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ABSTRACT

Remains of Thalassiatestudinum abound and accumulate on the coasts of Campeche and represent a pollution
problem when decomposing; However, the biomass of this marine plant is rich in biomolecules, both primary
metabolites (proteins, carbohydrates and lipids) and secondary (polyphenols), which can be used to nourish
crops as a biofertilizer. Therefore, the objective of this work was to evaluate the effect of the dust obtained from
the drying and grinding of Thalassiatestudinum collected on the beaches of San Francisco de Campeche on the
germination and growth of Phaseolus vulgaris. The P. vulgaris seeds were placed in individual wells of 20 mL
of 0.5% agar-agar, the control only contained the seeds and the problem groups were placed in each well with
10, 30 and 100 mg of dry sargassum powder in the agar after boiling, when cooled to 40°C; The vials were
placed in a humid chamber for 7 days for germination and growth. At the end of the period, the seedlings were
harvested and their morphometry was measured (size, root size and weight of the plant) and the content of
pigments and polyphenols were determined. and the antioxidant activity of methanolic extracts from the leaves
of harvested plants. The results obtained demonstrate an increase in the growth of P. vulgaris treated with T.
testudinum, which is why it is recommended to continue the study to evaluate its potential as a biofertilizer.
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INTRODUCTION

The increase in human population demands a greater amount of food; For this reason, agrochemical products are
used to improve crop production. However, the use of pesticides and fertilizers affects food safety and
represents a severe risk to the health of consumers; Consequently, currently it has been proposed as an
alternative to this problem, the use of biofertilizers to provide nutrients and improve crop production, increasing
tolerance to stress and resistance to pathogens, they are also eco-friendly, low cost and their Continuous use
improves soil fertility'™. Although the term fertilizer is frequently associated with microorganisms that are
added to crops, it can also be called organic fertilizers from different sources such as plant residues or a
combination of both®*.

Plant residues are often a source of water and soil contamination; but they are a rich source of nutrients that
must be adapted to modify the physical and chemical structure of the materials that favors chemical speciation
to increase the availability of nutrients®®. Such is the case of Thalassiatestudinum, which is a very abundant
marine phanerogam due to its high production of organic matter and which provides shelter, food and spaces for
fauna; This species is very abundant in the Gulf of Mexico and the coasts of the State of Campeche tend to be
covered by remains of the plant”®, T. testudinum is a producer of secondary metabolites with biological activity
of interest, among the chemical compounds synthesized by the plant are phenols, flavonoids, phytosterols,
coumarins, terpenes and saponins that can be used by the pharmaceutical and agricultural industries®**,
Therefore, the objective of this research was to evaluate the effect of Thalassiatestudinum flour on the growth of
Phaseolus vulgaris to estimate its potential sustainable use as a biofertilizer in the production of bean crops and
prevent its degradation and contamination of the coasts.
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MATERIALS AND METHODS

The plant material was collected on the coast of the State of Campeche (Mexico) and transported to the
laboratory for mechanical cleaning and washing with plenty of running water; The washed material was dried at
40° C in an electric oven until constant weight and the dry material was ground in an electric mill to obtain
flour; Finally, the flour was sifted with a number 12 sieve and kept refrigerated until use.

Certified bean seeds (Phaseolus vulgaris) were used that were selected according to their physical appearances
that did not show signs of decomposition and that they were intact; The seeds were washed with running water
to remove dust and then disinfected by immersion in a 5% aqueous solution of sodium hypochlorite for five
minutes and finally washed with plenty of water to eliminate the rest of the hypochlorite. The seeds were placed
in a sterile absorbent paper to dry them and subsequent planting.

Each group consisted of 36 seeds that were grown on 0.5% agar-agar in a humid chamber at 25+1 °C for 7 days;
To the problem groups, 10 (S10), 30 (S30) and 100 mg (S100) of Thalassiatestudinum flour were added to the
agar after boiling and cooling to 40° C. At the end of period the seedlings that grew were harvested for
morphometric analysis and the determination of their photosynthetic pigments, polyphenols. and DPPH
inhibitory activity; To do this, the leaves were extracted by maceration with absolute methanol in a 1:5 (W/V)
ratio, allowed to rest for 30 minutes and then the extract was filtered and centrifuged at 14,000 r.p.m. for 10
minutes.

Determination of chlorophylls and carotenes'?™.

Chlorophyll quantification was performed spectrophotometrically at wavelengths of 649 and 665 nm and total
chlorophyll was calculated using Sumanta equations [1] and [2] for methanol as a solvent. Likewise, the
concentration of total carotenoids was quantified spectrophotometrically by measuring the absorbance of the
extract at a wavelength of 470 nm and using equation [3] of Sumanta et al., each determination was performed
in triplicate.

Ca = 12'47A665 - 3.62A649 [1]
Cb = 25.06A649 - 6'5A665 [2]
Cc — 1000A479—1.63C;—104.96C}, [3]

221

Quantification of total polyphenols™*’.

100 L of the P. vulgaris leaf extract was added to 1.0 mL of distilled water and 100 (L of the Folin Ciocalteu
Reagent was added. The mixture was allowed to react for 30 minutes and then 500 1L of a solution was added.
of 10% Na,COs in water and let it rest for 30 minutes at room temperature in the dark. Finally, the absorbance
was measured at 760 nm; A five-point calibration curve was prepared using gallic acid as a standard. The
polyphenol content was expressed as mg equivalents of gallic acid (GAE) per g of fresh leaf; each determination
was performed in triplicate.

Determination of the inhibitory capacity of Radical DPPH*,

2.0 mL of a 150 mM DPPH (2,2-diphenyl-1-picrylhydrazyl) solution in 80% methanol was used and 25, 50 and
100 JL of the extract were added, incubated for 30 minutes in the dark and at room temperature; Subsequently,
the absorbance was measured at 520 nm in a UV Visible spectrophotometer, gallic acid was used as a standard
solution. Each sample was analyzed in triplicate and the results are expressed as mg EAG/g fresh leaf.

Ferric Reductor Activity Power™®?,

30 pL of the sample was taken and 900 pL of the FRAP solution was added (prepared by adding 25 mL of
acetic acid/acetate buffer pH 3.6, 2.5 mL of TPTZ [Tris (2-pyridyl)-S-triazine] 10 mM/40 mM HCI and 2.5 mL
of 20 mM FeCl;) and 120 uL of distilled water, in 3 mL amber vials that were incubated in a water bath at 37° C
for 30 minutes, subsequently the absorbance of the samples at 593 nm. A calibration curve was carried out with
FeSO, 7H,0 and the results are calculated as umol of Fe? produced, gallic acid was used as an antioxidant
standard and the valuesof the extracts are expressed as mg EAG required to produce the reduction of the ferric
ion.

Statistic analysis

The data obtained were processed in the Microsoft Excel ® program and the analyzes of variance and
comparison of means (Tukey's test, p<0.05) were performed in the SPSS statistical program. For the calibration
curves, a Pearson linear correlation analysis was performed and the respective straight line equations were
obtained for determining the concentrations of the analytes.
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RESULTS AND DISCUSSION

Beans are a very important crop, especially in developing countries; but the fertility of the soil and the attack of
pests compromise its production and although chemical fertilizers improve its yield, they are unaffordable for
farmers and affect the stability of the soil and contaminate it, which is why it is important to evaluate sustainable
alternatives to offer viable options to farmers. peasants®. This is the case of Thalassiatestudinum, which grows
in abundance and its accumulation contaminates the coasts of the State of Campeche; But this large amount of
biomass, in addition to being a source of carbon and nitrogen, can provide secondary metabolites that enhance
the crop and improve its quality.

Initially, one way to estimate the beneficial effect of the substances used as fertilizer is to measure the size and
weight of the treated plants®’. Figure 1 shows the effect that the T. testudinumpowder had on root growth and
stem of Phaseolus vulgaris, in the case of the stem an increase is observed with respect to the control group but
in the dose of 100 mg an affectation in growth appears; while in the root there is a dose-dependent effect of T.
testudinum on the size of this organ.
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Figure 1. Size of the root and stem of Phaseolus vulgaris from the different treatments (C control group, S10
with 10 mg, S30 with 30 mg and S100 with 100 mg of Thalassiatestudinum, n=36).

Regarding the effect of T. testudinum flour on the weight of P. vulgaris, it can be seen in Figure 2 that the
lowest dose (10 mg) practically did not improve this parameter but the higher doses tended to increase the
biomass of the plant. This may be because T. testudinumserved as a source of nutrients (carbon, nitrogen or
phosphorus) because fertilizers increase the biomass and production of crops, this is useful to improve the
%rowth of crops in impoverished soils or with minimal access to inorganic nutrients that limit their production®
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Figure 2. Weight of Phaseolus vulgaris seedlings after growth for 7 days with the different treatments (C
control group, S10 with 10 mg, S30 with 30 mg and S100 with 100 mg of Thalassiatestudinum).
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The total weight is a general indicator of the fertilizer effect, however some nutrient deficiencies can manifest in
the growth or reduction of specific organs, thus phosphorus deficiency reduces the size of the leaves and
increases the length of the roots®*?; Consequently, it must be verified that the increase in weight is proportional
to all plant organs. Figures 3 and 4 report the percentages and weights of the plant parts of P. vulgaris treated
with T. testudinum, the increase in weight mainly It is due to an increase in stem size because there was no
significant variation between the biomass of leaves and roots. These results agree with reports that seaweed,
beneficial microorganisms or substances such as fulvic and huic acid increase the size of the plant mainly due to
the contribution of nutritional substances such as amino acids?’.
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Figure 3. Percentage of weight of each part of the Phaseolus vulgaris seedling after its growth for 7 days with
the different treatments (C control group, S10 with 10 mg, S30 with 30 mg and S100 with 100 mg of
Thalassiatestudinum).
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Figure 4. Weight of each part of the total Phaseolus vulgaris seedlings after growth for 7 days with the different
treatments (C control group, S10 with 10 mg, S30 with 30 mg and S100 with 100 mg of Thalassiatestudinum).

Chlorophyll levels in a plant are of both ecological and physiological interest, thus the use of beneficial
fertilizers tends to increase chlorophyll levels in the leaves, the main productive units of plants, and is also
important for the preservation of flowers. which increases the final yield of the crop®®. For their part,
cartotenes are the pigments responsible for the color of some fruits and vegetables and their function is to
protect the plant from ultraviolet radiation during photosynthesis because it is responsible for the neutralization
of reactive oxygen species and free radicals®.
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The results of the quantification of pigments contained in the leaves of P. vulgaris are shown in figure 5. T.
testudinum caused an increase in the concentration of total chlorophylls in the treated seedlings, compared to the
control group; but no modification is observed in the level of carotenes. Both results coincide with the expected
values according to research reports that quantified the levels of these pigments 2.

—&— Clorofila total - Caroteno

7.00
6.00
5.00
4.00

N R R

1.00

MG PIGMENTO/ G MATERIAL FRESCO

0.00
C S10 S30 S100

Figure 5. Total chlorophyll and carotene content in the leaves of Phaseolus vulgaris after growth for 7 days with
the different treatments (C control group, S10 with 10 mg, S30 with 30 mg and S100 with 100 mg of
Thalassiatestudinum).

The amount of polyphenols, like other bioactive compounds found in plants, will depend on the environmental
and nutritional conditions of the crop; These secondary metabolites exert various beneficial properties for plants
that modulate metabolism, homeostasis and cell proliferation. Due to their antioxidant properties, they are
involved in the defense against oxidative stress and derived diseases®®*. The main polyphenolic compounds
contained in Phaseolus vulgaris are flavonoids, anthocyanins, stilbenes, lignans and tannins; Of them, flavonoids
represent around 50% of all phenolic compounds®"3*.

Figure 6 shows the phenolic valuescontained in the methanolic extracts of the leaves of P. vulgaris. In the
control group, flavonoids represent 44% of the total polyphenolic compounds, while in the treated groups they
were 47, 39 and 50%. , respectively S10, S30 and S100; The increase observed due to the effect of T.
testudunim is mainly due to other types of polyphenoals, although in the S100 group the amount of flavonoids

also increased significantly.
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Figure 6. Content of flavonoids and other phenolic compounds in Phaseolus vulgaris leaves after growth for 7
days with the different treatments (C control group, S10 with 10 mg, S30 with 30 mg and S100 with 100 mg of
Thalassiatestudinum).
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The main biological activity associated with polyphenolic compounds is antioxidant; P. vulgaris is a species
with a very good antioxidant activity compared to other similar grains and seeds, in addition, germination causes
an accumulation of polyphenols approximately 1.5 times greater in seedlings 6 days after germination®>*. In
Figure 7, we can observe not only an increase in the amount of total polyphenols but also an increase in their
free radical neutralizing capacity (test with DPPH) and the capacity to reduce the ferric ion (FRAP); These two
activities are important both for biological systems because they defend them from oxidative damage and for
their nutritional value because the reduction of the ferric ion to ferrous ion increases the bioavailability of the
element®3*. The results of the antioxidant activity are expressed in terms of mg equivalents of gallic acid
(GAE) to better appreciate that although phenols are antioxidants of great importance, they are not the only
compounds that exert this action and it can be seen that the improved antioxidant activity in extracts from
treated seedlings may also be due to the increase in other antioxidant compounds.
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Figure 7. Total polyphenol content and antioxidant activity of the methanolic extracts of the leaves of Phaseolus
vulgaris after growth for 7 days with the different treatments (C control group, S10 with 10 mg, S30 with 30 mg
and S100 with 100 mg from Thalassiatestudinum).
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CONCLUSION

The powder obtained from Thalassiatestudinum exerted a fertilizing effect on the growth of Phaseolus vulgaris
in agar-agar by increasing the size and weight of the treated seedlings and also increased the content of
chlorophylls and total polyphenols; This may be an alternative to take advantage of the seagrass biomass that
accumulates on the marine coasts of the Gulf of Mexico and use it sustainably in agriculture.
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