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Abstract: Chili peppers are globally cultivated for their rich bioactive compound profile. This study
investigates the impact of two biostimulants, Humix® and Energen, on Capsicum chinense ‘Habanero
Orange’ and Capsicum annuum ‘Kristian’, focusing on quantitative and qualitative parameters. Con-
ducted over two years with three annual harvests, the research assesses the effects of biostimulant
application on yield, fresh fruit number, fruit weight, drying ratio, capsaicin, dihydrocapsaicin, and
ascorbic acid content (via HPLC-DAD analysis), as well as carotenoid levels (via spectrophotometric
analysis). Biostimulant application significantly increased (p ≤ 0.05) total yields and capsaicin levels.
Harvest timing also influenced dihydrocapsaicin and capsaicin levels, with the third harvest show-
ing the highest values (p ≤ 0.001). The effects on ascorbic acid and carotenoids were variable and
depended on genotype, harvest, and treatment. Thus, our study provides insights into the dynamic
responses of Capsicum species to biostimulants under variable climatic conditions, contributing
new knowledge to agricultural practices and the scientific understanding of biostimulant effects in
Capsicum production.
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1. Introduction

Chili peppers (Capsicum spp.), belonging to the Solanaceae family, constitute an econom-
ically important group of crops consumed worldwide for their pungent and non-pungent
fruits. These crops are a significant source of numerous dietary and nutritional components,
such as capsaicinoids, vitamins, pigments, minerals [1], glucosides (sinapoyl and feruloyl),
carotenoids, alkaloids, tannins, terpenoids, coumarins, flavonoids, and essential oils. These
compounds have antimicrobial, antioxidant, antihyperglycemic, cardioprotective, and anti-
cancer activities [2–4]. Among this diverse spectrum of bioactive compounds, two principal
capsaicinoids, capsaicin and dihydrocapsaicin, are prevalent. The concentration of cap-
saicin in chili pepper plays an important role in defining the spiciness levels across various
Capsicum species, evaluated by the Scoville scale [3]. In recent decades, numerous studies
have been conducted to investigate the impact of capsaicin on human health. Notably,
capsaicin has demonstrated therapeutic potential in the treatment of pain, inflammation,
and rheumatoid arthritis. Furthermore, there is emerging evidence supporting its efficacy
as an anti-cancer agent. Capsaicin exhibits considerable antioxidant activity and holds
promise as an anti-obesity compound [5,6]. A multitude of beneficial effects of capsaicin in
neurodegenerative diseases, epilepsy, stroke, and depression have been delineated through
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both animal and human studies. These findings indicate that dietary capsaicin has the
potential to influence the structure and abundance of gut microbiota, thereby playing a
significant role in the prevention of depression [7,8]. Dihydrocapsaicin also has a positive
impact on the neurological system. Through antioxidant and anti-apoptotic pathways,
which help combat harmful oxidative stress and are involved in preventing or reducing
cell death (apoptosis) in the brain, dihydrocapsaicin has a potential effect on mitigating the
pathological changes induced by cerebral ischemia [9].

Biostimulants are regularly used in today’s cultivation practices. In the past, different
techniques have been developed to reduce the usage of synthetic fertilizers and insecticides
to protect the environment from hazardous chemicals and to increase plant yield. Among
such environment-friendly approaches, one is the use of biostimulants, which is very crucial
in the development of plants [10]. Natural biostimulants, foliar fertilizers, and plant growth
regulators have been applied in horticultural production; however, their effect varies
depending on the plant species treated, and those have been mainly cucumber, tomato,
pepper, potato, and melon [11]. Plant biostimulants are characterized as any substances,
seaweeds, humic and fulvic acids, different plant-growth-promoting bacteria, and extracts
from algae applied to plants, seeds, or in the rhizosphere, with the aim to stimulate natural
processes in plants and enhance nutrition efficiency and tolerance toward environmental
stress [10,12,13]. These compounds have effects on metabolic and enzymatic processes in
plants, and the main aim is increasing the yield and quality of the final product [14]. When
utilized as a foliar spray, they are absorbed by the leaves, leading to heightened metabolic
activity by activating enzymes in various biological processes. Furthermore, it amplifies the
photosynthetic rate through an increased synthesis of photosynthetic pigments. This affects
plant resilience against both biotic and abiotic stressors, prolongs the storage period of
fruits, and consequently refines the growth characteristics and productivity of the plant [15].

Humic acid treatments helped mitigate environmental stresses, such as salinity, by
promoting nutrient uptake and improving the chili pepper plant’s ability to handle abiotic
stress. This was achieved through improved osmotic and antioxidant defense systems,
leading to better growth under challenging conditions [16]. The study of Karakurt et al. [17]
demonstrated that both soil and foliar humic acid treatment might successfully be used to
obtain higher fruit yield and can significantly enhance fruit quality in organically grown
pepper. Application of humic acid improved the growth of pepper [18] and increased
pepper plant dry matter production [19]. Three types of biostimulant application did
not affect the marketable pepper yield, but enhanced the fruit quality, including fruit
length, diameter, and green coloration [20]. Biostimulant application also increased total
and individual capsaicinoids after 48 h in the chili placenta and pericarp [21]. Based on
available scientific literature, the effects of humic-based biostimulants have been tested in
few trials with peppers, including chili peppers. However, not much is understood about
how biostimulants, including amino acids, impact peppers’ enzymatic activity.

Objectives of this study are:

1. To examine the influence of commercial humic-based biostimulants, comprising
humic substances, Ascophyllum nodosum seaweed extract, macro-elements, and mi-
croelements, on the growth parameters of two chili pepper varieties, Capsicum chinense
‘Habanero Orange’ and Capsicum annuum ‘Kristian’, focusing on yield and fruit weight.

2. To assess the effects of biostimulant application on critical qualitative traits, including
capsaicinoid concentration, Scoville Heat Units (SHU), carotenoid levels, and ascorbic
acid content, in the dried fruits of the aforementioned pepper varieties.

2. Materials and Methods

The experiment was conducted in the greenhouse of the Botanical Garden at the Slovak
University of Agriculture in Nitra, as well as in the field of the Institute of Horticulture in
Nitra, during the years 2022 and 2023.
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2.1. Plant Material

For the study, two different species of chili peppers were selected. Capsicum chinense
variety ‘Habanero Orange’ (Figure 1) is a branched lower plant, with lantern-shaped
orange fruits that measure 4–7 cm. These chili peppers reach about 600,000 SHU. The
second species is Capsicum annuum variety ‘Kristian’ (Figure 2). Fruits of this plant are thin,
medium–long, and yellow in color. On the Scoville scale, these peppers reach approximately
50,000–60,000 SHU. The seeds of the pepper varieties were obtained from the company
SEMO a.s. (Czech Republic) and the seedlings were grown in the greenhouses of the
Botanical Garden at the Slovak University of Agriculture in Nitra.
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2.2. Biostimulants

Commercial biostimulants Energen and Humix were applied to the two selected
varieties of chili peppers in this study. Energen Fulhum Plus (AV EKO-COLOR s.r.o., Ústí
nad Labem, Czech Republic) is a modified aqueous solution of salts, which consists of
20% dry matter, at least 30% combustible substances in dry matter, and humic substances
(HS) and their salts in a concentration of at least 8% with pH between 8 and 10. Energen
Fulhum Plus is a modified and processed aqueous solution of salt compounds obtained by
the original decomposition of the technical lignosulfonate. Additionally, an extract from
the seaweed Ascophyllum nodosum is present in Energen. This biostimulant promotes the
growth of fine root hairs, boosts nutrient and moisture uptake efficiency, and enhances
photosynthetic efficiency. Plants will, therefore, become more resistant to abiotic stress.
Additionally, it encourages metabolites to flow into fruits and seeds, which boosts crop
growth [22].

Humix® Universal (AGROCULTUR BIO, Nitra, Slovakia) is a special liquid fertilizer
that can be applied to the leaf or to the soil. It contains HS from Leonardite, macro-elements,
and microelements intended for the nutrition of garden and field crops. HS was a minimum
of 3.0% by weight, potassium (K2O) a minimum of 2.5% by weight, and phosphorus (P2O5)
a minimum of 1.0% by weight. Unknown quantities of the elements Cu, Zn, Fe, Co, B,
Mn, and Mo are also included in the fertilizer. The pH ranges from 9 to 10. Microelements
are bound in chelated form. According to the manufacturer, applying Humix® Universal
to the soil reduces symptoms of microelement deficiencies (Cu, Zn, Fe, Co, B, Mn, and
Mo), raises the level of the mentioned microelements in the soil, and enhances the content
of both organic and inorganic substances. Foliar application intensifies plant nutrition
and supports the growth of the root system and the entire plant, thanks to which higher
and better-quality harvests are achieved. Watering causes an increase in the content
of microelements and the formation of humus, enabling the creation of an optimal soil
structure. The proliferation of soil bacteria and beneficial microorganisms is encouraged,
leading to an overall enhancement in the soil structure, particularly in denser clay soils.
Additionally, the conversion of phosphorus and nitrogen in the soil into plant-acceptable
forms is facilitated. This results in an increased uptake of industrial fertilizers by plants,
reducing their accumulation in the soil and minimizing leaching into groundwater [23].

2.3. Soil Nutrition, Fertilization, and Climatic Conditions

The experiment occurred over two years on medium–heavy soil with a high content
of the clay fraction, especially in the subsoil (at a depth of 30–60 cm) fertilized with manure,
coinciding with soil analyses conducted in the spring (Table 1). Based on the values, the
soil was then fertilized according to the recommended standard for pepper growing [24],
and the course of fertilization on the trial area is shown in Table 2. The nitrogen dose
in the form of LAD 27% EC Fertilizer (27.0% N and 4.1% MgO; Duslo, a.s.) was applied
two weeks before the planned planting (60% of the recommended standard), and the
remaining nitrogen (40%) during vegetation six weeks later. Table 2 shows the scheme of
the vegetation trial, in which three treatments were designed for the purpose of verifying
the combination of tested preparations with commonly used nitrogen fertilizer.

Table 1. Soil analysis of the experimental area.

pH Nan Nutrient Content (mg·kg−1) (Mehl.III) Cox (Hummus)

mg·kg−1 p K S Mg %

2022 6.90 191 148 480 27.5 1028 4.29

2023 7.45 8.9 232.5 600 85.0 729 4.38
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Table 2. Field trial scheme.

Treatment Number of
Repetitions N Application

Application of
Energen Fulhum

Plus

Application of
Energen Fruktus

Plus

Application of
Humix (New
Composition)

Universal

N (K) 3 120 kg·ha−1 - - -

N + Energen Fulhum
Plus + Energen
Fruktus Plus
+

3 120 kg·ha−1 0.5 L·ha−1

(0.5%)
0.5 L·ha−1

(0.5%)
-

N + Humix (new
composition)
Univerzál

3 120 kg·ha−1 - - 5 L·ha−1

(1%)

K—control treatment; N—nitrogen.

In Nitra, the climate is warm and temperate, where average annual temperatures
range from 8.28 ◦C to 10.05 ◦C. The average annual rainfall in this district ranges from
529 mm to 895 mm [25]. Climatic data (Tables 3 and 4) from the years 2022 and 2023 were
obtained from the meteorological station in the Botanical Garden, operated by the Institute
of Landscape Engineering (ILE) of the Slovak University of Agriculture in Nitra. The
climatic norm from the years 1991–2020, which is included in the tables, was also provided
by the ILE, as they maintain all these data in their databases.

Table 3. Air temperature at the experimental site for years 2022 and 2023.

Month Normal
1991–2020 (◦C)

t (◦C)
2022

Characteristic—
2022

t (◦C)
2023

Characteristic—
2023

April 11.4 8.5 very cold 4.1 extremely cold

May 16.0 15.8 normal 9.9 extremely cold

June 19.6 20.7 normal 13.3 extremely cold

July 21.7 21.5 normal 17.4 extremely cold

August 21.1 21.9 normal 17.9 extremely cold

September 15.9 13.9 cold 16.9 normal

October 10.4 11.5 normal 12.5 warm

Table 4. Precipitation at the experimental site for years 2022 and 2023.

Month Normal
1991–2020 (mm)

Precipitation 2022
(mm)

Characteristic—
2022

Precipitation 2023
(mm)

Characteristic—
2023

April 36 13 extremely dry 40 normal

May 59 13 extremely dry 111 extremely wet

June 59 88 wet 83 wet

July 65 60 normal 8 extremely dry

August 55 60 normal 46 normal

September 58 7 extremely dry 79 wet

October 46 28 dry 36 normal
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2.4. The Course of the Experiment

A small plot experiment was established under field conditions using a randomized
block design (RBD). This design was chosen to account for potential variability within the
experimental field conditions, ensuring that differences in environmental factors, such as
soil composition or microclimate, were minimized within each block. Each block contained
all treatment combinations (variety and biostimulant), and the treatments were randomly
assigned within each block. The experiment was conducted with three repetitions to ensure
the reliability and statistical robustness of the results. The dates of individual cultivation
measures are presented in Table 5. Planting of pre-grown transplants took place in the
growth phase of 8–10 true leaves, while in each repetition, 5 plants were planted in a
uniform growing space: 0.4 m × 0.5 m. The area of one experimental treatment was 3 m2.
Additional drip irrigation was applied as needed during the growing season. Soil loosening
and weed control was carried out by hand hoeing. Throughout the growing season, the
health status of the plants was regularly monitored, and appropriate plant protection
measures were applied as required, using only approved phytosanitary preparations, in
accordance with the established guidelines.

Table 5. Experiment course and application of Energen and Humix biostimulants.

2022 2023

Habanero Orange Kristian Habanero Orange Kristian

Sowing 02/02 25/02 10/02 02/03

Planting of plants with cotyledons 11/03 11/03 14/03 20/03

Planting in the field with root
treatment of transplants with
biostimulants

19/05 18/05 23/05 23/05

Spray on the leaf at the beginning
of flowering (BF) 20/06 20/06 13/06 13/06

Spray on the leaf at the beginning
of the first fruits’ formation (FFF) 30/06 30/06 19/06 19/09

1st harvest 07/09 07/09 21/09 04/09

2nd harvest 22/09 22/09 02/10 21/09

3rd harvest 20/10 - 25/10 11/10

As part of the field experiment, Energen Fulhum Plus was applied once prior to
transplanting by soaking the root ball of the young plants immediately before planting. The
Energen Fruktus Plus preparation was applied twice during the growing season by foliar
spraying (BF and FFF in Table 5). The Humix (new composition) Universal preparation was
applied three times: initially by soaking the root ball of the transplants prior to planting,
followed by two foliar applications during the growing season (BF and FFF in Table 5).
Fruits at full botanical maturity were harvested progressively through selective sorting.

2.5. Evaluation of Quantitative Parameters

Each treatment was weighed individually after harvest using a Kern 440-53N scale
(Kern and Sohn, Albstadt, Germany). The weight of fresh fruit per plant, the weight of fresh
pepper fruit, and the number of pepper fruits per plant were evaluated. Fresh samples of
chili peppers were taken and used immediately for analyses. The rest of the peppers were
then dried in an air dryer (Memmert UF 110 Plus; Memmert, Schwabach, Germany) until a
constant weight was achieved at a temperature of 60 ◦C. The yield of dry biomass from chili
peppers and the drying ratio were assessed by weighing the dried fruits as well. The fruits
of dried peppers were ground in a shear mill (Retsch SM 100; Retsch, Haan, Germany), and
average samples (100 g) of both varieties and all treatments were prepared and stored in
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dark conditions until laboratory analyses took place. Based on the planting density and the
number of plants, the yield for each variety in the individual treatments was calculated
and expressed in tons per hectare (t·ha−1).

2.6. Evaluation of Qualitative Parameters
2.6.1. Determination of Capsaicin and Dihydrocapsaicin

Capsaicin and dihydrocapsaicin analyses were performed by HPLC-DAD (High-
Performance Liquid Chromatography with Diode-Array Detection) according to [26].

2.6.2. Determination of Vitamin C

Vitamin C was determined using an Agilent 1260 Infinity HPLC with DAD (Agilent
Technologies GmbH, Wäldbronn, Germany) according to [26].

2.6.3. Determination of SHU (Scoville Heat Units)

The conversion to Scoville Heat Units was performed by multiplying the capsaicin
content in pepper dry weight by the coefficient corresponding to the heat value for pure
capsaicin, according to [27].

2.6.4. Determination of Carotenoids

The carotenoid content was determined using a spectrophotometric method according
to [28]. The calculation was performed according to [29].

2.6.5. Data Analysis

The experiment utilized a multifactorial design, considering both the variety (Capsicum
chinense ‘Habanero Orange’ and Capsicum annuum ‘Kristian’) and the biostimulant treatment
(Humix® and Energen) as factors. A multifactor analysis of variance (ANOVA) was applied
to assess the effects of these factors independently and their interaction on both quantitative
and qualitative parameters. The factors analyzed included variety, treatment, and harvest
term. This design allowed for the examination of how different biostimulant treatments
impacted each variety, as well as how these effects varied across multiple harvests. Indeed,
some results reflected data where multiple years and harvests were combined. In such
cases, a one-way ANOVA was performed to analyze the overall effects of the treatments
when summarized across the different variables. Our intention in doing so was to provide
a holistic view of the data, capturing the combined influence of the treatments across the
two years of experimentation. The mean values were tested using the least significant
difference (LSD) test, performed at a significance level of 95% (p ≤ 0.05). The statistical
analysis was conducted using the Statgraphics Centurion XVII software (StatPoint Inc., The
Plains, VA, USA).

3. Results and Discussion
3.1. Quantitative Parameters

Biostimulant application significantly (p ≤ 0.05) increased the fresh pepper total
yield values for Kristian variety from 5.23 t·ha−1 (control) to 8.11 t·ha−1 (treatment with
Humix application) and 8.14 t·ha−1 (treatment with Energen application; Table 6). Humix
application significantly (p ≤ 0.05) increased the total yields in the case of ‘Habanero
Orange’ to 20.01 t·ha−1, compared to the control treatment (17.70 t·ha−1). The differences
in chili pepper fruit yield, both in terms of fresh and dry matter, varied across each harvest
and were specific to each variety (Table 7). Humic acids and seaweed in the biostimulants
used can promote plant growth by speeding up cell division, encourage the synthesis of
chlorophyll, sugar, and amino acids in plants, and improve nutrient uptake, which helps
with photosynthesis. This may be the cause of a notable increase in total yields following
biostimulant application [30,31].
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Table 6. Assessment of different biostimulants on yield and quality parameters of chili (average for
2022–2023).

Treatment

Yield Parameters Qualitative Parameters

FM
(t·ha−1) DR Average

W1FF (g)
Total

FFPP (pcs)
CAPS

(µg·g−1)
DIH

(µg·g−1) SHU

Kristian
K 5.23 a 4:1 a 2.93 a 105.2 a 1896.1 a 2083.6 a 66,051 a
E 8.14 b 4:1 a 3.23 ab 111.6 a 2063.8 a 2242.4 a 69,150 a
H 8.11 b 4:1 a 4.10 b 90.0 a 2110.8 a 2397.6 a 61,017 a

Habanero
Orange

K 17.70 c 9:1 b 5.86 c 198.2 b 8029.4 b 4703.4 b 200,277 b
E 17.60 c 8:1 b 5.45 c 183.0 b 8081.8 b 4711.4 b 199,748 b
H 20.01 d 9:1 b 5.68 c 224.1 b 8499.9 b 4790.4 b 206,537 b

FM—fresh matter; DR—drying ratio from fresh to dry mass; Average W1FF—average weight of 1 fresh fruit
(g)—average values from all harvests; Total FFPP (pcs)—number of fresh fruits per plant as the total sum from all
harvests; CAPS—capsaicin content; DIH—dihydrocapsaicin content; SHU—Scoville Heat Units. Different letters
in columns demonstrate statistically significant differences at p ≤ 0.05.

Table 7. The effect of the biostimulants Energen (E) and Humix (H) on the yield of fresh and dry chili
pepper fruits.

Treatment
1st Harvest 2nd Harvest 3rd Harvest

t.ha−1 (FM) t.ha−1 (DM) t.ha−1 (FM) t.ha−1 (DM) t.ha−1 (FM) t.ha−1 (DM)

2022

K
ri

st
ia

n K 2.48 ± 2.01 ab 0.586 ± 0.474 ab 1.15 ± 0.69 a 0.251 ± 0.152 a
E 3.40 ± 0.26 ab 0.780 ± 0.059 b 1.09 ± 0.45 a 0.229 ± 0.094 a
H 3.36 ± 1.68 ab 0.943 ± 0.471 b 1.90 ± 1.68 ab 0.387 ± 0.341 a

H
ab

an
er

o
O

ra
ng

e K 3.73 ± 1.05 b 0.483 ± 0.136 ab 3.31 ± 0.82 b 0.381 ± 0.126 a 7.75 ± 1 a 1.201 ± 0.7 a
E 1.48 ± 0.71 a 0.199 ± 0.096 a 1.93 ± 0.79 ab 0.215 ± 0.088 a 11.30 ± 1 b 1.275 ± 0.1 a
H 1.39 ± 0.34 a 0.197 ± 0.048 a 2.85 ± 0.52 b 0.348 ± 0.064 a 8.44 ± 1 a 0.953 ± 0.1 a

2023

K
ri

st
ia

n K 2.22 ± 1.62 a 0.490 ± 0.359 a 4.62 ± 1.86 ab 0.984 ± 0.397 a 5.16 ± 3.60 a 1.219 ± 0.850 a
E 2.07 ± 0.98 a 0.498 ± 0.236 a 3.43 ± 1.07 ab 0.760 ± 0.237 a 6.32 ± 1.84 a 1.441 ± 0.419 a
H 0.99 ± 0.26 a 0.244 ± 0.065 a 2.61 ± 1.88 a 0.574 ± 0.412 a 7.35 ± 2.68 a 1.653 ± 0.603 a

H
ab

an
er

o
O

ra
ng

e K 3.51 ± 2.63 a 0.425 ± 0.319 a 6.82 ± 1.09 ab 0.792 ± 0.127 a 10.20 ± 0.85 ab 1.211 ± 0.100 a
E 2.77 ± 1.58 a 0.390 ± 0.222 a 7.72 ± 1.39 ab 0.843 ± 0.151 a 10.05 ± 3.70 ab 1.235 ± 0.454 a
H 3.04 ± 1.40 a 0.368 ± 0.170 a 8.72 ± 6.55 b 0.885 ± 0.665 a 15.57 ± 6.35 b 1.720 ± 0.701 a

2022–2023

K
ri

st
ia

n K 2.35 ± 1.82 a 0.538 ± 0.417 ab 2.89 ± 1.28 ab 0.618 ± 0.275 a
E 2.74 ± 0.62 a 0.639 ± 0.148 b 2.26 ± 0.76 a 0.495 ± 0.166 a
H 2.18 ± 0.97 a 0.594 ± 0.268 ab 2.26 ± 1.78 a 0.481 ± 0.377 a

H
ab

an
er

o
O

ra
ng

e K 3.62 ± 1.84 a 0.454 ± 0.228 ab 5.07 ± 0.96 ab 0.587 ± 0.127 a 8.98 ± 0.92 a 1.210 ± 0.383 a
E 2.13 ± 1.15 a 0.295 ± 0.159 ab 4.83 ± 1.09 ab 0.529 ± 0.120 a 10.67 ± 2.35 a 1.255 ± 0.277 a
H 2.22 ± 0.87 a 0.283 ± 0.109 a 5.79 ± 3.54 b 0.617 ± 0.365 a 12.01 ± 3.67 a 1.337 ± 0.401 a

Mean ± SD (n = 3). FM—fresh matter; DM—dry matter; K—control treatment; E—treatment with application of
the biostimulant Energen; H—treatment with application of the biostimulant Humix. Different letters in columns
demonstrate statistically significant differences at p ≤ 0.05.

Total yield was also significantly affected by chili varieties and humic acid levels, while
the interaction of the treatments was found non-significant in [32], where they tested foliar
application of humic acids on quantitative parameters of chili peppers. Singh et al. [33]
found that the application of biostimulant treatments rendered a significant effect on almost
all the growth and yield characteristics, as well as the quality of chili. According to [34],
the Habanero chili pepper yields increased from 31 to 39 t·ha−1. Their higher results can
be related to growing in a tunnel-type greenhouse during the spring–summer cycle in
Mexico, which better corresponds to the thermophilic character of chili fruits compared
to cultivation in Slovakia’s climate. The marketable yield inside the greenhouse was 4.5-



Horticulturae 2024, 10, 998 9 of 17

and 4.8-fold higher, as compared to the open field in the case of the trial with Capsicum
annum chili varieties [35]. The production of habanero chili peppers under greenhouse
conditions increased the yield four times when compared with open-field production,
with average values of 35 t·ha−1 and 8 t·ha−1, respectively [34]. Total yields in case of
Habanero in Energen treatment (17.60 t·ha−1) were not significantly increased compared to
the control treatment. The findings imply that enhanced nutrient uptake was not connected
to the processes by which Energen impacted plant growth and development. The results
indicated that the growth-promoting elements might be connected to the humic compounds’
chemical structure, even though their precise identity is still unknown.

The average weight of one fresh fruit (Table 6) was significantly (p ≤ 0.05) increased in
case of the variety ‘Kristian’ under the influence of the Humix biostimulant, compared to
the control (from 2.93 to 4.10 g/plant), while, on the other hand, the number of fresh fruits
per plant decreased. Total yields were higher following the application of the biostimulants,
resulting in increased fruit weight, although the number of fruits per plant decreased.

This aspect was also observed in the case of ‘Habanero Orange’, though the differences
were statistically insignificant. Biostimulants can stimulate flowering and improve fruit
set in hot peppers, leading to higher yields. This is particularly beneficial in hot climates,
where high temperatures may negatively impact flower development and pollination. The
weather throughout the examined years was normal or extremely cold during flowering.
Arthur et al. [20] compared the quantitative characteristics of chili peppers under biostimu-
lants’ influence, and the weight of Capsicum annum varieties was 1.3–2.5 g/plant (‘Chile de
Arbol’) and 2.4–4.3 g/plant (‘Cayenne purple’). Biostimulant application did not affect the
marketable yield either, but it enhanced the fruit quality, including fruit length, diameter,
and green coloration. In a study conducted by Deori et al. [36], the liquid biostimulant
Dhanzyme Gold, derived from seaweed containing cytokinins, hydrolyzed protein com-
plexes, amino acids, and many other minerals, was used. After foliar application, this
biostimulant influenced different parameters of chili peppers (Capsicum annuum L. cv. Kashi
Anmol), including the average fruit weight, with the highest values at 3.66 g, compared to
the control at 2.93 g. The results depended on the type of biostimulant and pepper species.

Similar to our results (Table 8), discussions about the biostimulant effect are variable.
According to Ertani et al. [37], the weight of fresh leaves and fruits and the number of fruits
were affected by treatment (p ≤ 0.001), concentration (p ≤ 0.001), and time from treatment
(p ≤ 0.001) in a study of two biostimulants’ influence on Capsicum chinense. They used
biostimulants derived from alfalfa plants (AH), and the second one was obtained from
red grape (RG). In the study by Majkowska-Gadomska et al. [14], where the experimental
materials comprised two hot (‘Cyklon’ and ‘Palivec’) cultivars of C. annuum, it was found
that the combined application of environmentally friendly microbial-based biostimulants
did not clearly improve the morphological traits of pepper fruit, the yield, or the concen-
trations of sugars and organic acids in the fruit; therefore, their use is not economically
justified. Concerning humic biostimulants, according to Azcona et al. [19], in general, the
treatments with HSS (humic substances derived from composted sludge) and HSL (derived
from leonardite) did not markedly affect chlorophyll and nutrient concentrations in the
leaves. At maturity, only small differences in total fruit yield, number of fruits per plant,
and fruit size were observed between the amended and control plants. On the other hand,
in a study performed by Noushad et al. [38], they used the biostimulant Dollar, containing
15% protein hydrolysate and 15% seaweed extract, essential amino acids, micronutrients,
and growth factors, which stimulated plant yield and quality, as well as the number of
fruits per plant. The maximum number of fruits per plant was recorded in T8 (Dollar
2.5 mL·L−1), with 73.66, followed by T9 (Dollar 3.0 mL·L−1) with 72.44, while the mini-
mum fruits per plant was recorded in T0 (Control, water spray) with 58.00, respectively.
Regarding the study by González-Cortés et al. [34], the NFP (number of fruits per plant)
using T2 (240–200–180 + 25% of K from liquid earthworm humus) showed the highest
number of fruits (207), resulting in a lower fruit weight, in contrast with V3 (240–200–120 +
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50% of K from vermicompost), which showed the lowest number of fruits (n = 118) but
with higher weights.

Table 8. The effect of the biostimulants Energen (E) and Humix (H) on the number of fresh fruits per
plant and the weight of one fresh fruit of selected varieties of chili peppers.

Treatment
1st Harvest 2nd Harvest 3rd Harvest

FFPP (pcs) W1FF (g) FFPP (pcs) W1FF (g) FFPP (pcs) W1FF (g)

2022

K
ri

st
ia

n K 21.67 ± 16.68 bc 2.25 ± 0.10 a 56.33 ± 35.53 a 2.19 ± 0.56 a
E 25.20 ± 0.80 c 2.70 ± 0.19 a 56.33 ± 22.12 a 1.94 ± 0.22 a
H 26.40 ± 3.33 c 2.48 ± 1.05 a 33.67 ± 11.93 a 5.89 ± 5.95 ab

H
ab

an
er

o
O

ra
ng

e K 10.73 ± 3.92 ab 7.11 ± 0.79 b 43.67 ± 4.62 a 6.43 ± 0.60 b 123.65 ± 10.12 a 6.27 ± 0.99 a
E 4.45 ± 1.72 a 6.58 ± 1.01 b 33.67 ± 14.84 a 4.98 ± 0.54 ab 136.87 ± 13.78 a 6.60 ± 0.32 a
H 4.30 ± 1.08 a 6.54 ± 0.98 b 43.00 ± 1.00 a 5.82 ± 0.30 ab 120.76 ± 10.27 a 5.59 ± 0.09 a

2023

K
ri

st
ia

n K 12.64 ± 9.92 a 3.61 ± 0.20 a 27.16 ± 16.01 a 3.68 ± 0.94 a 92.67 ± 29.74 a 2.90 ± 0.60 a
E 10.93 ± 5.59 a 3.82 ± 0.18 a 20.35 ± 12.27 a 3.77 ± 1.11 a 110.33 ± 5.51 a 3.94 ± 0.25 a
H 5.25 ± 1.56 a 3.81 ± 0.42 a 12.44 ± 9.14 a 4.36 ± 0.37 ab 102.33 ± 52.35 a 3.94 ± 0.75 a

H
ab

an
er

o
O

ra
ng

e K 15.00 ± 10.47 a 4.35 ± 0.71 a 25.93 ± 4.27 a 5.25 ± 0.24 b 177.50 ± 55.15 ab 6.01 ± 1.39 b
E 14.07 ± 5.25 a 3.77 ± 0.71 a 28.28 ± 5.66 a 5.46 ± 0.11 b 148.06 ± 23.99 ab 6.08 ± 0.65 b
H 13.48 ± 5.14 a 4.47 ± 0.81 a 31.05 ± 21.13 a 5.42 ± 0.40 b 235.24 ± 103.08 b 6.21 ± 0.49 b

2022–2023

K
ri

st
ia

n K 17.16 ± 13.30 a 2.93 ± 0.15 a 41.75 ± 25.77 a 2.94 ± 0.75 a
E 18.07 ± 3.20 a 3.26 ± 0.19 a 38.34 ± 17.20 a 2.86 ± 0.67 a
H 15.83 ± 2.45 a 3.15 ± 0.74 a 23.06 ± 10.54 a 5.13 ± 3.16 b

H
ab

an
er

o
O

ra
ng

e K 12.87 ± 7.20 a 5.73 ± 0.75 b 34.80 ± 4.45 a 5.84 ± 0.42 b 150.57 ± 32.57 a 6.14 ± 1.19 a
E 9.26 ± 3.49 a 5.18 ± 0.86 b 30.98 ± 10.25 a 5.22 ± 0.33 b 142.47 ± 16.99 a 6.34 ± 0.82 a
H 8.89 ± 3.11 a 5.51 ± 0.90 b 37.03 ± 11.07 a 5.62 ± 0.35 b 178.00 ± 56.54 a 5.90 ± 0.75 a

Mean ± SD (n = 3). FFPP—fresh fruits per plant (pieces); W1FF—weight of one fresh fruit (g); K—control
treatment; E—treatment with application of the biostimulant Energen; H—treatment with application of the
biostimulant Humix. Different letters in columns demonstrate statistically significant differences at p ≤ 0.05.

The drying ratio did not show significant differences (p ≤ 0.05) among the treatments
evaluated in our study (Table 6). When seaweed biostimulants are applied to chili plants,
they can stimulate root growth, leading to increased nutrient absorption and improved
water uptake [38].

3.2. Qualitative Parameters
3.2.1. Capsaicin, Dihydrocapsaicin, and SHU of Dried Chili Pepper Fruits

Capsaicin content values for both tested stimulants were higher compared to the
control (Table 6), based on the average data from all harvests across both years, for both
the ‘Habanero Orange’ and ‘Kristian’ varieties. The effect of the applied biostimulants on
capsaicin and dihydrocapsaicin content varied across individual harvests when assessed
separately (Table 9).

No significant response to nutrition and moisture levels was found in the study by
Borges-Gómez et al. [39], where, on average, the contents of capsaicin and dihydrocapsaicin
in Habanero peppers were 8.4 and 4.7 g·kg−1 fruit dry weight, respectively. Their results
showed a significant positive relationship between plant age and capsaicin content, but not
dihydrocapsaicin, which is also comparable to our data, where the term of harvest had a
significant effect (p ≤ 0.001) on the capsaicin and dihydrocapsaicin contents (Table 10). A
detailed statistical analysis is shown in Table 11.
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Table 9. The effect of the biostimulants Energen (E) and Humix (H) on the capsaicin (mg·kg−1) and
dihydrocapsaicin (mg·kg−1) content in dried chili pepper fruits.

Treatment
1st Harvest 2nd Harvest 3rd Harvest

CAP DHC CAP DHC CAP DHC

2022

K
ri

st
ia

n K 1710.6 ± 24.7 c 1782.3 ± 91.5 b 1843.5 ± 12.7 c 1677.5 ± 115.1 a
E 1351.4 ± 15.5 a 1608.3 ± 39.6 a 1759.6 ± 28.8 b 1693.2 ± 131.8 a
H 1474.8 ± 16.7 b 1585.6 ± 195.3 a 1619.4 ± 27.8 a 1507.1 ± 154.6 a

H
ab

an
er

o
O

ra
ng

e K 7964.4 ± 21.8 d 4109.9 ± 23.8 c 8215.9 ± 28.9 f 5582.7 ± 28.2 c 8080.7 ± 25.0 a 4826.3 ± 19.4 c
E 8240.8 ± 57.4 e 4579.8 ± 50.3 d 7860.7 ± 49.8 d 3747.9 ± 28.7 b 8136.4 ± 33.3 a 4143.6 ± 17.7 a
H 8539.1 ± 139.2 f 4720.7 ± 24.5 e 8164.3 ± 48.3 e 3929.1 ± 243.2 b 8256.3 ± 52.4 b 4191.4 ± 30.0 b

2023

K
ri

st
ia

n K 2421.3 ± 8.0 b 2471.1 ± 57.8 b 1835.9 ± 28.7 a 2262.1 ± 17.6 a 2272.8 ± 10.9 c 2877.5 ± 20.7 b
E 2850.7 ± 13.7 c 2761.5 ± 68.1 c 2504.3 ± 8.1 c 3245.9 ± 222.3 b 1826.0 ± 3.4 a 2502.9 ± 12.2 a
H 2184.7 ± 7.0 a 2283.6 ± 5.8 a 1984.8 ± 10.3 b 2300.6 ± 9.6 a 1977.2 ± 8.2 b 2596.7 ± 167.1 a

H
ab

an
er

o
O

ra
ng

e K 7328.3 ± 116.8 e 4200.1 ± 12.9 d 7724.8 ± 115.9 e 4587.1 ± 8.5 c 8905.0 ± 81.3 d 5643.3 ± 22.8 c
E 7086.0 ± 19.6 d 4261.6 ± 25.1 e 7592.1 ± 92.1 d 4783.9 ± 17.4 d 9528.9 ± 123.1 f 6368.5 ± 42.4 d
H 7516.2 ± 119.1 f 4227.7 ± 22.3 de 8987.1 ± 121.4 f 5094.2 ± 14.0 e 9387.6 ± 8.2 e 5735.5 ± 7.9 c

2022–2023

K
ri

st
ia

n K 2066.0 ± 16.3 a 2126.7 ± 74.7 a 1839.7 ± 20.7 a 1969.8 ± 66.3 a
E 2101.0 ± 14.6 a 2184.9 ± 53.9 a 2132.0 ± 18.4 b 2469.6 ± 177.0 a
H 1829.8 ± 11.8 a 1934.6 ± 100.5 a 1802.1 ± 19.0 a 1903.9 ± 82.1 a

H
ab

an
er

o
O

ra
ng

e K 7646.4 ± 69.3 b 4155.0 ± 18.4 b 7970.3 ± 72.4 c 5084.9 ± 18.3 c 8492.8 ± 53.2 a 5234.8 ± 21.1 a
E 7663.4 ± 38.5 b 4420.7 ± 37.7 b 7726.4 ± 70.9 c 4265.9 ± 23.1 b 8832.6 ± 78.2 a 5256.0 ± 30.0 a
H 8027.7 ± 129.1 b 4474.2 ± 23.4 b 8575.7 ± 84.9 d 4511.7 ± 128.6 bc 8822.0 ± 30.3 a 4963.4 ± 18.9 a

Mean ± SD (n = 3). CAP—capsaicin; DHC—dihydrocapsaicin; K—control treatment; E—treatment with applica-
tion of the biostimulant Energen; H—treatment with application of the biostimulant Humix. Different letters in
columns demonstrate statistically significant differences at p ≤ 0.05.

Table 10. Statistical analysis of qualitative parameters related to chili pepper pungency (DM) accord-
ing to average values from all tested chili varieties and years.

Capsaicin Dihydrocapsaicin SHU

Year 0.0333 0.0000 *** 0.0045 *
Harvest 0.0000 *** 0.0000 *** 0.0000 ***
Treatment 0.2885 0.3016 0.9236
Variety 0.0000 *** 0.0000 *** 0.0000 ***

Statistically significant differences at p ≤ 0.05 (*), and p ≤ 0.001 (***).

Table 11. The effect of harvest term on the capsaicin content of dry pepper fruits in 2022–2023.

Harvest

Capsaicin (mg·kg−1) Dihydrocapsaicin (mg·kg−1)

Habanero
Orange Kristian Habanero

Orange Kristian

1 7779.2 ± 111.2 a 1951.9 ± 89.4 a 4350.0 ± 113.7 a 2082.1 ± 100.7 a
2 8093.8 ± 119.1 a 1998.3 ± 83.6 a 4612.3 ± 121.2 a 2184.2 ± 107.6 a
3 8794.7 ± 130.3 b 2025.4 ± 118.3 a 5223.4 ± 142.5 b 2659.1 ± 142.3 b

Mean ± SD (n = 3). Different letters in columns demonstrate statistically significant differences at p ≤ 0.05.

Capsaicin and dihydrocapsaicin contents can vary depending on the planting density
and the season of the year in which they are produced, according to Blum et al. [40] and
Moirangthem et al. [41]. Sahid et al. [42] also found that capsaicin content was negatively
correlated and varied with fruit weight, fruit diameter, fruit length, thick fruit flesh, total
fruit per plant, and fruit weight per plant. According to Zamljen et al. [43], in terms of
total phenolics, all three cultivars of Capsicum spp. were positively affected by amino acid
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treatment, but not in each fruit part. In terms of capsaicinoid content, the greatest effect of
the two stimulants was on ‘Somborka’, which varied from 4 (pericarp, seed) to 16 (placenta)
times compared to the control. Amino acid extract decreased ‘Habanero Red Caribbean’
capsaicinoid content in placenta by about 40%. Two biostimulants, based on red grape
skin extract (RG) and alfalfa hydrolysate (AH), in the study by Ertani et al. [44], improved
the phenol concentration, antioxidant activity, and ascorbic acid concentration in fruits, as
well as the capsaicin concentration in plants. The efficiency of RG and AH in promoting
plant growth and yield could also be due to their content in indole-3-acetic acid (IAA),
isopentenyladenosine (IPA), phenols, and amino acids. Our experiment was established
as part of a wider study on peppers, where several locations and species were measured
with the given preparation. We focused on two species of hot peppers in the framework
of individual harvests over two years. In the two-year experiment, it was shown that
it is necessary to repeat the experiments in variable sub-climatic conditions of the given
environment, as the complex results in these cases did not confirm some conclusions of the
study with the tested preparations, according to Golian et al. [26].

The precise determination of pungency is critical for consumers and the industrial use
of chili peppers. However, due to the long-lasting and fatigue-inducing nature of pungency,
means to complement or partially replace sensory evaluation to determine pungency are
needed [45]. The Scoville Heat Unit (SHU) has been proposed to represent the heat level or
pungency of peppers, which is obtained by converting the concentrations of capsaicin and
dihydrocapsaicin in samples [46] (Tables 6 and 11).

The results of the Scoville calculations showed that the two analyzed chili varieties
had very different values of SHU. The average value for the Kristian variety in our study
was 65,406 SHU, and Habanero Orange had, on average, 202,187 SHU. Therefore, according
to the literature, Kristian falls under the highly pungent category of chili peppers, and
Habanero Orange [47] is considered a very highly pungent pepper, although this can be a
subjective metric. From the statistical analysis, in regard to experimental variants, there
were not any significant differences between the biostimulant treatments and the control
group. SHU values were statistically significantly affected by the harvest date, the variety
of cultivated chili pepper, and the year of the experimental study (Table 11).

3.2.2. Ascorbic Acid

The average content of ascorbic acid in fresh fruits of tested peppers ranged from
2078 mg·kg−1 (‘Habanero Orange’) to 2820 mg.kg−1 (‘Kristian’; Figure 3), and in the case
of the Kristian variety, especially in the first harvest, both biostimulants proved to have
an effect on ascorbic acid content compared to the control. The ascorbic acid content of
22 high-yielding chili pepper (Capsicum annum) landraces was tested by Orobiyi et al. [48].
Vitamin C content varied from 84.64 mg to 192.64 mg/100 g of fresh weight, with an
average of 125.70 mg/100 g FM. The impact of the tested biostimulants was variable in
each harvest, separately (Table 12).

When comparing all data together (Figure 3), although significance (p ≤ 0.05) of the
biostimulants’ effect on ascorbic acid content was not found, the values of vitamin C
in case of biostimulant treatments were generally increased. Humic acids can improve
photosynthetic efficiency and carbon fixation in plants. Ascorbic acid is synthesized from
sugars produced during photosynthesis. Therefore, by enhancing photosynthetic activity,
humic acids can provide more substrates for the biosynthesis of ascorbic acid. Some authors
stated that humic acids and sugars present in biostimulants improved the biosynthesis
of low-molecular-weight antioxidative compounds, such as ascorbate and phenols [44].
In a study by Noushad et al. [38], they determined that foliar application of a seaweed
extract and protein-based biostimulant (Dollar) at a concentration of 2.5 mL·L−1 stimulated
ascorbic acid production in chili peppers (118.52 mg/100 g), in comparison to the control
(110.58 mg/100 g). The biostimulant-balanced application in liquid form improved seaweed
availability, leading to increased ascorbic acid levels in chili fruits. This enhancement in
ascorbic acid contributes to improved nutritional value and quality of chili crops. The
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application of biostimulants caused a slight increase in the ascorbic acid concentration
in the study by Ertani et al. [44], with the highest values observed in leaves and green
peppers of plants sprayed with AH (alfalfa hydrolysate), at the lower dose (+18% and +20%,
respectively). There were differences in the biostimulant treatments assessed for vitamin
C according to González-Cortés et al. [34], where the content of vitamin C was the same
by supplementing with 50% of organic K from liquid earthworm humus or vermicompost
as the results obtained by using 100% chemical fertilization. The other two biostimulants
showed a lower content, with values of 149 mg/100 gand 164 mg/100 gof fresh weight.
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Figure 3. Influence of biostimulants, harvest, and variety on ascorbic acid content in chili peppers
(mg·kg−1 FM). AA—ascorbic acid; FM—fresh matter; K—control treatment; E—treatment with
application of the biostimulant Energen; H—treatment with application of the biostimulant Humix;
HO—‘Habanero Orange’. Different letters demonstrate statistically significant differences at p ≤ 0.05.

Table 12. Qualitative parameters of chili fruits (mg.kg−1 FM).

Treatment
1st Harvest 2nd Harvest 3rd Harvest

Vit. C Carotenoids Vit. C Carotenoids Vit. C Carotenoids

K
ri

st
ia

n K 2480.68 ± 80.78 a 39.08 ± 7.90 b 2723.88 ± 60.21 a 36.65 ± 2.63 b 2967.08 ± 166.83 ab 38.41 ± 0.98 b
E 2690.78 ± 45.76 b 27.34 ± 0.61 a 2766.08 ± 47.55 a 26.12 ± 4.66 a 2841.39 ± 94.30 a 27.24 ± 0.14 a
H 2802.59 ± 92.56 b 21.87 ± 0.81 a 2969.40 ± 50.00 b 46.88 ± 1.92 c 3136.21 ± 160.24 b 41.88 ± 1.23 b

H
ab

an
er

o
O

ra
ng

e K 2411.84 ± 169.12 b 20.96 ± 1.52 a 1659.07 ± 31.10 a 34.22 ± 0.61 b 2045.46 ± 42.52 a 46.17 ± 4.86 a
E 2641.49 ± 99.26 b 28.55 ± 3.24 b 1971.52 ± 53.26 b 29.97 ± 2.83 a 2216.50 ± 71.12 b 46.17 ± 2.83 a
H 2003.04 ± 51.61 a 27.24 ± 0.10 b 1763.52 ± 87.56 a 43.54 ± 1.01 c 1987.22 ± 30.41 a 52.65 ± 0.40 a

Mean ± SD (n = 3). FM—fresh matter; K—control treatment; E—treatment with application of the biostimulant
Energen; H—treatment with application of the biostimulant Humix. Different letters in columns demonstrate
statistically significant differences at p ≤ 0.05.

3.2.3. Carotenoids

The total carotenoid content for each variety across all three harvests is presented
in Table 12. The effect of the biostimulants on carotenoid content in fresh fruits of the
tested chili pepper varieties varied depending on both the specific variety and the harvest.
Considering the average values from all data (Figure 4), a decrease was found in the
case of the Energen biostimulant, while the control treatment and Humix did not differ
significantly (p ≤ 0.05).
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Carotenoid biosynthesis is a complex process involving multiple enzymatic reactions
and regulatory mechanisms. Biostimulants based on humic acids can influence various
metabolic pathways in plants, and their specific effects on the enzymes and regulatory
factors involved in carotenoid biosynthesis may be limited. Humic acids primarily enhance
the availability and uptake of certain nutrients by chelating minerals and making them more
accessible to plants. While some nutrients are essential for carotenoid biosynthesis (such
as nitrogen, phosphorus, and magnesium), the relationship between nutrient availability
and carotenoid accumulation can be complex and may vary depending on the specific
nutrient and plant species. The treatment of Capsicum fruits with Actium® increased
carotenoids, concomitant with an increase in some digalactosyl diacylglycerols, which
are part of the chromoplasts lipid machinery of enzymes involved in the synthesis of
carotenoids, according to Barrajón-Catalán et al. [49]. The discrepancies in our findings
can be attributed to differences in the content of the biostimulant, where Actium® is a
commercial biostimulant containing a lipo-complex formulation comprised mainly of
polysaccharides, polypeptides, vitamins (40%), amino acids (2%), and potassium oxide
(5%). Carotenoids have been determined to have a significant rise in content within the
harvests, and the content grew progressively over each of the harvests, peaking in the
third harvest (Figure 4). We assumed a relationship with pepper fruits’ natural ripening.
The carotenoid biosynthesis in pepper is an observable process of gradual changes in
color during fruit ripening, from green to yellow, orange, and finally red, depending on
the cultivars [50]. A significant difference was also observed in the case of variety, with
’Orange Habanero´ presenting a higher concentration of carotenoids in comparison to
the yellow ‘Kristian’. Orange landraces showed the highest variability in total carotenoid
content, while the yellow ones showed the lowest amounts, in the study by Morales-
Soriano et al. [51]. Carotenoid content varied from 1.54 mg (P116, C. chinense) to 54.11 mg
β-carotene/100 gfresh weight in Acunha et al.’s study [52], where 72 accessions of Capsicum
annuum L., C. baccatum L., C. chinense Jacq., and C. frutescens L. were evaluated. Besides the
maturity stage at harvest, the variation in composition and relative content of carotenoids
of the Capsicum species is influenced mainly by the differences in genotypes, agroclimatic
conditions, post-harvest handling, processing, and preparation [53].
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4. Conclusions

This study investigated the effects of two commercial biostimulants, Humix® and
Energen, on the yield and qualitative traits of two chili pepper genotypes, Capsicum chinense
(‘Habanero Orange’) and Capsicum annuum (‘Kristian’). Both biostimulants positively
influenced various parameters, but their effects varied depending on the genotype and
the specific quality trait measured. Humix® consistently increased the total fruit yield,
especially in ‘Kristian’, which exhibited an increase from 5.23 t·ha−1 to 8.11 t·ha−1, while
‘Habanero Orange’ saw an improvement from 17.70 t·ha−1 to 20.01 t·ha−1. Energen showed
similar yield improvements in both varieties.

Regarding capsaicinoid content, both biostimulants increased the capsaicin and di-
hydrocapsaicin levels in the peppers, though the exact response was variable depending
on the harvest and variety. Notably, ‘Habanero Orange’ had significantly higher capsaicin
levels across all harvests compared to ‘Kristian’. The application of biostimulants influ-
enced the accumulation of secondary metabolites, with Humix® leading to higher capsaicin
concentrations than Energen, particularly in the later harvests. The term of harvest played
a crucial role in determining these levels, with the third harvest showing the highest
capsaicin content.

The effect on ascorbic acid and carotenoid content was more variable, with the geno-
type, biostimulant type, and harvest term influencing the outcomes. Humix® generally
improved ascorbic acid content in both varieties, while Energen showed inconsistent effects
on carotenoid content. ‘Habanero Orange’ consistently demonstrated higher carotenoid
levels than ‘Kristian’, suggesting genotype-specific responses to the biostimulants.

Since the two monitored chili pepper varieties showed an increase in economically
significant yield and capsaicin levels, using the tested biostimulants could be a strategic
approach to producing nutrient-rich vegetables with no adverse environmental effects.
Overall, both Humix® and Energen positively impacted yield and bioactive compound
accumulation, but the responses were highly dependent on the chili variety and harvest
timing. This study highlighted the potential for using biostimulants to enhance chili pepper
production, while also suggesting that genotype-specific strategies may be necessary to
optimize their benefits.
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