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Abstract: Currently, the use of biostimulants is widespread in sustainable agriculture because they
represent an alternative to chemical fertilizers. In this manuscript, we investigate the response of
a greenhouse tomato crop grown in pots to a biostimulant obtained from slaughterhouse sludge
applied continuously to the substrate under which the tomato crop was grown or applied directly
via the foliar route. Two doses of biostimulant (0.7 and 1.4 g L−1), applied four times throughout
the crop growth period (120 days), were used. During this period, the height of the plants, number
of flowers and number of fruits obtained were measured. After 90 days of the growth period, the
nutrient contents in leaves as well as the chlorophyll a and b contents were analyzed. For fruits,
nutrient and lycopene contents were determined, and the equatorial diameter and average fresh and
dry weight were measured. The results indicate a higher content of nutrients and chlorophyll a and b
in the leaves of plants treated with the highest dose of biostimulant and applied continuously to the
substrate. This higher content of photosynthesis pigments in the plant is possibly responsible for a
greater absorption of N by the plant and, consequently, for better growth.

Keywords: protein hydrolysates; plant nutrition; lycopene; tomato yield

1. Introduction

For many years, the application of chemical fertilizers has been a widely used agricul-
tural practice in the development of intensive agriculture [1,2]. However, the continuous
use and abuse of these synthetic fertilizers has caused many negative effects related to
the depletion of natural resources as well as the generation of greenhouse gases, eu-
trophication of water, salinization of the soil and security problems of food and quality
deterioration [2–4]. These chemicals also increase the susceptibility of plants to pathogens,
altering the soil microbiome and influencing plant health, posing a significant threat to
consumers [5].

For this reason, the sustainability of agricultural production is necessary both to meet
consumer demand for healthy products and to try to eliminate or reduce the aforementioned
problems [2,4–6].

To achieve this agricultural sustainability in recent years, a number of biostimulants
consisting of protein hydrolysates have been used [6]. These substances, which are generally
obtained by enzymatic hydrolysis processes, typically consist of low-molecular-weight
peptides, amino acids, polysaccharides, etc., used in a great variety of crops such as cereals,
fruits and vegetables and have been shown to have a large number of positive effects on
these crops, such as increased productivity and better quality [7–10].

According to Searchinger [11] and Kapoore et al. [12], the use of these biostimulants in
agriculture has two objectives, namely increasing the supply and quality of food for the
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world population and reducing the negative effect of agriculture on the environment and
human health.

The production of biostimulants from industrial waste is an alternative of great en-
vironmental interest since the recovery of these wastes results in their elimination, and
consequently a reduction in their environmental impact, and also increases their value,
thus coinciding with the circular economy concept proposed by the EU to convert this
waste into new energy sources [13].

There has been a marked increase in the production of slaughterhouse sludge in
recent decades as a consequence of the increase in the number of such facilities [14].
These authors obtained a biostimulant from slaughterhouse sludge by way of enzymatic
hydrolysis processes and used it for the bioremediation of soil contaminated with the
herbicide oxyfluorfen. However, we are not aware of the use of this biostimulant in crop
production. As such, the application of this biostimulant, which has a high content of
low-molecular-weight peptides and macro- and micronutrients, to the soil or leaves could
be an alternative use for these new products.

Tomato (Lycopersicon esculentum) is one of the most widely consumed horticultural
crops due to its nutritional value given that it is a source of a large number of bioactive
compounds such as minerals, vitamins and antioxidants [2,15,16]. Consequently, a study of
the reaction of this crop to this new biostimulant could be of enormous scientific and agri-
cultural interest, since its use could constitute a solution to the challenge of improving the
sustainability of agricultural systems by reducing the use of synthetic inorganic fertilizers.

There are no studies using biostimulants obtained from slaughterhouse sludge ob-
tained by enzymatic hydrolysis in crops. We presume that the application of this biostimu-
lant to crops will improve the mineral nutrition of the plant and, consequently, will have a
positive impact on its growth, production and quality of the fruit obtained. In the same
way, we do not know if this positive effect on the plant will be better when the biostimulant
is applied directly to the substrate on which the crop grows or when it is applied by the
foliar route. As such, the main objective of this study was to investigate the response of
a tomato crop to a biostimulant obtained from slaughterhouse sludge using enzymatic
hydrolysis processes. This biostimulant was applied either directly to the substrate under
which the tomato crop was grown or was applied directly to the leaves.

2. Materials and Methods
2.1. Biostimulant Properties

The biostimulant used in this experiment was obtained from slaughterhouse sludge
supplied by the “Mataderos del Sur” company (Salteras, Seville, Spain).

Before the enzymatic hydrolysis process, the slaughterhouse sludge was autoclaved.
According to Rodríguez-Morgado et al. [17], the autoclaving process favors the elimination
of pathogens. In addition, this sterilization process can enhance the ability of enzymes to
degrade proteins of higher molecular weight into others of lower molecular weight.

To obtain the biostimulant, and according to Ávila-Pozo et al. [14], slaughterhouse
sludge was subjected to two treatments. In the first treatment, the slaughterhouse sludge
was concentrated at 75 ◦C with a rotary evaporator until reaching a dry matter value of
around 15%. This was done because under these conditions the slaughterhouse sludge was
more manageable.

Next, the concentrated sludge was obtained through an enzymatic hydrolysis process
using the pH-stat methodology [18] using an endoprotease obtained by liquid fermentation
of Bacillus licheniformis ATCC 21.415 as a hydrolytic agent.

The enzyme used in this work is subtilisin (EC3.4.21.62), a protease characteristic
of Bacillus, and its enzymatic activity has been determined by the azocasein method
(340 ± 5 U/mL). The enzyme is produced in our laboratory and has been sequenced by
proteomic analysis [19]. It was used in the enzymatic process of sludge without purification.
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This process and enzymatic hydrolysis were performed in a bioreactor. The conditions were
the following: pH = 9, temperature = 55◦, take = 180 min, enzyme concentration = 1 mL L−1 of
substrate and substrate concentration = 10%.

After this hydrolysis process, the product was centrifuged, and a soluble solution and
an insoluble paste were obtained.

The biostimulant was obtained by concentrating this soluble solution.
Table 1 shows the chemical composition of the resulting biostimulant. The methodol-

ogy used to determine each chemical parameter for the biostimulant is detailed in the work
of Rodríguez-Morgado et al. [17].

Table 1. Chemical characteristics and protein molecular weight distribution of biostimulant obtained
from slaughterhouse sludge by enzymatic hydrolysis process.

Chemical Composition

Dry matter (%) 15.3 ± 2.1
Organic matter (g kg−1) 658 ± 351

N (g kg−1) 4.3 ± 1.3
P (g kg−1) 6.2 ± 1.6
K (g kg−1) 9.3 ± 2.1
S (g kg−1) 12.4 ± 2.7

Ca (g kg−1) 17.1 ± 3.1
Mg (g kg−1) 2.1 ± 0.9
Fe (g kg−1) 3.7 ± 1.2

Cu (mg kg−1) 81.3 ± 11.6
Mn (mg kg−1) 39.8 ± 12.4
Zn (mg kg−1) 298 ± 37
Pb (mg kg−1) 6.4 ± 1.8
Ni (mg kg−1) 5.2 ± 1.3

Protein Molecular Weight Distribution (Da)

>10,000 48.7 ± 1.5
10,000–5000 4.1 ± 1.9
5000–3000 2.0 ± 0.7
3000–1000 5.7 ± 1.1
1000–300 7.2 ± 1.8

<300 32.3 ± 2.5

2.2. Experimental Design

The experiment was carried out in a greenhouse under controlled conditions of tem-
perature and humidity (temperature: 25 ◦C and humidity: 80%). During the experiment,
the light that prevailed was only natural.

Tomato seedlings (Lycopersicon esculentum Mill. cv. Mina) were purchased from a
commercial nursery. These seedlings had a height of approximately 20 cm, as measured
from the cotyledons. They were transplanted into 25 L pots containing a universal substrate
(Blumenerde, Gramoflor) as a culture medium. This substrate was a mixture of Sphagnum
peat, wood fiber and perlite, with pH (CaCl2) 5.4–6.2; electrical conductivity 80 mS cm−1;
and amounts of added N, P and K of 210, 150 and 270 mg L−1, respectively.

The plants were allowed to grow for 40 days before application of the experimental
biostimulant to allow them to adapt well to the pot.

Two doses of the experimental biostimulant were used (0.7 and 1.4 g L−1, respectively)
on the basis of the results obtained by Tejada et al. [20] after the foliar application of two
leachates from the vermicomposting of cow manure and green forage in tomato crops.
Although these doses were selected randomly, they were sufficient to ensure that the tomato
plant did not suffer any type of nutritional deficiency during growth [21].

The biostimulant was applied foliarly with the help of a hydraulic sprayer at a pressure
of 0.017 MPa or to the substrate every 20 days. The reason for application every 20 days is
that, according to Tejada et al. [9], the biostimulants obtained using enzymatic hydrolysis
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processes have a very short residence time in the soil because they are quickly absorbed by
microorganisms. As a result, the biostimulant was applied at 20, 40, 60 and 80 days after
the previously described adaptation period.

The different fertilizer treatments are detailed as follows:

1. C treatment: control, plants were not fertilized with the biostimulant;
2. S1 treatment: plants amended with the biostimulant applied to the substrate at a dose

of 0.7 g L−1;
3. S2 treatment: plants amended with the biostimulant applied to the substrate at a dose

of 1.4 g L−1;
4. F1 treatment: plants fertilized foliarly with the biostimulant at a dose of 0.7 g L−1;
5. F2 treatment: plants fertilized foliarly with the biostimulant at a dose of 1.4 g L−1.

Only foliar spray control is shown. We created two controls, one root and one foliar.
However, in both cases, the water supply was provided via the root every 2–3 days,
depending on the water status of the substrate. Both controls only differ in the foliar
application of water (20 mL × 4). This amount applied during the vegetative period of the
crop did not produce any effect on any of the parameters studied.

As such, the total doses of biostimulant used in the experiment were 2.8 and 5.6 g L−1,
respectively.

A total of 60 tomato plants were used for each fertilizer treatment, and the crop growth
time was 120 days. During this period, the height of the plants was measured for each
fertilizer treatment, as were the number of flowers and number of fruits obtained. These
measurements were performed 15 days after the application of the biostimulants as well as
at the end of the experimental period.

Ninety days after having applied the biostimulant to the substrate or foliarly, tomato
leaves were taken in order to carry out a nutritional monitoring of the crop. Thus, on each
of these days and for each fertilizer treatment, 30 leaves corresponding to the fourth and
fifth most developed leaves from the apex were collected.

This plant material was washed, dried and crushed according to the procedure re-
ported by Madejón et al. [22]. The determination of macro- and micronutrients (P, K, S,
Ca, Mg, Fe, Cu, Mn and Zn) in the extracts was carried out by ICP-OES. Kjeldahl-N was
determined using the MAPA method [23] for fresh matter.

The photosynthetic pigments chlorophyll a and chlorophyll b were extracted with 95%
ethanol. Absorption maxima were recorded at pigment-specific wavelengths (λmax), in
this case, 663 nm for chlorophyll a, 645 nm for chlorophyll b and 663 nm and 646 nm for
total chlorophyll. Chlorophyll contents were calculated according to Lichtenthaler [24].

The selected fruit was lyophilized and crushed prior to analysis. Determination of
the macro- and micronutrients in this fruit was carried out according to the methodology
described for the leaves.

In addition, 90 days after application of the biostimulant, the lycopene content was
determined according to the methodology described by Fish et al. [25].

Finally, the equatorial diameter and the average fresh and dry weight of these fruits
were measured for each fertilizer treatment.

2.3. Statistical Analysis

The results obtained were analyzed by performing an analysis of variance (ANOVA)
using the Statgraphics Plus 2.1 software package, with the fertilizer treatment being consid-
ered as an independent variable, followed by Tukey’s significant difference as a post hoc
test, considering a significance level of p < 0.05 throughout the study.

3. Results

The height of the tomato plant, the number of flowers per plant and the number
of fruits per plant were influenced by the application of the biostimulant, with all these
parameters being higher in the plants fertilized with the biostimulant at a dose of 1.4 g L−1

and applied to the substrate in a regular manner (Table 2).
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Table 2. Effect of biostimulant obtained from slaughterhouse sludge on plant height, number of
flowers per plant and number of fruits per plant.

Parameter Crop Time
(Days) C Treatment S1 Treatment S2 Treatment F1 Treatment F2 Treatment

Plant height
(cm)

35 33.4 ± 3.5 a 35.0 ± 2.7 a 40.2 ± 2.9 a 36.2 ± 1.9 a 39.4 ± 2.2 a
55 55.2 ± 4.4 a 64.8 ± 3.8 b 66.7 ± 3.0 b 61.8 ± 2.7 b 64.2 ± 2.0 b
75 65.8 ± 3.1 a 79.6 ± 4.0 b 84.1 ± 2.4 c 73.2 ± 3.6 b 79.2 ± 3.1 b
95 70.3 ± 3.7 a 87.8 ± 4.1 b 98.2 ± 4.7 c 80.9 ± 3.2 b 91.4 ± 2.9 bc

120 74.3 ± 4.1 a 96.2 ± 3.8 b 109.3 ± 5.2 c 86.8 ± 4.1 b 95.9 ± 3.7 b

Number of
flowers per

plant

35 - - - - -
55 3.2 ± 1.3 a 5.7 ± 1.0 b 6.2 ± 1.3 b 8.2 ± 1.1 c 11.3 ± 1.8 d
75 5.7 ± 1.1 a 6.8 ± 1.4 b 7.9 ± 1.6 b 8.4 ± 1.3 bc 9.5 ± 1.2 c
95 4.1 ± 1.0 a 9.5 ± 1.4 bc 10.3 ± 2.1 c 6.1 ± 1.7 ab 7.8 ± 1.2 b

120 1.2 ± 0.5 a 2.6 ± 0.3 b 4.1 ± 0.6 c 2.5 ± 0.3 b 2.3 ± 0.5 b

Number of
fruits per plant

35 - - - - -
55 1.4 ± 0.2 a 3.3 ± 0.3 b 3.9 ± 0.4 c 2.5 ± 0.5 b 3.7 ± 0.4 b
75 1.7 ± 0.3 a 6.0 ± 0.8 b 7.2 ± 1.0 c 5.1 ± 0.6 b 5.9 ± 0.9 b
95 2.1 ± 0.3 a 9.6 ± 1.2 b 12.9 ± 1.5 c 8.2 ± 1.0 b 9.7 ± 1.2 b

120 1.2 ± 0.2 a 2.7 ± 0.4 b 3.2 ± 0.3 b 2.2 ± 0.6 b 2.8 ± 0.3 b

Rows followed by the same letter(s) are not significantly different (p < 0.05).

Table 3 shows the foliar content of macro- and micronutrients for all fertilizer treat-
ments expressed on a dry matter basis. Compared to the control treatment, the results
indicate that continuous application of the biostimulant, both foliarly and in the substrate,
significantly increased the content of these nutrients in the tomato leaves (p < 0.05). Appli-
cation of the experimental biostimulant both foliarly and continuously to the substrate also
resulted in differences in the content of these macro- and micronutrients in the leaf. With
regard to the macronutrients analyzed, the highest values were found when the biostimu-
lant was applied continuously to the substrate and at a dose of 1.4 g L−1, compared to the
application of this biostimulant foliarly. Thus, a significant increase (p < 0.05) in N (26.7%),
P (12.1%), K (21.9%) and Ca (18.1%) was found for treatment S2 compared to treatment
F2. Similarly, and with regard to the micronutrients analyzed, the results also indicate a
significant increase (p < 0.05) in Fe (17.8%), Mn (15.3%) and Cu (20.2%) for treatment S2
compared to treatment F2.

Table 3. Effect of biostimulant obtained from slaughterhouse sludge on tomato leaf mineral
nutrient content.

Parameter (Unit) C Treatment S1 Treatment S2 Treatment F1 Treatment F2 Treatment

N ‡ (%) 1.3 ± 0.2 a 1.9 ± 0.2 b 3.0 ± 0.3 c 1.7 ± 0.1 b 2.2 ± 0.2 bc
P (%) 0.56 ± 0.18 a 0.79 ±0.11 b 0.83 ± 0.13 c 0.72 ± 0.17 b 0.73 ± 0.15 b
K (%) 2.0 ± 0.4 a 2.7 ± 0.6 b 3.2 ± 0.5 c 2.3 ± 0.7 a 2.5 ± 0.5 ab
S (%) 0.25 ± 0.1 a 0.45 ± 0.14 b 0.57 ± 0.17 b 0.32 ± 0.11 ab 0.43 ± 0.14 b

Ca (%) 6.1 ± 0.8 a 8.7 ± 0.9 b 10.5 ± 1.3 c 7.3 ± 0.7 b 8.6 ± 1.0 b
Mg (%) 0.40 ± 0.11 a 0.50 ± 0.08 b 0.53 ± 0.10 b 0.48 ± 0.07 ab 0.51 ± 0.11 b

Fe (mg kg−1) 79.2 ± 8.9 a 99.2 ± 9.6 b 128.3 ± 12.4 c 93.5 ± 10.1 b 105.4 ± 11.3 b
Mn (mg kg−1) 119.2 ± 12.3 a 159.3 ± 15.4 b 177.4 ± 14.9 c 143.4 ± 13.5 b 150.3 ± 15.8 b
Cu (mg kg−1) 4.8 ± 0.8 a 6.3 ± 0.5 b 8.4 ± 1.0 c 5.5 ± 0.6 ab 6.7 ± 0.7 b
Zn (mg kg−1) 25.4 ± 0.7 a 30.4 ± 1.8 b 32.6 ± 1.0 b 30.8 ± 1.5 b 31.7 ± 1.7 b

‡ Fresh matter. Rows followed by the same letter(s) are not significantly different (p < 0.05).

Table 4 shows the chlorophyll a and chlorophyll b contents obtained. The results
indicate a higher content of chlorophyll a and b and total chlorophyll for S2 treatment,
followed by F2, S1, F1 and C treatments.
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Table 4. Effect of biostimulant obtained from slaughterhouse sludge on chlorophyll a and b content
in tomato leaves.

Parameter C Treatment S1 Treatment S2 Treatment F1 Treatment F2 Treatment

Chlorophyll a
(mg g−1) 2.4 ± 0.6 a 4.5 ± 1.3 b 6.7 ± 1.8 c 3.9 ± 0.8 b 5.5 ± 1.2 b

Chlorophyll b
(mg g−1) 1.3 ± 0.2 a 2.9 ± 0.5 b 3.8 ± 0.9 c 2.4 ± 0.7 b 3.1 ± 0.6 b

Total chlorophyll
(mg g−1) 4.7 ± 0.9 a 10.3 ± 1.2 b 15.5 ± 1.5 c 8.3 ± 1.1 b 12.3 ± 1.7 b

Rows followed by the same letter(s) are not significantly different (p < 0.05).

With respect to the control treatment, the content of macro- and micronutrients in
tomato was also significantly (p < 0.05) higher for all treatments in which the biostimulant
was applied (Table 5). As for the foliar macro- and micronutrient contents, these nutrients
also showed differences when the biostimulant was applied foliarly or continuously to the
substrate. Again, the highest macronutrient contents were found when the biostimulant
was applied to the substrate continuously and at a dose of 1.4 g L−1, compared to the
application of this biostimulant foliarly. Thus, a significant increase (p < 0.05) in N (26.1%),
P (15.1%), K (18.4%) and Ca (20.8%) was observed for S2 treatment in comparison with
F2 treatment. Similarly, and with regards to the micronutrients analyzed, a significant
increase (p < 0.05) in Fe (27.5%), Mn (19.1%) and Cu (20%) was observed for S2 treatment in
comparison with F2 treatment.

Table 5. Effect of biostimulant obtained from slaughterhouse sludge on chemical analysis (fresh wt.)
in tomatoes harvested.

Parameter (Unit) C Treatment S1 Treatment S2 Treatment F1 Treatment F2 Treatment

N (%) 1.1 ± 0.1 a 1.8 ± 0.3 b 2.3 ± 0.4 c 2.3 ± 0.4 c 1.7 ± 0.2 b
P (%) 0.31 ± 0.12 a 0.44 ±0.10 b 0.53 ± 0.14 c 0.39 ± 0.12 b 0.45 ± 0.11 b
K (%) 2.5 ± 0.6 a 4.2 ± 1.2 b 4.9 ± 1.3 c 3.5 ± 1.0 b 4.0 ± 1.1 b
S (%) 0.11 ± 0.1 a 0.17 ± 0.03 b 0.19 ± 0.05 b 0.13 ± 0.04 ab 0.14 ± 0.04 b

Ca (%) 0.11 ± 0.1 a 0.19 ± 0.2 bb 0.24 ± 0.3 c 0.16 ± 0.2 b 0.19 ± 0.3 b
Mg (%) 0.09 ± 0.02 a 0.14 ± 0.02 b 0.20 ± 0.10 b 0.14 ± 0.037 b 0.17 ± 0.10 b

Fe (mg kg−1) 19.3 ± 1.4 a 34.9 ± 4.1 b 49.5 ± 4.6 c 29.6 ± 3.7 b 35.9 ± 2.9 b
Mn (mg kg−1) 8.8 ± 1.1 a 9.6 ± 1.5 b 13.1 ± 1.5 c 9.1 ± 1.2 b 10.6 ± 1.1 b
Cu (mg kg−1) 1.7 ± 0.2 a 2.6 ± 0.7 b 3.5 ± 1.2 c 2.3 ± 0.6 b 2.8 ± 0.9 b
Zn (mg kg−1) 9.8 ± 1.2 a 12.1 ± 0.8 ab 16.5 ± 1.3 b 13.4 ± 1.0 b 14.2 ± 1.0 b

Rows followed by the same letter(s) are not significantly different (p < 0.05).

The lycopene content of the fruits was also higher when the biostimulant was applied
continuously to the substrate at the highest dose than when the biostimulant by the foliar
route (Table 6). Thus, a 17.8% higher lycopene content was found for S2 treatment than for
F2 treatment.

Table 6. Effect of biostimulant obtained from slaughterhouse sludge on lycopene content (mg kg−1

fresh wt.) in tomatoes harvested.

C treatment S1 Treatment S2 Treatment F1 Treatment F2 Treatment

62.1 ± 1.5 a 80.7 ± 1.8 bc 93.8 ± 2.6 c 71.8 ± 2.0 b 77.1 ± 1.4 b
Rows followed by the same letter(s) are not significantly different (p < 0.05).

The equatorial diameter of the tomato was also greater when the biostimulant was
applied at a dose of 1.4 g L−1 and continuously to the substrate than when it was ap-
plied foliarly to the plant (Table 7). Thus, the statistical analysis showed a significant
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increase (p < 0.05) of 17.3% in the tomatoes obtained in the S2 treatment compared to the
F2 treatment. Similarly, both the fresh weight and dry weight of the fruits were signifi-
cantly (p < 0.05) higher when the dose of experimental biostimulant was applied in the S2
treatment than in the F2 treatment.

Table 7. Equatorial diameter, fresh weight and dry weight of the tomatoes obtained during the
experimental period for each fertilizer treatment.

Parameter (Unit) C Treatment S1 Treatment S2 Treatment F1 Treatment F2 Treatment

Equatorial
diameter (cm) 17.2 ± 1.4 a 25.2 ± 1.0 b 28.4 ± 1.3 c 20.3 ± 1.2 b 23.5 ± 1.1 b

Fresh weight (g) 97.6 ± 3.5 a 159.3 ± 4.8 c 220.6 ± 5.6 d 125.3 ± 4.0 b 139.6 ± 3.9 b

Dry weight (g) 58.9 ± 2.3 a 87.6 ± 3.5 c 119.7 ± 3.8 d 68.6 ± 2.6 b 72.6 ± 2.9 b

Rows followed by the same letter(s) are not significantly different (p < 0.05).

4. Discussion

Our results indicate that this new biostimulant obtained from slaughterhouse sludge
using enzymatic hydrolysis processes stimulates tomato plant growth and also has a
positive effect on plant mineral nutrition, fruit quality and production.

These results are in agreement with those obtained by other authors when using
different types of biostimulants in a tomato crop. Thus, Rouphael et al. [26] observed
a significant increase in the total amount of soluble solids, lipophilic and hydrophilic
antioxidant activities, lycopene, total phenolic content and total ascorbic acid in tomatoes
after foliar application of a biostimulant derived from legumes. Similarly, Francesca
et al. [27] found a significant increase in tomato plant growth and number of tomato fruits
after soil application of a biostimulant comprising plant and yeast extracts; amino acids;
and micronutrients such as boron, zinc and manganese. Moreover, de Paula et al. [28]
observed an increase in the production of tomatoes as well as in their quality after the
application of two biostimulants comprising algae extracts to the soil.

This stimulating effect on growth, mineral nutrition, quality and production in tomato
cultivation is mainly a consequence of the chemical composition of the experimental
biostimulant used, especially its content of protein hydrolysates and organic matter. There
is a currently large amount of information available regarding the biostimulant properties
of these protein hydrolysates (consisting of a mixture of amino acids and soluble peptides)
and organic matter in various crops [9,10,29,30]. Indeed, it has been found that the positive
effects of protein hydrolysates are associated with the upregulation of metabolites involved
in plant growth processes and the provocation of various activities similar to those caused
by the hormones [31,32]. This enhancement of plant metabolism promotes plant respiration,
photosynthesis and protein synthesis processes, thus improving crop yield and quality [30,33].

It has been observed that when organic matter is applied to the soil, it improves the
growth and morphology of the roots, increases the absorption of nutrients and the efficiency
of their use, improves crop yields and, finally, increases the quality of the fruit [32,33].
According to Garcia et al. [34] and Conselvan et al. [35], humic substances could promote
plant growth by producing effects very similar to those of hormones.

Similarly, Tejada et al. [9,10] have suggested that the foliar application of humic
substances improves the permeability of the cuticle, thus favoring penetration of the
different chemical compounds found in biostimulants into plant cells.

Our results indicate that the different applications of the biostimulant studied herein
on the tomato crop stimulated the plant in different ways, with a greater positive effect on
the growth of the plant, as well as on the mineral nutrition of the tomato, mineral nutrition
and quality of the fruit and yield, being obtained when the biostimulant was applied
continuously at the dose of 1.4 g L−1 to the substrate than when it was applied foliarly.
These results are in agreement with those obtained by Sestili et al. [36], who observed that
continuous application of a plant-derived biostimulant to the substrate was more effective
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in improving plant growth and total N uptake in tomato than foliar application. According
to these authors, continuous application of the biostimulant to the substrate resulted in
greater improvement of the physiological parameters of tomato plants, leading to greater
stomatal conductance and a better rate of plant transpiration and efficiency of the use
of transpiration.

Zhao et al. [37] indicated that a high content of photosynthetic pigments in plants
could be responsible for an increase in their photosynthetic activity. Consequently, it is very
likely that the higher chlorophyll a and b contents found in plants after S2 treatment result
in a higher photosynthetic activity.

This increase in the photosynthetic capacity of the plant, as well as the supply of
energy for cellular metabolism generated by the application of protein hydrolysates, could
be responsible for a greater absorption of N by the plant and, consequently, for better
growth [27]. According to Huang et al. [38], the availability of N for plants plays a funda-
mental role in the biosynthesis of photosynthetic pigments and in plant growth. Similarly,
these authors suggest that a good absorption of N by a plant would lead to a nutritional
improvement of other chemical elements in that plant.

Rouphael et al. [26] reported that the application of a protein hydrolysate with a high
amino acid content increased the height of the plant, number of leaves before the beginning
of the fruit harvest and biomass of the shoots and also increased the average weight of the
fruit and the number of fruits. We propose that all these values were higher in S2 treatment
as the photosynthetic activity of these plants, as well as their mineral nutrition, was better.
Similarly, the better mineral nutrition of the plant in S2 treatment is likely to explain why
the mineral composition of the fruit was also higher. This fact is of great interest since we
now know that minerals play a fundamental role in human metabolism, thus meaning that
a deficiency of minerals in human nutrition could cause various nutritional disorders [39].

Within the mineral content of the fruit, one of the most important macroelements to
highlight apart from N, which is directly involved in protein formation, is the K content.
Indeed, it has been shown that this macronutrient is directly related to the lycopene content
in the fruit [26]. These authors also emphasized that lycopene is essential for the pyruvic,
kinase and acetic thiokinase enzymes, which are directly involved in lycopene synthesis.
The higher absorption of K in the plant in treatment S2 may therefore explain the higher
lycopene content in the fruit.

5. Conclusions

It can be concluded that the best results were obtained when the biostimulant was
applied continuously to the substrate at a dose of 1.4 g/L−1 compared to when it was
applied foliarly. Under these conditions, the highest chlorophyll contents were found in
tomato plants. These higher chlorophyll contents are possibly responsible for a higher
absorption of N by the plant, which leads to a nutritional improvement of other chemical
elements in that plant and consequently to greater production and quality of fruits.

We believe that this study could be a starting point for future studies on the use of
this type of biostimulant in which the greater efficacy of this compound when applied
continuously to the substrate than when applied foliarly is corroborated, as is the optimal
dose to use. In the same way, it is also necessary to study the behavior of this new
biostimulant on crops other than tomato.
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