly significant differences (p=<0.01) among genotypes
for all evaluated variables, indicating marked genetic variability among Apaxtleco creole
chili peppers. Fertilization also had a significant effect on the number of branches per
plant, as well as on the number and weight of fruits and fruit length and diameter. In
addition, a significant genotype X fertilization interaction was observed for most variables,
indicating that genotype responses varied according to the type of fertilization applied
(Table 1).

On average, plant height was 36 cm, with the highest value recorded in the Ancho Liso
genotype under chemical fertilization, representing increases of 8% and 18% compared
with biological and organic fertilization, respectively. In contrast, the lowest growth was
observed in the Chino genotype under chemical fertilization (29.15 cm). In both Carricillo
and Chino, plant height was similar regardless of fertilization type. Stem diameter ranged
from 0.62 to 0.78 cm, with the Carricillo genotype under biological fertilization showing
the highest values. This treatment exceeded stem diameter of the same genotype under
chemical fertilization by 22% and under organic fertilization by 11%, suggesting greater
structural robustness under this management practice. In the Chino genotype, fertilization
type did not affect stem diameter values, and compared with the other genotypes, it
exhibited the lowest values overall (Table 2).

The number of branches per plant showed a similar increasing trend under biological
fertilization, with the Ancho Liso creole chili presenting the highest value (5.85 branches)
under this treatment. In Carricillo, biological and organic fertilization increased the

number of branches by 13% and 23%, respectively, compared with chemical fertilization.

Table 1. F probability values and coefficient of variation (C.V.) by variable for genotypes, fertilization, and
their interaction in Apaxtleco creole chili peppers.

. Genotype Fertilization Interaction
Variable ( G)yp ) GXF) C.V. (%)
Plant height 0.0025%* 0.0842NS 0.0483* 9.60
Stem collar diameter 0.0012%* 0.1205NS 0.0135* 8.28
Number of branches per plant 0.0032%* 0.0162* 0.0017%** 6.90
Number of fruits per plant 0.0047%* 0.0040** 0.0012%* 12.90
Fruit length 0.0039%** 0.0033** 0.0019%** 8.56
Fruit diameter 0.1942NS 0.0146* 0.0671NS 7.08
Fresh fruit weight 0.0029** 0.0035%* 0.0002%* 11.18
Dry fruit weight 0.0023** 0.0031%* 0.6591NS 33.69

**: Highly significant, *: Significant, NS: Not significant.
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In contrast, the lowest number of branches per plant was recorded in the Chino genotype
under all fertilization types evaluated.

Regarding the number of fruits per plant, the highest values corresponded to the Ancho
Liso genotype under biological fertilization (22.5 fruits plant_l), which was 43% higher
than chemical fertilization and 25% higher than plants of the same genotype under organic
fertilization (18 fruits plant_l). In Carricillo, biological and chemical fertilization resulted
in similar values for this variable, whereas the lowest fruit production was observed in
Carricillo under organic fertilization (9.1 fruits plant™ l) (Table 2).

Fruit length varied significantly among genotypes and fertilization types, with the
highest values observed in Carricillo under organic fertilization (8.93 cm) and Ancho Liso
under chemical fertilization (8.61 cm), while the lowest values were recorded in the Chino
genotype (3.21-6.29 cm) (Table 2).

Regarding fresh fruit yield, Ancho Liso plants were generally the most productive,
whereas the Chino creole exhibited the lowest yield. Chemical fertilization was the most
favorable treatment for increasing fresh fruit yield, as it promoted the highest response,
with an average of 1.56 t ha™ .

The genotype X fertilization interaction showed a highly significant effect, since Ancho
Liso plants under chemical fertilization achieved the highest fruit yield (2.04 t ha_l),
compared with 0.66 t ha™! produced by Carricillo under organic fertilization (Figure 1).
It is important to note that in the Carricillo genotype, biological fertilization resulted in
yields similar to those obtained with chemical nutrition, indicating that in this genotype,
synthetic fertilizers can be replaced with environmentally friendly sources without reducing

productivity.

Table 2. Plant height (PH), stem collar diameter (SCD), number of branches per plant (NBP), number of
fruits per plant (NFP), and fruit length (FL) as a function of genotype and fertilization type in Apaxtleco chili

pepper.
Genotype Fertilization PH SCD NBP NFP FL (cm)
type (cm) (cm) (No./plant) | (No. plant)
Biological 42.6 ab" 0.7 ab 5.85a 225a 6.37 cd
Ancho Liso Organic 38.95 abc 0.68 ab 5.1 abc 18 ab 7.23 be
Chemical 46.0 a 0.75 ab 4.9 bc 15.7 be 8.61 ab
Biological 37.4 bed 0.78 a 5.25 abc 14.95 be 7.65 abc
Carricillo Organic 30.25d 0.7 ab 5.70 ab 9.1d 893 a
Chemical 32.55 cd 0.64 b 4.65 ¢ 14 be 8.18 ab
Biological 33.7 cd 0.64 b 445c 12.35 cd 5.70d
Chino Organic 33.35 cd 0.62b 450 c 129 cd 5.21d
Chemical 29.15d 0.62b 4.85 be 14.4 be 6.29 cd
Mean 35.99 0.68 5.02 14.87 7.13
Prob. F 0.0483* 0.0135* 0.0017%* 0.0012%* 0.0019%*
HSD,, 45 16.85 0.16 1.40 13.40 3.72

I=means with different letters within each column differ statistically (Tukey, p=<0.05). HSD, ;s =honestly
significant difference. **: Highly significant, *: Significant.
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Figure 1. Fresh fruit yield of creole chili peppers under three types of fertilization. HSD, js=honestly
significant difference.

Regarding profitability, the results indicate significant differences due to treatment
effects. The Ancho Liso genotype under chemical fertilization showed the highest net profit
(MXN $7,282.5 ha_l) and the most favorable benefit-cost ratio (RUI=0.23), followed by
the same genotype under organic fertilization, with a net profit of MXN $1,494.90 and a
RUI of 0.006. Carricillo under biological fertilization, although with a lower margin, also
showed positive profitability (RUI=0.04).

In contrast, treatments associated with the Chino genotype resulted in economic losses
under all three fertilization types, indicating lower adaptation or productive potential
under the agroecological conditions of the region. A similar situation was observed for

Carricillo under chemical and organic fertilization, which also resulted in economic

losses (Table 3).

Table 3. Profitability of the nine treatments (MXN $ ha_l).

Treatment TC TI NI RUI
Ancho Liso + Chemical Fert. 31,357.50 38,2640.00 7,282.50 0.23
Ancho Liso + Organic Fert. 24,637.50 26,132.40 1,494.90 0.06
Ancho Liso + Biological Fert. 24,483.00 24,766.00 283.00 0.01
Chino + Chemical Fert. 31,357.50 10,822.00 —20,535.53 —0.65
Chino + Organic Fert. 24,637.50 9,276.40 —15,361.10 —-0.62
Chino + Biological Fert. 24,483.00 10,183.60 —14,299.40 —0.58
Carricillo+ Chemical Fert. 31,357.50 25,023.60 —6,333.90 —-0.20
Carricillo + Organic Fert. 24,637.50 9,895.20 —14,742.30 —0.60
Carricillo + Biological Fert. 24,483.00 25,370.80 887.80 0.04

TC="Total cost, including fixed costs (land preparation, fertilization, weed control, pest and disease
management) plus variable costs (biofertilizer, fertilizers, and labor); TT="Total income; NI=Net income
(TT=total income-T'C=total costs); RUI=Return per unit of investment.
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The higher fruit yield observed in the Ancho Liso genotype under chemical
fertilization can be attributed to the fact that this treatment resulted in the greatest plant
height and among the highest values for stem collar diameter and fruit length. Likewise,
the significant differences observed among genotypes indicate genetic variability among
Apaxtleco creole chili peppers from the state of Guerrero, which is consistent with reports
by Sahmat et al. (2024) and Baruah et al. (2024), who indicate that productive responses
in Capsicum spp. are strongly influenced by the genotype X environment interaction.
In the present study, the interaction with fertilization type was decisive, showing that
genotypes respond differently to the type of nutritional management applied.

Chemical fertilization promoted the highest values of plant height, fruit weight, and
yield, which is consistent with findings reported by Diaz-José et al. (2023), Kunwar ez
al. (2024), and Chemweno et al. (2025), who observed increases in biomass and fruit
number in regional chili peppers under readily available mineral sources. In this study,
the chemical source supplied exclusively nitrogen, phosphorus, and potassium, which
are primary nutrients essential for vegetative growth and fruit filling. Their rapid
availability favored a more immediate response in the Ancho Liso genotype, which
exhibited high efficiency in the uptake and use of these elements, particularly nitrogen.
According to Guo et al. (2024), nitrogen is associated with increased chlorophyll
synthesis and photosynthetic activity. The higher solubility of mineral salts allowed a
continuous supply of N, P, and K during critical crop stages, resulting in more vigorous
plant development and higher average fruit weight. This behavior suggests that Ancho
Liso has high nutritional demand and lower dependence on biological mineralization
processes, which explains its greater response to chemical management compared with
organic or biological sources.

However, biological fertilization stood out for promoting more balanced vegetative
structures, expressed as a greater number of branches and increased stem thickness,
which could contribute to improved productivity, as reported by Helbert et al. (2024),
who evaluated the effect of biological fertilization on habanero chili under protected
conditions. In the Carricillo genotype, biological fertilization based on inoculation
with plant growth—promoting microorganisms (PGPR and arbuscular mycorrhizal
fungi) showed efficiency comparable to that of chemical fertilization, suggesting greater
compatibility of this genotype with rhizospheric microbiota. Recent studies have
demonstrated that mycorrhizae enhance phosphorus uptake in soils with alkaline pH,
while bacteria such as Azospirillum spp. stimulate root development and atmospheric
nitrogen assimilation, which can partially compensate for the absence of mineral
fertilizers (Giri et al., 2025; Peng et al., 2025). This symbiotic interaction enables more
sustained nutrient supply and improves tolerance to drought or nutrient-deficient
conditions, explaining why Carricillo maintained similar yields under both biological
and chemical fertilization.

Organic fertilization, although resulting in intermediate yields, showed positive
effects on fruit quality and an acceptable economic response in the Ancho Liso genotype.
This behavior is consistent with the findings of Islas-Valdez et al. (2025), who reported
that organic matter improves soil moisture retention and the availability of essential
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micronutrients, thereby contributing to a favorable physiological balance for fruit
formation. However, the time required for the mineralization of organic compounds and
the slow release of N, P, and K may have limited the initial crop response, particularly
in soils such as those used in the present study, which are characterized by low organic
matter content and a pH above 7.5 (Naz et al., 2022). This likely explains the lower yields
observed compared with those obtained under chemical fertilization.

In terms of profitability, the superiority of the Ancho Liso + chemical fertilization
treatment indicates a strong response of this genotype to mineral nutrient sources under
the edaphoclimatic conditions of the state of Guerrero. Nevertheless, biological fertilization
proved to be a viable alternative from both an economic and environmental perspective,
particularly in the Carricillo genotype, where positive profitability and improvements
in morphological traits suggest a balance between productivity and sustainability.
Opverall, the results indicate that for the Ancho Liso genotype, chemical nutrition is the
most appropriate option for achieving higher production and economic profitability. In
contrast, in the Carricillo genotype, production under biological and chemical fertilization
was statistically similar, indicating that synthetic fertilizers can be replaced with biological
inputs without reducing the yield of Apaxtleco creole chili peppers. This substitution may
reduce environmental impacts while maintaining acceptable profitability. Furthermore,
this biologically based management approach aligns with the challenges and goals proposed
by FAO (2017) and represents a viable strategy for strengthening regional productivity

without compromising agroecosystem health.

CONCLUSIONS

The genotype X fertilization type interaction significantly influenced morphological,
productive, and economic variables, indicating differential responses to fertilization
strategies. The Ancho Liso genotype under chemical fertilization achieved the
highest fruit yield and the greatest profitability. In the Carricillo genotype, biological
fertilization produced fruit yields and morphological trait values comparable to those
obtained with chemical fertilization and resulted in positive net income. In contrast, the
Chino genotype exhibited low productivity and economic losses under all fertilization

types evaluated.
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