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Abstract: Composting is an environmentally friendly process, turning animal waste into fertilizer.
Chicken litter compost (CLC) improves soil properties, increasing crop yields. However, the CLC
effect on the soil microbiome is understudied. This study aimed to compare bacteriobiome diversity
in fallow arable Chernozem with and without CLC addition in a field experiment in the Novosibirsk
region, Russia, using 16S rRNA gene metabarcoding. Pseudomonadota, Actinomycetota and Acidobacte-
riota were the most OTU-rich phyla, together accounting for >50% of the total number of sequence
reads. CLC-related shifts in the bacteriobiome structure occurred at all taxonomic levels: the Bacillota
abundance was 10-fold increased due to increased Bacilli, both being indicator taxa for the CLC-soil.
The main Actinomycetota classes were the indicators for the CLC-soil (Actinobacteria) and no-CLC
soil (Thermoleophilia, represented Gaiella). Both Bacillota and Actinomycetota phyla were the ultimate
constituents of the CLC added, persisting in the soil for five months of fallowing. The no-CLC soil
indicator phyla were Acidobacteriota (represented by Acidobacteria_Group3) and Verrucomicrobiota.
Future metabarcoding studies of chicken litter application in agricultural soils, including cropped
studies, should address the soil microbiome at the species/strain levels in more detail, as well as
how it is affected by specific crops, preferably accompanied by a direct methodology revealing the
microbiota functions.
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1. Introduction

There is no denying that “sustainable poultry development is vital to global food
security and health”, as stated by the UN Food and Agriculture Organization [1]. The
production of chicken, meat, and eggs has been increasing worldwide: according to the FAO
estimates, chicken, meat, and egg production in 2022 increased by 8% each, compared with
that in 2018 [2]. This steadily increasing chicken population produces a growing amount
of manure: one thousand chicken broilers produces 65 kg of manure per day, whereas the
same number of chicken layers produces 150 kg [3]. With the global chicken population
reaching 27·109 birds in 2022 [2], the amount of manure produced is rather impressive.
Chicken manure is rich in nitrogen, phosphorus, potassium and other elements [4], and can
be added to soil to improve its fertility and properties [5]. The amount of nitrogen, applied
to soil as chicken manure/compost, has also been increasing, reaching 6.3·109 t globally in
2021 [6].

Such a large amount of chicken manure requires increasing efforts for its transportation,
storage, composting and processing [7,8]. Those countries which can afford land parcels for
this purpose resort primarily to composting. Moreover, composting is an environmentally
friendly process that turns animal waste into organic fertilizers [9], which were recently
found to present more sustainable attributes for agricultural use [10] through the thorough
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study of composting [11–13]. The composts of chicken manure/litter from big production
facilities are known to increase crop yields [14–16] and improve soil properties [17–19].

As chicken manure, litter, and hence their composts contain diverse gut microbiota [20–23],
the application of compost to soil can shift soil ingenious microbiota, affecting soil biotic and
abiotic processes to a certain extent [24]. Moreover, the direct land application of chicken litter
from big poultry production facilities could be harming animal, human, and environmental
health [25,26]. Therefore, in recent years, chicken litter composting has been spreading, while
attracting more research attention, as fertilization with composted litter was found to reduce
the risk of the transmission of antibiotic resistance genes and enteric bacteria to soil and crops
compared with raw manure or litter [27,28], with such research being greatly facilitated by the
advance of DNA sequencing technologies. Yet, reports about the effect of adding chicken litter
compost are relatively scarce, as many publications describe either chicken manure or chicken
litter addition, or the manure droppings of free-range birds. Sometimes, after an addition of
chicken litter compost in soil, the field is fallowed (not cropped, with the removing of weeds)
to allow the applied compost to be further transformed under the influence of weather and
edaphic factors. We hypothesized that, under such conditions, some bacterial markers of the
chicken litter compost, mainly chicken gut bacteria, will be markedly increased in the fallow
field compared with a field without compost addition.

The aim of the study was to reveal bacteriobiome composition and structure in arable
Chernozem under fallow conditions, with and without the addition of chicken litter com-
post in a field experiment in the south of West Siberia (Novosibirsk region, Russia), by
using 16S rRNA gene diversity.

2. Materials and Methods
2.1. Experimental Site and Conditions

The field experiment was carried out in West Siberia, in the south (55◦00′2.88′′ N,
83◦29′7.8′′ E), which is largely used for agriculture. In terms of biogeographical zonation,
the study area belongs to the forest–steppe zone with a strongly continental climate, with an
average annual temperature of 2.7 ◦C and a precipitation total of 493 mm [29]. According
to the international soil classification system [30], the soil is identified as Luvic Phaeozems
(Loamic, Albic, Aric), which is one of the most agriculturally important soils of the region.

2.2. Experimental Setup

The field trial was started in 2009. Until that time, the field was in conventional
agricultural use, i.e., cropped to spring wheat with moderate rates of mineral nitrogen and
low rates of phosphorus fertilization, with mouldboard plowing in the autumn and disking
in the spring. No livestock manure, litter, or composts were applied. In 2009, the area
was abandoned, and the natural succession of spontaneous restoration started, resulting
in the development of a dry meadow dominated by the smooth brome (Bromus inermis
Leyss.). In spring 2020, the area was disked three times, down to 15 cm. At the end of
June 2020, one parcel (173 ha) of the field received chicken litter compost (CLC, from the
local chicken-producing industrial facility) at the rate of 30 t ha−1 (dry matter), which was
incorporated into 0–20 cm topsoil by disk harrowing. The other parcel (184 ha) received no
CLC (no-CLC). Both parts were maintained as fallow until the end of the growing season
in 2020.

The CLC represents a litter of wood sawdust that had been spread out on the ground
in chicken housing, collecting their droppings; after a while, the litter was removed and
placed in the open field, where it underwent aerobic decomposition, i.e., composting, for at
least three months at positive temperatures without any special additions, mixed once in a
while for better aeration. The chemical characteristics of CLC are presented in Table 1.
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Table 1. Chemical properties of chicken litter compost (mean ± standard deviation, n = 4).

Property

Initial Water Content, % 24.5 ±0.7
pHH2O 7.14 ±0.05

EC, mS/cm 8.98 ±0.20
Organic Matter, % 85.0 ±0.6

N, % 4.48 ±0.39
P, % 0.95 ±0.09
K, % 1.75 ±0.19

2.3. Soil Sampling and Chemical Analyses

The soil was sampled at the end of October 2020 from the 0–20 cm layer from the
no-CLC and CLC-amended fields, prior to the onset of the negative daily temperatures
in the region. Both fields were divided into two subplots, and from the center of each
subplot, four mixed soil samples, composed from six individual/separate replicates taken
by a soil corer, were collected. Thus, eight mixed soil samples represented each of the
fields; in total, 16 mixed soil samples were collected. In the laboratory, the roots and other
plant parts were removed, the soil was sieved (2 mm), and aliquots were taken for drying,
stored in the fridge at +4 ◦C for the DNA extraction (the latter were kept at −20 ◦C for
two weeks). The soil properties were measured using standard techniques [31]. Briefly,
organic carbon content was estimated by dichromate digestion; soil organic matter content
was estimated by the amount of soil mass loss on ignition at 550 ◦C for 12 h; nitrate content
was determined potentiometrically in 0.1% AlKSO4 solution (soil–solution ratio 1:5 w/v);
and readily available P and available P were extracted by 0.015 M K2SO4 solution (1:5 w/v)
and 0.1 M (NH4)2C2H4O (COO)2 solution (pH = 5.7; 1:20 w/v), respectively, and determined
calorimetrically. Exchangeable K was extracted by 1 M CH3COONH4 solution (pH = 7.0;
1:10 w/v) and estimated by an atomic absorption spectrometer with flame atomization
(Kvant-2A, Russia). Soil pH was measured by equilibrating 10 g of field-moist soil with
25 mL of deionized water. Bulk soil density was calculated as the mass/volume ratio after
drying a soil core of the known volume at 105 ◦C for 24 h. All analyses were performed in
triplicate, and the data were expressed on an oven-dry (105 ◦C) basis.

The soil texture of both fields was characterized as silt loam, though it was very close
to silty clay loam. The soil organic matter content was similar in both fields; soil pH was
somewhat higher in the field with CLC application. The content of all three important
mineral macronutrients in the forms of those readily available for plants were 4–9 times
higher in the CLC field compared with the no-CLC field, as shown in Table 2.

Table 2. Some properties of the Chernozem of the experimental fields with and without chicken litter
compost (CLC) addition (mean ± standard deviation).

Soil Property No CLC CLC

SOM 1, % 7.69 ±0.04 b 2 7.58 ±0.07 a
SOC 1, % 3.84 ±0.03 b 3.79 ±0.04 a
pHH2O 6.03 ±0.01 a 6.36 ±0.01 b

Nitrates, mg N/kg 12.2 ±5.5 a 63.8 ±7.4 b
Readily Available P, mg P/kg 0.61 ±0.10 a 3.14 ±0.33 b

Available P, mg P/kg 10.7 ±3.7 a 100.7 ±9.6 b
Exchangeable K, mg K/kg 171 ±26 a 687 ±52 b

Sand, % 6.6 ±3.3 7.5 ±3.0
Silt, % 68.0 ±3.0 66.2 ±2.2

Clay, % 25.4 ±4.3 26.3 ±3.8
1 SOM and SOC stand for soil organic matter and soil organic carbon, respectively.2 Different letters in rows
indicate that the values are different (p ≤ 0.05, Fisher’s LSD test).
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2.4. DNA Extraction, Amplification and Sequencing

The DNA extraction and amplification was performed exactly as we described earlier [32]
(Naumova et al., 2023; https://www.mdpi.com/2076-2607/11/10/2431, accessed on 28 August
2024). Sequencing was also performed with the same sequencer at the same facility, i.e., the
Genomics Core Facility of the Siberian Branch of the Russian Academy of Sciences (ICBFM SB
RAS, Novosibirsk, Russia). The read data reported in this study were submitted to the NCBI
Short Read Archive under bioproject accession number PRJNA1115889.

2.5. Bioinformatic Analysis

The bioinformatic analysis was also performed exactly as we described earlier [32]
(Naumova et al., 2023; https://www.mdpi.com/2076-2607/11/10/2431, accessed on 28 Au-
gust 2024), analyzing raw sequences with UPARSE pipeline [33], using Usearch v.11.0.667,
the UPARSE-OTU algorithm, and SINTAX [33] for the taxonomic attribution, referenced
with the 16S RDP training set v.19 [34].

The OTU datasets were analyzed by individual rarefaction (graphs are not shown)
with the help of the PAST v.4.16 software [35]: the numbers of bacterial OTUs detected,
reaching a plateau with an increasing number of sequences, showed that the sampling
effort was close to saturation for all samples, thus sufficient to compare diversity on the
non-rarefied datasets [36].

2.6. Statistical Analyses

Statistical analyses (descriptive statistics, correlation analysis, ANOVA, PCA and
PCoA) were performed by using Statistica v.13.3 (TIBCO Software Inc., Palo Alto, CA,
USA) and PAST [35] software packages. OTU-based α-biodiversity indices, as well as
β-biodiversity (based on the Bray–Curtis dissimilarity distance) and indicator taxa values,
were calculated using PAST. The factor effects and mean differences in post hoc comparisons
by Fisher’s LSD test were considered statistically significant at the p ≤ 0.05 level.

3. Results
3.1. General Taxonomic Diversity in the CLC Nacteriobiome

After sequence quality control, a total of 55 different OTUs were identified at a 97% se-
quence identity level, belonging to two phyla, three classes, seven orders, 21 families and
31 genera. Of these OTUs, 16 OTUs were Actinomycetota, 36 were Bacillota and 3 were Pseudomon-
adota, the latter with just 0.2 ± 0.1% of the relative abundance. Ten genera were dominants,
i.e., contributing at least 1% in the total number of sequence reads, as shown in Table 3.

Table 3. Bacteriobiome composition of the chicken litter compost (relative abundance, %,
mean ± standard deviation, n = 3).

Dominant Phyla Bacillota Actinomycetota

80.9 ± 0.7 18.9 ± 0.6
Dominant Classes

Bacilli 80.8 ± 0.7
Actinobacteria 18.9 ± 0.6

Gammaproteobacteria 0.2 ± 0.1

Dominant Genera
Unclassified Bacillaceae 50.1± 1.2

Staphylococcus 13.0 ± 1.6
Brevibacterium 6.2 ± 0.7

Nosocomiicoccus 5.5 ± 1.1
Corynebacterium 5.4 ± 0.4
Oceanobacillus 5.3 ± 1.7

Mammaliicoccus 4.1 ± 0.5
Yaniella 3.2 ± 0.3

Enteractinococcus 2.7 ± 0.7
Brachybacterium 1.0 ± 0.2

Sum 78.1 18.4

https://www.mdpi.com/2076-2607/11/10/2431
https://www.mdpi.com/2076-2607/11/10/2431


Appl. Microbiol. 2024, 4 1272

3.2. General Taxonomic Diversity in the Soil Bacteriobiome

After quality filtering and chimera removal, 3286 different OTUs were identified
at a 97% sequence identity level. We found 23 bacterial phyla-level clusters, containing
84 classes, with 14 of them not explicitly classified.

The majority of the total number of OTUs (786, or 24%) were members of the Pseudomon-
adota phylum, whereas Actinomycetota (546 OTUs) and Acidobacteriota (322 OTUs) ranked
second and third, as OTU-rich phyla, comprising 17 and 10% of the total number of OTUs,
respectively. Many OTUs (445 OTUs, or 14%) were not classified below the domain level.

The dominance of Actinomycetota, Acidobacteriota and Pseudomonadota phyla was also
pronounced in terms of relative abundance; together, they accounted for more than half
of the total number of sequence reads, as shown Table 4. As is often found in soils,
Actinomycetota, with about 1/3 of the relative abundance, was dominant in both fields. The
relative abundance of reads that could not be taxonomically attributed below the domain
level accounted for ca. 7% of the total number of sequence reads in the soil bacteriobiome of
the experimental fields. The Verrucomicrobiota phylum was a moderate dominant, whereas
such phyla as Gemmatimonadota and Chloroflexota were minor dominants. As for the Bacillota
and Bacteroidota phyla, they had a markedly differential relative abundance in the studied
fields, discussed in detail in Section 3.2 below.

At the class level, the dominance of Actinomycetota phylum translated into the domi-
nance of its Thermoleophilia and Actinobacteria classes, as shown in Table 4, whereas the dom-
inance of the Acidobacteriota phylum mostly resulted from the dominance of its Group_1,
Group_3, Group_6 and Group_16 classes. The Pseudomonadota phylum in the dominating
group was represented by its Alpha, Beta- and Deltaproteobacteria classes.

3.3. Bacterial Taxonomic Diversity as Related to the CLC Addition in Soil
3.3.1. Bacteriobiome Composition and a Comparison of the Relative Abundance

The CLC addition drastically increased Bacillota abundance, mostly due to the substan-
tial increase in Bacilli relative abundance, shown in Table 4, with Clostridia also contributing.
At the class level, seven dominating classes were higher in the no-CLC soil (such as Ther-
moleophilia, Spartobacteria, Acidobacteria (Gp1, Gp3, Gp6, Gp16) and Acidimicrobiia, whereas
Actinobacteria, Gammaproteobacteria, Gemmatimonadia, Bacilli, Sphingobacteriia, Clostridia and
Thermomicrobia were the seven dominating classes with relative abundance higher in the
CLC-soil.

Table 4. Relative abundance (%, mean ± standard deviation) of the dominant bacterial phyla
and classes in the Chernozem of the experimental fields with and without chicken litter compost
(CLC) addition.

Taxon No CLC CLC p-Value

Actinomycetota 38.7 ±7.0 31.2 ±5.3 0.031
Pseudomonadota 25.4 ±1.8 26.9 ±4.9 0.420
Acidobacteriota 13.3 ±2.8 6.5 ±3.6 0.000

Verrucomicrobiota 6.1 ±1.7 2.1 ±1.8 0.001
Bacteroidota 2.0 ±0.8 4.2 ±1.9 0.007

Gemmatimonadota 1.9 ±0.6 1.4 ±0.7 0.076
Chloroflexota 1.7 ±0.7 1.0 ±0.4 0.030

Bacillota 1.3 ±1.0 18.6 ±10.3 0.000
Class

Alphaproteobacteria 18.7 ±1.2 18.0 ±4.2 0.661
Thermoleophilia 18.5 ±4.7 5.9 ±4.4 0.000
Actinobacteria 13.5 ±5.3 20.5 ±5.6 0.022
Spartobacteria 5.3 ±1.6 2.0 ±1.6 0.001

Acidobacteria_Gp6 4.7 ±2.5 2.0 ±1.5 0.022
Acidimicrobiia 3.2 ±0.6 1.7 ±0.7 0.001

Betaproteobacteria 3.0 ±0.7 3.5 ±1.1 0.165
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Table 4. Cont.

Taxon No CLC CLC p-Value

Gammaproteobacteria 0.8 ±0.4 3.2 ±1.3 0.000
Acidobacteria_Gp16 2.9 ±0.8 1.9 ±0.6 0.012
Deltaproteobacteria 2.8 ±0.2 2.1 ±1.0 0.052
Acidobacteria_Gp3 1.9 ±0.6 0.5 ±0.3 0.000
Gemmatimonadia 1.6 ±0.5 3.3 ±1.3 0.001

Chitinophagia 1.3 ±0.6 0.9 ±0.9 0.002
Acidobacteria_Gp1 1.3 ±0.8 0.6 ±0.5 0.065

Bacilli 1.2 ±0.9 16.9 ±10.6 0.001
Sphingobacteriia 0.2 ±0.2 2.0 ±1.4 0.002

Clostridia 0.1 ±0.1 1.4 ±1.2 0.012
Thermomicrobia 0.2 ±0.2 1.0 ±0.8 0.011

At the dominant genus level, there were several with a differential abundance due to
the CLC addition, as shown in Table 5.

Table 5. Relative abundance (%, mean ± standard deviation) of the dominant bacterial genera in the
Chernozem of the experimental fields with and without chicken litter (CLC) addition.

Genus No CLC CLC p-Value

Gaiella 12.1 ±2.9 3.8 ±3.4 0.000
Bradyrhizobium 5.8 ±0.7 2.0 ±1.9 0.000

Spartobacteria_gis * 5.3 ±1.6 1.7 ±1.6 0.001
un. # Acidobacteria_Gp6 4.7 ±2.5 1.8 ±1.7 0.022

Mycobacterium 3.7 ±1.0 2.5 ±1.3 0.069
un. Acidobacteria_Gp16 2.7 ±0.7 1.5 ±0.8 0.006
un.Acidobacteria_Gp3 1.9 ±0.6 0.4 ±0.3 0.000
un.Acidobacteria_Gp1 1.3 ±0.8 0.6 ±0.5 0.065

Streptomyces 0.1 ±0.4 3.6 ±3.2 0.001
Oceanobacillus 0.0 ±0.0 3.1 ±4.3 0.034
Nocardiopsis 0.0 ±0.0 3.0 ±6.9 0.040

Devosia 0.1 ±0.2 2.3 ±1.7 0.001
Peribacillus 0.2 ±0.4 1.8 ±1.9 0.016
Neobacillus 0.2 ±0.4 1.4 ±1.2 0.002

Cerasibacillus 0.0 ±0.0 1.0 ±1.9 0.080
* gis stands for genus incertae sedis; # un. stands for unclassified.

The dominant OTUs, contributing ≥ 1.0% to the total number of sequence reads in a
sample, averaged 12 in the no-CLC field and 14 in the CLC one, together accounting for
26% and 23% of the total number of sequence reads, respectively. The total set of dominant
OTUs in the study comprised 25. Only four OTUs were common for both fields, namely
(1) Pseudomonadota/Alphaproteobacteria/Hyphomicrobiales/Bradyrhizobiaceae/Bradyrhizobium;
(2) Pseudomonadota/Alphaproteobacteria/un. Hyphomicrobiales; (3) Actinomycetota/Thermo-
leophilia/Gaiellales/Gaiellaceae/Gaiella; and (4) Actinomycetota/Actinobacteria/Mycobacteriales/
Mycobacteriaceae/Mycobacterium.

One-way PREMANOVA showed the statistically significant (with p-values lower than
0.001) effect of the CLC addition at all taxonomic levels.

3.3.2. The Indicator Taxa

The indicator taxa (among the dominant ones at the corresponding taxonomic lev-
els, calculated using the number of taxon-specific reads) for each field are shown in
Figure 1; there were quite a few at each taxonomic level, indicative of the CLC addi-
tion, and several that were indicative of the no-CLC soil. Nine OTUs were indicative
of the CLC addition in soil; the Bacilli and Actinobacteria classes accounted for four of
these OTUs each, whereas only one represented Alphaproteobacteria. Only one of these
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indicator OTUs was explicitly identified to the species level, namely Oceanobacillus luteo-
lus/Bacillaceae/Caryophanales/Bacilli/Bacillota. As for the indicator OTUs for the no-CLC soil
bacteriobiome, there were five of them: the Alphaproteobacteria accounted for two of these
OTUs, whereas Actinobacteria, Thermoleophilia (both Actinomycelota), and the Spartobacteria
class of Verrucomicrobiota each contributed one of the indicator OTUs.
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Figure 1. Indicator taxa in the soil bacteriobiome of the fields with CLC) and without (no-CLC)
chicken litter compost addition: phyla (a), classes (b), orders (c), families (d), genera (e) and OTUs (f).

3.3.3. Bacteriome Similarity

The location of soil samples in the plane of the first two principal components facilitates
the straightforward visualization of the relationship between the fields, shown in Figure 2.
Most of the variance was associated with CLC addition, whereas the apparent within-field
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variance accounted for just 11–12% of the total one. Notably, the variance between the
CLC-field samples was much more pronounced compared with the variance between the
no-CLC-field samples.
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3.3.4. Bacteriobiome α- and β-Biodiversity

The α-biodiversity indices did not differ significantly, being practically similar in both
studied fields, as shown in Table 6. The number of OTUs per sample was about 1000; bear-
ing in mind that on average only slightly more than 10 OTUs dominated the bacteriobiome
in each field, the minor or rare species’ sequences accounted for the overwhelming 99% of
both bacteriobiomes.

Table 6. Alpha-biodiversity indices (calculated on the OTU′s basis; mean ± standard deviation) of
bacteriobiomes in the Chernozem of the experimental fields with and without chicken litter compost
(CLC) addition.

Taxon No CLC CLC p-Value

OTU Richness 937 ±128 900 ±336 0.769
Chao-1 1321 ±142 1158 ±414 0.310

Simpson (S) 0.987 ±0.002 0.982 ±0.017 0.387
Shannon’s 5.4 ±0.2 5.2 ±0.6 0.354

Equitability 0.80 ±0.01 0.78 ±0.04 0.222
Berger–Parker 0.06 ±0.01 0.07 ±0.06 0.546

Dominance (1-S) 0.013 ±0.002 0.018 ±0.017 0.396

As for the β-biodiversity, samples from the CLC field were distant from the no-CLC
one (Figure 3).
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As for the β-biodiversity, samples from the CLC field were distant from the no-CLC 
one (Figure 3). 

 Figure 3. Principal coordinates analysis of the soil bacteriobiome composition (OTU level, Bray–
Curtis dissimilarity distance) under different chicken litter compost (CLC) addition, indicating the
location of samples in the plane of the first two coordinates. Symbols: black circles denote samples
without CLC addition, light brown circles denote soil samples with CLC addition.
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4. Discussion

Our study unequivocally showed that CLC addition in soil significantly changed the
composition and structure of the soil bacteriobiome. The fact that the relative abundance of
Bacilllota was an order of magnitude higher than in the no-CLC soil is consistent with the CLC
bacteriobiome structure being overwhelmed by the Bacillota sequence reads. This finding, being
especially remarkable in view of the fact that the soil for the study was sampled more than
5 months after the addition (the fields were kept fallow throughout this time), suggests that the
bacteriobiome shifts due to the CLC addition can be rather enduring.

4.1. The Indicator Taxa for the CLC Soil

Indicator taxa can be more responsive to agronomical manipulations, such as fer-
tilization and organic residue addition, and can better predict future crop yields [37].
The indicator phyla for the CLC soil, namely Bacillota, Thermomicrobiota, Bacteroidota and
Pseudomonadota, are known as the main constituents of the gut bacteriobiome of living
organisms, including birds [38,39], with Bacillota (formerly referred to as the Firmicutes
phylum) and Bacteroidota (formerly known as Bacteroidetes) being the core phyla. The
six genera, indicative of the CLC addition, belonged to Actinomycetota/Actinobacteria
(Streptomyces and Nocardiopsis), Bacillota/(Oceanobacillus, Peribacillus and Neobacillus) and
Pseudomonadota/Alphaproteobacteria (Devosia). The CLC-indicator actinomycetal genera here,
i.e., Streptomyces and Nocardiopsis, both natural soil dwellers, are well known for their
ability to produce bioactive products [40] and to show antimicrobial [41,42] and plant
growth-promoting effects [43]; they also were reported among the indicator genera in soil
with organic residue amendment [37]. As for Devosia, some of its representatives were
reported as promoting plant growth [44], most likely by enhancing nitrogen uptake, and
mycorrhization [45]. Representatives of Peribacillus and Neobacilllus were found as members
of plant-growth-promoting rhizobacterial assemblages of many crops [46–49], possessing
properties that are highly promising in agricultural and environmental applications. The
group of CLC-indicator genera in this study after five months of fallowing post CLC addi-
tion seemed to have the potential to benefit future crops’ growth and development in fields
treated in the same manner; therefore, the crop, soil and environmental consequences of
CLC application should be studied in more detail.

Although most of the OTU-level clusters in this study (3053 of 3286) were not identified
to the species level, one of the CLC-indicator OTUs was classified as Oceanobacillus luteolus.
This species was first isolated more than ten years ago from a paddy and a forest soil [49].
We did not manage to find any reports about the bacterium’s physiology, ecology and
environmental occurrence since that time. Other representatives of the genus are usually
found in saline environments [50]. Recently, some reports about the beneficial properties of
the Oceanobacillus genus, for example, its phosphate solubilizing ability [51] and the ability
to synthesize PGP substances [50], were published.

4.2. Bacteriobiome Composition and the Indicator Taxa in the no-CLC Soil

The fallow soil without CLC addition harbors a bacteriobiome developed over five
months with minimal organic matter input (with aerial deposition and occasional weeds
that managed to emerge and grow between fallow-maintaining treatments), mostly on
indigenous soil organic matter. Therefore, such a bacterial profile, as a background for the
soil per se, is of great interest ecologically and agronomically in terms of its structural and
indicator taxa aspects.

The phyla which were found to be indicators of the soil without CLC, namely
Acidobacteriota and Verrucomicrobiota, are ubiquitous soil dwellers and common domi-
nants in Chernozems and Phaeozems (both undisturbed and cropped) in the south of West
Siberia [32,52], as well as similar soils in other regions [53–55]. Notably, the Actinomyce-
tota phylum as a single whole was not a CLC or no-CLC indicator phylum, because its
two major classes, i.e., the Thermoleophilia and Actinobacteria class, were indicator classes
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for different treatments: the former for the no-CLC soil, and the latter for the CLC soil, as
shown in Figure 1b.

At the lower taxonomic levels, the no-CLC indicator taxa were represented by Gaiella
(Gaiellaceae/Gaiellales/Thermoleophilia/Actinomycetota), i.e., an actinomycetal genus, widely
distributed in the soils of the region [32,52] and similar soils elsewhere [56,57]. The Gaiel-
laceae family was shown to be among the prevailing taxa in the unplanted soil [58], thus
indirectly confirming that these actinomycetes can live well solely on soil organic matter.
The representatives of the family were members of the core bacteriobiomes in several
soil types in Russia, Crimea and Kazakhstan [59]. However, we did not manage to find
reports on the bacteriobiome structure in fallow soils with which to compare our re-
sults. As for the indicator families in this study, i.e., the Intrasporangiaceae (Micrococcales,
belonging to Actinobacteria/Actinomycetota), and Hyphomicrobiaceae, belonging to Hyphomi-
crobiales/Alphaproteobacteria, we also could not find reports about their presence in a fallow
soil bacteriobiome, although Hyphomicrobiaceae was reported as having a highly significant
positive correlation with soil organic matter and nutrient content [60]. As for a genus-level
cluster of unclassified Solirubrobacteriales, the representatives of the order were found in the
core bacteriobiome of several soil types [59], as well as among the major constituents of soil
bacteriobiome [52,56].

The finding that the no-CLC indicator Acidobacteria phylum at the lower taxonomic
levels was represented by its Group_3 clusters is consistent with other reports about the
Acidobacteria_Group_3 taxa being important members of soil bacteriobiomes (for example,
see [32]). As for the Verrucomicrobiota phylum, we could not find information about its
abundance in fallow soils, although it is almost always encountered as a dominant in soils
under natural or agricultural phytocenoses [32,52,59].

4.3. Bacteriobiome α- and β-Biodiversity

We found that the α-biodiversity indices did not differ significantly between the CLC-
and no-CLC fields. There are few studies reporting changes in α-biodiversity indices due
to composted chicken litter addition in soil, and none at all under fallow circumstances. For
example, the application of chicken litter compost did not have any effect on α-biodiversity
estimates of soil bacteriobiome in an apple rhizosphere [24]. More frequent studies about
the effect of chicken manure or its derivatives, and litter without composting, sometimes
report confusing results. For instance, a study with chicken manure droppings found
increased bacteriobiome α-biodiversity in the soil with chicken manure compared with the
soil free from it [61]. Similarly, the application of organic chicken manure fertilizer signifi-
cantly increased the taxa relative abundance and α-biodiversity of the bacterial community
of Cinnamomum camphora rhizosphere soil [62]. Other researchers, concluding that the appli-
cation of chicken litter was a major factor in shaping the soil bacterial communities, found
just the opposite effect, i.e., that α-biodiversity parameters were higher in soil without
chicken litter addition compared with the litter-modified soil [63]. Apparently, in our study,
the drastic shifts in bacteriobiome composition due to the addition of chicken litter compost
(especially a 15-fold increased relative abundance of Bacillota) did not manifest themselves
in α-biodiversity estimates, although these notable shifts in bacteriobiome composition
and structure resulted in the markedly different β-biodiversity.

The change in soil properties due to CLC addition was in agreement with the results
of other studies: for instance, composted chicken litter was reported to improve soil pH, the
content of organic carbon, nitrogen, phosphorus, potassium, calcium, sodium, microbial
carbon, and soil respiration [64].

5. Conclusions

The finding that the major bacterial constituents still could persist in high abundance,
even over five months of fallowing after the addition of chicken litter compost to soil,
implies that such a shift in the soil microbial properties can affect the crop yield of the fol-
lowing year. This conclusion is supported by the beneficial potentiality of the differentially
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abundant and/or CLC-soil indicator taxa, as well as by the positive CLC-related changes in
the soil chemical properties. In a broader biological context, manure droppings and plant
residues have always been part of naturally developing ecosystems; therefore, it stands
to reason that the addition of chicken litter compost can be beneficial for promoting plant
growth in cropped arable ecosystems.

The characterization of the no-CLC soil bacteriobiome over five months of fallowing
may be of special interest to soil microbiologists and ecologists, as it relates to the bacterial
community thriving almost solely on indigenous soil organic matter, with scarce additions
from aerial deposition [65] and occasional weed plants. Future metabarcoding studies of
chicken litter application in agricultural soils, including cropped studies, should address
the soil microbial groups at the species/strain levels in more details, as well as how it is
affected by specific crops, preferably accompanied by a direct methodology revealing the
functional potentiality of microbiota.

Author Contributions: Conceptualization, P.B. and N.N.; methodology, N.N.; software, M.K.; vali-
dation, O.B., O.R. and P.B.; formal analysis, N.N. and M.K.; investigation, O.B.; resources, P.B.; data
curation, O.R.; writing—original draft preparation, N.N.; writing—review and editing, P.B. and M.K.;
visualization, N.N.; supervision, M.K.; project administration, P.B. and M.K.; funding acquisition,
M.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the MINISTRY OF SCIENCE AND HIGHER EDUCATION
OF THE RUSSIAN FEDERATION (projects 121031700309-1 and 121031300042-1).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The read data reported in this study were submitted to the NCBI Short
Read Archive under the study accession PRJNA1115889 (https://www.ncbi.nlm.nih.gov/sra/?term=
PRJNA1115889, accessed on 28 August 2024).

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Food and Agriculture Organization of the United Nations. Gateway to Poultry Production and Products. Available online:

https://www.fao.org/poultry-production-products/en/ (accessed on 5 February 2024).
2. FAOSTAT. Crops and Livestock Products. 2024. Available online: https://www.fao.org/faostat/en/#data/QCL (accessed on

6 February 2024).
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26. Błażejewska, A.; Zalewska, M.; Grudniak, A.; Popowska, M. A Comprehensive Study of the Microbiome, Resistome, and Physical
and Chemical Characteristics of Chicken Waste from Intensive Farms. Biomolecules 2022, 12, 1132. [CrossRef] [PubMed]

27. Subirats, J.; Murray, R.; Scott, A.; Lau, C.H.; Topp, E. Composting of chicken litter from commercial broiler farms reduces the
abundance of viable enteric bacteria, Firmicutes, and selected antibiotic resistance genes. Sci. Total Environ. 2020, 746, 141113.
[CrossRef]

28. Qiu, T.; Wu, D.; Zhang, L.; Zou, D.; Sun, Y.; Gao, M.; Wang, X. A comparison of antibiotics, antibiotic resistance genes, and
bacterial community in broiler and layer manure following composting. Environ. Sci. Pollut. Res. 2021, 28, 14707–14719. [CrossRef]

29. Hydrometcenter of Russia. Available online: https://meteoinfo.ru/en/climate/monthly-climate-means-for-towns-of-russia-
temperature-and-precipitation (accessed on 26 August 2024).

30. IUSS Working Group WRB. World Reference Base for Soil Resources. In International Soil Classification System for Naming Soils and
Creating Legends for Soil Maps, 4th ed.; International Union of Soil Sciences (IUSS): Vienna, Austria, 2022; 236p.

31. Patterson, G.T.; Carter, M.R. Soil Sampling and Methods of Analysis, 2nd ed.; Carter, M.R., Gregorich, E.G., Eds.; CRC Press: Boca
Raton, FL, USA, 2008; Volume 44, ISBN 978-0-8493-3586-0.

32. Naumova, N.; Barsukov, P.; Baturina, O.; Rusalimova, O.; Kabilov, M. West-Siberian Chernozem: How Vegetation and Tillage
Shape Its Bacteriobiome. Microorganisms 2023, 11, 2431. [CrossRef]

33. Edgar, R.C. UPARSE: Highly accurate OTU sequences from microbial amplicon reads. Nat. Methods 2013, 10, 996–998. [CrossRef]
[PubMed]

34. Wang, Q.; Garrity, G.M.; Tiedje, J.M.; Cole, J.R. Naïve Bayesian Classifier for Rapid Assignment of rRNA Sequences into the New
Bacterial Taxonomy. App Environ. Microbiol. 2007, 73, 5261–5267. [CrossRef] [PubMed]

35. Hammer, O.; Harper, D.A.T.; Ryan, P.D. PAST: Paleontological Statistics Software Package for Education and Data Analysis.
Palaeontol. Electron. 2001, 4, 1.

36. Hughes, J.B.; Hellmann, J.J. The Application of Rarefaction Techniques to Molecular Inventories of Microbial Diversity. Methods
Enzymol. 2005, 397, 292–308. [CrossRef]

https://doi.org/10.1016/j.csbj.2021.11.020
https://doi.org/10.1007/s11356-022-20388-7
https://doi.org/10.1016/j.biortech.2023.129360
https://doi.org/10.1007/s11104-007-9193-9
https://doi.org/10.17660/ActaHortic.2015.1081.12
https://doi.org/10.1080/00103624.2015.1123723
https://doi.org/10.1016/j.jenvman.2015.10.013
https://www.ncbi.nlm.nih.gov/pubmed/26683765
https://doi.org/10.1016/j.still.2020.104718
https://doi.org/10.19047/0136-1694-2023-115-160-198
https://doi.org/10.1111/1574-6968.12608
https://www.ncbi.nlm.nih.gov/pubmed/25263745
https://doi.org/10.3382/ps/pew372
https://doi.org/10.1186/s40168-018-0590-5
https://doi.org/10.1016/j.scitotenv.2020.137304
https://doi.org/10.1002/saj2.20251
https://doi.org/10.3390/ijerph16193521
https://doi.org/10.3390/biom12081132
https://www.ncbi.nlm.nih.gov/pubmed/36009027
https://doi.org/10.1016/j.scitotenv.2020.141113
https://doi.org/10.1007/s11356-020-11469-6
https://meteoinfo.ru/en/climate/monthly-climate-means-for-towns-of-russia-temperature-and-precipitation
https://meteoinfo.ru/en/climate/monthly-climate-means-for-towns-of-russia-temperature-and-precipitation
https://doi.org/10.3390/microorganisms11102431
https://doi.org/10.1038/nmeth.2604
https://www.ncbi.nlm.nih.gov/pubmed/23955772
https://doi.org/10.1128/AEM.00062-07
https://www.ncbi.nlm.nih.gov/pubmed/17586664
https://doi.org/10.1016/S0076-6879(05)97017-1


Appl. Microbiol. 2024, 4 1281

37. Qiu, C.; Bao, Y.; Petropoulos, E.; Wang, Y.; Zhong, Z.; Jiang, Y.; Ye, X.; Lin, X.; Feng, Y. Organic and Inorganic Amendments Shape
Bacterial Indicator Communities That Can, In Turn, Promote Rice Yield. Microorganisms 2022, 10, 482. [CrossRef]

38. Naumova, N.B.; Alikina, T.Y.; Zolotova, N.S.; Konev, A.V.; Pleshakova, V.I.; Lescheva, N.A.; Kabilov, M.R. Bacillus-Based Probiotic
Treatment Modified Bacteriobiome Diversity in Duck Feces. Agriculture 2021, 11, 406. [CrossRef]

39. Lysko, S.B.; Baturina, O.A.; Naumova, N.B.; Lescheva, N.A.; Pleshakova, V.I.; Kabilov, M.R. No-Antibiotic-Pectin-Based Treatment
Differently Modified Cloaca Bacteriobiome of Male and Female Broiler Chickens. Agriculture 2022, 12, 24. [CrossRef]

40. Shi, T.; Wang, Y.F.; Wang, H.; Wang, B. Genus Nocardiopsis: A Prolific Producer of Natural Products. Mar. Drugs 2022, 20, 374.
[CrossRef] [PubMed]

41. Chanama, M.; Suriyachadkun, C.; Chanama, S. Streptomyces antimicrobicus sp. nov., a novel clay soil-derived actinobacterium
producing antimicrobials against drug-resistant bacteria. PLoS ONE 2023, 18, e0286365. [CrossRef] [PubMed]

42. Cuervo, L.; Álvarez-García, S.; Salas, J.A.; Méndez, C.; Olano, C.; Malmierca, M.G. The Volatile Organic Compounds of
Streptomyces spp.: An In-Depth Analysis of Their Antifungal Properties. Microorganisms 2023, 11, 1820. [CrossRef]

43. El-Sayed, M.H.; Kobisi, A.E.A.; Elsehemy, I.A.; El-Sakhawy, M.A. Rhizospheric-Derived Nocardiopsis alba BH35 as an Effective
Biocontrol Agent Actinobacterium with Antifungal and Plant Growth-Promoting Effects: In Vitro Studies. J. Microbiol. Biotechnol.
2023, 33, 607–620. [CrossRef]

44. Chhetri, G.; Kim, I.; Kang, M.; Kim, J.; So, Y.; Seo, T. Devosia rhizoryzae sp. nov., and Devosia oryziradicis sp. nov., novel plant growth
promoting members of the genus Devosia, isolated from the rhizosphere of rice plants. J. Microbiol. 2022, 60, 1–10. [CrossRef]

45. Zhang, C.; van der Heijden, M.G.A.; Dodds, B.K.; Nguyen, T.B.; Spooren, J.; Valzano-Held, A.; Cosme, M.; Berendsen, R.L.
A tripartite bacterial-fungal-plant symbiosis in the mycorrhiza-shaped microbiome drives plant growth and mycorrhization.
Microbiome 2024, 12, 13. [CrossRef]

46. Mghazli, N.; Bruneel, O.; Zouagui, R.; Hakkou, R.; Sbabou, L. Characterization of plant growth promoting activities of indigenous
bacteria of phosphate mine wastes, a first step toward revegetation. Front. Microbiol. 2022, 13, 1026991. [CrossRef]

47. Manetsberger, J.; Caballero Gómez, N.; Soria-Rodríguez, C.; Benomar, N.; Abriouel, H. Simply Versatile: The Use of Peribacillus
simplex in Sustainable Agriculture. Microorganisms 2023, 11, 2540. [CrossRef]

48. Senchenkov, V.Y.; Lyakhovchenko, N.S.; Nikishin, I.A.; Myagkov, D.A.; Chepurina, A.A.; Polivtseva, V.N.; Abashina, T.N.;
Delegan, Y.A.; Nikulicheva, T.B.; Nikulin, I.S.; et al. Whole-Genome Sequencing and Biotechnological Potential Assessment of
Two Bacterial Strains Isolated from Poultry Farms in Belgorod, Russia. Microorganisms 2023, 11, 2235. [CrossRef] [PubMed]

49. Wu, M.; Yang, G.; Yu, Z.; Zhuang, L.; Jin, Y.; Zhou, S. Oceanobacillus luteolus sp. nov., isolated from soil. Int. J. Syst. Evol. Microbiol.
2014, 64, 1495–1500. [CrossRef]

50. Guevara-Luna, J.; Arroyo-Herrera, I.; Tapia-García, E.Y.; Santos, P.E.-D.L.; Ortega-Nava, A.J.; Vásquez-Murrieta, M.S. Diversity
and Biotechnological Potential of Cultivable Halophilic and Halotolerant Bacteria from the “Los Negritos” Geothermal Area.
Microorganisms 2024, 12, 482. [CrossRef]

51. Teles, E.A.P.; Xavier, J.F.; Arcênio, F.S.; Amaya, R.L.; Gonçalves, J.V.S.; Rouwns, L.F.M.; Zonta, E.; Coelho, I.S. Characterization
and evaluation of potential halotolerant phosphate solubilizing bacteria from Salicornia fruticosa rhizosphere. Front. Plant Sci.
2024, 14, 1324056. [CrossRef]

52. Naumova, N.B.; Belanov, I.P.; Alikina, T.Y.; Kabilov, M.R. Undisturbed Soil Pedon under Birch Forest: Characterization of
Microbiome in Genetic Horizons. Soil Syst. 2021, 5, 14. [CrossRef]

53. Evdokimova, E.V.; Gladkov, G.V.; Kuzina, N.I.; Ivanova, E.A.; Kimeklis, A.K.; Zverev, A.O.; Kichko, A.A.; Aksenova, T.S.; Pinaev,
A.G.; Andronov, E.E. The difference between cellulolytic ‘culturomes’ and microbiomes inhabiting two contrasting soil types.
PLoS ONE 2020, 15, e0242060. [CrossRef] [PubMed]

54. Ivanova, E.; Abakumov, E.; Vasilyeva, N.; Zverev, A.; Vladimirov, A.; Ksenofontova, N.; Andronov, E.; Kostenko, I. The shifts in
the structure of the prokaryotic community of mountain-grassland soil under the influence of artificial larch plantations. PLoS
ONE 2022, 17, e0263135. [CrossRef] [PubMed]

55. Hou, M.; Zhao, X.; Wang, Y.; Lv, X.; Chen, Y.; Jiao, X.; Sui, Y. Pedogenesis of typical zonal soil drives belowground bacterial
communities of arable land in the Northeast China Plain. Sci. Rep. 2023, 13, 14555. [CrossRef]

56. Zhang, Z.; Han, X.; Yan, J.; Zou, W.; Wang, E.; Lu, X.; Chen, X. Keystone Microbiomes Revealed by 14 Years of Field Restoration of
the Degraded Agricultural Soil Under Distinct Vegetation Scenarios. Front. Microbiol. 2020, 11, 1915. [CrossRef]

57. Zhang, S.; Han, S.; Gao, J.; Yu, X.; Hu, S. Low-temperature corn straw-degrading bacterial agent and moisture effects on
indigenous microbes. Appl. Microbiol. Biotechnol. 2023, 107, 5241–5255. [CrossRef]

58. Borowik, A.; Wyszkowska, J.; Kucharski, J. Impact of Various Grass Species on Soil Bacteriobiome. Diversity 2020, 12, 212.
[CrossRef]

59. Pershina, E.V.; Ivanova, E.A.; Korvigo, I.O.; Chirak, E.L.; Sergaliev, N.H.; Abakumov, E.V.; Provorov, N.A.; Andronov, E.E.
Investigation of the core microbiome in main soil types from the East European plain. Sci. Total Environ. 2018, 631–632, 1421–1430.
[CrossRef]

60. Li, X.; Jin, Z.; Xiong, L.; Tong, L.; Zhu, H.; Zhang, X.; Qin, G. Effects of Land Reclamation on Soil Bacterial Community and
Potential Functions in Bauxite Mining Area. Int. J. Environ. Res. Public Health 2022, 19, 16921. [CrossRef] [PubMed]

61. Minkina, T.; Sushkova, S.; Delegan, Y.; Bren, A.; Mazanko, M.; Kocharovskaya, Y.; Filonov, A.; Rajput, V.D.; Mandzhieva, S.;
Rudoy, D.; et al. Effect of chicken manure on soil microbial community diversity in poultry keeping areas. Environ. Geochem.
Health 2023, 45, 9303–9319. [CrossRef] [PubMed]

https://doi.org/10.3390/microorganisms10020482
https://doi.org/10.3390/agriculture11050406
https://doi.org/10.3390/agriculture12010024
https://doi.org/10.3390/md20060374
https://www.ncbi.nlm.nih.gov/pubmed/35736177
https://doi.org/10.1371/journal.pone.0286365
https://www.ncbi.nlm.nih.gov/pubmed/37256855
https://doi.org/10.3390/microorganisms11071820
https://doi.org/10.4014/jmb.2301.01001
https://doi.org/10.1007/s12275-022-1474-8
https://doi.org/10.1186/s40168-023-01726-4
https://doi.org/10.3389/fmicb.2022.1026991
https://doi.org/10.3390/microorganisms11102540
https://doi.org/10.3390/microorganisms11092235
https://www.ncbi.nlm.nih.gov/pubmed/37764079
https://doi.org/10.1099/ijs.0.057869-0
https://doi.org/10.3390/microorganisms12030482
https://doi.org/10.3389/fpls.2023.1324056
https://doi.org/10.3390/soilsystems5010014
https://doi.org/10.1371/journal.pone.0242060
https://www.ncbi.nlm.nih.gov/pubmed/33216789
https://doi.org/10.1371/journal.pone.0263135
https://www.ncbi.nlm.nih.gov/pubmed/35180237
https://doi.org/10.1038/s41598-023-41401-0
https://doi.org/10.3389/fmicb.2020.01915
https://doi.org/10.1007/s00253-023-12644-8
https://doi.org/10.3390/d12060212
https://doi.org/10.1016/j.scitotenv.2018.03.136
https://doi.org/10.3390/ijerph192416921
https://www.ncbi.nlm.nih.gov/pubmed/36554801
https://doi.org/10.1007/s10653-022-01447-x
https://www.ncbi.nlm.nih.gov/pubmed/36564666


Appl. Microbiol. 2024, 4 1282

62. Chen, D.; Zou, J.; Chen, D.; He, X.; Zhang, C.; Li, J.; Lan, S.; Liu, Z.J.; Zou, S.; Qian, X. Chicken manure application alters microbial
community structure and the distribution of antibiotic-resistance genes in rhizosphere soil of Cinnamomum camphora forests.
FEMS Microbiol. Ecol. 2023, 99, fiad155. [CrossRef]

63. Bilal, M.; Diarra, M.S.; Islam, M.R.; Lepp, D.; Mastin-Wood, R.E.; Topp, E.; Bittman, S.; Zhao, X. Effects of litter from antimicrobial-
fed broiler chickens on soil bacterial community structure and diversity. Can. J. Microbiol. 2022, 68, 643–653. [CrossRef]

64. Barbosa, L.M.P.; Santos, T.P.S.; Rocha, S.M.B.; Santos, T.O.d.S.; Oliveira, L.M.d.S.; Neto, F.d.A.; de Araújo, A.S.F.; de Souza, H.A.;
Nunes, L.A.P.L.; de Sousa, R.S. Composts from bovine rumen and chicken litter improve soil fertility and promote the growth of
pepper (Capsicum chinense Jacq.). Res. Sq. 2023. [CrossRef]

65. Naumova, N.B.; Kabilov, M.R. About the Biodiversity of the Air Microbiome. Acta Naturae 2022, 14, 50–56. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/femsec/fiad155
https://doi.org/10.1139/cjm-2022-0086
https://doi.org/10.21203/rs.3.rs-3046861/v1
https://doi.org/10.32607/actanaturae.11671

	Introduction 
	Materials and Methods 
	Experimental Site and Conditions 
	Experimental Setup 
	Soil Sampling and Chemical Analyses 
	DNA Extraction, Amplification and Sequencing 
	Bioinformatic Analysis 
	Statistical Analyses 

	Results 
	General Taxonomic Diversity in the CLC Nacteriobiome 
	General Taxonomic Diversity in the Soil Bacteriobiome 
	Bacterial Taxonomic Diversity as Related to the CLC Addition in Soil 
	Bacteriobiome Composition and a Comparison of the Relative Abundance 
	The Indicator Taxa 
	Bacteriome Similarity 
	Bacteriobiome - and -Biodiversity 


	Discussion 
	The Indicator Taxa for the CLC Soil 
	Bacteriobiome Composition and the Indicator Taxa in the no-CLC Soil 
	Bacteriobiome - and -Biodiversity 

	Conclusions 
	References

