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Abstract: Chitosan (CS) is a natural polymer used in agriculture as a biostimulant that has been
evaluated in different plant models. In this study, we evaluated the effect of the foliar application
of chitosan–poly(acrylic acid) complexes (CS–PAA) and two nutrient solutions (A and B) on the
parameters of growth and yield of two habanero pepper cultivars (Chichen Itza and Jaguar) in a
greenhouse. Over the course of the experiment, eight foliar applications were carried out at 15-day
intervals. Our results showed that foliar applications of CS–PAA complexes have a biostimulant
effect on the habanero pepper crop by increasing the total dry biomass of the plant and the number
of fruits of the two cultivars. Regarding nutrient solutions, the nutrient solution A increased the yield
of the Chichen Itza cultivar; this effect was because it had a better balance of potassium and calcium
compared to the nutrient solution B. These results provide advances on the use of CS–PAA complexes
as a biostimulant and the management of nutrient solutions in the crop of habanero peppers.

Keywords: biostimulant; complexes; nutrient solution; greenhouse; Capsicum chinense

1. Introduction

Chitosan is a natural polysaccharide derived from the deacetylation of chitin and is
mainly obtained from the exoskeletons of crustaceans and insects [1,2]. The process of
alkaline deacetylation is inexpensive compared to the enzymatic process due to its low-cost
for industrial production; it uses NaOH at 40–50% to eliminate more than 80% of the
acetyl groups to obtain N-acetyl-D-glucosamine in β-1,4-D-glucosamine (CS) [3]. In the
search for alternatives to enable a move towards more sustainable agriculture, CS is a good
option because it is biodegradable, biocompatible, and non-toxic to humans [4,5]. The
wide availability of CS has meant that it has been tested for use in agriculture since the
1980s [3]. Currently, CS is being studied with regard to the administration of pesticides,
fertilizers, and growth regulators in order to increase the efficiency and reduce the number
of applications of these conventional products [4,6]. Due to its properties, CS promotes
plant growth and protects plants from biotic and abiotic stress [7–9]. The chitosan signaling
mechanism includes specific receptors and secondary messengers, such as reactive oxygen
species (ROS), hydrogen peroxide, calcium, nitric oxide (NO), and phytohormones that
induce physiological responses to mitigate biotic and abiotic stress, and promote plant
growth [8]. The positive effects of CS on plants include improvements in physiological
mechanisms and growth, as well as an increase in the shelf life of fruits and vegetables [9,10].
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These effects have been demonstrated in model plants, including tomato, maize, wheat,
cucumber, strawberry, and chili peppers, among others [5,9,10].

Poly(acrylic acid) is a synthetic polymer that is used as a chelating, dispersal, flocculat-
ing, and adhesive agent in agricultural soils [11]. It increases soil water availability to aid
plant growth [12] and can be used in the remediation of heavy-metal contaminated soils [13].
In addition, it is used to form complexes with chitosan and has previously been applied
to seeds, substrates, leaves, and on post-harvest fruits, showing a strong capacity for bios-
timulation [14]. In tomato plants, the application of chitosan-poly(acrylic acid) complexes
increased yield [15]. In onion plants, chitosan-poly(acrylic acid) hydrogel nanoparticles im-
proved growth rates and yield [16]. In lettuce plants, chitosan–poly(acrylic acid) complexes
were shown to increase the biofortification with selenium [17]. Recently, biostimulants in
crops have been used more frequently in order to improve productivity [18].

In Mexico, the production of habanero peppers has increased exponentially over the
past two decades, increasing from 38.8 tons in 1999 to 20,829.6 tons in 2019 [19]. It is
considered to be an economically important crop due to the current high demand for the
consumption of fresh fruits, its use as an ingredient in sauces, as a natural colorant, and
its medicinal uses. Habanero peppers are traditionally produced in soil, so information
regarding nutrient solutions when grown in a greenhouse is scarce [20]. Few studies have
evaluated different nutritional regimens used in hydroponic systems to produce habanero
peppers in Mexico [20–22]. Therefore, it is important to carry out studies in Mexico, where
findings will help to increase the productivity of the growth of habanero peppers; most
of the published studies have focused on capsaicinoids [23]. Therefore, the objective of
this study was to evaluate the effect of foliar applications of chitosan–poly(acrylic acid)
complexes (CS–PAA) and two nutrient solutions on the growth and yield of two habanero
pepper cultivars under greenhouse conditions.

2. Materials and Methods
2.1. Establishment of the Experiment

The experiment was carried out from August 2018 to February 2019 in a polyethylene-
covered multi-tunnel-type greenhouse located on the Loma Bonita campus of the University
of Papaloapan at coordinates N 18◦05′52.8” W 95◦53′46.8” at 38 masl. The average tem-
perature and relative humidity inside the greenhouse were 25 ◦C and 79%, respectively.
We used two habanero pepper cultivars: the Chichen Itza hybrid, acquired from the com-
pany Seminis®, and the Jaguar variety donated by the Las Huastecas experimental field of
the National Institute of Forestry, Agricultural, and Livestock Research (Instituto Nacional
de Investigaciones Forestales Agrícolas y Pecuarias; INIFAP). The seeds were germinated in
200-well polystyrene trays, and peat moss was used as the substrate. Seedlings were
transplanted 45 days after sowing into 40 × 40 cm black polyethylene containers filled
with river sand as a hydroponic substrate. A fertigation system was used, which consisted
of drip irrigation with an emitter of 1 L per container. The planting density was three
plants per square meter with a lateral separation of 1.3 m for each treatment. Each plant
was pruned to the three main stems, lateral shoots were eliminated, and each plant was
supported with a plastic ring and raffia ties suspended from the greenhouse structure. A
factorial experiment (4 × 2 × 2) was established completely at random, considering four
foliar applications (control, chitosan alone, poly(acrylic acid) and chitosan–poly(acrylic
acid) complex; Table 1), two nutrient solutions (nutrient solution A and B; Table 2) and
two cultivars (Chichen Itza and Jaguar) as factors. Each treatment consisted of 10 plants,
considering each plant as a replicate.



Horticulturae 2022, 8, 201 3 of 13

Table 1. Preparation of foliar applications.

Substance Concentration (M) Dilution (mL L−1)

CS 0.04 50
PAA 0.04 50

CS–PAA 0.04 100

Table 2. Anion–cation proportions (meq L−1) in the NSA and NSB nutrient solutions.

Nutrient Solution K+ Ca2+ Mg2+ NO3− H2PO4− SO42−

NSA 7.5 9 4 12 1.5 7
NSB 9 7.5 4 12 1.5 7

2.2. Synthesis of the Non-Stoichiometric Interpolyelectrolyte CS–PAA Complexes and
Foliar Applications

The complex was prepared at the Center for Applied Chemistry Research (Centro de
Investigación en Química Aplicada; CIQA) using the methodology described by Ortega-Ortiz
et al. [11]. To synthesize the non-stoichiometric interpolyelectrolyte CS–PAA complex, we
used CS (polycation) from Meron Chemicals, India with a viscometric molecular weight
(Mv) of 200,000 g/mol and degree of deacetylation of 86%, and PAA (polyanion) with an Mv
of 45,000 g/mol acquired from Sigma-Aldrich, St. Louis, MO, USA. The concentration of CS
and PAA was 0.04 M, which was then diluted by adding 50 mL per liter of water. The CS–
PAA complex was diluted to 100 mL per liter of water (Table 1). These concentrations were
determined based on previous works, as we observed that at low concentrations, polyions
(CS and PAA) have a better inductive (or biostimulant) effect on plant tissues [11,14]. The
foliar applications were control (water spray), chitosan alone (CS), poly(acrylic acid) (PAA),
and the chitosan–poly(acrylic acid) complex (CS–PAA). Foliar applications were added with
a manual sprayer eight times during the experiment at 15-day intervals after transplantation.
The first application was made in the vegetative stage and the last application in the fruit
development stage. The total volume of the foliar application was 120 mL per plant.

2.3. Nutrient Solutions

In the experiment two nutrient solutions were applied, the nutrient solution A (NSA)
and the nutrient solution B (NSB) formulated with salt contents based on a modification
of Steiner’s solution [24]. The nutrient solutions present a different relationship between
potassium and calcium. The content of the nutrient solutions is shown in Table 2.

To prepare the NSA and NSB, we added the soluble fertilizers described in Table 3.
In addition, we added a concentration of 0.05 g L−1 of the commercial product Ultrasol®

Micromix as a source of micronutrients to both nutrient solutions (Fe-EDTA 7.5%, Mn-
EDTA 3.7%, B 0.4%, Zn-EDTA 0.6%, Cu-EDTA 0.3%, and Mo 0.2%). The pH of the water
was adjusted to between 5.8 and 6.2 with sulfuric acid. Each nutrient solution was applied
at a different time to avoid mixture due to drainage. Both nutrient solutions were applied
twice a day (morning and afternoon) with an irrigation volume of approximately 1 L per
day each.

Table 3. Sources of macronutrients used in the NSA and NSB nutrient solutions (g L−1).

Nutrient Solution Ca(NO3)2·4H2O MgSO4·7H2O KH2PO4 Mg(NO3)2·6H2O K2SO4 KNO3

NSA 1.063 0.495 0.205 - 0.257 0.308
NSB 0.886 0.284 0.205 0.218 0.409 0.287

2.4. Growth, Biomass and Yield Parameters

The growth, biomass and yield parameters of each treatment were measured 150 days
after transplantation took place. The height of the plant was measured from the base of the
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stem to the growth apex using a measuring tape. The stem diameter was measured at the
base of the stem with a digital caliper. The number of fruits was counted per plant. The dry
weight of roots and leaves–stem per treatment was taken after dehydration in an oven at
80 ◦C for 72 h. The total dry weight was obtained from the sum of the dry weight of roots
and leaves–stem. Only the yield per plant was obtained, determined by the accumulation
of the fresh weight of the fruits harvested during the crop cycle.

2.5. Parameters Measured in Green and Ripe Fruits

The fruit parameters were evaluated to determine the pre-harvest effect of the CS–PAA
complex [25] and the K+/Ca2+ ratio of the nutrient solutions [26], from two samples during
the harvest period, 120 days and 140 days after transplantation. For each treatment, we
selected 10 green fruits and 10 ripe fruits (100% orange) that showed no physical damage,
spots, or rot. The total soluble solids were determined from the juice of the fruit using
a digital refractometer (HI 96,801 Hanna Instruments® Woonsocket, RI, USA). The pH
was determined with a potentiometer (HI 98,130 Hanna Instruments® Woonsocket, RI,
USA). The titratable acid was determined using the AOAC method [27]; we took 10 mL of
ground fruits, added 1% phenolphthalein, then titrated this with sodium hydroxide (0.1 N)
until a pink color was obtained. The data obtained were expressed as the percentage of
citric acid. We also determined the relationship between total soluble solids and titratable
acid (TSS/TA).

2.6. Statistical Analysis

For each of the variables evaluated, we considered ten replicates per treatment. For
the parameters measured in green and ripe fruits, we considered the two sampling times
as covariate. A three-way analysis of variance was conducted and when significance was
detected, at Fisher’s LSD test (p ≤ 0.05) was performed with InfoStat, version 2020 software
(Córdoba, Argentina).

3. Results
3.1. Effect of Foliar Applications

Table 4 shows that the foliar applications of CS–PAA complexes increased the plant
height, stem diameter, number of fruits, leaf-stem dry weight, total dry weight per plant,
and yield of the habanero peppers compared to the control (13, 14, 53, 54, 43 and 44%,
respectively). Meanwhile, foliar applications of CS increased the dry weight of the root
compared to the control (17%). Table 5 shows that foliar applications of CS–PAA complexes
increased the TSS value of the green and ripe fruits, although in the green fruits it did not
differ significantly from the control. The titratable acidity, TSS/TA ratio, and pH of the
fruits were not modified by the foliar applications.

3.2. Effect of Nutrient Solutions

The NSA increased the stem diameter and fruit yield of the habanero peppers com-
pared to NSB (Table 4); however, the plant height, number of fruits, and dry biomass
were not affected. For the TSS value, titratable acid, and pH of the green and ripe
fruits of the habanero peppers, there were no significant differences between the nutrient
solutions (Table 5).

3.3. Effect of Cultivars

The Chichen Itza hybrid presented higher results in plant height, fruit yield (Table 4),
and the TSS value in the green fruits (Table 5), compared to the Jaguar variety. Meanwhile,
the Jaguar variety presented a higher pH value in the green and ripe fruits compared to the
Chichen Itza hybrid (Table 5).
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Table 4. Effect of the foliar applications (Control; CS = chitosan; PAA = poly(acrylic acid); and
CS–PAA = chitosan–poly(acrylic acid) complexes); nutrient solution (NSA and NSB; see Table 3) and
cultivars (Chichen Itza hybrid and Jaguar variety) as well as their interactions on plant height, stem
diameter, number of fruits, leaf-stem dry weight, root dry weight, total dry weight, and yield per
plant measured 150 days after transplantation.

Plant Height
(cm)

Stem Diameter
(mm)

Number of
Fruits

Leaf–Stem Dry
Weight (g)

Root Dry
Weight (g)

Total Dry
Weight (g)

Yield per
Plant (g)

Foliar Applications (FA)
Control 202.87 b 9.10 b 39.89 b 48.13 b 12.44 b 60.57 b 663.26 b

CS 212.27 ab 9.24 b 39.03 b 63.71 a 14.45 a 78.29 a 719.69 b
PAA 228.74 a 10.23 a 39.67 b 65.41 a 12.30 b 77.71 a 720.30 b

CS–PAA 230.32 a 10.36 a 61.26 a 74.01 a 13.17 ab 87.18 a 956.68 a
ANOVA * ** *** *** * *** ***

Nutrient Solution (NS)
NSA 221.07 10.02 a 47.22 66.64 13.36 80.07 834.52 a
NSB 216.03 9.44 b 42.70 58.98 12.82 71.80 695.45 b

ANOVA ns * ns ns ns ns **

Cultivars (C)
Chichen

Itza 235.06 a 9.65 46.94 66.31 13.10 79.47 827.04 a

Jaguar 202.04 b 9.82 42.98 59.32 13.08 72.40 702.92 b
ANOVA *** ns ns ns ns ns **

Interactions
FA*NS ns ns ns ns ns ns ns
FA*C * ns ** ns * * ns
NS*C ns ns ns ns ns ns *

FA*NS*C ns ns ns ns * ns ns

Different letters in the same column indicate a significant difference according to Fisher’s LSD test (p ≤ 0.05). *, **
and *** significant at 0.05, 0.01 and 0.001 levels, respectively, while ns non-significant.

3.4. Effect of the Interactions on the Growth, Biomass, and Yield of the Habanero Pepper

The interaction between the foliar applications and cultivars was significant for plant
height, number of fruits, dry weight of the root, and total dry weight (Table 4). Foliar
applications of the CS–PAA complexes and PAA only increased the plant height of the
Chichen Itza hybrid but did not increase the height of the Jaguar variety (Figure 1A). In
contrast, the foliar applications of the CS–PAA complexes increased the number of fruits
and total dry weight per plant in both cultivars (Figure 1B,D). On the other hand, the foliar
applications of CS in the Jaguar variety increased the dry weight of the root, although it was
not significantly different with the control (Figure 1C). The interaction between the nutrient
solutions and cultivars was significant for the fruit yield (Table 2). The NSA increased the
yield of the Chichen Itza hybrid; however, it did not increase the yield of the Jaguar variety
(Table 6). The interaction of the three factors studied (foliar applications, nutrient solutions,
and cultivars) were significant for the dry weight of the root (Table 4). The highest root dry
weight was obtained by foliar applications of CS–PAA complexes in the hybrid Chichen
Itza and CS in the Jaguar variety irrigated with the NSA (Figure 2).

3.5. Effect of the Interactions on the Green and Ripe Fruits of the Habanero Peppers

The interaction between the foliar applications and nutrient solutions was significant
for the titratable acid and the TSS/TA ratio of the green fruits (Table 5). Foliar applications
of the CS–PAA complexes increased the titratable acidity and TSS/TA ratio of the green
fruits irrigated with the NSA and NSB, respectively; however, it did not differ significantly
from the control (Figure 3A,B). The interaction between nutrient solutions and cultivars
was significant for the TSS value of the green fruits and the pH of the ripe fruits (Table 5).
The NSA increased the TSS value of the green fruits of the hybrid Chichen Itza; on the
contrary, the pH of the ripe fruits decreased (Table 7). The interaction of the three factors
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studied (foliar applications, nutrient solutions, and cultivars) was significant for the total
soluble solids of the green fruits and the titratable acid of the ripe fruits (Table 5). Foliar
applications of the CS–PAA complexes increased the TSS value of the green fruits of the
Jaguar variety irrigated with the NSA (Figure 4A). Meanwhile, the foliar applications of
the PAA increased the titratable acid of the ripe fruits of the Jaguar variety irrigated with
the NSB (Figure 4B).

Table 5. Effect of the foliar applications (Control; CS = chitosan; PAA = poly(acrylic acid); and
CS–PAA = chitosan–poly(acrylic acid) complexes), nutrient solution (NSA and NSB; see Table 3) and
cultivars (Chichen Itza hybrid and Jaguar variety) as well as their interactions on total soluble solids,
titratable acid, TSS/TA ratio and pH measured in green and ripe fruits.

Total Soluble Solids (◦Brix) Titratable Acid
(% Citric Acid) TSS/TA pH

Green Ripe Green Ripe Green Ripe Green Ripe

Foliar Applications (FA)
Control 2.58 a 3.30 b 0.21 0.20 13.61 a 16.38 5.54 5.38

CS 2.33 b 3.38 b 0.21 0.23 11.84 b 15.96 5.57 5.38
PAA 2.37 b 3.28 b 0.19 0.22 13.21 ab 16.91 5.56 5.25

CS–PAA 2.68 a 3.69 a 0.22 0.21 14.52 a 19.02 5.64 5.41
ANOVA *** ** ns ns * ns ns ns

Nutrient Solution (NS)
NSA 2.52 3.33 0.21 0.21 13.30 16.49 5.57 5.33
NSB 2.46 3.44 0.20 0.21 13.29 17.64 5.59 5.38

ANOVA ns ns ns ns ns ns ns ns

Cultivars
(C)

Chichen
Itza 2.55 a 3.40 0.21 0.21 13.44 16.68 5.54 b 5.25 b

Jaguar 2.42 b 3.42 0.20 0.22 13.15 17.45 5.62 a 5.46 a
ANOVA * ns ns ns ns ns * **

Interactions
FA*NS ns ns * ns ** ns ns ns
FA*C ns ns ns ns ns ns ns ns
NS*C * ns ns ns ns ns ns ns

FA*NS*C ** ns ns * ns ns ns ns

Different letters in the same column indicate a significant difference according to Fisher’s LSD test (p ≤ 0.05). *, **
and *** significant at 0.05, 0.01 and 0.001 levels, respectively, while ns non-significant.

Table 6. Effect of the interaction between nutrient solutions (NSA and NSB; see Table 3) and habanero
pepper cultivars (Chichen Itza hybrid and Jaguar variety) on yield per plant.

Chichen Itza Jaguar

NSA 944.96 a 724.09 b
NSB 709.13 b 681.76 b

Different letters between columns and rows indicate significant difference according to Fisher’s LSD test (p ≤ 0.05).
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Figure 1. Effect of the interaction of the foliar applications (Control; CS = chitosan; PAA = poly(acrylic
acid); and CS–PAA = chitosan–poly(acrylic acid) complexes) and cultivars (black bars = Chichen Itza
hybrid; grey bars = Jaguar variety) on plant height (A), number of fruits (B), dry weight of root (C),
and total dry weight (D). Lower-case letters different between the bars indicate significant difference
according to Fisher’s LSD test (p ≤ 0.05).

Table 7. Effect of the interaction between nutrient solutions (NSA and NSB; see Table 3) and habanero
pepper cultivars (Chichen Itza hybrid and Jaguar variety) on total soluble solids (green fruits) and
pH (ripe fruits).

Total Soluble Solids (◦Brix) of Green Fruits pH of Ripe Fruits

Chichen Itza Jaguar Chichen Itza Jaguar

NSA 2.65 a 2.38 b 5.16 b 5.50 a
NSB 2.45 b 2.46 b 5.34 a 5.42 a

Different letters between columns and rows indicate significant difference according to Fisher’s LSD test
(p ≤ 0.05).
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Figure 2. Effect of the interaction of the foliar applications (Control; CS = chitosan; PAA = poly(acrylic
acid); and CS–PAA = chitosan–poly(acrylic acid) complexes); cultivars (black bars = Chichen Itza
hybrid; grey bars = Jaguar variety) and nutrient solutions (left = nutrient solution A; right = nutrient
solution B) on root dry weight. Lower-case letters different between bars indicate significant difference
according to Fisher’s LSD test (p ≤ 0.05).
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4. Discussion

Chitosan is used in horticultural crops to stimulate growth and productivity [9].
However, these responses depend on the degree of deacetylation, molecular weight, and
the concentration of chitosan, as well as the plant species and the phenological stage of
the plant [28]. This polymer is synthesized in combination with poly(acrylic acid) to form
complexes that have been shown to have a biostimulant effects on plants [14]. In the present
study, we demonstrated that the foliar applications of CS–PAA complexes increased growth
and dry biomass parameters (except dry root biomass) of habanero peppers compared to
the control. Meanwhile, the effect of the interactions showed that the applications of the
CS–PAA complexes improved the height of the Chichen Itza hybrid and increased the total
dry biomass of both cultivars. We did not find any published studies that discussed the
effect of chitosan, poly(acrylic acid), or CS–PAA complexes on the growth of C. chinense.
Similar results show that chitosan–poly(acrylic acid) hydrogel nanoparticles improved
the growth of onion plants [16]. Of the few studies regarding Capsicum, Chookhongkha
et al. [29] reported that the application of chitosan to the soil increased the plant height
of Capsicum annuum cultivated in a greenhouse. Meanwhile, Esyanti et al. [30] showed
that the foliar application of chitosan increased the plant height of C. annuum cultivated
in a shade house. In C. frutescens cultivated in a greenhouse, the foliar application of
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oligochitosan increased the fresh and dry weight of the buds [31]. In addition, the foliar
application of chitosan was shown to increase the growth of other species such as tomato,
cucumber, strawberry, potato, maize, and wheat, as reported by Mukhtar Ahmed et al. [5]
in their review.

Our results showed that the foliar applications of CS–PAA complexes increased fruit
number, yield, and TSS value of ripe habanero pepper fruits compared to the control.
Meanwhile, the effect of the interactions showed that the foliar applications of CS–PAA
complexes increased the number of fruits of both cultivars. Furthermore, foliar applications
of CS–PAA complexes improved the TSS value of the green fruits of the Jaguar variety when
it was irrigated with the NSA. Some studies have reported that the application of chitosan–
poly(acrylic acid) complexes increased the yield of tomato and onion [15,16]. Other authors,
such as Chookhongkha et al. [29] reported that the application of chitosan to soil increased
the number of fruits per plant and fresh weight of fruits of C. annuum cultivated in a
greenhouse. Meanwhile, Mahmood et al. [32] reported that the foliar application of chitosan
increased the yield and average weight of fruits of C. annuum cultivated in open fields.
Regarding C. frutescens cultivated in a greenhouse, the foliar application of oligochitosan
was shown to increase the fresh weight of fruits [31]. Meanwhile, He et al. [25] demonstrated
that the pre-harvest application of chitosan oligosaccharides increased the total soluble
solids values of strawberry fruits as shown in the results reported here.

The biostimulant effect of CS–PAA complexes is probably due to the involvement of
chitosan in the regulation of nitrogen and carbon metabolism [33,34]. This is supported by
previous studies that report that chitosan increases the activity of enzymes such as fructose-
1,6-bisphosphatase, sucrose phosphate synthase, sucrose synthase, phosphoenolpyruvate
carboxylase, pyruvate dehydrogenase, malate dehydrogenase, nitrate reductase, glutamate
synthase, glutamine synthetase, among others [5,33–36]. Similarly, El-Tanahy et al. [37]
and Dwivany Fenny et al. [38] propose that the biostimulating effect of chitosan on plant
growth is due to the primary aliphatic amino groups of the polymer, which provide a
source of nitrogen. This corresponds with the findings of Ravi Kumar [39], who reported
that the structure of this polymer can contain up to 6.89% nitrogen. Another hypothesis
is that chitosan increases the net photosynthetic rate, which leads to better plant growth
and development [5,36]. Whether chitosan-specific receptors exist or not is unknown as
they have not been clearly elucidated [33]. So far it is known that the chitosan signaling
pathways in plants are calcium, NO, ROS, phytohormones and hydrogen peroxide [8].

Regarding nutrient solutions evaluated, the NSA increased the stem diameter and the
yield of habanero peppers compared to the NSB. Meanwhile, the effect of the interactions
showed that the NSA increased the yield and the TSS value of the green fruits of the
Chichen Itza hybrid. These responses are due to the relationship between potassium and
calcium in the nutrient solution. Potassium and calcium are two cations that present
antagonism [40], so an unbalanced ratio of these cations in the nutrient solution can affect
crop yield. Hernández-Pérez et al. [26] reported that the relationship between potassium
and calcium in the nutrient solution is associated with higher yield and sugar concentration
in the tomato fruits with the optimal balance being between 0.82 and 0.85, while if this
value is above 1.0, yield the sugar concentration then decreases drastically. This coincides
with our results as the NSA and NSB present a relationship between potassium and calcium
with values of 0.83 and 1.2, respectively. Among the cultivars evaluated, the Chichen Itza
hybrid obtained a higher fruit yield than the Jaguar variety. This shows the genetic potential
per se of the hybrid compared to the improved variety. The use of hybrid seeds is a good
alternative to improve crop yields due to the exploitation of heterosis [41].

5. Conclusions

Our results showed that the foliar applications of CS–PAA complexes improved plant
height, stem diameter, total dry biomass, number of fruits, and yield of habanero peppers
compared to the control. Meanwhile, the effect of the interactions showed that foliar
applications of CS–PAA complexes increased the total dry biomass and the number of fruits
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per plant of both cultivars. Regarding nutrient solutions, nutrient solution A increased the
yield of the Chichen Itza hybrid compared to the nutrient solution B, this was due to it
presenting a better balance of potassium and calcium. Meanwhile, the best cultivar was the
Chichen Itza hybrid, because it obtained a higher yield than the Jaguar variety, this was
due to the exploitation of heterosis. This research offers advances in the use of CS–PAA as a
biostimulant to improve the genetic potential of habanero pepper cultivars. It also provides
information on the management of nutrient solutions in the crop of habanero peppers
in greenhouses, which is very scarce. This could give guidelines for more researchers to
address this research topic.
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