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Abstract: Marine macroalgae are a vast source of raw materials and biologically active molecules
used in the pharmaceutical, cosmetic, food and agricultural industries. The search for a food free of
chemical residues by consumers has led producers to use environmentally friendly and economically
viable products as they are a source of natural compounds, forming a new and promising area of
study. In this context, concentrated marine algae extracts (CMAEs) are an important alternative in
this production model. This work aimed to evaluate the effects of CMAEs as biostimulants in plant
metabolism, promotion of growth, development and production of pepper (Capsicum annuum L.)
cultivated in a greenhouse. This work was carried out from 24 June to 30 October 2019. The number
of leaves, plant length, fresh and dry plant mass, root length, root fresh and dry mass, fruit production
and the metabolic performance were evaluated. The results of the stomatal conductance of pepper
plants, production and biofortification were related with the levels of nutrients absorbed by the plant,
which reflected the effect of the applied biostimulant. The dose that showed the most promising
results was the 0.5% concentration of CMAEs.
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1. Introduction

Pepper (Capsicum annuum L.) (Figure 1) is a perennial Solanaceae, grown as an annual crop of great
socioeconomic importance [1], and which constitutes one of the five crops with the largest area planted
in a protected cultivation system, both in Brazil and in several countries, mainly due to the increase in
productivity, fruit quality and for obtaining good market prices when grown in this condition by small
and medium producers, being commercialized as green, red, yellow and orange fruit. The largest
world pepper producers are Mexico, United States, Italy, Japan, India and Brazil [2].

In Brazil, peppers are one of the 10 most important vegetables for the horticultural market, with
a planted area of 13,000 ha and production close to 290,000 tons of fruit per year [3], and are widely
exploited, being cultivated throughout the national territory, mainly by small- and medium-sized
growers, due to the rapid return on investments, resulting from the short period of production. Analyses
carried out by the Brazilian National Health Surveillance Agency (ANVISA, http://portal.anvisa.gov.br/)
on sweet pepper since 2001 showed the application of high levels of non-authorized pesticides used to
control diseases and insects in this crop.
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Figure 1. Pepper (Capsicum annuum L.) with fruits.

Considering this relevance and the search for pepper organic production as a viable practice [4,5],
it is essential to improve new technologies compatible with this type of production, mainly with
the use of substances based on bio products, such as marine macroalgae extracts. The concentrated
extracts of marine macroalgae (or seaweeds) are widely used in horticulture, largely because of their
growth-promoting effects and tolerance of cultures to abiotic stresses, such as salinity, heat stress, water
stress and nutrient deficiency. The chemical constituents of concentrated seaweed extracts include
complex polysaccharides, fatty acids, vitamins, phytohormones and mineral nutrients [6]. Recent
research has shed light on the possible molecular effects on mechanisms that are activated by seaweed
extracts and physiological reactions that these extracts may induce in plants, mainly in horticultural
crops [7].

Biostimulants promote plant growth and development throughout the crop cycle, improving the
efficiency of plant metabolism, crop quality, and rapid recovery when plants are exposed to abiotic and
biotic stresses. Bio-extracts of marine macroalgae act as biostimulants for plants, these effects being
attributed to phytohormones, or plant growth regulators, in addition to chemical compounds that
can increase tolerance to several biotic and abiotic stresses. Most commercially produced extracts of
seaweeds are currently made from brown macroalgae. Polysaccharides extracted from seaweeds are
naturally active substances and have important applications as agar, carrageenans and fucoidans that
are well known and used in the food, pharmaceutical and biotechnology industries [8]. However,
interest in the biotechnological potential of seaweed polysaccharides is recent [9] and in the last few
decades the discovery of metabolites with biological activity from macroalgae has increased [10].

The bio-extracts from seaweeds, as they contain phytoregulators, when applied on plants,
influence some of the most important pathways in plant metabolism, anabolism and catabolism, such
as antioxidant capacity, phenolic levels and flavonoid content. In general, the phytoregulators act on
the growth and development of parts or the whole plant, to induce the maintenance of a phenological
stage (vegetative phase-growth), or alternate the stage (from the vegetative phase to the reproductive
phase-flowering and fruiting) and also to induce rooting (auxins) and new shoots (gibberellins and



Appl. Sci. 2020, 10, 4052 3 of 12

cytokinins) [11], as well as performing photosynthesis, which leads to greater vegetative vigour and,
consequently, greater plant growth and development [12].

In this context, we aimed to study the effect of the biostimulant Reabilit® Algas, based on
concentrated marine algae extracts (CMAEs), on the pepper plant, its metabolism and fruit production,
under controlled conditions.

2. Materials and Methods

2.1. The Trial

The experiment was conducted in a greenhouse at the Department of Agricultural Engineering of
the Federal University of Lavras, located in the municipality of Lavras, MG, Brazil, at 21◦12’54” south
latitude and 45◦03’16” west longitude, at 892 m of altitude. According to the climatic classification
of Köppen [13], the regional climate is of the humid subtropical climate type (Cwa), presenting
two defined seasons, dry with lower temperatures from April to September, and rainy, with higher
temperatures, from October to March [14]. The experiment was carried out between the months of
June and October 2019. During the experiment, daily climatological data were collected inside the
greenhouse, using a thermo-hygrometer. The maximum and minimum temperatures were recorded
in the periods of June, July, August, September and October: 31.7 and 7.4 ◦C; 29.2 and 9.1 ◦C; 32.4
and 9.3 ◦C; 31.5 and 17.5 ◦C; 36.8 and 13.1 ◦C and air relative humidity of 68%, 66%, 61%, 62% and
61%, respectively.

The cultivar Elisa (Rogers) pepper (Capsicum annuum L.) plants were grown in 4.5 dm3 plastic
pots, two plants per pot. Throughout the pepper cycle and up to the pre-harvest, automated irrigation
consisted of 4 daily applications, on 10, 12, 14 and 16 h during 6 min, flow rate of 2.0 L.h−1 drip tips.
The substrate water content in the pots was maintained at 60% of the total pore volume, throughout
the experiment. As a base, we used a substrate composed of ravine earth (60%), sand (30%) and tanned
bovine manure (10%), with the chemical attributes before the application of treatments, referring to
June 2019 (Table 1). (mg/dm3).

Table 1. Chemical content of the substrate before applying the treatments.

pH 1

(H2O)
P K Zn Fe Mn Cu B S P-rem 2

(mg/L1)(mg/dm3) (mg/dm3) (mg/dm3) (mg/dm3) (mg/dm3) (mg/dm3) (mg/dm3) (mg/dm3)

6.3 27.02 649.07 4.24 66.28 6.62 1.74 0.04 14.5 17.45

Ca Mg T3 V4 M5 OM6 Clay Silt Sand

(cmol/dm3) (cmol/dm3) (cmol/dm3) (%) (%) (%) (%) (%) (%)

0.95 0.10 4.27 63.57 24.93 2.55 6.3 3 55
1 pH in H2O, ratio 1: 2.5, air-dried fine soil (TFSA): H2O; 2 P-rem = Remaining phosphorus, phosphorus concentration
of the equilibration solution after stirring TFSA for 1 h with CaCl2 solution containing 60 mg/L of P, in 1:10 ratio;
3 T-CTC (cation exchange capacity): measured at pH 7; 4 V% (base saturation): proportion of cation exchange occupied
by bases V% = [Sum of bases (K + Ca + Mg + Na) × 100] / CTC; 5 M (Saturation by Al3+); 6 OM (organic matter).

2.2. Treatments

The fertilizations were performed, after transplanting the seedlings, according to the plant’s
demand, a soluble formulation was applied in fertigation: NPK (8%, 11%, 38%, respectively) + 1.6% Mg
+ 2.9% S + 0.0 2% B + 0.04% + 0.004% Cu + 0.2% Fe + 0.04% Mn + 0.004% Mo + 0.02% Zn, ammonium
sulphate, calcium nitrate and potassium chloride.

The mineral content of Reabilit® Algas (Nutrimax Fertilizantes: www.nutrimax.net.br)
(Kappaphycus alvarezii-red seaweed and Sargasum vulgare-brown seaweed) was as follows: 3% Mg; 4% S;
3% Fe and 0.3% B, with additional organic ingredients: CMAEs, amino acids, phytohormones and
organic substances that act on the physiological, photosynthetic and nutritional balance of plants.

www.nutrimax.net.br
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Five different treatments (concentrations of Reabilit® Algas) were applied on pepper plants.
Plants were divided in 3 blocks with 6 plants each. Treatments applied were: T1-Control (0%); T2-0.5%;
T3-1.0%; T4-1.5% and T5-2.0%, in two sprays, the first before flowering, and the second during the
fruit formation.

2.3. Evaluations

The stomatal conductance (SC) was obtained according to the Ohm’s law analogy, through the sum
of SC in parallel of the two leaf surfaces, methodology used by Sharpe [15] and Sojka and Parsons [16]
referring to the equation:

1 / SC = 1 / CAD + 1 / CAB,

where: SC-stomatal conductance of the culture, mmol m−2 s−1; CAD—conductance of the adaxial leaf
surface, and CAB—conductance of the abaxial leaf surface.

The measurements of the culture SC were made using a SC-1 Leaf Porometer with direct SC
measurements. The innovative steady-state technology of the SC-1 Leaf Porometer obtaining accurate
SC measurements affordable and practical for daily research, determines SC by measuring the vapour
flow from the leaf to the environment, determined at 12 o’clock. To determine the agronomic efficiency
index (AEI), proposed by Barnes and Kamprath [17], which is calculated by means of the percentage,
as relationship between treatments provided by the application of concentrations of the tested product
(Reabilit® Algas), subtracting the productivity of the control treatment:

AEI (%) = [(Y2 − Y1) / (Y1)] × 100

where Y1 = Production obtained by the control treatment, in the “zero” dose; Y2 = Production obtained
with the applied doses.

For the physical characteristics, the number of leaves, the fresh and dry mass of the aerial part, the
length of the aerial part and the root, the fresh and dry mass of the root, metabolic evaluation (stomatal
conductance) and fruit production were evaluated. Longitudinal diameter (LD) measurements were
taken at the axis from the base of the peduncle insertion to the fruit apex, and the transverse diameter
(TD) measurements were taken on the largest transverse diameter of the fruits, being classified as
rectangular in fruits whose longitudinal diameter is greater than the transversal diameter [18].

The chemical characteristics, based on the results obtained in the Foliar Analysis Bulletin of
Macronutrient Content, were determined by the accumulation of nutrients in the plants, while the
exportation of nutrients was based on the accumulation of nutrients as a function of the dry matter of
the aerial part.

2.4. Statistical Analysis

The results obtained were submitted to analysis of variance (ANOVA) and Test F, and each pair of
means was compared by Tukey’s test at 5% significance, after determining the minimum significant
difference. In practical terms, this value gave us an equal margin as the sample sizes were the same,
because if the difference between two treatments is greater than that, the averages could be different.
For this purpose, the Sisvar computer program was used [19].

3. Results and Discussion

The measurements of stomatal conductance began when plants presented 5 pairs of leaves and
were made on the adaxial and abaxial faces of leaves of pepper plants (Capsicum annuum L.), located
on the upper part of the plant and exposed to solar radiation. Three plants, randomly chosen, were
evaluated per treatment. In each plant, a leaf from the top, fully expanded and exposed to solar
radiation was selected (Table 2).
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Table 2. Values for number of plants (NP), stomatal conductance (SC) and agronomic efficiency (AE),
in relation to control T1, performed in phenological stage: physiological maturation of pepper plants,
at 12 h.

Treatment NP mmol m−2 s−1 AE (%) in Relation to T1

T1-Control 3 321.4 00
T2-Reabilit® Algas 0.5% 3 408.0 27
T3-Reabilit® Algas 1.0% 3 361.2 12
T4-Reabilit® Algas 1.5% 3 332.9 04
T5-Reabilit® Algas 2.0% 3 385.0 20

Values of SC varied from 408 (T2) to 321.4 (T1). The highest AE value was observed in plants treated with T2, with
AE 27% higher than Control.

As the availability of water in the soil decreases, the rate of transpiration decreases as a result of
stomata closure. This is one of the important defense mechanisms that plants have against exaggerated
water losses, and eventual death due to desiccation [20]. One of the main responses of plants to water
deficit is the closure of stomata and, thus, the decrease in CO2 in the leaf mesophyll, which causes the
fall of photosynthesis. This allows physiological evaluations, such as gas exchange measures, to be
used to assess the effects of water deficiency on plants [21].

According to Oliveira et al. [22], the stomata opening is conditioned by the plant water availability.
When there is a water deficiency in the soil, caused by the increase in temperature, there may also be a
decrease in photosynthesis. Farias et al. [23] demonstrated that, inside greenhouses, a diffuse solar
radiation can, on average, be 65% higher than outside the greenhouse. In our study, temperatures inside
the greenhouse in August reached maximum daily temperatures varying from 26.4 ◦C to 32.4 ◦C, which
theoretically can lead to stomatal closure, caused by water deficit, thus decreasing the photosynthesis
which conditioned fruit development.

During the entire pepper cycle and until pre-harvest, automated irrigation was applied. However,
irrigation is essential for production in a protected environment, requiring a regular supply throughout
its cycle [24]. According to Souza et al. [25], for the best development of the pepper plant, the moisture
content in the substrate must be kept close to 80% of the field capacity, during the period from fruiting
to harvest. Therefore, both the lack of water in the soil and its excess can reduce crop productivity,
even caused by salt excess in the substrate [26].

It can be inferred that the use of the Reabilit® Algas biostimulant provided an increase in
agronomic efficiency (AE) in stomatal conductance in the order of 27%, 20%, 12% and 4% in the T2,
T5, T3 and T4 treatments, respectively, in comparison with the control. The SC values represented
the stomata fully open and favouring respiration due to the absence of water deficit, during all the
phenological phases of the pepper culture, the reason for the significant differences found in fruit
production (Table 2). Such results may be related to the composition of the biostimulant, which
presents biological compounds, such as CMAEs, amino acids, phytohormones and organic substances
that assist in the development of the plant and stimulate cell elongation and hormonal balance in the
tolerance to water deficit, when applying the lowest concentration of Reabilit® Algas.

3.1. Physical Characteristics

After the statistical analysis of the results using the Tukey test for fresh mass of the aerial part in
relation to the control treatment T1 it was observed that, with the exception of the treatments T4, T5,
the other two treatments presented a statistical difference, (p < 0.05), and the T2 treatment showed
greater numerical difference (Table 3). These results suggested that the lowest doses of Reabilit® Algas
influence heavier production of fresh mass of the aerial part (FMAP) than the higher doses.

The agronomic efficiency index (AEI, %) was higher with the increase of, the number of leaves,
dry mass of aerial part and root, length of aerial part and root, in relation to the control (T1). The T2
treatment (Reabilit® Algas 0.5%) presented, in general, highest values of AE in number of leaves (LN,
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148%), fresh mass of the aerial part (FMAP, 127%), dry mass of the aerial part (DMAP,113%) and root
dry mass (RDM, 167%) in relation to the control (Table 3).

Higher fresh mass production in the pepper plants treated with T2 and T3 can probably be a result
of the greater plant capacity to synthesize photo-assimilates. These plants showed higher performance
of length of the aerial part (LAP), root length (RL), root fresh mass (RFM) and RDM. This can be an
indicator that plants which had received lower biostimulant concentrations can be better adapted to
water stress conditions [27,28]. Therefore, regarding the results of the physical characteristics evaluated
in the pepper plants, the use of the Reabilit® Algas, in pepper culture (Capsicum annuum L.) can be
highly viable.

The increase in agronomic efficiency in root length, fresh mass and dry root mass, is highlighted
by the application of the product Reabilit® Algas versus its absence, which were in the order of 123%
to 230% for RL, and 94% to 165% for RFM, and 25% to 167% for RDM. It was observed that the root dry
mass in Treatment T2 reached 167% more in the agronomic efficiency index compared to the Control,
which can be inferred that this volume of roots contributed to greater nutrient absorption, reflecting in
the total fruit weight, significant after <0.05 (Table 4).

As general requirements for commercial production, peppers must have well-defined varietal
characteristics, be physiologically developed, well-formed, clean, uniform in colour, free from
mechanical and physiological damage, free from pests and diseases and free from substances harmful to
health. As their mean longitudinal diameter (LD) was between 82.4 and 96.7 mm and mean transverse
diameter (TD) was between 63, 22 and 51.1 mm with the L/T ratio between 1.4 and 1.76 (Table 4). These
LD and TD values demonstrate that more than 90% of the fruits had a tradable size, belonging to Class
8 (www.hortibrasil.org.br accessed in March 2020).

Total fruit weight in plants treated with T2 was the highest, 314 kg.1000 plants−1.collection−1,
followed by the production in T3 and T5 plants (Table 4).

The values of total fruit mass-TFRM, were significantly different (p < 0.05) in treatments T2, T3
and T5, representing an increase in the agronomic efficiency index (69%, 59% and 44%, respectively)
with applications of Reabilit® Algas, compared to the control.

After the analysis of comparison of the means in the Tukey test, for total fruit weight in relation
to the control treatment, T1, all treatments showed statistically different results. The T2, T3 and T5
showed greater numerical difference. However, the treatment derived from the 1.5% dose showed a
decrease in this variable, when compared with treatments T2, T3 and T5. This result may suggest that
the fruit weight was a function of the fresh mass of the aerial part (Table 4) which was influenced by
the production of photo-assimilates resulting from the treatments.

Fontes et al. [29], studied continuous plant growth and verified a greater fruit dry matter in pepper
hybrid Elisa grown in a greenhouse. These authors stated that the total production of conventionally
grown pepper plants in this type of environment, exceeded 90% commercially mature fruits during 32
harvests for a period of 8 months. In the T2 and T3 treatments, the estimated number of boxes per
1000 plants was 29 and 27 (11 kg, each), respectively. This was higher production in terms of number
of boxes when Reabilit® Algas was used, at any concentration, compared with the control, whose
estimate of boxes per 1000 plants was 17. Such results can be explained by the mineral composition of
the biostimulant used as a complementary fertilizer. It can be considered that this biostimulant created
physiological, photosynthetically and nutritional balance in the plants, promoting an increase of the
nutrient concentration in the leaf tissue and directly affecting the fruit production.

www.hortibrasil.org.br
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Table 3. Number of leaves (LN), fresh mass of the aerial part (FMAP), dry mass of the aerial part (DMAP), length of the aerial part (LAP), root length (RL), root
fresh mass (RFM) and root dry mass (RDM), average of 3 repetitions/treatment and the agronomic efficiency index (AEI, %) of each evaluated characteristic of the
pepper plants.

Treatment LN
(Unit)

AE (%)
LN FMAP (g) * AE (%)

FMAP
DMAP

(g)
AE (%)
DMAP

LAP
(cm)

AE (%)
LAP

RL
(cm)

AE (%)
RL

RFM
(g)

AE (%)
RFM

RDM
(g)

AE (%)
RDM

T1 39 00 104 ± 10.08 c 00 15.03 00 50 00 13 00 16 00 3.0 00
T2 97 148 236 ± 8.01 a 127 32.01 113 87 73 33 154 41 156 8.0 167
T3 84 115 186 ± 6.54 b 79 24.65 64 89 78 43 230 42 165 7.2 140
T4 50 28 109 ± 3.51 c 05 16.03 07 56 11 29 123 31 94 4.4 46
T5 42 08 94 ± 5.68 c −9 15.24 02 62 24 37 185 37 134 3.8 25

* Averages followed by the same lower-case letter in the FMAP column, do not differ from each other by Tukey test at 5% probability.

Table 4. Results of longitudinal diameter (LD), transverse diameter (TD), longitudinal vs. transverse ratio (L/T), fruit mass (FRM), average (av.) values per treatment;
total fruit mass (TFRM), sum of 6 plants in each treatment; productivity (PROD) and number of boxes (NB), estimate of harvest per 1000 plants and agronomic
efficiency index (AEI) of total fruit mass, of 6 pepper plants.

Treatment LD Max
mm

LD (av.)
mm

LD Min
mm

TD Max
mm

TD (av.)
mm

TD Min
mm

L/T (av.)
Ratio

FRM (av.)
(g)

TFRM 6
Plants (kg) *

AE TFRM
(%)

Production 1000
Plants (kg)

NB ** 1000
Plants

T1 117.3 89.7 57.6 61.8 51.1 35.0 1.76 55.80 1.2 ± 9.5c 00 186 17
T2 115.5 96.6 73.0 72.7 60.0 44.9 1.60 89.69 1.9 ± 4.6a 69 314 29
T3 109.3 967 82.7 79.5 61.2 50.0 1.58 84.39 1.8 ± 6.5a 59 295 27
T4 99.4 82.4 61.9 73.1 58.3 42.3 1.40 70.25 1.5 ± 7.3b 32 246 22
T5 112.3 92.5 74.1 85.3 63.2 52.4 1.46 84.43 1.6 ± 6.0a 44 267 24

* Averages followed by the same lowercase letter in the column do not differ by Tukey’s test at 5% probability. ** Pepper box = 11 kg.
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3.2. Chemical Characteristics

A plant absorbs nutrients through the roots or the leaf surface [30]. Algae extracts can influence
physical, biochemical and biological aspects, plant performance and can also affect the architecture
of plants and roots, which facilitates efficient absorption of nutrients. Nutrients present in seaweed
extracts are easily absorbed by the leaves through stomata and hydrophilic cuticles. The absorption
of these mineral nutrients by leaf surface is affected by the conditions of the environment, such
as temperature, humidity or light intensity that influence stoma opening, and cuticle and cell wall
permeability [31]. Therefore, regarding the results of the physical characteristics in pepper plants
(Capsicum annuum L.), the use of Biostimulant Reabilit® Algas can be of high value.

Based on the results obtained in the Foliar Analysis Bulletin of Macronutrient Content (Table 5),
the accumulation of nutrients in plants was determined as a function of dry matter of the aerial
part-DMAP (see data from Table 3).

The correct nutrient management is a necessary practice for adequate nutrition of the pepper
plants and the balanced supply of macro and micronutrients is essential to coordinate absorption of
nutrients by the plant [26]. Another aspect to be considered is the specific plant nutrient requirement.
It should establish the right amounts of nutrients to be applied as fertilizers in order to lead the best
yields [31]. The ideal range of soil pH for cultivating pepper should be between 5.5 and 6.8 [32]. The
value found in our substrate was 6.3.

The increased macronutrient concentration in the leaf tissue, which resulted from the treatments
(Table 5) may be related to better absorption and reuse of these nutrients. This also resulted in the
higher production of dry mass of the aerial part-DMAP in kg.1000 plants−1, mainly in the T2, T3 and
T4 treatments (Table 3).

Regarding the accumulation of nutrients (N, Ca, Mg, S, K and P), the order of nutrients absorbed
by pepper was observed after application of Reabilit® Algas. When T2 treatment was applied, the
accumulation (AC) of N, P, K, Ca, Mg and S was 240%, 100%, 159%, 191%, 182% and 172%, respectively,
higher than nutrient accumulation evidenced by the control. According to Filgueira [33], the main
requirements are in order: K, Ca and N.

According to the same author [33], the adequate macronutrient content in pepper leaves at the
flowering is: N from 20 to 60 g.kg−1, P from 2.2 to 7.0 g.kg−1, K from 40 to 60 g.kg−1, Ca from 10 to 25
g.kg−1, Mg from 3 to 10 g.kg−1 and S from 4 to 6.2 g.kg−1. Macronutrient content in our experiment
was in the appropriate range for the pepper culture.

In a study with lettuce grown under ideal conditions, it was observed that the application of
commercial extract of Eklonia maxima (Phaeophyceae) improved the yield and the concentration of Ca,
K and Mg in the leaves [34]. Another product based on E. maxima, when applied on the leaf or root of
stressed cucumbers, increased the root growth and amounts of P and N [35]. Dobromilska et al. [36]
tested a commercial product based on seaweed, via leaf, in tomato culture, which increased the content
of mineral nutrients in the following order (N, P, K, Ca, Zn and Fe).

The concentrated extracts of seaweed can provoke a series of beneficial responses in vegetables,
such as: improvement of plant vigour, root development, chlorophyll synthesis, promotion of early
flowering, fruiting and fruit uniformity, as well as delay in senescence, prolongation of the product’s
shelf life, improvement of nutritional quality, providing tolerance to water stress, saline and frost,
attenuating diseases, promoting tolerance to bacteria and fungi, assisting in pest control, in the control
of soil nematodes, and having adjuvant action in mixtures with pesticides [30].
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Table 5. Values of pepper leaf nutrient content (g.kg−1). Accumulation (AC) in kg 1000−1 plants.

Treatment/
DMAP *

(Kg.1000 Plants−1)

N P K Ca Mg S

g.kg−1
AC-N

Kg.1000
Plants−1

g.kg−1
AC-P

Kg.1000
Plants−1

g.kg−1
AC-K

Kg.1000
Plants−1

g.kg−1
AC-Ca

Kg.1000
Plants−1

g.kg−1
AC-Mg
Kg.1000
plants−1

g.kg−1
AC-S

Kg.1000
plants−1

T1/7.515 ± 2.6c 15.0 112.73 3.3 24.80 48.4 363.73 6.8 51.10 2.8 21.04 1.8 13.53
T2/16.005 ± 0.4a ** 24.0 384.12 3.1 49.61 58.8 941.09 9.3 148.85 3.7 59.22 2.3 36.81
T3/12.325 ± 1.1b 22.7 279.78 3.1 38.21 61.2 754.29 12.0 147.90 4.7 57.93 2.5 30.81
T4/8.015 ± 0.23c 25.0 200.37 3.3 26.45 59.4 476.09 10.1 80.95 4.3 34.46 2.3 18.43
T5/7.620 ± 0.51c 30.0 228.60 4.9 37.34 60.1 457.96 14.5 110.49 7.2 54.86 3.5 26.67

* DMAP (kg.1000plants−1) = (DMAP (g) Table.2 × 3rep) / 6 plants.treat.−1; ** Means followed by the same letter do not differ by Tukey’s test at 5% probability.
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4. Conclusions

This work showed that the increase in the concentration of macronutrients in the leaf tissue of
pepper plants, as a result of CMAEs application, resulted in higher fruit production.

The stomatal conductance of pepper plants was biostimulated mainly by the application of the
0.5% concentration of CMAEs. This lowest dose of this product showed better efficiency in all physical
and chemical parameters studied.

From our study it was clear that both Kappaphycus alvarezii (Rhodophyta) and Sargassum vulgare
(Phaeophycea) can contribute as a biostimulant in plant growth and the production of pepper plants.
This can be considered as a promissory treatment and it can be used with other vegetables from the
Solanaceous group.

However, further studies are needed to determine the best strategy to adopt. There are a lot of
seaweeds (and seaweed combinations) that can be studied, but not all plants respond to their extracts.
We hope that data obtained in this work will contribute to the possible use of marine macroalgae
extracts in agriculture, making it more environmentally sustainable and economically viable.
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