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ABSTRACT: Ecological agriculture promotes an interactive system for the sustainability of soil and agroecosystems, leveragin
and optimizing available resources to improve the quality of the cultivated soil. This research aims at evaluating the physical,
chemical, and microorganism changes in the nitrogen cycle of the soil after applying ecological farming techniques such as liquid
humus, solid humus, efficient microorganisms, biol, poultry manure, phosphites, polyculture stimulation and green manures, in
coffee plantations of different ages. For this evaluation, we collected soil samples in plots cultivated with zero-, two-, and four-
year-old coffee trees during{; months zero, four, and ten. We determined the physical and chemical parameters and abundance
of microorganisms associated with the nitrogen cycle (ammonifiers (AMO), proteolytic (PRO), ammonium oxidizing (BOA), nitrite
oxidizing (BON) and denitrifiers gDEN). The results showed statistically significant changes in soil or?anic carbon, nitrogen, and
phosphorus content as a result o applying ecological farming techni%ues, which were applied sequentially and evaluated as a set
over time. These statistically significant differences occurred in the different months evaluated and in month 10 in contrast to month
zero of application of techniques. However, no statistically significant changes were found in the abundance of microorganisms in
the nitr08 n cycle. In addition, direct relationships were obtained between variables such as P and %OC; pH and DEN; and BON
and AMO. It can be concluded that although the application of organic farming techniques improves the physical and chemical
properties of soils, there are no statistically significant differences in the abundance of nitrogen cycle microorganisms.
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Efecto de técnicas de agricultura ecoldgica en microorganismo
del ciclo del nitrégeno en suelos bajo cultivo de café

RESUMEN: La agricultura ecologica promueve un sistema interactivo para la sostenibilidad del suelo y los agroecosistemas,
aprovechando y optimizando los recursos disponibles para mejorar la calidad del suelo cultivado. La presente investigacion
tuvo objetivo evaluar los cambios fisicos, quimicos ){ en los microorganismos del ciclo del nitrogeno del suelo tras la aplicacion
de técnicas de agricultura ecoldgica como humus liquido, humus sélido, microorganismos eficientes, biol, gallinaza, fosfitos,
estimulo del policultivos y abonos verdes, en cafetales de diferentes edades. Para dicha evaluacién se realizaron muestreos
durante los meses cero, cuatro y diez en parcelas de cafetales de cero, dos y cuatro afios de siembra. Se determinaron
parametros fisicoquimicos y abundancia de microorganismos asociados al ciclo del nitrégeno (amonificantes (AMO), proteoliticos
(PRO), oxidantes de amonio (BOA), oxidantes de nitrito (BON) y desnitrificantes (DEN). Los resultados evidenciaron cambios
estadisticamente significativos producto de la aplicacion de las técnicas de agricultura ecoldgica en el contenido de carbono
organico, nitrégeno y fésforo del suelo. Estas diferencias estadisticamente significativas se dieron en los diferentes meses
evaluados y en el mes 10 en contraste con el mes cero de aplicacion de las técnicas. No obstante, no se encontraron cambios
estadisticamente significativos en la abundancia de los microorganismos del ciclo del nitrégeno. Se obtuvieron relaciones directas
entre variables como P y %OC; pH y DEN; BON y AMO. Se puede concluir que si bien la aplicacion de técnicas de agricultura
organica mejora las propiedades fisicas y quimicas de los suelos, no existen diferencias estadisticamente significativas en la
abundancia de microorganismos del ciclo del nitrégeno.
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Introduction

Soils have diverse functionalities. One of the most
important is food production, mainly through conventional
agriculture. Conventional agriculture is understood as the
model characterized by the predominance of monoculture,
the use of fertilizers with high nutrient potential, a high level
of mechanization and intensive use of external agricultural
inputs (fertilizers and agrochemicals for pest, disease,
and weed control) (Landini & Beramendi, 2020). Green
Revolution can be defined as the increase in crop production
by using chemically synthesized fertilizers, pesticides and
high-yielding crop varieties (Bins, 2020).

Thus, agroecology arises as a response to the
environmental impacts generated by the Green Revolution
to rebuild and/or strengthen the functional biodiversity
of agroecosystems, intending to improve the interactions
among its components and achieving a flow of goods and
services that is compatible with the interests of current and
future generations, through healthy and nutritious food
production systems that are economically viable, ecologically
adequate, and socially fairer (Saranddn, 2020). Agroecology
is used for the application of principles that favor natural
processes and biological interactions.

In this context, different agroecological practices appear,
such as solid humus, liquid humus, efficient microorganisms,
biol, green manures, and polyculture; which promote a
change of perspective to preserve a healthy environment
(Sailema-Sailema et al., 2022).

These techniques improve the physical, chemical and
biological conditions of the soil, hence the importance of
nitrogen in plants and soil. As Stein & Klotz (2016) point
out, a series of processes develop in the soil that play a
fundamental role in the nitrogen cycle, such as: biological
fixation, nitrification (oxidation of ammonium to nitrite and
nitrate), assimilation, ammonification and denitrification
(reduction of nitrate to molecular nitrogen, N2), including
the two anaerobic processes (assimilation of nitrate to
ammonium and anaerobic oxidation of ammonium). Nitrogen
is present in various forms, and is transformed throughout
the cycle by the action of ammonifying microorganisms
(AMO), proteolytics (PRO), ammonia oxidizing bacteria
(BOA), nitrite oxidizing bacteria (BON) and denitrifiers (DEN)
(Cafién-Cortdzar et al., 2012).

On the other hand, and taking into account the
agronomic and economic importance of coffee in Colombia,
it is considered a dynamic area in the regions whose income
directly impacts the commercial and consumption actions of
the municipalities that are dedicated to coffee production
(Garzén, 2022). This is the case of Cundinamarca, one of
the departments where coffee is cultivated in 69 of the
116 municipalities that comprise it, covering an area of
approximately 30,142 ha (Carrero-Cafion, 2021)

It is in this context that this research was proposed,
with the purpose of evaluating whether ecological farming
techniques generate changes in the functional groups of the
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microorganisms of the nitrogen cycle (AMO, PRO, BOA, BON,
and DEN) in coffee plantations in the municipality of San
Francisco, Cundinamarca.

Materials and Methods

Description of the study area

The study area was located in the municipality of San
Francisco - Cundinamarca, 55 km from Bogota, in the
province of Gualiva. This municipality on the western side
of the Colombian Andes Mountains is located at coordinates
04° 58 38” N and 74° 1’ 32" W, at an altitude of 1500 m
above sea level, and is characterized by its tropical climate.

Experimental design and soil sampling

In order to evaluate the microbiological indicators and to
establish the physical and chemical parameters of the soils
that had beenintervened with ecological farming techniques,
soil samples were collected during months zero, four, and
ten, in three coffee plantations aged zero, two, and four years
of seeding. The study had a duration of ten months, in which
three soil samples were collected during each month of
evaluation. Each sample was composed of nine sub-samples,
collected in a zigzag pattern, from the first 20 cm of the soil,
obtaining nine soil samples for each month of evaluation.
Sampling was carried out during three months (month 0, 4,
and 10 of applying ecological farming techniques) obtaining
a total of 27 samples. These samples were labeled and stored
at different temperatures depending on the analysis to be
performed. For physical and chemical parameters analysis,
the samples were stored at room temperature, while for
analysis of microorganism abundance, they were stored at
4 °C. Samples were processed in the shortest possible time
after collection.

Ecological farming techniques applied

The techniques used during the period of application of
ecological farming were: 1. Solid humus: the solid organic
waste generated on the farm was placed in plastic baskets
in order to breed the Californian red worm (Eisenia foetida);
a process that results in solid humus; 2. Liquid humus: the
product of the process mentioned above was collected into
plastic baskets to hold the liquid material processed by the
worms; 3. Biopreparation of efficient microorganisms: nine
parts of soil were mixed with one part of leaf litter and
soil preparation from the nearest forest, mixed with rice
semolina, water, and molasses. It was left to ferment for one
month in an airtight container to ensure the reproduction of
efficient microorganisms (Tencio, 2015); 4. Biol: it is made
with chicha, cow dung, wood ash, milk, water, green leaves,
yeast, and molasses. Everything is placed in a container in
a liquid matter medium. The proportions are maintained as
established in FONCODES (2014); 5. Use of poultry manure
and phosphites obtained from local organic trade; 6. Planting
of corn, beans, and yucca among the coffee trees in order to
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promote polyculture and functional diversification; 7. Green
manure: red clover (Trifolium pratense) is sown randomly.

Soil physical and chemical parameters

In order to evaluate the physical and chemical parameters,
we determined the pH (in water by the potentiometric
method), gravimetric moisture (by the gravimetric method),
organic carbon (by Walkley-Black), nitrogen (total nitrogen
in soils by the modified Kjeldahl method), and phosphorus
(available phosphorus in soils by the modified Bray - Il
method) (IGAC, 2006).

Abundance of functional groups
associated with the nitrogen cycle

In furtherance of determining the microorganisms in
the nitrogen cycle, we used the most probable number
(MPN) method, in which the absence or presence of
the microorganisms is estimated by means of a series of
dilutions. Each procedure was performed in triplicate, and
each replicate used five tubes per dilution, making dilutions
from -1 to -10 in order to find the adequate reading dilution.
The base to be used for PRO and BOA was Winogradsky’s
salts solution at a rate of 50 mL L? and the modified trace
element solution MgCl,.6H,0 (2.5 g), MnCl,.4H,0 (0.6 g),
NaCl (1.0 g), FeCl,.4H,0 (0.1 g), CoCl,.6H,0 (0.1 g), AICI, (0.01
g), H,BO, (0.01 g), Na,Mo0,.2H,0 (0.01 g), CuCl,.2H,0 (0.01
g), CaCl,.2H,0 (0.1 g), ZnCl, (0.1 g) at the rate of 1 mL L™
(Flérez-Zapata & Uribe-Vélez, 2011). For PRO, gelatin (30 g
L) was used as the sole source of Cand N with an incubation
time of 15 days at 28 °C. For BOA, CaCO, (1 g L") was added
as a source of C and (NH,),SO, (0.5 g L) as a source of N,
with an incubation time of 30 days at 28 °C. In order to
determine BON, we used KNO, (0.006 g L*), K;HPO, (g L"),
FeSO,-7H,0 (0.0 g L"), NaCl (0.3 g L"), MgSO,.7H,0 (0.1 g
L), CaCo, (1 g L), and CaCl; (0.3 g L?), with an incubation
time of 4 days at 28 °C. For AMO, bacteriological peptone (2
g L) was used as culture medium and sole source of Cand N,
with an incubation time of 1 day at 30 °C. Finally, a mixture
of two stock solutions, A and B, was used as culture medium
for DEN, with the following composition: Solution A: KNO,(1
g L), C,H,N,O, (1 gL?) and C;HBr,0-S 1% (5 mL); and
Solution B: Na,C.H.O, (8.5 g L"), KH,PO, (1 g L"), MgSO, (1 g
L), CaClz- 6H,0 (0.2 g L), and FeCl.- 6H,0 (0.05 g L), with
an incubation time of 3 days at 28 °C (IGAC, 2006).

The results were interpreted according to the most
probable number table (Argliello-Navarro et al., 2016) to
determine the colony forming units (CFU g1).

of microorganisms

Statistical analysis

The assumption of homogeneity of variances was
verified using the Levene test, and the Bartlett and Fligner-
Killeen test. Once this assumption was verified, the Kruskal-
Wallis test was performed (R Core Team, 2021). Finally,
a principal component analysis (PCA) was carried out in
order to characterize the variables and find the different
relationships among them, and the relationship they have
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with the different years and months. The analyses were
performed with the statistical software R version 4.1.1 (R
Core Team, 2021).

Results

Figure 1 presents the physical and chemical results for
soils as a function of the months of application of ecological
farming techniques in coffee plantations aged zero, two, and
four months old. In the case of pH (Figure 1A), no statistically
significant changes were found, so it remained constant
during the period of application of ecological farming
techniques, regardless of the age of the coffee plantation.
Figure 1B correspondsto gravimetrichumidity, whichdoesnot
show significant changes and remains constant as ecological
farming techniques are applied. Figure 1C represents the
results of organic carbon and shows a statistically significant
increase as ecological farming techniques were applied to
coffee plantations of the three ages. Figure 1D presents the
percentage of nitrogen in the soil, showing changes in coffee
plantations aged two and four years old, and the significant
increases between months zero and ten of the application
of ecological farming techniques. Figure 1E corresponds to
the amount in parts per million of phosphorus present in
the soil, which shows statistically significant increases as the
months of application of the ecological farming techniques
for the different coffee plantations elapsed.

The results of abundance of microorganisms in nitrogen
cycle during the months of application of ecological farming
techniques are shown in Figure 2. There were no statistically
significant changes For PRO (Figure 2A) in relation to
either the application of ecological farming techniques
or the age of the coffee plantations. There is a significant
decrease for BOA (Figure 2B) in the coffee trees aged zero
and four years old, while in the coffee trees aged two years
old, there is an increasing trend during the months of
application of ecological farming techniques. There are no
statistically significant changes for BON and DEN (Figure 2C
and 2D) in relation to either the application of ecological
farming techniques or the age of the coffee plantations.
No statistically significant changes were observed for AMO
(Figure 2E), remaining constant during the application of
ecological farming techniques.

Principal components analysis (PCA)

Figure 3 shows the principal components analysis
(accumulated variance 60.0 %) for the different variables
under study. Among the direct relationships, we found %0C,
%N, and P(ppm) with an increase, especially in month 10 of
application of ecological farming techniques for the three
coffee plantations under study. There was also a relationship
between BON and AMO microorganisms, which increased
in coffee plantations aged two years old. This is followed by
a relationship between pH and DEN microorganisms, which
is accentuated in month zero of application of ecological
farming techniques. Besides, Figure 3 presents parameters
with inverse relationship such as P with BON and AMO.
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Figure 1. Abundance of physical and chemical parameters in soils under coffee plantations of different ages with the
application of ecological farming techniques. On the horizontal axis, the number followed by letter A represents the age
of the coffee plantation and the number followed by letter M represents the month of application of ecological farming
techniques. Different letters in each parameter show statistically significant differences; equal letters in each parameter

show that there were no statistically significant differences.

Discussion

The dynamics of the physical, chemical and biological
processes of soils give rise to an endless number of
natural interactions in which there is no unique and direct
relationship between the functions of the main components,
but rather they can occur simultaneously and relevantly
depending on the particular attributes of the soil to be
studied. This corresponds to an integrated vision of each
of the organic farming techniques applied in the different
coffee plantations under study. It also shows the evolution
or transition in the responses of the physical and chemical
parameters and functional groups of microorganisms in the
soil nitrogen cycle.

According to the results in the present investigation, the
application of ecological farming techniques contributes a
considerable amount of ecological matter, which significantly
increases the content of C, N, and P, as shown in Figures 1C,
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1D, and 1E. In this sense, Martinez et al. (2008) mention that
the increase in the percentage of carbon corresponds to the
organic fertilizers applied during the study period; and that
when ecological farming techniques are used, the availability
of macronutrients is higher. In addition, these authors relate
this interaction to mineralization in the decomposition stage,
which acts as the main source of phosphorus. This source
increases porosity levels, contributing to the improvement
and effective growth of roots.

Likewise, Trinidad-Santos & Velasco (2016) established
the previous relationship with the organic matter content
in the medium and long term. Thus, we can see that the
older the coffee plantation, the higher the percentage of
organic matter (Figure 1C) and phosphorus available in the
soil (Figure 1E). When periodic organic fertilizers are used,
N levels tend to increase in relation to organic matter and
an availability between nitrogen and phosphorus is exposed,
which requires a better functioning of the nitrogen cycle

4/8



J.A. B. Bernal et al.

Figure 2. Abundance of microorganisms associated with the nitrogen cycle in soils under coffee plantations of different ages
with the application of ecological farming techniques. The number followed by letter A represents the age of the coffee
plantation and the number followed by letter M represents the month of application of ecological farming techniques.
Different letters in each parameter show statistically significant differences; equal letters in each parameter show that there

were no statistically significant differences.

in the soil, due to the organic matter content that favors
and increases the mineralization of organic phosphorus,
efficiently contributing to the absorption of phosphorus in
the plant (Caballero et al., 2018). This relationship can be
observed in Figure 3, where the %CO, %N and P obtained
a strong relationship with the oldest coffee plantations.
Salinas & Hernandez (2008) state that this interaction is a
fundamental determinant for plant growth; the older a
coffee plantation is, the greater its volume, growth, and
absorption of the main macronutrients.

On the other hand, Figure 2B shows two changes that
take place as a function of ammonia oxidizing bacteria
(BOA). These relationships are established as time goes by
with the application of ecological farming techniques, first in
a characteristic decrease in coffee plantations aged zero and
four years old. According to Ferguson (1998), these decreases
correspond to low assimilation in the ammonium to the
nitrite transformation stage. Additionally, it represents an
increase in BOA for the two-year-old coffee plantation, where
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the nitrite conversion rate is strongly linked to a nitrogen
growth curve over time. This interaction is demonstrated
in Figure 1D, where we obtained significant increases as
the period of application of ecological farming techniques
progressed for coffee plantations aged two years old. This
establishes the need for longer sampling times to observe
long-term behavior; however, these decreases and increases
had relationships to demonstrate what Ferguson (1998)
tells us about the timing of application of ecological farming
techniques, and that ammonium to nitrite conversions
should be studied further over a medium to long term period
to observe the abundance of such microorganisms.

Figure 3 shows a direct relationship between denitrifying
microorganisms (DEN) and pH during month zero of
application of organic farming techniques. This behavior
is due to the fact that pH is a fundamental factor in the
abundance of DEN microorganisms. According to Chen et
al. (2023), the DEN community are more likely to inhabit
environments with neutral and alkaline conditions, while the
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Figure 3. PCA graph of physical, chemical, and microbiological parameters in relation to the application of ecological farming

techniques during the study period.

soil under study is slightly acid and ranges between 5 and 6
on the pH scale. Despite not finding statistically significant
changes in pH (Figure 1A) and DEN microorganisms (Figure
2D), we observed that their microbial abundance did not
change significantly, possibly because the soil was not
at optimal pH levels for the correct development of DEN
colony formation; In addition, it is possible to notice that the
development of heterotrophic microorganisms is low due
to abiotic factors, such as N availability, pH, organic carbon,
structure and oxygen concentrations, which greatly affect soil
denitrification (Qian et al., 2019). This interaction between
DEN and pH was inversely proportional to the amount of
organic matter available in the soil. Gerke (2022) states that
soil organic matter not only improves the bioavailability of
soil nutrients, but also affects soil fertility. Notwithstanding,
Labrador (2008) also states that the application of ecological
farming techniques impacts pH because they regulate the
soil, keeping it at static levels, causing some organisms and
nutrients not to develop efficiently.

According to the ACP, AMO and BON have a direct
relationship. This coincides with Caballero et al. (2018) on
the dynamics of the nitrogen cycle for the aforementioned
microorganisms, which corresponds to the fact that they
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occur simultaneously in the stage of mineralization and
release of organic compounds, thanks to the fixation of
atmospheric nitrogen to give way to a beneficial enzymatic
activity for the plant.

Despite statistically significant increases in physical and
chemical parameters during the application of ecological
farming techniques such as C, N, and P, we found that,
in general, the functional groups of nitrogen cycle
microorganisms did not significantly change their abundance
with the application of ecological farming techniques. This
reflects, according to Bollmann & Conrad (1998), that the
microorganisms of the nitrogen cycle have low microbial
activity at a given time and under certain conditions and
then, over time, become fully active, so that longer study and
sampling periods should be established in the application of
ecological farming techniques. This author also states that
microbial activities can occur in the short term for some
microorganisms, but this depends on climatic conditions and
the type of organic fertilizer applied to the crop or plot under
study.

As opposed to the outcomes of this study, Caballero et
al. (2018) stated that enzymatic activities change during
the application of ecological farming techniques, and this
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directly influences the microorganisms of the nitrogen cycle
(PRO, BOA, AMO, DEN, and BON). It should be noted that
the study by Caballero et al. (2018) was conducted in coffee
plantations that had more than ten years of application of
ecological farming techniques, while the period of application
in this study was ten months, directly influencing the long-
term time for the abundance of these microorganisms. The
results of the present study are similar to those reported by
Rayo & Avellaneda-Torres (2022), who stated that ecological
farming practices, such as the application of mycorrhizae,
have a significant importance on soil physical and chemical
parameters, while no statistically significant differences
were reported for the abundance of microorganisms in the
nitrogen cycle for a ten-month evaluation period.

Thus, the microbial behavior of the nitrogen cycle
depends on the application time of organic farming
techniques, finding that these communities are activated for
long periods of time. This is because the availability of this
limiting nutrient depends on various nitrogen transformation
reactions carried out by complex networks of metabolically
versatile microorganisms (Kuypers et al., 2018). On the other
hand, Cafion-Cortdzar et al. (2012) report significant changes
in the abundance of the functional groups of the nitrogen
cycle (PRO, AMO, BOA, BON, and DEN), mainly associated
with climatic conditions. For this case study, Cafion-Cortazar
etal. (2012) made a relationship with paramo soils subjected
to potato cultivation and livestock breeding, in which these
factors were also found to greatly decrease the abundance
of microorganisms in nitrogen cycle after cultivation periods
of approximately 50 years.

Some microorganisms are not culturable because of
their behaviors; likewise, environmental factors also play
a role in microbial development, as not all microorganisms
are culturable under laboratory conditions. Argiello-
Navarro et al. (2016) demonstrate in their study that
such behaviors are reflected according to environmental
conditions, and that despite being a realistic method to
determine the microorganisms that are present, it also
limits the determination of other microorganisms that are
more susceptible to changes before the culture media;
thus, the results did not demonstrate the effects on the
microorganisms of the nitrogen cycle during the application
of ecological farming techniques. Similarly, the various
microbial transformations are driven by soil microbial
activity rather than the number of microorganisms involved
in these transformations (Caballero et al., 2018). That being
said, it could be one of the limiting factors of the method
used for this study.

Conclusions

The analysis of the different physical, chemical, and
microbiological parameters established that four of the ten
parameters under study, including %0C, %N, and P, showed
statistically significant differences, thus affirming that the
application of ecological farming techniques has a positive
impact on the moisture and chemical parameters of the soil.
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On the other hand, the abundance of microorganisms in
the nitrogen cycle (PRO, AMO, BOA, BON, and DEN) did not
present statistically significant changes due to the application
of ecological farming techniques during the ten months of
the study. Direct relationships were obtained between P and
%0C, pH, and DEN, and a correlation was observed in PCA
for BON and AMO.

It can be concluded that although the application of
organic farming techniques improves the physical and
chemical properties of soils, there are no statistically
significant differences in the abundance of nitrogen cycle
microorganisms.
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