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Viabilidade da bionutrição no carbono orgânico
e metabolismo microbiano em solo cultivado com mangueira ‘Palmer’

Lucas H. M. Carvalho2* , Caio V. R. de Carvalho2 , Ruan S. de Oliveira2 , Gustavo dos A. Silva2 ,
Victor D. de L. Cunha2 , Jamiles C. G. de S. Henrique3 , Leanderson de S. Coelho2 ,

Edivan R. de Souza4 , Sérgio T. de Freitas5 , Ítalo H. L. Cavalcante2  & Bruno C. Moreira2

ABSTRACT: Mango (Mangifera indica) cultivation holds economic importance and needs efficient nutrient management practices. 
Due to high costs of chemical fertilizers, sustainable alternatives, such as remineralizers and biofertilizers, are crucial for ensuring 
nutrition and maintaining soil quality. This study aimed to evaluate the effectiveness of remineralizers and biofertilizers, applied either 
alone or in combination with chemical fertilizers, on the content of organic carbon, humic substances, and microbial activity in the 
soil cultivated with ‘Palmer’ mango trees in the São Francisco Valley. Conducted from 2022 to 2024 in Petrolina, Pernambuco state, 
Brazil, the experiment employed a randomized block design with four treatments and five replicates. The treatments included: T1 
(control), T2 (conventional management), T3 (remineralizers + biofertilizer), and T4 (50% chemical fertilizers + 50% remineralizers 
+ biofertilizer), where T1 received no fertilizer application and T2 consisted of chemical fertilizers only. The evaluation encompassed 
the content of total organic carbon, humic substances, basal respiration, and microbial biomass. The collected data were subjected 
to analysis of variance to assess significant effects using the F test, with treatment comparisons conducted via Tukey’s test (p ≤ 0.05). 
Results indicated that all treatments enhanced contents of organic carbon and humic and fulvic acids in soil. Notably, microbial 
biomass showed efficiency degrading organic compounds when chemical fertilizers were applied. The combination of 50% chemical 
fertilizers with 50% remineralizers and biofertilizer (T4) yielded optimal results in terms of basal respiration and microbial biomass, 
establishing it an effective strategy to increase soil carbon, promote mango development, and reduce costs.
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RESUMO: O cultivo de mangueira (Mangifera indica) possui uma importância econômica e requer práticas eficientes de manejo 
de nutrientes. Devido aos altos custos dos fertilizantes químicos, alternativas sustentáveis, como remineralizadores e biofertilizantes, 
são cruciais para garantir a nutrição e manter a qualidade do solo. Este estudo avaliou eficácia de remineralizadores e biofertilizantes, 
isolados ou combinados com fertilizantes químicos, sobre carbono orgânico, substâncias húmicas e atividade microbiana em solo com 
mangueiras ‘Palmer’ no Vale do São Francisco. Realizado de 2022 a 2024 em Petrolina, Pernambuco, Brasil, o experimento utilizou um 
delineamento experimental em blocos casualizados com quatro tratamentos e cinco repetições. Os tratamentos incluíram: T1 (controle), 
T2 (manejo convencional), T3 (remineralizadores + biofertilizante) e T4 (50% de fertilizantes químicos + 50% de remineralizadores + 
biofertilizante); sendo que o T1 não recebeu aplicação de fertilizantes e o T2 consistiu apenas de fertilizantes químicos). Foram avaliados 
o teor de carbono orgânico total, substâncias húmicas, respiração basal e biomassa microbiana. Os dados obtidos foram submetidos à 
análise de variância para avaliação dos efeitos significativos pelo teste F, e a comparação entre os tratamentos foi realizada mediante o teste 
de Tukey (p ≤ 0,05). Os resultados indicaram que os tratamentos aumentaram carbono orgânico e ácidos húmicos e fúlvicos no solo. A 
biomassa microbiana mostrou eficiência degradando compostos orgânicos com fertilizantes químicos. Notavelmente, a combinação de 50% 
fertilizantes químicos e 50% remineralizadores e biofertilizante (T4) aumentou a respiração basal e biomassa microbiana, estabelecendo 
como estratégia eficaz para aumentar carbono no solo, promover desenvolvimento da mangueira e reduzir custos.

Palavras-chave: Mangifera indica L., estratégias de fertilização, remineralizadores de solo, biofertilizante, biomassa microbiana

HIGHLIGHTS:
The integration of soil remineralizers and biofertilizers significantly reduces the humic matter content in the soil.
The combination of biofertilizers and soil remineralizers boosts soil microbial activity.
While synthetic fertilizers diminish microbial activity, remineralizers facilitate improved carbon utilization.
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Introduction

The use of soil remineralizers and biofertilizers plays a 
crucial role in promoting soil health and sustainability, standing 
out as viable alternatives to chemical fertilizers. These inputs 
support soil microbiota, which is essential for nutrient cycling, 
reduce production costs, improve soil quality, and increase the 
efficiency of chemical fertilizers (Wagg et al., 2019).

Brazil’s remarkable fruit production ranks it as the third-
largest producer globally, reaching approximately 43.03 million 
tons in 2023 (ABRAFRUTAS, 2024). Furthermore, mangoes 
(Mangifera indica) were the most exported fruit in 2023, with 
approximately 266.09 thousand tons exported, generating the 
highest export revenue of US$ 312.00 million (Kist, 2024).

However, the sector still faces challenges related to the 
high demand for chemical fertilizers, which, over time, can 
degrade soil quality and raise production costs. In this context, 
sustainable strategies such as the use of soil remineralizers, 
which replenish essential nutrients, and biofertilizers, which 
introduce beneficial microorganisms and humic substances, 
have gained attention. These inputs not only reduce dependence 
on synthetic fertilizers but also enhance soil health, stimulate 
microbial metabolism, and promote more balanced nutrient 
cycling (Mącik et al., 2023). As a result, they contribute to 
improved crop performance and fruit quality, supporting 
both environmental and economic sustainability (Leme Filho 
et al., 2020).

This approach not only nourishes plants but also preserves 
soil health, establishing a sustainable and economically 
advantageous agricultural practice. In the São Francisco 
Valley, the use of biofertilizers through fertigation and soil 
remineralizers has shown promising results, reinforcing their 
application in mango production systems (Dalvi et al., 2021).

Given the social and economic importance of fruit 
cultivation for the development of the São Francisco Valley, 
this study aimed to contribute to the sustainability of fruit 
farming by evaluating the effectiveness of soil remineralizers 
and biofertilizers, applied either alone or in combination with 
chemical fertilizers, on the content of organic carbon, humic 
substances, and microbial activity in soils cultivated with 
‘Palmer’ mango trees in the São Francisco Valley.

Material and Methods

The study was conducted at the experimental orchard of 
‘Palmer’ mango trees located at the Federal University of the 
São Francisco Valley, in Petrolina, Pernambuco state, Brazil 
(latitude 9° 09’ S and longitude 40° 22’ W), at an elevation of 
365.5 m a.s.l. The orchard soil is classified as a Ultisol (Soil 
Survey Staff, 2022), and the climate is classified as Bswh – 
semi-arid (Alvares et al., 2013). The study was conducted from 
January 2022 to February 2024. The climate data is shown in 
Figure 1.

Figure 1. Air temperature (T), relative humidity (Rh), precipitation, and global solar radiation (Gr) recorded during the 
experiment in 2022 (A) and 2023 (B), Petrolina, Pernambuco, Brazil
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At the beginning of the experiment, the plants were four 
years old, spaced 5.0 m between rows and 2.0 m between plants, 
and irrigated by micro-sprinklers with emitters delivering 
23.3 L h⁻¹ at 2 bar per plant. Irrigation management was based 
on water depths calculated from crop evapotranspiration 
(ETc), as described in Eq. 1, which was obtained using the Eto 
Penman-Monteith method (Allen et al., 1998) and the specific 
Kc value for each phenological stage, as outlined by Teixeira et 
al. (2008). Cumulative water depths were adjusted to account 
for rainfall and irrigation.

(conventional management): Application of chemical fertilizers 
only; T3: Nutritional management with remineralizers + 
biofertilizer via fertigation; T4: Nutritional management 
supplying 50% of nutrients through chemical fertilizers and 
50% through remineralizers combined with biofertilizer via 
fertigation.

The chemical fertilizer sources used in the experiment 
included: urea (45% N), single superphosphate (18% P₂O₅), 
potassium sulfate (48% K₂O), Lithothamnium calcareum (32% 
Ca and 2% Mg), zinc sulfate (35% Zn and 9% S), boric acid 
(17% B), manganese sulfate (26% Mn), and iron sulfate (23% 
Fe). The natural fertilizer sources (remineralizers) used were: 
reactive rock phosphate (23% P₂O₅), rock dust (10.8% K₂O), 
and hydrated lime (37.9% Ca and 1.4% Mg).

The remineralizer sources used in the experiment comply 
with Normative Instruction No. 17, Article 103 (MAPA, 2014), 
and are classified as remineralizers. Fertigation was performed 
using a venturi injector (55 mm), totaling 39 applications 
during each phenological cycle, with a solution volume of 100 
L ha⁻¹ per application. Based on the recommendations of Silva 
(2002), the distribution of each nutrient followed the schedule 
of demands for each phenological phase.

The biofertilizer was prepared by activating beneficial 
microorganisms (EM) with water and molasses for 48 hours, 
followed by the addition of molasses (40 kg), bokashi (20 
kg), and water to a total volume of 1000 L. Revitta Solo® was 
used as the bokashi (Lew et al., 2021), which consists of 
microorganisms, fulvic acids, humic acids, and humins. The 
solution was homogenized and stirred daily, and was ready after 
15 days. Table 2 presents the nutritional composition and the 
organic matter fractionation of the biofertilizer.

Table 3 presents the microbiological characterization of 
the main bacteria present in the biofertilizer (Galkiewicz & 
Kellogg, 2008).

To determine the effects of the treatments during the cycle, 
the following variables were evaluated:

I. The levels of humic substances, humic acids (HA), fulvic 
acids (FA), and humins (HU) in the soil were determined 
according to the method described by Swift (1996), both 
before treatment application (Table 4) and during the mango 
pre-flowering phase. Soil samples were collected beneath 

FAF - Fulvic acid fraction; HAF - Humic acid fraction; HU - Humins. Nutrients determined according to the methodology of the Manual of Official Analytical Methods for Fertilizers 
and Amendments (MAPA, 2017). *Determined according to the methodology of Swift (1996)

N 
(g L-1) 

P K Ca Mg S Cu Fe Zn Mn B Mo FAF* HAF* HU* 
(%) (mg kg-1) (g kg-1) 

0.26 0.003 0.056 0.03 0.02 0.02 1.13 24.82 0.97 2.18 4.72 0.06 4.42 14 82.65 

 

Table 2. Chemical attributes and humic substance content of the biofertilizer used in the experiment

OM - Organic matter; CEC - Cation exchange capacity; SD - Soil density; PD - Particle density; TP - Total porosity; PS - Pore size

Depth 
(cm) 

Chemical analysis 
pH 
H2O 

OM 
(%) 

P 
(mg dm-3) 

K Ca Mg Na S Cu Fe Mn Zn B CEC 
(cmolc dm-3) (cmolc dm-3) (mg dm-3) 

0-40 5.99 0.92 27.01 1.3 3.03 1.01 0.02 9.91 0.93 22.96 44.34 3.59 1.21 4.84 

 
Physical analysis 

SD PD TP 
(%) 

PS (m3 m-3) Sand Silt Clay 
(g cm-3) Macro Micro (%) 

0-20 1.66 2.45 40.31 0.33 0.07 79.3 65.67 13.58 
20-40 1.78 2.50 26.47 0.21 0.04 77.9 66.43 11.42 

 

Table 1. Chemical and physical attributes of the soil prior to the experiment

ETc Kc ETo= ×

where:
ETc - crop evapotranspiration; 
ETo - reference evapotranspiration; and, 
Kc - crop coefficient.

Canopy management practices, such as pruning, weed, 
pest, and disease control, application of plant growth 
regulators, branch maturation, and floral induction, followed 
the guidelines detailed by Genú & Pinto (2002), Lopes et al. 
(2003), Silva (2008), and Cavalcante et al. (2018). Nutritional 
management was conducted via fertigation, except for the 
broadcast application of hydrated lime and reactive natural 
phosphate beneath the canopy. Fertilization was based on soil 
chemical analysis (Table 1) and the crop’s requirements during 
each phenological stage, as described by Silva et al. (2002). 
Soil chemical and physical analyses were conducted using the 
methods described by Tedesco et al. (1995).

The treatments were arranged in a randomized block design 
with five replicates and five plants per plot. The treatments were 
applied weekly, starting after production pruning, following 
the nutritional demands and physiological changes occurring 
throughout the mango production cycle, as described by Silva 
et al. (2002), Genú & Pinto (2002), Ramírez & Davenport 
(2010), Cavalcante et al. (2018), and Lobo et al. (2019). 
Production pruning for the first productive cycle (2022 season) 
was performed in January 2022, and for the second cycle (2023 
season) in March 2023.

The treatments consisted of the following fertilization 
strategies for the crop: T1 (control): No fertilizer application; T2 

(1)
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the canopy projection using a Dutch auger (0–30 cm) in 
four quadrants, with simple samples from each quadrant 
homogenized to form a composite sample.

II. Soil microbiological characterization was performed 
by analyzing the following attributes: microbial biomass 
carbon (MBC), assessed using the irradiation-extraction 
method as described by Vance et al. (1987) and Islam & Weil 
(2000); soil basal respiration (BR), according to Jenkinson & 
Powlson (1976); and total organic carbon (TOC), based on 
the method adapted from Yeomans & Bremner (1988). Soil 
samples were taken before treatment application (Table 4) and 
during the pre-flowering stage of each cycle. The metabolic 
quotient (qCO₂) was calculated as the ratio between soil basal 
respiration and MBC, while the microbial quotient (qMIC) was 
determined as the ratio between MBC and TOC.

The data were subjected to analysis of variance (p ≤ 0.05), 
considering Year (harvest) as a fixed factor in the statistical 
model. Treatments were compared using Tukey’s test at p 
≤ 0.05. All statistical analyses were performed using the R 
software (R Core Team, 2022). Figures were created using the 
SigmaPlot® software, version 12.5 (SYSTAT Software, 2011).

treatment application (11.4 g kg⁻¹, Table 4), TOC decreased for 
treatments T1 and T2 (100% chemical) in 2022. In contrast, 
T3 and T4 showed increases of 23.08 and 23.4%, respectively.

The use of biofertilizers can increase total organic carbon 
(TOC) in the surface layers of the soil. Still, the rate of 
increase depends on the composition, frequency, and quantity 
applied (Xu et al., 2020). Alencar et al. (2015) did not observe 
differences in TOC when using bovine manure biofertilizer, 
due to the low carbon concentration in the material. In 
the present experiment, the biofertilizer used has a higher 
carbon content (Table 2), which may have contributed to the 
accumulation of CO in the soil.

TOC values vary in the literature. Lima et al. (2016) found 
values between 17 and 18 g kg⁻¹ in Red Latosol cultivated 
with vegetables, while Lopes et al. (2016) observed variations 
from 11 to 40 g kg⁻¹ in coffee plantations, with higher values 
associated with the use of the “Supermagro” biofertilizer.

In addition to the carbon in biofertilizers, microbial activity 
also affects TOC. Cellulose, which accounts for approximately 
60% of agricultural residues, is one of the primary compounds 
in the decomposition of organic matter, driving hydrolytic 
processes mediated by cellulolytic bacterial enzymes (Findlay, 
2021).

The biofertilizer, when in contact with leaf litter and 
pruning residues from mango, likely accelerated bacterial 
decomposition, increasing TOC content in the soil. The 
use of bovine manure after pruning also contributed to this 
increase, with the effect being more pronounced in areas where 
biofertilizer was used, which accelerates the degradation of 
organic matter.

For fulvic acids (FA), no differences were observed between 
treatments in 2022. However, in 2023, T4 stood out, surpassing 
T2 and T3 by 65.26 and 41.63%, respectively (Figure 2B). 
Initially, the FA content was 0.088% (Table 4). In 2022, T2 and 
T3 increased FA levels by 2.27 and 27.27%, respectively, while T4 
and T1 decreased by 19.31 and 38.64%, respectively. In 2023, all 
treatments except T1 showed substantial increases compared to 
the initial value in the soil. The substantial increase in fulvic acids 
in the soil in the treatment of 50% chemical + 50% remineralizers 
+ biofertilizer (T4) in the second harvest (2023) indicates 
that the biofertilizer promoted the growing accumulation of 
this fraction over time, favoring microbial activity. Bacteria, 
fungi, and archaea utilize carbon from the fulvic fraction more 
efficiently due to its mobility and lower recalcitrance (Wang et 
al., 2020). Fulvic acids, components of the labile fraction of soil 
organic matter, are formed by the decomposition of organic 
matter mediated by microorganisms (Zhang et al., 2020). Thus, 
the biofertilizer used may have intensified the movement of labile 
carbon, promoting greater metabolism by this biota.

Table 3. Microbiological attributes of the main bacteria present in the biofertilizer used in the experiment
Bacterium Main functions References 

Clostridium beijerinckii Soil bioremediation, eliminates plant pathogens from the soil Ueki et al. (2017); Ueki et al. (2019) 
Clostridium butyricum Non-symbiotic nitrogen-fixing bacteria Ross (1958); Chen (2004) 
Clostridium sp. Decompose leaf dry matter, accelerating the decomposition process Jansson & Hofmockel (2018); Koo et al. 

(2019) Clostridium sporogenes 
Lactobacillus perolens Assists in humus formation and suppression of pathogenic root fungi Quattrini et al. (2018); Carrión et al. (2019) 
Sporolactobacillus nakayamae Soil bioremediation, accelerates cellulose degradation in the soil Javed et al. (2020); Shamshitov et al. (2022) 

Pseudomonas formosensis Phosphate solubilization 
Robledo-Mahón et al. (2020); Blanco-Vargas 
et al. (2020) 

 

Table 4. Initial attributes of soil organic matter fractionation, 
fulvic acids (FA), humic acids (HA), humins (HU), and 
estimation of total organic carbon (TOC), microbial biomass 
carbon (MBC), and basal respiration (BR), in the experimental 
area cultivated with ‘Palmer’ mango before the application of 
treatments

Initial 
HA FA HU TOC 

(g kg-1) 
MBC 

(mg kg-1) 
BR 

(mg kg-1 per day) (%) 
0.031 0.088 0.12 11.4 413.52 53.68 

 
Results and Discussion

As shown in Figure 2, the total organic carbon (TOC) 
content in the soil showed significant differences only for the 
2022 harvest (p ≤ 0.05).

This indicates the superiority of the treatment 50% chemical 
+ 50% remineralizers + biofertilizer (T4) when compared 
to the no fertilization and 100% chemical (T2) treatments. 
Furthermore, no significant difference was found between 
the 100% chemical treatment and the 100% remineralizers 
+ biofertilizer (T3) treatment. No significant difference was 
observed between the harvests.

Between the 2022 and 2023 harvests, TOC increased in 
the T3 (100% remineralizers + biofertilizer) and T4 (50% 
chemical + 50% remineralizers + biofertilizer) treatments, 
with increases of 1.05 and 11.66%, respectively. In contrast, the 
control (T1) showed a decrease in both harvests. Before the 
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The use of mineral fulvic acids (K-Fulvate dry®) in 
the treatment of 100% remineralizers + biofertilizer (T3) 
contributed to the storage of this fraction in the soil, reinforcing 
the effect of T4. Remineralizing fertilizers improved the 
mineral composition of the soil, promoting fertility, nutrient 
cycling, and microbial development (Ramos et al., 2021). 
Additionally, fulvic acids benefit mango tree development, 
and their combination with potassium sulfate improves the 
fruit quality of ‘Kensington Pride’ mango and maintains foliar 
potassium levels (Ibell et al., 2017).

Humic acids (HA) were influenced by the treatments (Figure 
2C), with the lowest performance in T2 (100% chemical) in 
2022. In 2023, T2, T3 (100% chemical, 100% remineralizers 
+ biofertilizer), and T4 (50% chemical + 50% remineralizers 
+ biofertilizer) outperformed the control (T1). A significant 
increase in HA content was observed between 2022 and 2023 
for all treatments except T1. Compared to the initial soil data 
(0.031%, Table 4), HA levels in 2023 reached a superiority of 0.328 
and 0.423% in treatments T3 and T4, respectively (Figure 2C).

The results for humic acids (HA) showed a behavior 
similar to that of fulvic acids. In the first cycle, the treatment 
(T4), consisting of 50% chemical, 50% remineralizers, and 
biofertilizer, outperformed the 100% chemical treatment 
(T2), highlighting that the biofertilizer, combined with 
remineralizers, can increase HA levels in the soil.

Climatic conditions such as high temperatures and 
precipitation, combined with eutrophic and well-drained 
soils, favor the accumulation of stable organic matter 
(Haddix et al., 2020). These characteristics, present in the 
edaphoclimatic conditions of the study, with high temperatures 
and concentrated rainfall in January and November (Figure 1), 
may have contributed to the increase in HA in the soil.

The significant increase in HA levels between harvests 
(Figure 2C) reflects the interaction between biofertilizer 
microorganisms (Table 3), such as Clostridium sp., Lactobacillus 
perolens, and Sporolactobacillus nakayamae, and the organic 
matter in the soil (Table 1). These microorganisms promote 
the decomposition of organic residues into stable substances 

Bars with lowercase letters compare treatments; bars with uppercase letters compare harvests. Bars with the same letters do not differ statistically for harvests and fertilization 
managements according to Tukey’s test at a p ≤ 0.05. Error bars represent the Standard Deviation. CV - Coefficient of variation. T1 - Control; T2 - 100% chemical fertilization; T3 - 
100% remineralizers + biofertilizer; T4 - 50% chemical fertilization + 50% remineralizers + biofertilizer

Figure 2. Content of total organic carbon (A), and content of fulvic acids (B), humic acids (C), and humins (D) in soils cultivated 
with ‘Palmer’ mango trees as a function of chemical fertilizers, remineralizers, and bionutrition in the 2022 and 2023 harvests
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that store carbon (Gunina & Kuzvakov, 2022). Additionally, 
the deposition of plant residues from pruning at the beginning 
of each production cycle contributed to the observed results.

Humin (HU) levels did not differ statistically from each 
other in 2022 (Figure 2D). Still, in 2023, T4 showed superiority 
over T3. Between the harvests, there were substantial increases 
in HU content, corresponding to 80.31% in T4 and 67% in T2. 
The other treatments also increased, reaching a superiority of 
74.1% in T1 and 63% in T3.

The humin levels followed the behavior of the humic and 
fulvic fractions, increasing with the application of treatments 
(Figure 2D). The combined use of remineralizers and 
biofertilizer favored the stabilization of carbon in the soil, 
reflected in the increase of the humin fraction (Amoakwah et 
al., 2020). Despite its low reactivity, humin plays a crucial role 
in particle aggregation and represents a significant fraction of 
humified carbon in tropical soils (Piccolo et al., 2019).

The humin values obtained were lower than those reported 
by Barreto et al. (2008) in agroforestry systems with cocoa, but 
higher than those of Mottin et al. (2022) in soils with maize 
intercropped with cover crops. This indicates that humin 
accumulation depends on the cultivation time and the quality 
of the organic matter (Gautam et al., 2021), corroborating with 
Melo et al. (2016), who observed better results in no-tillage, 
though still lower than those of this study. The increase in 
humin levels favors characteristics of the colloidal fraction 
of organic matter, such as higher moisture retention, better 
soil aggregation, and increased cation retention capacity, 
contributing to the sustainability of production systems (Yan 
et al., 2022).

Soil basal respiration was affected by the treatments in both 
evaluated harvests but the cycles did not differ statistically 
from each other (Figure 3A), with superior results in the 100% 
remineralizers + biofertilizer (T3) and 50% chemical + 50% 
remineralizers + biofertilizer (T4) treatments compared to the 
control, for the 2022 harvest (p ≤ 0.05). For the 2023 harvest, 
the 100% remineralizers + biofertilizer (T3) treatment yielded 
the highest value compared to the no fertilization (T1) and 
100% chemical (T2) treatments.

Figure 3A shows a significant increase in basal respiration 
across the cycles, with T3 (100% remineralizers + biofertilizer) 
standing out, reaching 50% higher than the previous harvest. 
Compared to the initial characterization (Table 4), basal 
respiration also increased, with T3 being 88.42% higher.

Treatments that included remineralizers and biofertilizer 
showed higher basal respiration rates in the soil (Figure 3A), 
indicating greater microbial activity in soils cultivated in the 
tropical semi-arid region (Yang et al., 2023). This parameter 
reflects the emission of C-CO2 during microbial respiration, 
which is essential in the biogeochemical carbon cycle, in 
response to organic matter decomposition, particularly in the 
treatment of 100% remineralizers + biofertilizer (T3) (Song 
et al., 2022).

Basal respiration is widely recognized as an indicator of 
soil health and its capacity to decompose organic matter, 
although factors such as temperature, humidity, nutrients, 
and vegetation can cause variations (Pennington et al., 2020). 
In the present study, treatment T3 reached values of 82 mg 

C-CO2 kg⁻¹ soil (2022) and 137 mg C-CO2 kg⁻¹ soil (2023), 
higher than the 27.59 mg C-CO2 kg⁻¹ soil reported by Pereira 
et al. (2020) with the ‘Vairo’ biofertilizer. These results reflect 
greater incorporation of organic matter with high available 
carbon, as in the AF fractions (Tang et al., 2021).

Elevated basal respiration rates can indicate greater short-
term nutrient release, but also a higher long-term carbon loss 
to the atmosphere. It is crucial to align the intensity of this 
process with the physiological demands of plants, reducing 
carbon losses in the soil (Dove et al., 2020).

As shown in Figure 3B, microbial biomass carbon (MBC) 
levels differed among treatments (p ≤ 0.05) in both harvests, 
while the cycles did not differ statistically from each other. 
In 2022, T2 (100% chemical) and T4 (50% chemical + 50% 
remineralizers + biofertilizer) outperformed T1 (control), with 
increases of 75% and 70%, respectively. In the 2023 harvest, 
T2 maintained superiority, reaching 90% higher than T1, 
while T3 and T4 did not differ statistically from each other. 
Comparing the initial characterization with the 2022 value, 
MBC increased substantially for T3 and T4 by approximately 
100% and 96%, respectively.

The treatments 100% chemical (T2) and those containing 
remineralizers and biofertilizer (T3 and T4) showed positive 
effects on microbial biomass carbon (MBC) (Figure 3B), a 
result that may be associated with greater organic substrate 
availability in these systems. According to Soares & Rousk 
(2019), the quantity and quality of available substrates 
directly influence microbial biomass, as greater organic matter 
availability tends to promote microbial growth.

Microbial biomass, comprising bacteria, fungi, and 
protozoa, plays a crucial role in the decomposition of organic 
matter and the cycling of nutrients (Xu et al., 2021). Microbial 
biomass carbon (MBC), the fraction of carbon immobilized in 
microbial tissues, contributes to temporary carbon storage and 
nutrient release (Mason-Jones et al., 2022). Its development 
intensifies microbial respiration and CO₂ emissions, which 
are essential for organic matter decomposition and ecosystem 
productivity (Albright et al., 2019).

The analysis of basal respiration and MBC showed that soil 
microorganisms convert organic matter and nutrients from 
treatments, such as T4 (50% chemical + 50% remineralizers + 
biofertilizer), into CO₂ emissions (Figure 3B). The availability 
of nitrogen, phosphorus, and potassium has a direct influence 
on microbial growth (Hu et al., 2023). The equivalence between 
T4 and T2 (100% chemical) underscores the effectiveness 
of combining chemical and remineralizer fertilization in 
promoting microbial activity in the soil.

Figure 3C shows no differences in the microbial quotient 
(qMIC) between treatments in both harvests; however, the 
metabolic quotient (qCO2) varied significantly (Figure 3D). In 
2022, T3 surpassed T2 by 78%, while T1 and T4 did not differ 
statistically from each other. In 2023, T1 showed a significant 
increase in qCO2, reaching the highest value and surpassing 
T2 by 75%, while T3 and T4 did not differ statistically from 
each other.

The microbial quotient (qMIC) reflects the fraction of 
soil organic carbon that is immobilized in microbial biomass 
(Clayton et al., 2021). High qMIC values may indicate greater 
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carbon accumulation in the soil, while reduced values suggest 
possible carbon losses, associated with lower microbial 
efficiency in degrading less recalcitrant organic matter 
compounds (Amorim et al., 2020).

According to the results (Figure 3C), no treatment had a 
significant influence on qMIC in 2022. However, as Gallo et 
al. (2019) state, qMIC values below 1% indicate limitations to 
microbial activity. The values observed in this study, ranging 
from 11.85% (T2) to 5.08% (T3) in 2022 and from 10.59% 
(T2) to 5.85% (T3) in 2023, suggest greater assimilation of 
organic carbon by microbial biomass. These microorganisms 

immobilized greater amounts of carbon, which, after their 
death, return to the soil as released compounds (Xiao et al., 
2024).

Regarding the metabolic quotient (qCO₂) (Figure 3D), the 
highest values in 2022 were recorded in the 100% chemical with 
biofertilizer treatment (T2). In contrast, in 2023, the treatment 
without fertilization (T1) showed the best results. High qCO₂ 
values may reflect oxidative stress in the microbial biomass, 
indicating greater CO₂ production relative to active carbon, 
which compromises the viability and efficiency of the microbial 
community (Fasnacht & Polacek, 2021).

Bars with lowercase letters compare treatments; bars with uppercase letters compare harvests. Bars with the same letters do not differ statistically for harvests and fertilization 
managements according to Tukey’s test at p ≤ 0.05. Error bars represent the Standard Deviation. CV - Coefficient of variation. T1 - Control; T2 - 100% chemical; T3 - 100% 
remineralizers + biofertilizer; T4) 50% chemical + 50% remineralizers + biofertilizer

Figure 3. Basal respiration levels (A), microbial biomass carbon (B), microbial quotient (C), metabolic quotient (D), in soil 
cultivated with ‘Palmer’ mango trees as a function of chemical fertilizers, remineralizers, and bionutrition in the 2022 and 
2023 harvests
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However, the observed values were lower than those 
reported for perennial crops, except in the T1 treatment in 
2023, which reached 0.4 mg CO₂ mg-1 Cmic h⁻¹ (Guimarães 
et al., 2017). A low qCO₂ suggests greater metabolic efficiency, 
while high values indicate lower efficiency and increased 
respiration, with the metabolic quotient serving as an indicator 
of the balance between respiratory activity and microbial 
biomass (Vasilchenko et al., 2023).

In light of this scenario, the results from the 2023 harvest 
indicate that the microbial community in the treatment without 
fertilization was affected, producing less biomass and releasing 
more CO₂. This suggests that fertilization with chemical 
fertilizers is essential for this variable, as it achieved the lowest 
qCO₂ values in both harvests, improving its efficiency.

Thus, the effectiveness of organic compound degradation 
is enhanced by microbial biomass when synthetic fertilizer 
is used.

Conclusions

1. The combined use of biofertilizer and remineralizers 
increases humic substances and total organic carbon in the 
soil, contributing to carbon stabilization and improved soil 
structure.

2. The integration of biofertilizer, remineralizers, and 
chemical fertilizers increases soil basal respiration and C-CO₂ 
emissions by 88.42%, indicating enhanced microbial activity 
and greater carbon incorporation into microbial biomass—key 
processes for the carbon cycle and soil health.
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