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ABSTRACT. The use of biofertilizers formulated with Plant Growth Promoting Rhizobacteria (PGPR) and Arbuscular Mycorrhizal
Fungi (AMF) represents a sustainable and viable option for optimizing the growth and yield of jalapefio pepper (Capsicum annuum L.).
The objective of this work was to evaluate two AMF consortia and two PGPR on the growth and yield of jalapefio pepper grown in a
greenhouse. A completely randomized experiment was established with five treatments and ten replicates: AMF1 (Claroideoglomus
claroideum, C. etunicatum, Glomus postulatum, and Diversispora spurca), AMF2 (C. etunicatum, C. claroideum, and G. postulatum), AC35
(Serratia liquefaciens), and PC35 (Serratia plymuthica), compared to a control. The variables measured were height, leaf area, fruit weight
and size, flavonoids, phenols, antioxidant capacity, vitamin C, total protein, and capsaicin. The results indicated that jalapefio pepper
growth (height and leaf area) and fruit size (length, diameter, and width) were better in the treatments with AMF1 and AMF2. The
amount of flavonoids (225.8 mg QE per 100 g of fruit) and antioxidant capacity (69 mEq Trolox per 100 g of fruit) were higher when the
plants were inoculated with AMF2; total protein (0.025 mg g') was higher with AMF1. Plants inoculated with the rhizobacteria AC35
and PC35 showed outstanding total phenols (473.8 mg GAE per 100 g of fruit) and capsaicin (0.60 mg g), respectively. Biofertilizers are
sustainable and viable alternatives for improving growth and nutraceutical properties in jalapefio pepper cultivation.

Keywords: Capsicum annuum L., flavonoids, vitamin C, capsaicin, glomus.

RESUMEN. El uso de biofertilizantes formulados con Rizobacterias Promotoras del Crecimiento Vegetal (PGPR) y Hongos Micorrizicos
Arbusculares (AMF), representa una opcioén sostenibles y viables para optimizar el crecimiento y rendimiento del chile jalapefio
(Capsicum annuum L.). El objetivo de este trabajo fue evaluar dos consorcios de AMF y dos cepas de PGPR en el crecimiento y
rendimiento del chile jalapefo cultivado en invernadero. Se establecié un experimento completamente al azar con 5 tratamientos y diez
repeticiones: AMF1 (Claroideoglomus claroideum, C. etunicatum, Glomus postulatum y Diversispora spurca), AMF2 (C. etunicatum, C.
claroideum y G. postulatum), AC35 (Serratia liquefaciens) y PC35 (Serratia plymuthica), comparados con un testigo. Las variables medidas
fueron altura, area foliar, peso y tamafio de frutos, flavonoides, fenoles, capacidad antioxidante, vitamina C, proteina total y capsaicina.
Los resultados indicaron que el crecimiento de chile jalapefio (altura y area foliar) y el tamafio de frutos (largo, didmetro y ancho) fueron
mejores en los tratamientos con AMF1 y AMF2. La cantidad de flavonoides (225.8 mg QE en 100 g de fruto) y la capacidad antioxidante
(69 mEq Trolox en 100 g de fruto) fueron mas altos cuando las plantas se inocularon con el AMF2; la proteina total (0.025 mg g™) fue
mayor con el AMFI. Las plantas inoculadas con las rizobacterias AC35 y PC35 fueron sobresalientes en fenoles totales (473.8 mg de
GAE en 100 g de fruto) y capsaicina (0.60 mg g*), respectivamente. Los biofertilizantes, son alternativas sustentables y viables para
mejorar el crecimiento y las propiedades nutracéuticas en el cultivo de chile jalapefo.

Palabras clave: Capsicum annuum L., flavonoides, vitamina C, capsaicina, glomus.
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INTRODUCTION

Chili pepper is a solanaceous crop cultivated worldwide. In 2024 Mexico ranked third in
production with more than 3.2 million tons, surpassed by China and India, which in that same year
produced more than 17.3 and 5.3 million tons (FAOSTAT 2026). The importance of this crop lies in
the multiple benefits it offers to the digestive and immune systems, particularly due to the
nutraceuticals found in the fruit, such as ascorbic acid (vitamin C), flavonoids, phenols,
antioxidants, and capsaicin (Kumar and Tata 2009, Sanchez et al. 2022, Faliarizao et al. 2025, Akter
et al. 2026, Zhou et al. 2026). In Mexico, it has multiple uses, including food, medicine, cosmetics
and ornamental purposes (Ravishankar et al. 2003).

Nationally, the jalapefio pepper is the most economically important crop. In 2023, there was a
planted area of 30 223 ha, which generated a production volume of 909 225 tons of green fruit,
generating an economic value of more than 8 058 million pesos (SIAP-SIACON 2024). Jalapefio
peppers are grown in 25 states of the Mexican Republic. Of these, Chihuahua ranked first in
production with 383 423 tons, produced on 11 154 ha, with an economic value of 3 097 million
pesos; in the same year, the state of Durango produced 14 670 tons from 407 ha of cultivated area,
with an economic yield of 95 million pesos (SIAP-STACON 2024).

The factors limiting the production of this crop include pests and diseases (Pérez et al. 2017,
Hernandez et al. 2021), low soil fertility, and limited government support. These issues lead to
reduced production, economic losses, and a lack of interest in continuing to cultivate the crop
(Sanchez-Toledano et al. 2021). The above factors are controlled through the use of industrial
chemicals, which can contaminate water, soil, plants and, human health. The use of Arbuscular
Mycorrhizal Fungi (AMF) and Plant Growth-Promoting Rhizobacteria (PGPR) as sustainable
biostimulants enhances the growth, yield, and nutraceutical properties of treated crops; these
microorganisms can be isolated, selected, and inoculated to promote plant growth.

Favorable results with AMF and PGPR have been demonstrated in jalapefio pepper crops with
Serratia liquefaciens and S. plymuthica (Camacho-Rodriguez et al. 2022) and with Pseudomonas tolaasii,
Bacillus pumilus and consortia of Funneliformis geosporum and Claroideoglomus (Angulo-Castro et al.
2018). In poblano peppers with the joint inoculation of F. geosporum, Claroideoglomus sp., and P.
tolaasii, or with F. geosporum, Claroideoglomus sp., and S. plymuthica (Gonzalez-Mancilla et al. 2024),
or with joint or separate biofertilization with F. geosporum, Claroideoglomus sp., C. etunicatum, and
Arthrobacter sp. (Almaraz-Sudrez et al. 2021, Almaraz-Sudrez et al. 2022). The results found were
greater growth (height, leaf area, leaves, branches, and dry biomass); higher yield (flowers and
fruits); and greater photosynthetic efficiency in inoculated plants. The objective of this study was
to evaluate consortia of Arbuscular Mycorrhizal Fungi (AMF) and Plant Growth Promoting
Rhizobacteria (PGPR) on the growth, yield and nutraceutical characteristics of jalapefio pepper
grown in greenhouses.
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MATERIALS AND METHODS

Preparation of microbial inoculum

Two strains of PGPR from the rhizosphere soil of poblano pepper crops in Puebla, Mexico, were
used. Serratia plymuthica (with accession number GenBank KX259564) solubilizes phosphorus (744
ug mL?) and inhibits the growth of Phytophthora capsici (42%) and Fusarium sp. (37%). Serratia
liquefaciens (with accession number GenBank KX259559) produces auxins (23.9 g mL), inhibits the
growth of Phytophthora capsici (34.5%) and Fusarium sp. (39.4%), respectively (Gonzalez et al. 2017).
For the reactivation of the strains, solid nutrient agar medium was poured into Petri dishes,
solidified, labeled and the strains were seeded, then incubated for two days at 28°C. After
reactivation, a liquid biofertilizer was prepared in a nutrient broth medium. The bacteria were
taken with a bacterial loop and transferred to the previously sterilized broth, which was stirred
constantly at room temperature for two weeks until a growth of 107 CFU mL.

The AMF were collected from jalapefio pepper crops in the municipality of Francisco I Madero,
Coahuila, Mexico. Two AMF consortia were used [AMF1 consisting of Claroideoglomus claroideum,
C. etunicatum, Glomus postulatum and Diversispora spurca; AMEF2 consisting of C. etunicatum, C.
claroideum and G. postulatum]. The AMF were propagated in trap culture for spore reproduction
and conservation for six months, after which they were quantified by wet sieving and decanting,
expressed in 100 g of dry soil for spore extraction (Gerdemann and Nicolson 1963) and purified by
removing organic matter using the sucrose gradient flotation method with 100 g of dry soil
(Sieverding 1983). The inoculum contained a total of 243 and 203 spores per 100 g of dry soil for
consortia AMF1 and AMF2, respectively.

Establishment and experimental design

Jalapefio pepper seeds were sown in 200-cell polystyrene trays; prior to sowing, the seeds were
disinfected with 1% chlorine and washed three times with distilled water. A previously sterilized
mixture of peat moss, perlite, and vermiculite (1:1:1) was used as the substrate. Arbuscular
mycorrhizal fungi (AMF) were inoculated before sowing, using a mixture of 50% mycorrhizal
inoculum and 50% substrate. The PGPR were inoculated five days after germination, using 1 mL
per seedling. The seedlings were transplanted 60 days after sowing in seed trays, directly into the
soil under a greenhouse using drip irrigation. A completely randomized design was established,
testing five treatments: two based on AMF [AMF1 (Claroideoglomus claroideum, C. etunicatum,
Glomus postulatum and Diversispora spurca), and AMF2 (C. etunicatum, C. claroideum and G.
postulatum)], two with PGPR [AC35 (Serratia liquefaciens) and PC35 (Serratia plymuthica)], and a
control treatment without microorganisms (T).

Fifty repetitions were established per treatment; however, only 10 repetitions were evaluated for
each one. The soil where it was transplanted had a moderately alkaline pH (8.4) (soil: water, 1:2),
organic matter content of 2.2%, inorganic nitrogen of 61.5 mg kg interpreted as very high, and
available phosphorus of 20.2 mg kg; the texture was clay loam. The initial height of seedlings at
the time of transplanting was 6.0 (AMF1), 4.9 (AMF2), 6.3 (AC35), 7.2 (PC35), and 5.4 (T) cm per
plant.
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Variables evaluated

The variables evaluated as indicators of growth, yield, and nutraceutical properties were height,
leaf area, number of fruits, fruit length, width and weight, flavonoid content, total phenols,
antioxidant capacity, vitamin C, total protein, and capsaicin. Height was determined using a ruler
graduated in centimeters, and leaf area was measured with a leaf area meter (LI-COR, LI-3100) by
separating the leaves from the branches. The number of fruits was quantified visually and size
(length and diameter) was determined with an electric vernier caliper graduated in mm. Weight
was obtained by weighing each fruit on a precision analytical balance (AdventurePro).

The nutraceutical properties in jalapenio pepper were obtained by processing fully developed
fruits. To do this, 2 g of extract from fresh samples were mixed in 10 ml of 80% ethanol; it was
subjected to constant orbital agitation for 24 h at 70 rpm and 5°C. The resulting extracts were
centrifuged at 3000 rpm for 5 min for subsequent analysis (Salas-Pérez et al. 2016). Flavonoids were
determined by a colorimetric method; 250 uL of ethanolic extract was taken and mixed with 1.25
ml of distilled water and 75 uL of NaNOz2 (5%). The sample was allowed to stand for 5 min; 150 uL
of AICI3 (aluminum chloride-1-ethyl-3-methylimidazolium chloride; Sigma-Aldrich, St. Louis,
MO, USA), 500 pL of NaOH (1 M), and 275 uL of distilled water were added. Finally, the samples
were shaken vigorously, and readings were taken using a Uv-Vis optical detector at 510 nm. To
generate the calibration curve, a standard sample of quercetin dissolved in absolute ethanol was
prepared; the results were expressed as mg of quercetin per 100 g of fresh weight.

Phenols were determined using a modification of the Folin-Ciocalteu method. (Singleton 1999). For
this purpose, 50 uL of the ethanolic extract diluted in 3 mL of distilled water was used; 250 pL of
Folin-Ciocalteau reagent (1N) was added, and the mixture was shaken and allowed to react for 3
min. 750 pL of Na2CO3 (20%) and 950 pL of distilled water were added; the mixture was allowed
to stand for 2 h, and the reading was taken using an optical detector (Uv-Vis) at 760 nm. A
calibration curve was prepared using gallic acid, and the results were expressed as mg of gallic
acid equivalents (GAE) per 100 g of fresh weight.

Fruit antioxidant capacity was quantified using the in vitro DPPH+ method (Brand-Williams ef al.
1995). To this end, 50 uL of sample and 950 puL of methanolic DPPH+ solution were mixed; after a
30-minute reaction period, absorbance was measured at 517 nm using an optical detector (Uv-Vis).
Measurements were performed in triplicate using ethanol as a blank. A standard curve was
prepared using Trolox (Aldrich, St. Louis, Missouri, USA), and results were reported as Trolox
milliequivalents per 100 g of fresh weight (mEq Trolox 100 g FW-).

Vitamin C (ascorbic acid) content in fresh fruit was quantified using the HPLC technique described
by Doner and Hicks (1981). Jalapefio peppers were chopped, and a 10 g sample was blended with
20 mL of an extraction mixture in a kitchen blender; the sample was then homogenized and filtered
for analysis. A calibration curve was prepared using ascorbic acid, and detection was performed at
268 nm (Uv-Vis); results were expressed in mg per 100 g of fresh weight.

Total protein content was evaluated using the bicinchoninic acid (BCA) technique (Smith et al.
1985). A 25 uL aliquot of the homogenate was taken and digested in 500 pL of 0.1 N NaOH for 120
minutes; 25 uL of the digest was taken and placed in a microplate, the BCA reagent was added,
and it was incubated at 60 °C for 15 minutes. Finally, the samples were read in the Uv-Vis optical
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detector at 760 nm. Capsaicin content in the fruit was quantified using the modified method of
Cisneros-Pineda et al. (2007); a standard curve for capsaicin and dihydrocapsaicin (Sigma) was
prepared, and readings were taken at 273 nm using a Uv-Vis optical detector. Results were
expressed as mg of capsaicin per g of dry sample.

Statistical analysis

Data were recorded in Excel, and the means and standard deviation were calculated. Statistical
analysis was performed using SAS 2002 software, obtaining an analysis of variance and Tukey’s
multiple comparison test (p < 0.05).

RESULTS

Growth and yield of jalapefio pepper

The results of inoculation with Plant Growth Promoting Rhizobacteria (PGPR) and Arbuscular
Mycorrhizal Fungi (AMF) on the growth of jalapefio pepper showed statistically significant
differences in each of the treatments (Table 1) (Tukey, p < 0.05). The final plant height was higher
in the AMF2 and AMF1 treatments with AMF2 and AMF1, which averaged 81 and 77 cm in height,
respectively. The lowest height was found in plants treated with PGPR PC35 (60 cm), while the
control averaged 69 cm in height. The AMF2 treatment showed a 17.3% increase in height
compared to the control.

Table 1. Final height (FH), number of leaves (NL), leaf area (FA) and
chlorophyll content index (CCI) in jalapefio pepper plants biofertilized with

AMF and PGPR, 96 DAT.

Treatment FH (cm) NL FA (cm?) Chlorophyll (CCI)
AMF1 774 36ab 48262 46.52
AMF2 81b 35ab 37542 45.92
AC35 70¢ 41a 2788be 34.2b
PC35 60¢ 302b 2371¢ 35.10

T 69¢ 24b 2933be 31.2b

AMF1 = Claroideoglomus claroideum, C. etunicatum, Glomus postulatum and
Diversispora spurca; AMF2 = C. etunicatum, C. claroideum and G. postulatum;
AC35 = Serratia liquefaciens; PC35 = Serratia plymuthica. T = control. Different
letters within the columns indicate statistically significant differences (p <
0.05).n=10. + E.E.

The plants treated with AC35 had the highest number of leaves (41 leaves), followed by the AMF1
treatment (36 leaves); the lowest value was presented by the T treatment (24 leaves). The AC35
treatment showed a 70.8% increase in the number of leaves compared to the plants without
microbial inoculation (control). At the end of the experiment, the leaf area was higher in plants
inoculated with AMF1, with an average leaf area of 4826 cm?, followed by the AMF2 treatment
with 3 754 cm?; the lowest value was presented by the PC35 treatment with an average of 2371 cm?,
while the control obtained 2933 cm? of leaf area. The AMF1 treatment showed a 64. 5% increase in
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leaf area compared to the control. The chlorophyll content index (CCI) was better in plants treated
with AMF1 and AMF2, both with 46.5 and 45.9 CCI (Table 1).

The number of fruits was higher in plants inoculated with AMF1 which produced an average of 27
fruits, while the AMF2 treatment yielded an average of 16 fruits per plant; plants without
inoculation (control) produced 11 fruits. The best treatment showed a 145.4% increase in the
number of fruits compared to the control. Fruit length was higher in the AMF1 treatment, which
had 80.9 mm. Below this treatment was the AC35 treatment with 80.6 mm in length, while the
lowest value, 74.7 mm was obtained with PC35 inoculation. The control obtained 75.7 mm in
length, and the AMF1 treatment showed a 6.8% increase in fruit length compared to the control
(Table 2).

Table 2. Number and size of jalapefo pepper fruits (length, diameter, and weight)
biofertilized with AMF and PGPR, 96 DAT.

Treatment Fruits Length (mm) Diameter (mm) Weight (g)
AMF1 274 80.92 33.52 32.62
AMF2 160 77.72 33.42 31.42
AC35 10¢ 80.6 30.420 23.70
PC35 9e 74.72 32.3%® 27.7%

T 11e 75.72 29.50 23.5b

AMF]1 = Claroideoglomus claroideum, C. etunicatum, Glomus postulatum and Diversispora
spurca; AMF2 = C. etunicatum, C. claroideum and G. postulatum; AC35 = Serratia
liquefaciens; PC35 = Serratia plymuthica. T = control. Different letters within the columns,
indicate statistically significant differences (p < 0.05). n=10. + E.E.

In the case of fruit diameter, we observed that treatment AMF1 obtained better results with 33.5
mm, followed by AMF2 with 33.4 mm; the lowest value was found in the control, which averaged
29.5 mm. The AMF1 treatment showed a 13.5% increase in fruit diameter compared to the plants
without inoculation (control). In terms of individual fruit weight, the best data was collected in the
AMF]1 treatment, which obtained 32.6 g, followed by the AMF2 treatment with 31.4 g; the lowest
fruit weight was found in plants without microbial inoculation (control), which averaged 23.5 g
per fruit; the AMF1 treatment showed a 38.7% increase in fruit weight compared to the control
plants (Table 2).

Nutraceutical properties in jalapeiio pepper

The nutraceutical properties of jalapefio pepper fruits showed statistically significant differences
(Tukey, p < 0.05) depending on microbial inoculation. The amount of flavonoids was higher in
plants biofertilized with AMF2, which had an average of 225.8 mg QE 100 g PF-, while the lowest
value was found in fruits obtained from plants treated with PC35 with 144.4 mg QE 100 g PF-'. The
highest amount of phenols in fruits was found in the AC35 treatment, which obtained 473.8 mg
GAE 100 g PF, while the lowest value was found in the PC35 treatment with 272.9 mg GAE 100 g
PF-. The control presented an amount of 435.0 mg GAE 100 g PF-. Regarding antioxidant capacity,
the highest result was obtained with treatment AMF2 with 69.0 mEq TROLOX 100 g PF, and the
lowest amount of antioxidants was found in fruits from treatment AC35 with 47.9 mEq TROLOX
100 g PF- (Table 3).

e-ISSN: 2007-901X https://era.ujat.mx

B89 ;


http://?

) Vazquez-Lopez et al.
Ecosistemas AMTF and PGPR in Jalapefio pepper
y Recursos .

Agropecuarios Ecosist. Recur. Agropec. Ntm. Esp. VI: e5128, 2026

https://doi.org/10.19136/era.a13nVI.5128

Table 3. Nutraceutical characteristics in jalapefio pepper biofertilized with AMF and PGPR, 96 DAT.

Treatments Flavonoids Total phenols Ar::?:i;it;nt Vitamin C Total protein Capsaicin
(mg I?: 1)1 0g  (mg CI;,?E)IUU & (T(i)quIf;_l:;X (mg 100 g PFY) (mg g7) (mg g7)
AMF1 178.2b 370.2b 56.9v 66.0° 0.0252 0.59¢
AMF2 225.82 467.22 69.02 80.72b 0.0074 0.574
AC35 181.3b 473.8 47.9¢ 66.0° 0.006¢ 0.622
PC35 144 4¢ 272.9¢ 48.1¢ 73.3 0.013¢ 0.60r
T 184.9° 435,00 67.0° 88.3 0.010¢ 0.30¢

AMF1 = Claroideoglomus claroideum, C. etunicatum, Glomus postulatum and Diversispora spurca; AMF2 = C. etunicatum, C.
claroideum and G. postulatum; AC35 = Serratia liquefaciens; PC35 = Serratia plymuthica. QE = Quercetin Equivalent, PF = Fruit
weight, GAE = Galic acid, Trolox = analog of vitamin E. T = control. Different letters within the columns, indicate
statistically significant differences (Tukey, p <0.05). n=10. + E.E.

The results for vitamin C content in jalapefio pepper ranged from 88.3 to 66.0 mg 100 g PF-; the
highest value was found in the control group with 88.3 mg 100 g PF-, followed by the AMEF2
treatment with 80.7 mg 100 g PF-1. The highest total protein value was found in the AMF1 treatment
with 0.025 mg g, the AC35 strain obtained the lowest value with 0.006 mg g, and the fruits of the
plants without inoculation (control) presented an average of 0.010 mg g'. The content of capsaicin
defines the degree of pungency of this fruit, the highest capsaicin value was found in fruits from
plants subjected to the AC35 treatment at 0.62 mg g, followed by the PC35 treatment at 0.60 mg
g1. The fruits of the control treatment had the lowest pungency with 0.30 mg g of capsaicin (Table
3).

DISCUSSION

Growth and yield of jalapefio pepper

Several studies have demonstrated plant growth when inoculated with Arbuscular Mycorrhizal
Fungi and Plant Growth Promoting Rhizobacteria. For example, Gonzalez-Mancilla et al. (2024)
reported that the AMF consortia formed are Funneliformis geosporum + Claroidoglomus sp., combined
with the PGPR Rhizobium nepotum, Serratia plymuthica, or Pseudomonas tolaasii, can generate a
greater number of leaves (29.5), leaf area (209 cm?), greater height, greater dry biomass (1 452 g),
and greater phosphorus content in plants (5.6 g planta) of poblano pepper. When Funneliformis
geosporum + Claroideoglomus spp. + Arthrobacter sp. are inoculated in poblano pepper, plant height,
number of leaves, leaf area, mycorrhizal colonization, and dry biomass production are improved;
the increases in height, number of leaves, leaf area, and dry biomass were 113, 68, 264 and 227%
compared to the control (Almaraz-Sudrez et al. 2022). In this study, AMF1 increased plant height
and leaf area by 17.3 and 64.5% respectively, while strain AC35 increased the number of leaves and
flowers per plant by 70.8 and 140%, respectively.

On the other hand, the positive effects on plant growth and yield are possibly related to the ability
of PGPR and AMF to improve the photochemical efficiency of photosystem II (PSII) as mentioned
by Almaraz-Sudrez et al. (2022); the joint inoculation of these microorganisms can improve the
photosynthetic activity of plants, which includes transpiration, internal CO: concentration,
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stomatal conductance and photosynthesis rate (Gonzalez-Mancilla et al. 2024). In the case of PGPR,
their positive effects are also due to their ability to fix atmospheric nitrogen, solubilize phosphorus,
produce auxins and inhibit the development of phytopathogens (Gonzalez et al. 2017). Finally, in
AMEF, their positive effects are due to their ability to promote the transport of nutrients (nitrogen
and phosphorus) and water to plant roots (Almaraz-Suarez et al. 2021). Inoculation of jalapefio
pepper with Serratia plymuthica and S. liquefaciens in pots resulted in a higher number of fruits (3
and 5.3), length (60 and 62 mm), and diameter (24 and 21 mm) compared to plants without
microorganisms (Camacho-Rodriguez et al. 2022); these values were lower than the results found
in this study, but under greenhouse conditions and transplanted into soil.

Nutraceutical properties in jalapefio pepper

Several studies have demonstrated the positive effects on the nutraceutical characteristics of
Capsicum varieties when they are biofertilized with PGPR and AMF. Tahmasebi et al. (2023)
inoculated various PGPR (Bacillus subtilis, Azospirillum sp., and Pseudomonas sp.) into bell pepper
plants and found an increase in total phenol content (85-93 mg GAE 100 PF' compared to chemical
fertilization (70-80 mg GAE 100 PF). They also observed increases in the antioxidant activity of
the fruits (66%) compared to chemical fertilization (58%).

When inoculating AMF (Rhizophagus irregularis + Funneliformis mosseae) and three PGPR consortia
(Azotobacter chroococcum + Azospirillum lipoferum, Bacillus subtilis + B. amyloliquefaciens, and
Enterobacter cloacae + Pseudomonas putida) into bell pepper plants, they found higher total phenol
content (between 30 and 33 mg g PF) and ascorbic acid (vitamin C, between 112.5 and 120 mg g
PF1) compared to the amount of phenols (27.5 mg g PF) and ascorbic acid (105 mg g PF') found
in plants without microbial inoculation (control) (Sini et al. 2024). In another study with Glomus
mosseae in chili plants (C. annuum L. Sina F1), higher amounts of capsaicin (139.2 ug g*) and vitamin
C (100.2 ug 100 g') compared to plants without mycorrhizae (control), which had 133.3 pg g and
85.5 ug 100 g, of Capsaicin and vitamin C, respectively (Sayed et al. 2024).

Biofertilization of bell pepper with Rhizophagus irregularis and Azotobacter chroococcum, alone or
combined with 70% chemical fertilization (50N-25P-12K) resulted in higher vitamin C (149.0 and
153.5 mg 100 g PF') and capsaicin (5.44 and 6.11 mg g PF') when these microorganisms were
inoculated separately compared to the control, which had 128.5 mg 100 g PF and 3.55 mg g PF-,
respectively. The combination of Rhizophagus irregularis + Azotobacter chroococcum + 75% was more
effective in obtaining higher concentrations of vitamin C and capsaicin, with values of 160.5 mg
100 g PF' and 6.31 mg g PF' (Sharma et al. 2022).

The PGPR and AMF can increase total phenol concentrations when inoculated into plants, and
these can be regulators of stress caused by pathogens or abiotic stress conditions (Singh et al. 2014,
Ureche et al. 2021). Singh et al. (2014) reported increases in phenolic acids when Pseudomonas
fluorescens was incorporated into chickpea leaves, especially in phenolic substances such as
Shikimic acid, gallic acid, tannic acid, and salicylic acid. Mesorhizobium, in addition to the above,
increased ferulic acid, diadzein, and kaempferol compared to plants without microorganisms. In
another study, Sanchez et al. (2022) reported lower concentrations of flavonoids (48.48 mg 100 g),
phenols (414.21 mg 100 g), and vitamin C (22.83 g 100 g) in xcat"ik chili plants (Capsicum annuum
L.) biofertilized with Bacillus subtilis compared to plants without microbial fertilization (control),
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which had 51.76 mg 100 g, 445.61 mg 100 g and 27.48 g 100 g of flavonoids, phenols, and vitamin
C, respectively.

The increases in the nutraceutical properties of Capsicum fruits in response to biofertilizers made
with PGPR and AMF, such as those observed in this study, offer benefits for human health,
especially in the prevention and treatment of diseases; this is because pepper fruits have properties
such as antioxidants, analgesics, anti-inflammatories, immune system stimulation, and can treat
diseases such as cancer, type II diabetes, and obesity (Idrees et al. 2020, Akter et al. 2026, Li et al.
2026). For example, capsaicin is the compound responsible for fruit pungency and has antibacterial,
antioxidant, anti-inflammatory, and anticancer properties (Ordaz and Fernandez 2023).

CONCLUSIONS

Treatment with Claroideoglomus claroideum, C. etunicatum, Glomus postulatum and Diversispora spurca
(AMF1) improved leaf area, fruit number and size, and total protein content in the fruits. The AMF
consortia with C. etunicatum, C. claroideum and G. postulatum (AMF2) excelled in the variables of
height and antioxidant capacity. The two PGPR improved the variables of growth, production, and
nutraceutical properties compared to the control but were not better than the mycorrhizae.
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