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ABSTRACT RESUMEN

Soil microorganisms support key ecosystem services for ag-
riculture, and some agricultural practices can increase soil 
microbial activity and improve crop productivity. Fallow pe-
riods have been considered a strategy for restoring biological 
activity. However, our understanding of the link between fallow 
periods and the biological activity restored remains limited. 
The present study evaluated soil microbial communities under 
two different management strategies: continuous agriculture 
and fallow. Soil physicochemical parameters and microbial 
communities were determined through microbiological, bio-
chemical, and molecular techniques. The results showed that 
fallow soil had significantly higher values (P<0.05) of organic 
matter, pH, counts of soil microorganisms, and soil enzymatic 
activities than agricultural soil. Finally, the evaluation of plant 
growth showed that plants in fallow soil grew significantly 
better (P<0.05) than those in agricultural soil. However, after 
sterilization, the differences between the two soils disappeared. 
Leaving the soil in fallow periods allows the accumulation of 
organic matter, the growth of key microbial functional groups, 
the enhancement of soil enzymatic activities, and a significant 
improvement in plant growth and yield.

Los microorganismos del suelo soportan servicios ecosistémi-
cos clave para la agricultura, y algunas prácticas agrícolas 
pueden aumentar la actividad microbiana del suelo y mejorar 
la productividad de los cultivos. Los períodos de barbecho 
se han considerado una estrategia para la restauración de la 
actividad biológica. Sin embargo, nuestra comprensión de la 
relación entre los períodos de barbecho y la actividad biológica 
restaurada sigue siendo limitada. El presente estudio evaluó 
las comunidades microbianas del suelo bajo dos estrategias de 
manejo diferentes: agricultura continua y barbecho. Se deter-
minaron parámetros fisicoquímicos del suelo y comunidades 
microbianas mediante técnicas microbiológicas, bioquímicas 
y moleculares. Los resultados mostraron que el suelo en barbe-
cho presentó valores significativamente más altos (P<0.05) de 
materia orgánica, pH, conteo de microorganismos del suelo y 
actividades enzimáticas en comparación con el suelo agrícola. 
Además, la evaluación del crecimiento vegetal reveló que las 
plantas en suelo en barbecho crecieron significativamente 
mejor (P<0.05) que en suelo agrícola. Sin embargo, tras someter 
los suelos a un proceso de esterilización, las diferencias entre 
ellos desaparecieron. Dejar el suelo en barbecho permite la 
acumulación de materia orgánica, el crecimiento de grupos 
funcionales microbianos clave, la mejora de las actividades en-
zimáticas del suelo y un aumento significativo en el crecimiento 
y rendimiento de las plantas.
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Fallow improves the growth and yield of green beans and 
changes the rhizosphere microbial communities

Suelos en barbecho mejoran el crecimiento y rendimiento de habichuela 
y modifican las comunidades microbianas de la rizosfera
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Introduction

Green bean (Phaseolus vulgaris L.) is one of the world’s 
most important food legumes for direct use, particularly in 
least-developed countries, due to its contribution as a rich 
source of protein, vitamins, minerals, and fiber (Chaurasia, 
2020). The demand for this crop is expected to increase 
based on current trends in population growth and green 
bean consumption, with a worldwide production of 28.3 
million t by 2022, with an estimated value of US$ 31 billion 

(Chaurasia, 2020; FAOSTAT, 2024). Currently, this legume 
is widely distributed in almost all areas of the tropics and 
subtropics (Tridge, 2021). 

Green bean production is the primary source of income 
for most farmers in the eastern province of Cundina-
marca, Colombia. However, crop yields have considerably 
decreased in recent years due to inadequate practices like 
overfertilization, high input of herbicides, insecticides, and 
fungicides, and over-mechanization. These practices are 
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common in the tropics, where the lack of seasons encour-
ages farmers to plant year-round. As a result, they lead to 
severe soil deterioration due to accelerated erosion, deple-
tion of soil organic carbon (SOC), and loss of biodiversity 
(Romdhane et al., 2022).

Soil fertility depends on physicochemical properties and 
microbial composition (Kandasamy et al., 2019). Microor-
ganisms play a key role in soil because they conduct many 
biological processes crucial for agroecosystems, such as 
biological nitrogen fixation and mineralization of nutri-
ents by organic matter decomposition (Banerjee & van 
der Heijden, 2022). Moreover, they respond to changes in 
abundance, diversity, and activity with differentiated re-
actions under various agronomic management strategies, 
thereby influencing crop productivity (Mann et al., 2019). 
Consequently, a continuous cropping strategy decreases 
soil quality and has detrimental effects on soil microbial 
communities (Romdhane et al., 2022). 

Fallow is the practice of resting land for short periods, 
especially in subtropical or temperate countries during the 
non-growing season (Garba et al., 2022). In some cases, 
the land is left fallow for several years to allow soil quality 
regeneration through the restoration of its natural struc-
ture and the improvement of its agrophysical properties 
(Burdukovskii et al., 2020). There are different indicators 
to measure this biological response. The first alternative 
is the evaluation of microbial communities using culture-
dependent and culture-independent techniques such as 
Denaturing Gradient Gel Electrophoresis (DGGE) or 
target sequencing. An alternative approach to assessing 
soil quality restoration is measuring functional groups 
through enzymatic activities, which allows characteriza-
tion of microbial processes in the soil (Klein et al., 1985).

Soil enzymes catalyze the essential biochemical reactions 
for the cycling of nutrients in the soil through the degrada-
tion and transformation of organic matter (Reardon et al., 
2019); in this way, their activity can be used to make infer-
ences about the quality of the soil (Sinsabaugh et al., 2008). 
Particularly, phosphatases and the phosphorus they release 
have been used as indicators of the effects of management 
practices like amendment application or reduced tillage 
(Bandinck & Dick, 1999; Klein et al., 1985). On the other 
hand, nitrogenases are sensitive to nitrogen availability, 
since the application of nitrogen fertilizers inhibits their 
activity (Roper et al., 1994). Finally, cellulases are part of a 
larger group of enzymes known as glycosidases (Eivazi & 
Tabatabai, 1990). Cellulose degradation is a critical process 
in soil ecosystems, playing a vital role in nutrient cycling 
and organic matter decomposition (Datta, 2024). These 

characteristics allow for the assessment of soil quality in 
different land uses (Dotaniya et al., 2019).

Traditionally, research on soil microbial communities has 
focused on economically important crops like wheat, rice, 
soybean, or maize (Brisson et al., 2019; Chen et al., 2019; 
Edwards et al., 2018; Otero-Jiménez et al., 2021). However, 
there are few studies on the microbial communities of other 
crops like common beans, which have primarily examined 
the effect of the crop domestication on rhizosphere micro-
bial communities (Pérez-Jaramillo et al., 2017; 2019). In 
this study, we tested the effect of continuous agriculture 
and a five-year fallow period on green bean yield and the 
structure and activity of the rhizosphere microbiome. We 
hypothesized that fallow may improve crop productivity, 
enhance plant vigor, and increase soil microbial activity.

Materials and methods

Field location and soil conditions
The present study was carried out on La Colorada farm 
(4°29 4́2.96́ ´ N, 73°51́ 38.6́ ´ W) located in Fómeque, Cun-
dinamarca, Colombia. The average temperature and annual 
precipitation were 18.4°C and 1256 mm, respectively. Soils 
were classified as clay loam (Pachic Melanudands) (Soil 
Survey Staff, 2022). We evaluated soils under two contrast-
ing conditions: Soil A (eight years of continuous agricul-
ture; crop rotations included passion fruit, gladiolus, tree 
tomato, and cape gooseberry; this field was planted with 
green beans in 2019 for this study) and Soil F (five years 
uncultivated and planted again with green bean crops in 
2019 for this study).

Agronomic conditions 
One green bean crop cycle was carried out in 2019 on La 
Colorada farm in a soil field with continuous agricultural 
practices (field A, 5709 m2), and a soil field left fallow for 
five years (field F, 6012 m2). Fertilization was carried out by 
applying NPK 10-30-10 at a dose of 250 kg ha-1; the sowing 
density was 17 plants m-2. Each field, A and F, was divided 
into three plots of equal area: soil A, 1903 m2, and soil F, 
2004 m2 per plot. Each plot was considered one replicate. 

Soil physicochemical parameters
Bulk soil samples were taken (depth 25 cm) in triplicate 
from soil A and F before the crop cycle, air-dried, and 
sieved (mesh size 2 mm in diameter). The physicochemi-
cal parameters were measured following the protocols of 
Pansu and Gautheyrou (2006). Organic matter (OM) was 
measured using the Walkley-Black method; the texture 
was measured by the hydrometer method; apparent density 
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(AD) was measured by the paraffin clod method; and pH 
was measured using the water method (1:1 v/v).

Soil sampling for microbial analysis
Six plants in each plot were pulled out and the roots were 
shaken vigorously to remove bulk soil. The six plant roots 
were combined and stored in Ziplock® bags to obtain a 
composite sample for each experimental plot. The bags 
were transported in cooler boxes (4°C) to the Agricultural 
Microbiology laboratory at the Biotechnology Institute 
of the Universidad Nacional de Colombia (IBUN), and 
rhizosphere soils were collected according to Barillot et al. 
(2013) to evaluate the microbial community function and 
structure as described below.

Study of culturable microorganisms
For the rhizosphere soil collected, heterotrophic bacteria 
and phosphate solubilizers were evaluated using the plate 
count technique on a Plate Count Agar (OxoidTM) and 
NBRIP culture medium (tricalcium phosphate as the sole 
source of phosphate), respectively (Nautiyal, 1999). Free-
living nitrogen fixers were evaluated using the most prob-
able number (MPN) technique (Chandrapati & Williams, 
2014), with NFB culture medium (Alef & Nannipieri, 1995). 

Soil enzymatic activities
Acid and alkaline phosphatase activities were evaluated ac-
cording to the procedure proposed by Eivazi and Tabatabai 
(1977) in the rhizosphere soil collected. This evaluation is 
based on the determination of p-nitrophenol released after 
incubation of soil samples in a bis-p-nitrophenyl phosphate 
solution for 1 h at 37°C. Cellulase enzymatic activity was 
determined by the procedure proposed by Schinner and 
von Mersi (1990), which is based on the determination of 
reducing sugars released after incubation of soil samples 
using carboxymethylcellulose (CMC) as a substrate for 24 
h at 50°C. Finally, nitrogenase activity was measured by 
the Acetylene Reduction Assay (ARA), based on the quan-
tification of ethylene produced from a hermetically sealed 
bottle containing soil, where the gas phase was replaced 
with acetylene (Zuberer & Silver, 1978). 

Bacterial community analysis by denaturing 
gradient gel electrophoresis (DGGE)
A DGGE analysis was carried out on the collected rhi-
zosphere soil to determine the effect of soil management 
on the structure of the soil bacterial community. This 
technique was implemented following the protocol of 
Vanegas et al. (2013). Total DNA from rhizosphere soil 
was extracted using the DNeasy PowerSoil Pro Kit (Qiagen 
Hilden, Germany). DNA was quantified using a NanoDrop 
spectrophotometer (Thermo Scientific NanoDrop One) 

and visualized by agarose gel electrophoresis (1%). The 
concentration of all samples was above 30 ng µl⁻¹. The 
total DNA isolate was used as a template to amplify the V4 
region of the 16S rRNA gene using the universal primers 
338F and 518R (Muyzer & Smalla, 1998). The PCR mix 
contained 1X buffer, 2 mM MgCl2, 0.1 mM dNTPs, 0.5 µM 
of each primer, 1U Taq polymerase, and 4 ng µl-1 of DNA per 
reaction tube (50 µl). PCR amplification was performed in 
a Thermal Cycler S1000 (Bio-Rad Laboratories, Hercules, 
CA, USA). The conditions were: 92°C for 2 min for initial 
denaturation, followed by 30 cycles (1 min of denaturation 
at 92°C, annealing at 55°C for 30 s, extension at 72°C for 1 
min), with a final extension at 72°C for 6 min.

The DGGE was carried out using a Dcode Universal Mu-
tation Detection System (Bio-Rad Laboratories, Hercules, 
CA, USA). The PCR products were run in duplicate on a 
6% polyacrylamide gel in a 1X TAE buffer; the denaturant 
gradient was 30-80% (urea:formamide). Electrophoresis 
was run for 16 h at 60°C and 75 volts; the gel was stained 
with SYBR™ Gold and photographed under UV light using a 
Gel Doc™ XR+ (Bio-Rad Laboratories, Hercules, CA, USA).

Effect of soil management on crop productivity
For each replicate, which consisted of a plot of 1903 m2 for 
soil A and 2004 m2 for soil F, yield data were measured 
and the number of leaves and root nodules per plant were 
counted at the flowering crop stage in six plants per repli-
cate. For yield, weekly harvests of the fruits were conducted, 
and the fresh weight of each harvest was recorded. The 
weekly records were summed at the end of the crop cycle 
to calculate total production and then divided by the area 
to calculate the yield. 

Effect of soil microbial biomass on initial plant growth
A pot assay was implemented to assess the effect of a five-
year fallow period on the initial growth of green bean plants 
in comparison to conventional agricultural management. 
A factorial design was adopted to evaluate the effect of the 
soil-living microbial biomass. The first factor, soil sterility, 
had two levels: sterile and non-sterile soil. The second fac-
tor, soil management strategy, had two levels, agricultural 
soil (soil A) and fallow soil (soil F). Soil sterilization was 
done by two sterilization cycles at 121°C and 15 psi for 40 
min each. A total of four treatments with 14 independent 
plants were applied, where each plant was considered an 
experimental unit. The number of replications was calcu-
lated using the Harris-Hurvitz-Mood method. Green bean 
seeds were planted outdoors in plastic pots filled with 400 
g of collected bulk soil collected from the top 25 cm of the 
soil profile, since this is the effective depth of green bean 
roots (Vallejo Cabrera et al., 2004). The experiment was 
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performed in the same location as the field experiment. The 
plant response variables were plant height, fresh weight, 
dry weight, and number of root nodules measured 30 d 
after planting.

Statistical analysis
The results were subjected to an analysis of variance 
(P<0.05) and a subsequent post hoc Tukey test (P<0.05) to 
evaluate differences between soil management strategies. 
For each case, the assumptions of normality were tested 
using the Shapiro-Wilk test (P<0.05), and the homogene-
ity of variances was tested using the Bartlett test (P<0.05). 
Multivariate analysis, principal component analysis, and 
Pearson correlation were calculated. All analyses were 
performed in R v4.2 (R Core Team, 2021) using agricolae 
(Mendiburu, 2023) and ggplot2 (Wickham, 2016) packages.

Results

Fallow period improves soil physicochemical parameters, 
microbial culturable counts, and soil enzyme activities

The soil organic matter (OM) and pH showed significantly 
higher values in fallow soil (F) compared to with agricul-
tural soil (A) (Tab. 1). Apparent density was significantly 
higher in soil A compared to soil F (Tab. 1). Total soil 
microbial counts showed statistically significant higher 
values in soil F compared with soil A for total heterotro-
phic bacteria, phosphate solubilizers and nitrogen-fixing 
bacteria (Tab. 1). There were significant differences between 
the two soils, with soil F showing the highest activity for 
all enzymes (Fig. 1).

TABLE 1. Physicochemical properties and microbial counts across study areas on La Colorada farm. 

OM (%) AD pH TB PS NF

%* mg m-3* * LogCFU gds-1* LogCFU gds-1* LogMPN gds-1*

Soil F 7.48 ±0.71 a 1.46±0.09 b 6.43±0.13 a 8.35±0.23 a 5.95±0.22 a 6.51±0.22 a

Soil A 5.91±0.6 b 1.71±0.04 a 4.99±0.03 b 8.14±0.36 a 5.60±0.34 b 5.69±0.30 b

*Significant at the 0.05 probability level. Values are presented as means ± standard deviation. Means with the same letter do not differ significantly at P≤0.05, n = 3. Statistical test ANOVA-
Tukey. OM: soil organic matter, AD: apparent density, TB: total heterotrophic bacteria, PS: phosphate solubilizers, and NF: nitrogen fixers, CFU: colony-forming units, MPN: most probable number, 
gds: g of dry soil.
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FIGURE 1. Enzymatic activities of: A) acid phosphatase, B) alkaline phosphatase, C) nitrogenase, and D) cellulase. PNP: p-nitrophenol; et: ethylene; 
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Crop yield is improved in fallow soil under field conditions
The crop measurements under field conditions showed 
that soil F had significantly higher values for the number 
of nodules and leaves per plant and an increase in yield 
compared to soil A (Tab. 2).

TABLE 2. Effect of soil management on crop performance under field 
conditions at La Colorada farm.

Soil Number of leaves 
per plant*

Number of nodules 
per plant* Yield (t ha-1) *

Soil F 38.9 ±2.8 a 33.2 ±5.06 a 14.4 ±0.14 a

Soil A 31.0 ±1.93 b 19.4 ±5.25 b 8.47±0.27 b

*Significant at the 0.05 probability level. The values are presented as means ± standard devia-
tion. Means followed by the same letter do not differ significantly at P≤0.05, n = 3. Statistical 
test: ANOVA followed by Tukey’s test.

Bacterial communities change under 
different soil management strategies
Figure 2A shows a UPGMA (Unweighted Pair Group Meth-
od using Arithmetic Averages) clustering, formed from 
the banding patterns obtained by a DGGE approach. The 
analysis shows two large clades, where soil A is separated 
from soil F, which indicates that changes in soil manage-
ment generated differences in the composition of the rhi-
zosphere bacterial community (Fig. 2A). Figure 2B shows 
a correlation matrix that relates enzymatic activities, and 
functional group counts with physicochemical parameters 
and plant growth variables. Principal component analysis 
(Fig. 2C) shows a different clustering for samples from soil 
A and soil F. The response variables measured explain more 
than 70% of the total variance in the experiment.

Soil management and soil sterilization affect plant growth
We hypothesized that there is a differentiated effect in 
terms of plant growth between both soil management 
strategies: continuous agriculture and the fallow period. 
To demonstrate this effect, we took bulk soil from fields 
A and F and evaluated green beans growth in a pot assay. 
The results showed that soil management during the initial 
phases of green bean growth significantly influences the 
four variables measured, where soil F showed higher values 
(Fig. 3). It is important to point out that, leaving soil A and 
soil F with similar conditions after sterilization, these four 
variables did not present significant differences (Fig. 3), 
thus demonstrating the importance of soil microorganisms 
for the development and growth of the plants.
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Discussion

This study is one of the few published reports that assesses 
the effect of fallow on soil microbiological activity from 
a functional perspective and relates it to the yield of the 
subsequent crop. Our results provide a reference frame-
work, suggesting that leaving soil fallow for five years 
can contribute to the recovery of biological activity and, 
consequently, productivity. However, further research is 
needed to determine whether shorter fallow periods could 
achieve similar effects. Some meta-analyses have attempted 
to explore whether there is a relationship between fallow 
duration and crop yield (Mertz, 2002; Mertz et al., 2008). 
Although there is empirical evidence indicating that longer 
fallow periods are correlated with higher yields, other fac-
tors influence yield, making it difficult to establish causal 
relationships between fallow duration and yield (Mertz, 
2002; Mertz et al., 2008).

Brennan and Acosta-Martinez (2017) showed that six years 
are sufficient to positively shift the microbial community 

in California soils under intensive agriculture when transi-
tioning to organic cropping. Other interesting approaches 
demonstrated that soil amendments under different fallow 
periods (1, 3, and 16 years) in crops grown in continuously 
cultivated soils led to improved growth and resistance to 
pests (Howard et al., 2020). However, beyond fallow peri-
ods, the long-term sustainability of organic systems also 
requires practices such as reduced tillage, the application 
of organic amendments, and the use of cover crops. Among 
these, cover crops are particularly effective as they provide 
a readily available source of labile carbon for microorgan-
isms (Brennan & Acosta-Martinez, 2017). 

We recognize that five years is a long period for a farmer 
to leave a crop field fallow. However, this timeframe allows 
us to assess the effect of fallow on the recovery of biological 
activity in agricultural soils. It also serves as a starting point 
to evaluate shorter, more economically sustainable fallow 
periods and management strategies. Additionally, it helps 
identify biological activities that indicate soil health in P. 
vulgaris crops under tropical conditions.
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The soil OM content, pH, and apparent density of the soil 
have been reported as major determinants of the distribu-
tion of edaphic microorganisms (Fierer, 2017). These three 
variables in soil F showed the most favorable values for 
the development of microorganisms. For instance, higher 
OM content will provide a greater supply of carbon to soil 
microorganisms (Martínez-García et al., 2018), suggesting 
better microbial activity. In our study, this was indicated 
by the correlation between OM and total heterotrophic 
bacteria, nitrogen fixers, nitrogenase activity, phosphatase 
activity, and cellulase activity (Fig. 2B). A lower apparent 
density results in greater pore space, which is necessary for 
gas exchange and water retention; these conditions facilitate 
the formation of niches, which are where microorganisms 
live and where most biological processes of agricultural 
interest occur (Totsche et al., 2018). Our results suggest 
that these phenomena can be observed in the negative cor-
relation between total heterotrophic bacteria and nitrogen 
fixers with apparent density (Fig. 2B).

One of the physicochemical variables that showed the 
greatest differences was pH, which decreased from 6.43 in 
the fallow soil to 4.99 in the agricultural soil (Tab.1). This 
pH reduction is commonly reported in soils subjected 
to intensive agricultural activity (Zhou et al., 2021). For 
instance, the frequent application of nitrogen fertilizers 
such as urea has been associated with an increase in the 
nitrification process (Ayiti & Babalola, 2022), contributing 
to soil acidification. On the other hand, a slight increase 
in pH has been reported in fallow soils (Fachin et al., 
2021).  Although no concrete data are available regard-
ing the amount of fertilizers and pesticides applied to the 
agricultural soil, it is known that this soil had been under 
continuous cultivation for the past 12 years before this 
study, with at least three fertilizer applications per year.

A higher pH improves the survival conditions of many bac-
terial populations (Xiao et al., 2018); in this study, we identi-
fied a correlation between pH and phosphate solubilizers 
(Fig. 2B). From an agronomic perspective, a pH of 6.43 is 
optimal for the availability of most nutrients, whereas at 
a pH of 4.99, macronutrient availability is significantly 
reduced (Hartemink & Barrow, 2023). This suggests that 
not only are soil microorganisms affected, but plant growth 
is also directly limited by the low pH in agricultural soils. 
However, Figure 3 shows that after soil sterilization, where 
the only variable altered is the presence of living microor-
ganisms, there are no differences in plant growth between 
fallow and agricultural soils. This suggests that the main 
effect of pH is exerted on soil microorganisms.

A high phosphatase activity indicates better soil quality, 
especially in tropical soils (Ferreira et al., 2016; Stone & 
Plante, 2014). The results obtained in our study showed a 
positive response to leaving agricultural soils for a five-year 
fallow period, since both types of phosphatases (acid and 
alkaline) were higher in soil F than in soil A. This suggests a 
more abundant fraction of organic P in this soil, as expected 
given the significantly higher content of OM (Tab. 1). On 
the other hand, it is worth mentioning that phosphatases, 
both acid and alkaline, are more active in the rhizosphere 
(Tarafdar & Jungk, 1987), especially in leguminous plants 
such as the green bean (Yadav & Tarafdar, 2001). We did 
not find a significant correlation between phosphate solubi-
lizers and alkaline phosphatase or acid phosphatases, sug-
gesting that the enzymatic activity observed corresponds to 
another type of phosphate-mineralizing microorganisms 
that are functionally active, or even extracellular enzymes 
attached to mineral and organic particles, as discussed 
below.

The significant correlation found between OM and alka-
line phosphatase, nitrogenase, and cellulase activity (Fig. 
2B) indicates that a greater amount of OM facilitates the 
stabilization of these enzymes in the soil matrix. These en-
zymes are usually excreted by microorganisms and adhere 
to organic particles or clays (Nannipieri et al., 2018). Once 
stabilized, enzymes remain catalytic for long periods (Dot-
aniya et al., 2019), being a potential source of enzymatic 
activity associated with the soil (Skujiņš & Burns, 1976). 
The correlation found between cellulase and nitrogenase 
enzymes (Fig. 2B) can be explained by considering that 
the energy necessary for nitrogenase activity comes mostly 
from carbon sources, resulting from cellulose and hemicel-
lulose hydrolysis (Deng & Tabatabai, 1994). 

Other studies analyzing the diversity and microbial struc-
ture by DGGE found differences in bacterial diversity 
between soils subjected to different soil management strat-
egies. In this context, Wallis et al. (2010) observed lower 
richness in soils of intensive crop production compared 
to soils of natural pastures and forests. Other researchers 
have also shown that alternatives such as reduced tillage, 
cover crops, and organic amendments improve micro-
bial diversity and abundance in soil (Kuntz et al., 2013; 
Martínez-García et al., 2018). Here, we demonstrated that 
a fallow period of five years and continuous agriculture 
can generate a differential configuration of the soil bacte-
rial community, indicating that soil microbes respond to 
soil management practices. Principal component analysis 
(Fig. 2C) showed two clearly separated groups based on the 
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type of soil management evaluated, supporting the previous 
discussion and the hypothesis. 

Legume crops such as green beans have the inherent 
capacity for biological nitrogen fixation mediated by the 
interaction with diazotrophic bacteria (Zhong et al., 2024), 
which catalyze the conversion of nitrogen to ammonia 
via the nitrogenase enzyme (Chaulagain & Frugoli, 2021). 
Nitrogen is one of the principal macronutrients associated 
with plant growth and productivity. This research showed 
that soils under fallow for five years increased the number 
of leaves; in this way, more carbon can be fixed through 
photosynthesis. This, in turn, can be used in exchange for 
nitrogen produced in the nodules by nitrogen-fixing mi-
croorganisms (Chaulagain & Frugoli, 2021). Finally, this is 
reflected in a higher yield in fallow treatment, suggesting 
that plant growth on fallow plots offers a niche that allows 
the establishment of different microbial communities that 
promote greater nitrogen fixation and, consequently, in-
crease plant growth and yield.

Our results highlight the importance of soil management, 
particularly its biological component, and the consequent 
effects on plant vigor and plant productivity, since soil 
fertility depends largely on biological activity, especially 
in the rhizosphere (Mendes et al., 2013).

Conclusions

The intensive use of soil leads to the continuous impov-
erishment of microbial communities and their functions. 
On the other hand, leaving fallow for five years increases 
organic matter and improves certain physicochemical 
properties, which leads to an improvement of microbial 
activity as well as plant vigor and productivity of the crop. 
All these conditions are responsible for the differences that 
occur in terms of plant height and weight, the number of 
nodules per plant, and the improvement of crop yield. Our 
results indicate that proper management of the biological 
component of the soil stimulates greater microbial activ-
ity, which leads to healthier and more productive soils. 
Acknowledging that leaving crop fields fallow for five 
years generates a greater green bean yield, the challenge 
is to generate similar effects using shorter periods or soil 
management strategies that lead to similar results.
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