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Use of biosolids from wastewater
treatment plants and other
organic fertilizers in agriculture—a
preliminary results of a case study
in banana cultivation in the
Dominican Republic

Atuey J. Martínez Durán, Vladimir A. Rodríguez Núñez and

José del C. Castillo Jáquez*

Universidad Tecnológica de Santiago, UTESA, Santiago de los Caballeros, Dominican Republic

Introduction:The use of biosolids fromwastewater treatment plants in agriculture

is considered relevant for the promotion of sustainable agricultural practices,

the improvement of soil fertility, and the reduction of dependence on synthetic

chemical products. The Dominican Republic is today the world’s largest producer

of organic bananas and the main exporter of organic and fair-trade bananas

to Europe. The biosolids generated in the wastewater treatment plants in the

Dominican Republic currently have no use. In other countries, biosolids are used

for agriculture, although biosolids have di�erent characteristics in each place

and their potential must be analyzed. In the Dominican Republic, there is no

research that analyzes biosolids and their impact on agriculture. This research aims

to compare the nutritional composition of bananas in plantations fertilized with

di�erent doses of biosolids and other organic fertilizers.

Methods: For this test, five blockswere preparedwith organic fertilization, another

with potassium sulfate, and a control block. Laboratory analysis was used to

determine the characteristics of the biosolids used and also to know the nutritional

composition of bananas of the Williams variety.

Results: The results, when compared, show the impact that each of these

fertilizers has or can have on the production of organic bananas in the Dominican

Republic.

Discussion: The use of dose Y of the biosolid, characterized by the application

of 16 kilograms of biosolid per plant, is the most recommended to fertilize the

banana since the collected fruits presented the most optimal nutritional values.

KEYWORDS

banana, biofertilizer, biosolids, nutrients, organic fertilization

1 Introduction

Organic farming is a natural system that brings together agronomic, ecological,

economic and social aspects. This type of farming includes the use of organic inputs for

fertilizers, such as manure and plant residues; the management of insects, pests, and diseases

based on plant extracts used as repellents or biological control agents; and natural or

induced biological control and crop rotation for the protection of crops and a better use

of the soil (Echeverry-Navarro, 2001). As an alternative to substituting chemical fertilizers

applied to crops, the use of organic fertilizers has been suggested (compost and biosolids,

among others), which can supply the nutrients required by plants, increase the amount
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of microorganisms, and improve the physical characteristics of

the soil (Ramos-Agüero et al., 2016). The indiscriminate or

inappropriate use of chemicals (fertilizers and pesticides, among

others) has caused a progressive deterioration of agricultural soils

across the world, as well as pollution of the environment. This

situation generates negative environmental effects, such as soil

toxicity and infertility, increased acidity, surface and groundwater

contamination, and high concentrations of nitrates causing damage

to plants, as well as affecting ecosystems and human health

(Sánchez-Murcia, 2021).

Sludge from wastewater treatment plants consists of a residue

of organic matter that remains after processing, which looks like

a stable, nutrient-rich humus in aqueous suspension (Sharma and

Garg, 2019). Treated sludge suitable for use in farming is known

by the name of biosolids and is an excellent organic fertilizer that

can be applied to orchards and fields in a liquid state (biosolid with

high moisture content) or can be dehydrated, leaving the organic

material in the form of a semi-solid or solid sludge paste that is

easy to stack, distribute and apply to the fields (Munoz et al., 2021).

Nutrients contained in biosolids increase the biomass and yield

of crop plants (Ploughe et al., 2021). However, their application

on agricultural land could present, if the appropriate treatment

is not applied, some negative aspects, such as the presence of

heavy metals (Jordán et al., 2022) and pathogenic microorganisms,

which can negatively influence both the soil and the crops (Law

et al., 2021). The agricultural use of biosolids is one of the

most recommended options in literature for improving soils and

fertilizing crops (Sharma et al., 2017). The main components of

biosolids are organic matter (OM) and nutrients beneficial to all

plants, especially nitrogen (N) and potassium (P) (Latare et al.,

2014).

However, given the nature and physicochemical characteristics

found in biosolids, they must be analyzed at a chemical level

before their application to agricultural land (Sharma et al.,

2017), especially to control the presence of certain heavy metals

(Türkdogan et al., 2003), pathogens (Al-Gheethi et al., 2018), or

other organic contaminants (Mattana et al., 2014). This is why the

safety of applying treated dewatered sludge as fertilizer has been

a topic of research and discussion, since potential risks have been

associated with the presence of heavy metals in biosolids (Cheng

et al., 2013; Okoffo et al., 2020). The accumulation of heavy metals

in the soil and their possible uptake by crops can pose risks to

human health (Jordán et al., 2022). There is also a need for further

assessment of environmental damage and potential contamination

of agroecosystems where biosolids are applied to land as fertilizer

(Judy et al., 2015; Hogue, 2018). Furthermore, the presence of

contaminants such as pharmaceuticals and alkylphenol ethoxylates

in biosolids has been identified as a potential concern (Örmeci,

2014). Also, the fate of regulated contaminants and antibiotic-

resistant bacteria in biosolids and their potential impacts on the

environment and soil degradation have been studied (Cunningham

et al., 2020). But in general, biosolids can provide benefits in terms

of soil fertility and plant growth (Broderick and Evans, 2017; Sun

et al., 2022), however it is important to consider potential risks and

ensure regulations are in place of quality monitoring and adequate

treatment to mitigate any adverse effects (Okoffo et al., 2020).

The banana is a widely grown fruit and consumed worldwide

because of its organoleptic properties (characteristic aroma and

pleasant taste) and as a result of its high content of energy, minerals

and Vitamins A, C, and B6 (Khawas et al., 2014). This tropical

fruit has a high nutritional value and is consumed widely in

Europe (Arvanitoyannis and Mavromatis, 2009). Soil fertility is the

main factor that guarantees the sustainability of banana cultivation.

Junqueira-Teixeira (2005) noted that nutrient export by the banana

cluster, nutrient losses by leaching and surface runoff, and the

acidification of the soil profile call for the careful management of

soil fertility to maintain a high yield. An important aspect in the

use of biofertilizers in banana cultivation is to evaluate the response

of the crop to organic fertilization. Thus, some literature indicates

that there is a direct relationship between the conditions in the

physiological development or growth of the plant and the yield

variables of the plant in morphological terms (Martínez-Cardozo

et al., 2016; Cobeña-Loor et al., 2020). Currently, agricultural

research is aimed at improving crops to increase the quantity and

quality of nutrients in fruits (Welch and Graham, 2004; Aluru et al.,

2008; Ploughe et al., 2021), and the nutritional quality and number

of fruits per bunch are important selection indices in banana and

banana improvement programs (Ndukwe et al., 2012), although the

nutritional composition of bananas in response to soil fertilization

with biosolids has not been widely addressed in literature.

The relationship between nutrient content in the soil and the

response in banana has provided doses for different levels of soil

fertility in all banana-producing countries in Latin America (Arias,

1984; Hernández, 1985; López, 1994). The banana cultivation

requires adequate amounts of nutrients to be applied to the soil

in the form of organic and inorganic fertilizers. These nutrients

promote vegetative growth and fruit production. Part of the

nutrients accumulated by the plant in the different tissues during

the growth and production cycle are exported at the time of harvest

(Cruzate and Casas, 2009). The amount extracted depends on the

banana variety, the management, the edaphoclimatic conditions

(Quintero, 1995), and the yield of the plantation (Cruzate and

Casas, 2009). Bananas are relatively fast-growing plants and

demand high levels of nutrients available in the soil for normal

development and production. According to and Lahav (1995) and

Soto Ballestero (2008), the amount of nutrients provided by the soil

and soil-plant recycling system is not enough to meet the demands

of the crop, so the application of fertilizers in adequate amounts

is required.

Thus, the main objective of this research is to carry out

a comparative evaluation of the response in the nutritional

composition of bananas on fertilized cropland with different

doses of biosolids and with other organic fertilizers. In this way,

compared to previous studies on the subject, this research on

the use of biosolids as organic fertilizers in banana cultivation

offers several innovative aspects. Firstly, it focuses on evaluating

the response in the nutritional composition of bananas when

fertilized with different doses of biosolids and other organic

fertilizers. This is important because the nutritional composition

of bananas in response to soil fertilization with biosolids has

not been widely addressed in the literature (Castellanos-Rozo

et al., 2022). Secondly, the research aims to assess the potential

risks associated with the application of biosolids to agricultural

land. It acknowledges that biosolids can contain heavy metals,

pathogens, and other organic contaminants, which can negatively

influence both the soil and the crops (Khalid et al., 2017; Jordán
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et al., 2022). By analyzing the chemical level of biosolids before

their application, the research aims to ensure the safety of using

treated dewatered sludge as fertilizer (Shanableh and Ginige, 1999).

This is crucial because the accumulation of heavy metals in the

soil and their uptake by crops can pose risks to human health

(Jordán et al., 2022). Thirdly, the research takes into account the

specific context of organic banana production in the Dominican

Republic, where a high market demand for organic bananas

in Europe and environmental concerns in the banana industry

favor the development of sustainable production (Gebert, 2010).

Approximately 95% of organic banana exports from the Dominican

Republic are sent to the European Union, accounting for almost

50% of its supply (FAO, 2023). Lastly, the research contributes to

the evolving biosolids industry by evaluating the potential benefits

of using biosolids as a soil improver to reduce the use of chemical

fertilizers, optimize costs, and increase crop yields (Castellanos-

Rozo et al., 2022). The optimization of costs through the use of

biosolids is very important for banana producers, since these crops

are located in the most arid region of the country, generating very

high costs due to drought (Ramesh and Ostad-Ali-Askari, 2023a,b).

Overall, this research provides a comprehensive and innovative

approach to understanding the use of biosolids as organic fertilizers

in banana cultivation, considering both the potential benefits and

risks associated with their application.

2. Materials and methods

2.1. Experimental area

The study was carried out at an experimental farm (19◦26′41′′N

70◦38′09′′E) located in the vicinity of the city of Santiago de los

Caballeros (Dominican Republic), where five experimental blocks

of 15 × 16m each were prepared and arranged for the cultivation

of bananas, and a different organic fertilizer process was applied

to each of the blocks. Each block was a space of land made up

of 63 banana crops, distributed in seven rows of nine banana

crops. The planting distribution recommended by producers in the

region was used, which consists of planting nine vines in each row,

separated by 2m. The Williams variety of banana was used. The

Williams banana crop is characterized by its high productivity and

resistance to common diseases in banana plantations. It requires a

warm and humid climate (75–85%), with an average temperature

ranging between 27 and 30◦C. It adapts well to various soil types,

as long as they are well-drained. Williams bananas require proper

irrigation (1,000–1,500mmof water/year) and careful management

of pests and diseases to ensure optimal production. Additionally,

they have a maturation time of ∼9–12 months from planting to

harvest (Gamez et al., 2019). The crop of this research was planted

in December 2021 and its fruits were collected in September 2022.

The fertilizers used in each block were incorporated into the

soil in the pre-sowing stage, in the month of November 2021. Block

2 was fertilized with 190 kilos of animal-based organic fertilizer

(poultry litter); Block 4 was applied with an X-dose of biosolids,

Block 5 was applied with a Y-dose of biosolids; Block 6 was applied

with an X-dose of biosolids plus a crop protection compound;

and Block 7 was applied with a Y-dose of biosolids plus the crop

protection compound. The X-dose refers to the application of 8 kg

of biosolid/plant, while, the Y-dose refers to the application of 16 kg

of biosolid/plant. Therefore, for blocks 4 and 6, a total of 504 kilos

of biosolids were applied to the soil, pre-sowing, and for blocks 5

and 7, 1,008 kilos of biosolids were also applied pre-sowing. The

crop protection compound applied together with the biosolid in

Blocks 6 and 7 consisted of a solution made with Neem fruit (25 g

of milled Neem/gallon of water, mixed twice a day for 3 days) of an

applied dose equivalent to 1 L of solution/hole of each plant. Block

1 (control, no fertilizer applied) and Block 3 (fertilized with 11 kilos

of potassium sulfate in the growing months number 2 -February

2022-, number 5 -May 2022- and number 8 -August 2022-) did

not produce bunches of bananas at the time of harvest of the other

blocks mentioned, and were therefore not analyzed (Figure 1).

2.2. Soil analysis

Before sowing, a nutritional and heavy metal analysis of

the soil was carried out. The soil analysis was carried out

by the company A&L Greatlakes Laboratories, located in the

United States. Important parameters such as pH, total nitrogen,

phosphorus and potassium were evaluated. These analyses were

repeated 1 week before harvest, this time by the company EQLAB

Environmental Quality Laboratories, based in Puerto Rico. The

soils were sampled at a depth of 0–30 cm. Three soil samples were

taken from each block using an auger with an internal diameter

of 4.0 cm. Subsequently, they were immediately mixed and sealed

in marked plastic bags. Before analyzing the parameters, the soil

samples were air-dried. Regarding the soil pH, a pH electrode

was used following a soil to water ratio of 1:2.5. Total nitrogen

was measured by the Kjeldahl method. Available phosphorus

was extracted using 0.5M NaHCO3, and available potassium was

extracted using 1.0M NH4OA (Bastida et al., 2008). Table 1 shows

a summary of the parameters analyzed, indicating their procedure

or method. Heavy metal analyzes were performed prior to planting

by A&L Greatlakes Laboratories. The following heavy metals were

present in the soil: sulfur, zinc, manganese, iron, copper, and boron.

These were determined by the diethylene triamine pentaacetic acid

extraction-inductively couple plasma method. The analyzes were

made for three samples: a sample in zone 1 (experimental area of

blocks 1, 2, and 3), a sample for zone 2 (experimental area of blocks

4 and 5) and a sample for zone 3 (area experimental block 6 and 7).

2.3. Biosolids analysis

The treated dehydrated sludge (biosolid) was extracted from

the main Wastewater Treatment Plant (WWTP) of the city of

Santiago de los Caballeros and one of the most important in the

country (WWTP Rafey), and was characterized by the Puerto Rican

laboratory EQLAB (Environmental Quality Laboratories, SRL),

using EPA Methods. EPA Methods refer to analytical procedures

developed and published by the United States Environmental

Protection Agency (EPA). These methods provide standardized

guidelines for the analysis of various environmental samples,

including water, soil, air, and biological materials. EPA’s methods

ensure consistency and reliability in environmental monitoring and

regulatory compliance by specifying the appropriate techniques,

instrumentation, reagents, and quality control measures to be used

Frontiers inWater 03 frontiersin.org

https://doi.org/10.3389/frwa.2023.1236924
https://www.frontiersin.org/journals/water
https://www.frontiersin.org


Martínez Durán et al. 10.3389/frwa.2023.1236924

FIGURE 1

Graphic representation of the blocks and types of fertilization.

during the testing process. A simple random sampling method was

used to select the biosolids samples for analysis. Below are the

chromatographic analyses:

• Herbicidal Compounds Analysis: Herbicidal compounds

present in the biosolid were analyzed using gas

chromatography. Gas chromatography is a technique

used to separate and analyze volatile compounds. The specific

method used for this analysis is EPA Method 8151A.

• Volatile and Semi-Volatile Organic Compounds Analysis:

The determination of volatile and semi-volatile organic

compounds in the biosolid was carried out using gas

chromatography coupled with mass spectrophotometry. This

technique allows for the identification and quantification of

a wide range of organic compounds. The specific methods

used for this analysis are EPA Method 8260B and EPA

Method 8270C. The biosolid sample would be prepared and

subjected to gas chromatographic separation followed by

mass spectrometric detection. The instrument parameters,

calibration standards, and sample preparation steps would

follow the guidelines outlined in EPA Methods.

• Pesticide Analysis: The analysis of pesticides present in

the biosolid was conducted using gas chromatography. Gas

chromatography is used to separate and identify different

pesticide compounds. The specific method used for this

analysis is EPA Method 8081A.

• Heavy Metals Analysis: The determination of heavy metals in

the biosolid was performed using inductively coupled plasma

atomic emission spectroscopy. ICP-AES is a technique that

allows for the identification and quantification of various

elements, including heavy metals. The specific method used

for this analysis is EPA Method 6010D.

In addition, several other chemicals analyze were conducted:

• Total Organic Carbon (TOC): The determination of total

organic carbon in the biosolid was carried out using either

catalytic combustion or chemical oxidation methods. Total

organic carbon analysis provides information about the

carbon content in the sample. The specific method used for

this analysis is EPA Method 415.1.

• Total Nitrates and Nitrites Analysis: The analysis of

total nitrates and nitrites (NO2 + NO3) in the biosolid

was performed using an automated colorimetric method

with a reduction column. This method allows for the

quantification of nitrates and nitrites present in the

sample. The specific method used for this analysis is EPA

Method 353.2.

• Total Kjeldahl Nitrogen Analysis: The determination of

total Kjeldahl nitrogen in the biosolid was conducted using

semi-automated colorimetry. Total Kjeldahl nitrogen analysis

provides information about the nitrogen content in the
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sample. The specific method used for this analysis is EPA

Method 351.2.

• Total Phosphorus Analysis: The analysis of total phosphorus

in the biosolid was performed using colorimetric methods

after sample digestion. Total phosphorus analysis provides

information about the phosphorus content in the sample.

The specific methods used for this analysis are SM Methods

4500P-A, B, and E.

In addition to these chemical analyses, temperature was

determined using a mercury thermometer (EPA 170.1), and pH

was measured using the electrometric method with a platinum

electrode (SM 4500 HB).

Microbiological analyzes performed on the biosolid included

the following:

• Salmonella Analysis: The presence and quantification of the

Salmonella genus were determined using the membrane

filter technique followed by incubation in a selective culture

medium (SM 9260D). SM is a Standard Methods for

the Examination of Water and Wastewater, that provides

standardizedmethods for the analysis of water and wastewater

samples. The biosolid sample was filtered through a

membrane filter, and the filter was placed on the selective

culture medium. Incubation allowed for the growth of

Salmonella colonies, which were then counted and reported

as Most Probable Number (MPN) per 4 g of sample. MPN

is a statistical estimation of the number of microorganisms

present in a sample.

• Molds and Yeast Analysis: Molds and yeasts were determined

using the plate counting technique. The biosolid sample was

plated onto agar media suitable for the growth of molds

and yeasts. After incubation, visible colonies were counted

and expressed as Colony-Forming Units (CFU) per gram of

sample. CFU is a measurement of viable microorganism cells

capable of forming colonies under specific conditions.

• Fecal Coliform Analysis: Fecal coliforms were analyzed

using the multiple tube fermentation technique (SM 9221E).

Multiple fermentation tubes containing appropriate growth

media were inoculated with the biosolid sample. Incubation

allowed for the growth of fecal coliforms, and the tubes

showing positive gas production were counted. The result was

expressed as MPN per gram of sample.

• Viable Helminth Ova Analysis: The number of viable

helminth ova was determined using the helminth ova

concentration technique (EPA 625/R-92). The biosolid sample

was centrifuged with buffered water and a surfactant. After

decanting the supernatant, the resulting pellet was examined

for the presence of viable helminth ova. The result was

expressed as Viable Helminth Ova (VHO) per 4 g of sample.

VHO is a test for the presence of viable parasitic worm eggs.

The results of the characterization of the biosolid used in this
study show that it is a safe organic fertilizer for application to the
soils of banana plantations in the Dominican Republic. According
to the results of microbiological analyses, the biosolid can be
classified in class A of the standard (NOM-004-SEMARNAT-2002,
2002). This is because the values of fecal coliforms, Salmonella and

the number of viable helminth ova were below the limits established

TABLE 1 Soil analysis.

Analysis parameter Procedure o method

pH pH electrode following a soil to water ratio of 1:2.5

Total Nitrogen Kjeldahl method

Available Phosphorus Extraction using 0.5M NaHCO3

Available Potassium Extraction using 1.0 M

Source: Own elaboration.

TABLE 2 Biosolids analysis.

Analysis
parameter

Procedure o method

Chromatographic analyses

Herbicidal
compounds

Gas chromatography using EPA method 8151A

Volatile and
semi-volatile
organic compounds

Gas chromatography coupled with mass
spectrophotometry using EPA methods 8260B and
8270C

Pesticide analysis Gas chromatography using EPA method 8081A

Heavy metals
analysis

Inductively coupled plasma atomic emission
spectroscopy (ICP-AES) using EPA method 6010D

Chemical analyses

Total organic
carbon (TOC)

Catalytic combustion or chemical oxidation methods
using EPA method 415.1

Total nitrates and
nitrites

Automated colorimetric method with a reduction
column using EPA method 353.2

Total Kjeldahl
Nitrogen

Semi-automated colorimetry using EPA method 351.2

Total phosphorus Colorimetric methods after sample digestion using SM
methods 4500P-A, B, and E

Physical measurements

Temperature Measurement using a mercury thermometer (EPA
170.1)

pH Measurement using the electrometric method with a
platinum electrode (SM 4500 HB)

Microbiological analyses

Salmonella analysis Membrane filter technique followed by incubation in a
selective culture medium using SM 9260D

Molds and yeast
analysis

Plate counting technique using appropriate agar media

Fecal coliform
analysis

Multiple tube fermentation technique (SM 9221E)

Viable helminth ova
analysis

Helminth ova concentration technique (EPA 625/R-92)

Source: Own elaboration.

by the official Mexican standard (NOM-004-SEMARNAT-2002,

2002) and by the USEPA (1993). Table 2 shows a summary of

the parameters analyzed in the biosolids, with their procedure

or method.

2.4. Banana nutritional analysis

The banana samples were obtained from a simple random

sampling of bunches in each of the blocks. The harvested samples

were collected on the same day, in a single sampling. In each
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of the five blocks, one bunch was picked and separated, from

which about 300 g of fruit chosen from several single bananas (sub-

samples) in the harvested bunch were extracted for analysis and

removed from each block. Samples of the fruit were sent for analysis

to an accredited laboratory in Madrid, Spain (AGQ-Lab). The

following nutritional parameters of the bananas were determined:

total sugars, ash, dietary fiber, total fats, carbohydrates, moisture,

proteins, energy value, calcium, magnesium, and potassium. Below

are the details of the analysis:

• Total Sugar Analysis: Total sugars were analyzed by

volumetric analysis (AQ-510). The banana samples were

subjected to a volumetric analysis technique to determine the

total sugar content.

• Ash Analysis: Ash content was determined using a gravimetric

method (PE-355). The banana samples were incinerated to

remove organic matter, and the remaining ash was weighed

to determine the ash content.

• Moisture Analysis: Moisture content was determined by

gravimetric methods (AQ-529). The banana samples were

dried and weighed before and after the drying process to

determine the moisture content.

• Dietary Fiber Analysis: Dietary fiber was determined using

enzymatic-gravimetric methods (PE-279). The banana

samples were subjected to enzymatic treatment to remove

non-dietary fiber components. The remaining dietary fiber

was then measured gravimetrically.

• Total Fat Analysis: Total fats were analyzed using nuclear

magnetic resonance (NMR) (PE-2117). The banana samples

were subjected to NMR analysis, which allows for the

quantification of the total fat content.

• Protein Analysis: Proteins were determined using the Kjeldahl

method (PE-987). The banana samples were digested using

the Kjeldahl method, which involves acid digestion and

subsequent determination of nitrogen content to calculate

protein content.

• Carbohydrates and Energy Value Analysis: Carbohydrates and

energy value were derived by calculations (AQ-504). The

carbohydrate and energy values were calculated based on the

composition and content of other macronutrients.

• Calcium, Magnesium, and Potassium Analysis: Calcium,

magnesium, and potassium parameters were analyzed by

flame atomic absorption spectrophotometry (AQ-967). The

banana samples were subjected to flame atomic absorption

spectrophotometry, which allows for the quantification of

these mineral elements.

The mentioned methods, such as AQ-510, PE-355, AQ-529,

PE-279, etc., refer to specific analytical protocols or procedures

used by the laboratory to determine the respective nutritional

parameters. Table 3 shows a summary of the parameters analyzed

in the banana, with their procedure or method.

2.5 Statistic analysis

The data analysis was performed by directly comparing the

values of the nutritional parameters of the fruit harvested in the

TABLE 3 Banana nutritional analysis.

Analysis parameter Procedure o method

Total sugar Volumetric analysis (AQ-510)

Ash Gravimetric method (PE-355)

Moisture Gravimetric methods (AQ-529)

Dietary fiber Enzymatic-gravimetric methods (PE-279)

Total fat Nuclear magnetic resonance (NMR) (PE-2117)

Protein Kjeldahl method (PE-987)

Carbohydrates Calculation (AQ-504)

Energy Value Calculation (AQ-504)

Calcium Flame atomic absorption spectrophotometry
(AQ-967)

Magnesium Flame atomic absorption spectrophotometry
(AQ-967)

Potassium Flame atomic absorption spectrophotometry
(AQ-967)

Source: Own elaboration.

different blocks. In addition, a cluster analysis was performed

to find similarities and/or differences between the nutritional

composition of the banana in the different blocks tested. Cluster

analysis is a multivariate statistical method that aims to search

for similar clusters of individuals or sites that are clustered as

homogeneously as possible based on the variables observed (Pérez-

López, 2004). In the case of this research, the idea is to cluster

the different experimental blocks according to the nutritional

composition that the bananas presented, after the application of

the organic fertilizers, including the treatments with application

of biosolids. The blocks classified within the same cluster will

be very similar to each other and different from the other

clusters formed. For the clustering, we used the Morisita-Horn

Similarity Index, which takes into account both the similarity

in nutritional composition and the similarity in abundances.

Values can be taken from 0 to 1, where 0 indicates no similarity

and 1 total similarity. This index provides satisfactory results

among quantitative similarity indices. The cluster analysis was

performed using the Past 4.04 statistical program. Also, an ANOVA

(Analysis of Variance) statistical analysis was performed to assess

the significance of the differences between the different organic

fertilizer processes applied to the banana growing blocks. The

ANOVA test will determine if there are significant variations

in the nutritional parameters (total sugars, ashes, dietary fiber,

total fat, carbohydrates, moisture, protein, energy value, calcium,

magnesium, and potassium) between the different blocks. The

significance test used will be based on the F-test, which compares

the variability between groups with the variability within groups.

In addition, a normal distribution test, such as the Shapiro–Wilk

test, will be performed to test the assumption of normality of the

data before performing the ANOVA analysis. This test will examine

whether the data follows a normal distribution, which is a required

assumption for the validity of the ANOVA results. By carrying

out the ANOVA test and normal distribution, the study aims to

determine if the organic fertilizer processes significantly influence

the nutritional composition of bananas and if the data meet the
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TABLE 4 Soil nutrients.

Treatment Total nitrogen (N) (g kg−1) Total phosphorus (P) (g kg−1) Total potassium (K) (g kg−1)

Pre-
planting

Before
harvest

Variation
(%)

Pre-
planting

Before
harvest

Variation
(%)

Pre-
planting

Before
harvest

Variation
(%)

Block 1 3.7g 3.8f +2.6 2.4a 2.5f +4.0 5.8a 5.8b 0.0

Block 2 5.4d 7.6c +28.9 2.0d 2.7d +25.9 4.7d 4.9e +4.0

Block 3 4.8f 6.1e +21.3 1.5f 1.6g +6.25 4.1e 4.2f +2.3

Block 4 6.1b 7.2d +15.2 2.3b 4.0b +42.5 4.9c 5.3c +7.5

Block 5 5.9c 7.2d +18.0 2.1c 4.1a +48.7 5.1b 5.1d 0.0

Block 6 7.1a 8.1a +12.3 1.9e 3.9c +51.2 5.8a 5.9a +1.6

Block 7 5.3e 7.9b +32.9 2.0d 3.7e +45.9 4.9c 5.1d +3.9

For each parameter, means followed by different letters are significantly different according to LSD (P < 0.05). Source: Own elaboration.

TABLE 5 Heavy metals in the soil of the experimental area, prior to planting.

Treatment Sulfur (S)
(mg kg-1)

Zinc (Zn)
(mg kg-1)

Manganese (Mn)

(mg kg-1)

Iron (Fe)
(mg kg-1)

Copper (Cu)

(mg kg-1)

Boron (B)
(mg kg-1)

Block 1 Zona 1

85 12.2 47 12 6.7 3.9Block 2

Block 3

Block 4 Zona 2
115 10.4 56 11 6.9 6.7

Block 5

Block 6 Zona 3
17 2.7 41 1 3.2 2.4

Block 7

Source: Own elaboration.

necessary assumptions for the analysis. This analysis was performed

with the statistical program SPSS v.24.

3 Results

3.1 Characterization of soil

Nutrients and heavy metals in the soil were analyzed twice:

the last week of November 2021 and the first week of September

2022. Table 4 shows the parameters analyzed in each of the

analyses. The total nitrogen concentration ranged between 3.7

and 7.1 g/kg−1 in the pre-sowing period, and between 3.8 and

9.6 g/kg−1 in the analysis prior to harvesting. In the case of

phosphorus, it ranged between 1.7 and 2.4 g/kg−1 in pre-sowing,

and between 3.7 and 4.1 g/kg−1 in the analysis prior to harvesting.

In the case of potassium, it ranged between 4.1 and 5.8 g/kg−1

in pre-sowing, and between 5.1 and 5.9 g/kg−1 in the analysis

prior to harvesting. Table 5 shows the results of the heavy metals

obtained in the sampling prior to planting. The results show that

the highest concentration of heavy metals have been manganese

and sulfur.

3.2 Characterization of the biosolid

The results of the characterization of the biosolid used in the

fertilization of the experimental culture are shown in Tables 6–9.

The pH value is 5.60 and the moisture value is 59%. Table 6

shows the values of concentrations of herbicides, volatile organic

compounds, and pesticides were below the limit of detection of the

method used (ND) and in no case exceeded the limits established in

the standards of the United States environmental protection agency

(USEPA, 1993).

The results of the metal elements are shown in Table 7.

Zinc, copper, nickel, and lead had the highest values; while

arsenic, chromium, cadmium, and mercury showed lower

values. The values of these parameters do not exceed the

limit values required by USEPA (1993) and the Mexican

standard for biosolids (NOM-004-SEMARNAT-2002, 2002)

placed on soils for agricultural purposes. The values indicate

a concentration sequence of Zn > Cu > Ni > Pb > As >

Cr > Cd > Hg. This indicates that the biosolid does not

pose a risk in terms of heavy metal contamination. Likewise,

the concentrations of pesticides, herbicides and volatile and

non-volatile organic compounds were below the limits of

detection of the methods used and below what is established in

the standards.

The values of the nutrients analyzed in the biosolid (total

phosphorus, total nitrogen, potassium, calcium, magnesium,

sodium, and iron) are shown in Table 8. The content of macro-

and micronutrients in the biosolid follows the sequence: Fe > N

> Ca > P > K > Mg > COT > Zn > Cu. This indicates that the

biosolid is rich in essential nutrients such as nitrogen, phosphorus,

potassium, calcium, and iron, which are beneficial for plant growth

and development.
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TABLE 6 Results of the values of pesticide, herbicide, and volatile organic

compounds in the characterization of the biosolid applied in the

experimental blocks in the study.

Parameter Units Result LOD Standard

Pesticides

Chlordane mg/L ND 0.0001 0.03

Endrin mg/L ND 0.0001 0.02

Lindane mg/L ND 0.0001 0.4

Heptachlor mg/L ND 0.0003 0.008

Heptachlor epoxide mg/L ND 0.0003 0.008

Methoxychlor mg/L ND 0.0003 10

Toxaphene mg/L ND 0.0015 0.5

Herbicides

2,4,5-TP mg/L ND 0.01 1.0

2,4-D mg/L ND 0.01 10.0

C. volatile organics

1,1-Dichloroethene mg/L ND 0.01 0.7

1,2-Dichloroethane mg/L ND 0.02 0.5

1,4-Dichlorobenzene mg/L ND 0.03 7.5

2-Butanone mg/L ND 0.03 200

Benzene mg/L ND 0.01 0.5

Carbon Tetrachloride mg/L ND 0.01 0.5

Chlorobenzene mg/L ND 0.03 100

Chloroform mg/L ND 0.02 6.0

Tetrachloroethene mg/L ND 0.02 0.7

Trichloroethene mg/L ND 0.03 0.5

Vinyl Chloride mg/L ND 0.02 0.2

ND, not detectable; LOD, limit of detection; STANDARD, refers to the USEPA (1993)

standard (Title 40: Protection of Environment. Part 50: Standards for the Use and Disposal

of Sewage Sludge). Source: Prepared by the authors.

The analyses of the pathogenic microorganisms are shown in

Table 9. The results for salmonella were below the limit of detection

of the method (<0.72 MPN/4 g) and below the values indicated in

the standards (NORM-004-SERMANAT-2002). Similarly, the fecal

coliforms were found to have values below the limit of detection

of the method (<1.8 MPN/g) and the number of viable helminth

ova (VHO) was below the limit of detection (<0.2 VHO/4 g). These

results demonstrate that the biosolid is safe in terms of pathogenic

microorganisms and does not pose a risk to human health.

3.3 Nutritional composition of bananas as
a�ected by biosolids and an organic animal
fertilizer

The results of the nutritional composition of the banana

fertilized with different doses of biosolid and with the organic

fertilizer (poultry litter) are shown in Table 10. The highest content

of total sugars, carbohydrates, magnesium and potassium was

TABLE 7 Values of the heavy metals analyzed during the characterization

of the biosolid applied in the experimental blocks during the study.

Parameter Units Result/standard
error

LOD Standard

Arsenic mg/kg 5.59± 0.43 0.557 41

Cadmium mg/kg 0.34± 0.12 0.0859 39

Chromium mg/kg 3.61± 0.53 1.51 1,200

Copper mg/kg 152± 1.22 0.732 1,500

Lead mg/kg 18.5± 0.35 7.03 300

Mercury mg/kg 0.0017± 2.24e-04 0.0002 17

Nickel mg/kg 32.7± 0.19 0.137 420

Zinc mg/kg 295± 0.61 0.703 2,800

LOD, limit of detection; STANDARD, refers to the USEPA (1993) standard (Title 40:

Protection of Environment. Part 50: Standards for the Use and Disposal of Sewage Sludge).

Source: Prepared by the authors.

TABLE 8 Composition of macronutrients in the biosolid applied to the

experimental blocks during the study.

Parameter Units Result LOD

Total organic carbon mg/kg 413± 0.35 2.5

Total phosphorus mg/kg 4,834± 16.58 1,000

Total nitrogen mg/kg 10,665± 12.12 40

K mg/kg 1,600± 68.90 27.3

Ca mg/kg 7,500± 64.60 17.6

Na mg/kg 240± 5.00 33.2

Fe mg/kg 15,000± 707.11 7.03

Zn mg/kg 295± 11.08 0.703

Cu mg/kg 152± 0.63 0.732

Mg mg/kg 1,500± 110.85 83

LOD, limit of detection. Source: Prepared by the authors.

obtained in Block 5 where Y-dose fertilization of the biosolid was

applied. The Y-dose of the biosolid without application of the

plant protection compound (Block 5) and with crop protection

compound (Block 7) showed the highest energy values of 50.8 and

54.8 Kcal/100 g, respectively. As for the protein content, it was

higher in the block fertilized with poultry litter (Block 2). The

moisture content was lower in the blocks where the Y-dose of the

biosolid was applied (Block 5 and Block 7), but slightly higher in

the blocks where the poultry litter were applied (Block 2) and in the

blocks with X-dose of the biosolid (Block 4 and Block 6).

An ANOVA analysis was performed in Table 11. The results

indicate that there are significant differences in the nutritional

parameters between the banana crop blocks for the variables of

sugars, dietary fiber, total fats, carbohydrates, proteins, calcium,

magnesium, and potassium, as evidenced by the significant values

of p (p < 0.05) from the ANOVA test. The Shapiro–Wilk test

suggests that the data for most parameters follow an approximately

normal distribution, except for dietary fiber and protein, which

show deviations from normality (p < 0.05). These deviations
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from normality must be taken into account when interpreting the

ANOVA results.

When comparing by cluster analysis the nutritional

composition of the banana in the different Blocks (Figure 2),

it was observed that Blocks 5 and 7 containing the Y-dose without

crop protection compound (Block 5) and with crop protection

compound (Block 7) show nutritional compositions of the

fruit more similar to each other (greater value of the Morisita

similarity index), forming a more homogeneous first cluster

(Cluster A) widely separated from the other blocks. Meanwhile,

the analysis puts Blocks 2, 4 and 6 into a second cluster (Cluster

B), which showed similar nutritional compositions. Although the

nutritional composition of the blocks in this cluster is similar,

some separation of Cluster 2 from the other two blocks was

observed. Block 2 represents the treatment with application of

fertilization with poultry litter. In summary, it can be noted that

the nutritional composition of the banana plants in Blocks (5

and 7), where the Y-dose of the biosolid (with and without crop

protection compound) was applied, differs significantly from

the nutritional composition of the banana plants in Blocks (2,

4, and 6) where the X-dose of the biosolid (with and without

crop protection compound without fertilization) was applied

and where an organic animal-based fertilizer (poultry litter)

was applied.

TABLE 9 Values obtained in the microbiological parameters salmonella,

total coliforms, and viable helminth ova in the characterization of the

biosolid applied in the fertilization of the experimental blocks in the study.

Parameter Units Result LOD Standard

Salmonella MPN/4 g < 0.72 0.72 3/4 g

Fecal coliforms MPN/g < 1.8 1.8 1,000/g

Viable helminth ova VHO/4 g < 0.2 0.2 < 1

MPN, most probable number; VHO, number of viable helminth ova; LOD, limit of detection;

Standard: Refers to the USEPA (1993) Standard (Title 40: Protection of Environment. Part 50:

Standards for the Use and Disposal of Sewage Sludge). Source: Prepared by the authors.

4 Discussion

4.1 Characterization of soil

The analysis of soil parameters revealed significant variations

in the concentrations of nitrogen, phosphorus, and potassium

between the pre-sowing period and the analysis prior to harvesting.

Comparing the results to the control block, it was observed that

the application of gallinase and biosolids significantly increased

nitrogen levels by 28.9 and 12.3–32.9%, respectively. Phosphorus

levels also showed a significant increase with the application of

chicken manure by 25.9% and, more notably, with the application

of biosolids by 42.5–51.2%. The variation in potassium levels

between block 1 and the other blocks also showed an increase.

TABLE 11 Results of ANOVA and Shapiro-Wilk Test for Nutritional

Parameters in Banana Cultivation Blocks.

Parameter’s F-value p-value Shapiro-Wilk
test statistic

p-value

Total sugars 1,966 0.005 0.939 0.125

Ashes 1,143 0.467 0.968 0.502

Dietary fiber 2,887 0.000 0.891 0.042

Total fat 1,867 0.009 0.927 0.067

Carbohydrates (EU) 2,188 0.001 0.904 0.422

Moisture 3,000 0.250 0.992 0.678

Proteins 4,061 0.000 0.899 0.046

Energy value (EU) 2,333 0.005 0.944 0.156

Calcium 6,094 0.000 0.975 0.131

Magnesium 2,500 0.000 0.968 0.221

Potassium 8,554 0.000 0.939 0.164

F-values represent the significance of differences between the blocks, and p-values indicate the

level of significance. The Shapiro-Wilk test statistic measures the departure from normality,

with p-values indicating the goodness-of-fit to a normal distribution assumption. Source:

Prepared by the authors.

TABLE 10 Nutritional composition of the banana under fertilization in di�erent experimental blocks.

Parameter Units Block 2 Block 4 Block 5 Block 6 Block 7

Total sugars g/100 g 4.6± 0.05 3.7±0.03 6.2±0.07 4.0±0.04 3.9±0.02

Ashes g/100 g 1.9± 0.03 1.9± 0.06 3.1± 0.03 1.9± 0.05 2.2± 0.06

Dietary fiber g/100 g 5.3± 0.05 5.1± 0.04 1.7± 0.04 2.2± 0.03 3.2± 0.03

Total fat g/100 g <1.0± 0.00 <1.0± 0.00 <1.0± 0.00 <1.0± 0.00 <1.0± 0.00

Carbohydrates (EU) g/100 g 8.0± 0.03 9.9± 0.07 12± 0.02 9.9± 0.03 14± 0.04

Moisture g/100 g to 105◦C 87± 0.04 87± 0.03 83± 0.05 87± 0.03 83± 0.02

Proteins g/100 g 3.30± 0.02 1.35± 0.02 1.70± 0.02 1.40± 0.01 1.14± 0.04

Energy value (EU) Kcal/100 g 34.7± 0.03 34.6± 0.04 50.8± 0.06 40.7± 0.03 54.8± 0.03

Calcium mg/100 g 7.3± 0.02 7.8± 0.03 <7.0± 0.03 <7.0± 0.03 <7.0± 0.04

Magnesium mg/100 g 20.8± 0.04 20.0± 0.02 23.6± 0.04 20.0± 0.03 22.9± 0.05

Potassium mg/100 g 571.0± 0.02 538.4± 0.04 580.0± 0.03 539.7± 0.04 551.2± 0.03

Block 2, poultry litter; Block 4, X-dose of biosolids; Block 5, Y-dose of biosolids; Block 6, X-dose of biosolids and crop protection compound; Block 7, Y-dose of biosolids and crop protection

compound. Source: Prepared by the authors.
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FIGURE 2

Dendrogram showing the cluster analysis of the blocks with

application of di�erent doses of biosolid and organic animal-based

fertilizer. The clusters are formed according to the similarity in the

nutritional composition of the banana plants in the di�erent

fertilization treatments of each experimental block. The Morisita

index was used to estimate the similarity between the di�erent

blocks.

These findings highlight the effectiveness of biosolids and other

organic fertilizers in improving the nutrient content of the soil and

subsequently enhancing the nutritional composition of bananas.

The application of biosolids, in particular, demonstrated significant

increases in nitrogen and phosphorus levels, which are essential

for the growth and development of banana plants (Leonel et al.,

2020). This suggests that the use of biosolids as an organic fertilizer

can contribute to the optimization of soil fertility and nutrient

availability, ultimately leading to improved crop yields. In relation

to heavy metals, there are no studies in the country to be able to

compare our values. However, and in comparison with the different

standards for heavy metal concentrations in the soil, the levels of

metals found in the soil of the experimental area were all below the

global limits (Goni et al., 2014; Wang et al., 2016).

4.2 Characterization of the biosolid

The concentrations of heavy metals in the biosolid were found

to be below the limits established in the relevant standards. This is

significant because it ensures that potential issues such as toxicity

to plants (Sidhu et al., 2019), accumulation of heavy metals in

plants (Pan et al., 2021), water and environmental contamination

(Mansilla et al., 2021), and non-compliance with regulations and

standards are effectively controlled when using these biosolids.

Furthermore, the concentrations of pesticides, herbicides, and

volatile/non-volatile organic compounds were below the detection

limits of the methods used and also below the limits set by the

standards. The results of the characterization of the biosolid used

in the fertilization of the experimental culture indicate that it meets

the required standards and regulations for agricultural use. The pH

value of the biosolid is 5.60, indicating a slightly acidic nature. The

moisture content is 59%, suggesting a relatively high-water content

in the biosolid.

The obtained macro and micronutrient concentrations in the

biosolid are sufficient to meet the required doses for banana

plantations. Specifically, the high levels of nitrogen and potassium

in the biosolid adequately fulfill the crop’s nutrient requirements

without the need for additional inorganic fertilizers. Compared to

other crops, banana plants have relatively high nutrient demands,

necessitating the application of substantial amounts of potassium

and nitrogen to replenish exported nutrients per fruit harvest

(average: N 1.66 kg Mg−1, P2O5 0.36 kg Mg−1, and K2O 4.33 kg

Mg−1; Ratke et al., 2012; Nomura et al., 2016). According to studies

conducted in Latin America, recommended fertilization doses for

banana plants based on soil nutrient levels are approximately

600–700 kg K2O/ha/year for soils with low potassium content,

100 kg P2O5/ha/year for phosphorus, and 350–400 kg/ha/year for

nitrogen (López and y Espinoza, 1995).

Therefore, the results indicate that the biosolids exhibit

highly favorable characteristics for their utilization in banana

cultivation in the Dominican Republic. They provide essential

nutrients that are vital for the optimal growth and development

of banana plants. Moreover, their application can enhance

soil structure, improving water retention capacity and aeration

(Adhikari et al., 2022). This, in turn, promotes root growth,

enhances plant resilience against diseases, and adverse weather

conditions (Sorinolu et al., 2021), and ultimately contributes to the

production of fruits with optimal nutritional levels (Eid et al., 2021).

Furthermore, employing biosolids in banana cultivation aligns with

the principles of sustainable agriculture by responsibly utilizing and

recycling resources.

4.3 Comparative analysis of banana
nutrients through fertilization with
biosolids

An important factor in the study of banana composition is

moisture (Fernández-Cruz et al., 2021). The moisture content

of banana fruit can be influenced by factors such as the level

of ripeness and the banana variety (Ogbonna et al., 2016). Ripe

bananas, which contain ∼80% moisture, are highly susceptible to

post-harvest losses and weight loss during transport and storage

(Abano and Sam-Amoah, 2011). Worldwide, moisture values can

range between 58.27 and 85%, depending on the banana variety and

ripeness level (Arvanitoyannis and Mavromatis, 2009; Hapsari and

Lestari, 2016). In our study, the moisture values ranged between

83 and 87%, slightly above the average (76.0%) reported for fruits

from the Canary Islands (Spain), Tenerife (Spain), Ecuador, and

Colombia (Arvanitoyannis and Mavromatis, 2009). It is worth

noting that Blocks 5 and 7 in our study correspond to the

application of the Y-dose of biosolid.

The ash content was higher in Block 5 (3.1 g/100 g), which

received the Y-dose fertilization of biosolid. The ash content tends

to increase in the early stages of ripening, particularly in fruits

intended for cooking and in certain varieties, with values ranging

between 16.9 and 27.1% (Arvanitoyannis and Mavromatis, 2009).

Our results exceed the range (0.66–1.45 g/100 g) reported for 15
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banana varieties (Dotto et al., 2019) and the average ash content in

bananas from the Canary Islands (1%; Fernández-Cruz et al., 2021).

Other studies have reported ash content values ranging from 2.89

to 3.75 g/100 g (Pragati et al., 2014). The variations in ash content

among different banana varieties are attributed to their differential

mineral-absorbing abilities. The higher ash content observed in

bananas fertilized with the Y-dose of biosolid suggests a higher

mineral content compared to bananas fertilized with poultry litter

or the X-dose of biosolid. This observation is consistent with the

higher concentrations of potassium andmagnesium found in Block

5 with the Y-dose application of biosolid.

Carbohydrates are considered the most important nutrients

in bananas due to their abundance, with concentrations ranging

between 10.2 and 26.5 g/100 g (Fernández-Cruz et al., 2021). In our

study, the highest carbohydrate values were observed in bananas

from Block 5 (Y-dose fertilization of biosolid) and Block 7 (Y-

dose fertilization of biosolid plus the addition of a crop protection

compound), with 12 and 14 g/100 g, respectively. These values fall

within the range reported for the nutrient composition of different

banana varieties mentioned earlier. Although an average value of

20 g/100 g of carbohydrates has been reported in many varieties

(Aurore et al., 2009), our values are lower than the average. It is

known that bananas in the initial ripening stages, grade 1 or 2, tend

to have a high starch content, which decreases significantly as the

ripening process progresses (Fernández-Cruz et al., 2021). Thismay

explain the low carbohydrate values obtained in our study.

Our results indicate that the total sugar content in bananas is

higher (6.2 g/100 g) in treatments with the Y-dose of biosolid (Block

5). Similar to our study, other research shows that the total sugar

content is below 16 g (11.92–15.91 g; Fernández-Cruz et al., 2021).

This suggests that total sugar levels depend on the specific banana

variety analyzed.

Dietary fiber content was higher (5.3 g/100 g) in Block 2, which

received poultry litter fertilization, while it was lower (1.7 g/100 g)

in Block 5 with the Y-dose of biosolid. In a study conducted in

the Canary Islands, the dietary fiber content of six banana varieties

ranged from 2 to 5.3 g/100 g (Fernández-Cruz et al., 2021), and

our value falls within this reported range. Fats were not detectable

in all blocks and were similar to the values reported for other

banana varieties, which are below 1 g/100 g. Protein concentrations

were higher (3.30 g/100 g) in Block 2 (poultry litter fertilization)

and lower (1.14–1.70 g/100 g) in the blocks with the application of

biosolid as fertilizer (Blocks 4, 5, 6, and 7). It has been reported

that protein concentrations in bananas generally do not exceed

2 g (1.09–1.92 g/100 g; Fernández-Cruz et al., 2021). In our case,

only the treatment of poultry litter fertilization slightly exceeds the

reported value. Overall, protein levels in bananas fertilized with

biosolids are similar to those reported in literature (Arvanitoyannis

and Mavromatis, 2009; Aurore et al., 2009; Fernández-Cruz et al.,

2021).

The energy value of bananas was considerably higher (58–54.8

kcal/100 g) in the blocks with the application of the Y-dose of

biosolid compared to other blocks (Block 2, Block 4, and Block 6).

The range reported in literature for the energy value of different

banana varieties is from 89 to 105.3 kcal/100 g (Arvanitoyannis

and Mavromatis, 2009; Aurore et al., 2009). The highest values

obtained in our study are below the reported range, which aligns

with the low values of total sugars and carbohydrates observed in

the bananas analyzed. As mentioned earlier, this may be attributed

to the dependence of total sugars and carbohydrates on the specific

banana variety analyzed and the ripeness stage of the fruit.

Mineral content in bananas was relatively high across all

blocks, particularly for magnesium and potassium. The calcium

concentration in our study (7–7.3 g/100 g) falls within the reported

range (4–20 mg/100 g) and is very close to the calcium value

(6.2 mg/100 g) reported for the Gran Enana variety from Ecuador

(Arvanitoyannis and Mavromatis, 2009). Magnesium is also

present in significant amounts in bananas (Fernández-Cruz et al.,

2021). In our study, the magnesium values in the different blocks

were very similar (20.0–23.6 g/100 g). However, the highest values

were obtained in Blocks 5 (23.6 mg/100 g) and 7 (22.9 mg/100 g),

where the Y-dose of the biosolid was applied. Nevertheless, the

magnesium values in our study were slightly lower than the

values reported in literature (27−41.2 mg/100 g; Arvanitoyannis

and Mavromatis, 2009; Fernández-Cruz et al., 2021). Notably,

potassium content was quite high (538.4–580 mg/100 g) in all

the blocks studied, with Block 5 (fertilization with the Y-dose

of the biosolid) resulting in the highest potassium values (580

mg/100 g) in the bananas. These potassium values exceed the range

reported for other varieties (275–534 mg/100 g; Fernández-Cruz

et al., 2021). Potassium is one of the essential minerals with the

highest concentration in the biosolid, and the concentrations of

other important minerals (Ca, Mg, Cu, Fe, Na, Zn, Cu) suggest that

the biosolid can adequately meet the nutritional requirements of

banana plantations.

5. Conclusions

The application of biosolids as organic fertilizer in banana

cultivation has significant benefits for soil fertility and nutrient

availability. The analysis of soil parameters revealed that the use

of biosolids increased nitrogen, phosphorus, and potassium levels

in the soil, which are essential for the growth and development

of banana plants. Biosolids demonstrated particularly effective

results in increasing nitrogen and phosphorus concentrations.

The biosolid used in the study met the required standards and

regulations for agricultural use, with low concentrations of heavy

metals, pesticides, herbicides, and organic compounds.

When comparing the nutrient composition of bananas grown

with biosolids to other treatments, several observations were made.

The bananas fertilized with biosolids showed higher ash content,

indicating a higher mineral content, especially potassium and

magnesium. Carbohydrate levels were within the reported range,

while total sugar levels varied depending on the banana variety

analyzed. Dietary fiber content varied among treatments, and fats

were not detected in any blocks. Protein levels in bananas fertilized

with biosolids were similar to reported values, while the energy

value was lower compared to other banana varieties. Mineral

content, particularly magnesium and potassium, was relatively

high in all blocks, with the highest potassium values observed in

bananas grown with biosolids. The use of dose Y of the biosolid,

characterized by the application of 16 kilograms of biosolid/plant,
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is the most recommended to fertilize the banana, since the collected

fruits presented the most optimal nutritional values.

One of the limitations of the research is the collection of data

only once, in the first harvest. Furthermore, it is necessary to

investigate the accumulation of heavy metals after using biosoils.

In this context, for future lines of research, it is recommended

to analyse the behavior of heavy metals in the soil after applying

biosolids generated in the Dominican Republic.
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