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Abstract: The rhizosphere microbial community of a plant plays a pivotal role in mediating plant and soil
health. This study was conducted to unravel the rhizosphere microbial structure and community of Sukkari date
palm trees. The soil collected from the rhizosphere was subjected to metagenomic analysis. The results revealed that
most of the sequences (62%) were identified as bacteria: 48% were unknown bacteria, 5% were Actinobacteria, and
9% were Proteobacteria. Microorganisms belonging to eukaryotes were 25% of the microbial community,
represented by 21% Streptophyta and 4% Ciliopora and 5% of the sequences were Archaea. These analyses were
followed by functional enzyme analysis, which identified microbial metabolism in diverse environments related to
nine carbohydrate and energy pathways; seven pathways were associated with degradation, and nine metabolic
pathways were associated with amino acid metabolism. The comparison of community analysis with our previous
study provided distinct differences even in the same plants with various cultivars.
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1. Introduction

Date palm (Phoenix dactylifera L.) is an ancient
crop cultivated for its fruit since 5000 years ago in the
Middle East, North Africa, and Arabian Peninsula [1].
Saudi Arabia ranks second in the world, contributing to
25% of global date production with a total cultivable
area of 172000 hectares [1]. Among the regions of
Saudi Arabia, Al-Qassim is regarded as one of the most
productive agricultural areas with extensive agricultural

farming. Date palm trees and fruits are known to have
great economic value in Saudi Arabia. The distinct
quality and texture of date palm fruits in the Al-Qassim
province, as compared with similar cultivars from other
provinces, positively impact its market value.
Numerous studies have been attempted on date palms
regarding their microbial communities and their
interaction with biochemical and physiological
attributes [3, 4, 5]. In recent years, there has been a
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substantial increase in research into the role of soil
microbial communities or metacommunities in
agricultural systems. Similarly, microbiome
investigations have shown that microbial communities
that reside within the soil have a significant impact on
plant growth and production and serve as a resource for
mitigating desertification and relieving drought.

The microbial communities associated with the root
system are shaped by various biotic and abiotic factors,
which include soil type, geographical location,
agronomic practices, plant-community diversity, and
plant cultivars [6, 7]. The soil under a conventional
ecosystem is distinguished by frequent crop turnover
and fosters increased levels of microbial diversity.
Conversely, desert oases hold low soil phylogenetic
and functional microflora [8]. The rhizosphere of plants
that are well-adapted to the local environment is the
best source of native microbial isolates [9]. Thus,
interpreting microbial genes and the gene products of
rhizospheres is essential for revealing the soil
metaphenome. The genome-enabled predictions and
metabolomics of soil give an insight into the
environmental significance of the soil microbiome and
enable the development of innovative approaches to
optimizing soil-carbon cycling, managing nutrient
transport, and sustaining crop production [10].

In our previous study, we investigated soil samples
from the rhizosphere of the Khalas date palm trees at
the Al-Ahsa oasis in Saudi Arabia [11]. The
metagenomics analysis showed that microbial
enzymatic activities are related to carbon fixation and
the metabolism of carbohydrates, amino acids, and
sulfur. In the current study, we used a soil-
metagenomics approach to explore the micro-
organisms associated with the rhizosphere of another
cultivar of the date palm called Sukkari from the Al-
Qassim oasis. The results were compared for enzymatic
activities from both microbial communities to explore
possibilities of mitigating desertification using specific
enzymatic or microbial inoculation. Previous studies
have focused primarily on the use of 16S rRNA gene-
amplicon sequencing for analyzing soil microbial
communities. In the current study, metagenomics
identified possible soil microbial communities that can
be used in climate change remediation strategies and
combating desertification and drought.

2. Material and methods

2.1. Study Site

The Al-Qassim region is in an arid zone
characterized by low rainfall, extreme temperatures,
and barren, salt-affected soils. However, agricultural
activities in Al-Qassim depend on groundwater and the
use of chemical fertilizers to enhance soil fertility and
crop productivity. Farmers use techniques to increase
the economic value of some areas of Saudi Arabia
more than others. Al-Qassim, the area of this study, is

in central Saudi Arabia, approximately 400 km
northwest of Riyadh, the capital. The Al-Qassim region
encompasses an area of 65,000 sq. km and lies
approximately 600-750 m above sea level, with gliding
from west to east in general. The weather in Al-Qassim
is a typical desert climate characterized by cold and
rainy winters, hot summers, and low humidity (around
20%) [12].

2.2. Sample Collection

Samples were collected from soil adhering to date
palm roots (Sukkari cultivar) at seven different sites in
Al-Qassim province. The collected soil samples were
pooled for DNA extraction and preceded for further
analysis.

2.3. DNA Extraction, Metagenomics Library
Preparation, and Sequencing

Soil samples were subjected to microbial DNA
extraction using Soil Kit Qiagen DNeasy PowerMax.
Extracted DNA was digested, and adaptors were
attached in a single step, using the tagmentase enzyme
included in the Nextera DNA Flex library preparation
kit (Illumina). The sequencing library was prepared
using the Nextera DNA Flex library preparation kit
(lMlumina), strictly following the manufacturer’s
instructions. Furthermore, the library was dual-indexed
to allow for post-sequencing demultiplexing. The pool
was sequenced in a fraction of an Illumina
NovaSeq6000 PE150 lane to obtain ten gigabases of
raw data.

2.4. Quality Control (QC) and Pre-Processing of
Sequencing Data

The MetaWRAP pipeline [13] was used for the
bioinformatic analysis, including QC, taxonomy
assignment, abundance estimation, and functional
annotation. Raw metagenomic shotgun sequencing files
consisted of forward (R1) and reverse (R2) reads,
sorted by library and their quality scores. The indices
and sequencing primers were trimmed during the
demultiplexing step.

2.5. Taxonomic Profile Exploration and Assignment

An analysis was conducted to explore the
taxonomic profile of the whole dataset; we applied the
novel assembly-free approach of CCMetagen [14]
based on mapping the reads directly to a reference
database. The assembly was inputted to map against
the NCBI-Nucleotide database (nr/nt) using the KMA
tool [15], and alignment was performed without
similarity reduction. This tool includes an extra
mapping step, wherein each mapped sequence was
scored with the ConClave sorting scheme algorithm to
reach the best score. Then, CCMetagen processed the
results from the alignment to generate a Krona
interactive pie chart [16].
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2.6. Metagenomic Assembly

DNA sequence reads with high quality were filtered
and assembled using the MetaWRAP pipeline by
joining them into larger contigs and assigning them to
different bins associated with draft genomes.
Metagenomes were assembled using MEGAHIT
software [17] and implemented in the metaWRAP-
Assembly module using default parameters. During the
assembly, the shorter contigs (< 1000 bp) were
discarded. QUAST software [18] was employed to
evaluate the assembled contigs for samples. The
resulting assemblies were binned using the
metaWRAP-Binning module using three different
softwares: metaBAT2, MaxBin2, and CONCOCT [19—
21]. To consolidate and produce the highest-quality
bin, the metaWRAP-Bin_refinement module was
utilized to choose the best version of each bin, based on
completion (> 70%) and contamination (< 10%) values
[22]. The metaWRAP-Bin_refinement module used a
hybrid approach that took the three bin sets obtained
during the initial binning step to produce an improved
binning set. Then CheckM software [22] was run on
the improved bin set to generate completion and
contamination rank plots, which were used to evaluate
the success of the binning refinement process in both
samples (Fig. 3 and 4). Additionally, the metaWRAP-
Blobology module was used to visualize the results of
the binning refinement in each sample. This module
plotted the GC content vs. the abundance of all the
contigs across the metagenomic sample, including
phylogenetic information [23]. The taxonomy of each
contig was estimated using MegaBLAST [24].

Furthermore, we ran the metaWRAP-Quant bins
module to estimate the abundance of each bin in each
metagenomic sample. This module used Salmon
software [25] to index the metagenomic assembly and
align the reads from each sample back to the assembly.
The abundance table was generated using the length-
weighted average of the bin’s contig abundances. We
used the metaWRAP-Reassemble_bins module and
reassembled the reads with metaSPAdes [26]. For each
bin, three sets of reads were used: reads mapping
perfectly (strict mapping), reads mapping with less than
three mismatches (permissive mapping), and reads
from the original bin. After reassembly, we used the
software CheckM to evaluate its success.

3. Results

3.1. Quality Control and Pre-Processing of
Sequencing Data

Using the metaWRAP-QC was accomplished with
100% reads. The brief details of the reads are furnished
in Table 1. The data was then subjected to assembly
statistics based on contigs of size > 1000 bp unless
otherwise noted (e.g., “# contigs (= 0 bp)” and “Total
length (> 0 bp)” include all contigs) (Table 2).

Table 1 Quality control and pre-processing of sequencing data
showed a total of 100% reads from paired-end sequencing (i.e.,
forward (R1) and reverse (R2) reads)

% reads that Number of reads ~ Number of reads
passed filters after filtering before filtering

100% 37,751,837 37,758,313

Table 2 Assembly statistics based on contigs of size > 1000 bp
unless otherwise noted (e.g., “# contigs (> 0 bp)” and “Total length
(>0 bp)” include all contigs)

Assembly Sample

# contigs (> 0 bp) 84811

# contigs (> 1000 bp) 84810

# contigs (> 5000 bp) 3668

# contigs (> 10000 bp) 809

# contigs (= 25000 bp) 79

# contigs (= 50000 bp) 12

Total length (> 0 bp) 1.66E + 08
Total length (> 1000 bp) 1.66E + 08
Total length (> 5000 bp) 32330261
Total length (> 10000 bp) 12952359
Total length (> 25000 bp) 2973332
Total length (> 50000 bp) 777412

# contigs 84811
Largest contig 93021
Total length 1.66E + 08
GC (%) 63.86

N50 1953

N75 1314

L50 21654

L75 48128

# N's per 100 kbp 0

3.2. Taxonomic Profile Exploration and Assignment

The analysis was conducted to explore the
taxonomic profile of the whole dataset. The results
revealed that 62% of the sequences belonged to
bacteria (Fig. 1). Subsequently, we used the
metaWRAP-Classify_bins module to assign taxonomy
to the reassembled bins. We estimated the taxonomy of
each bin for each sample using MegaBLAST to align
against the NCBI_nt as the reference database (Table
3). Functional annotation was performed using the
metaWRAP-annotate_bins module and module
PROKKA [27] to conduct the functional annotation
and translation of genes in each bin. The Swiss-Prot
database from UniProt was used for taxonomic
division: bacteria identification [28, 29].

3.3. Metagenomic Assembly and Binning

The abundance table was computed based on
marker genes and the fraction of the dataset mapped
against the reference database's marker genes.
Microbial reads belonging to taxa with no available
reference data are reported in the table as unclassified.
Table 3 represents each taxonomic unit in each sample
(Fig. 1). Additionally, the metaWRAP-Blobology
module was used to visualize the results of the binning
refinement in each sample. This module plotted the GC
content vs. the abundance of all the contigs across the
metagenomic  sample, including  phylogenetic
information [23]. The taxonomy of each contig was
estimated using MegaBLAST [24] and the NCBI_nt
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database (Fig. 2).

Table 3 Bin taxonomy assigned using Mega-BLAST for the
identified soil microorganisms
Genomic bins Q1

bin.5.orig.fa Bacteria

bin.4.orig.fa Bacteria

bin.2.orig.fa Bacteria

bin.1.orig.fa Bacteria; Proteobacteria

bin.6.orig.fa Bacteria; Bacteroidetes; Flavobacteria;
Flavobacteriales; Flavobacteriaceae

bin.3.orig.fa Bacteria; Proteobacteria;

Alphaproteobacteria;
Sphingomonadales; Sphingomonadaceae;

Sphingopyxis

3.4. Taxonomic Profile Exploration

The taxonomy of each contig was estimated using
MegaBLAST [16]. Fig. 1 shows a taxonomic analysis
of the rhizosphere soil in which 62% of the sample
sequences were assigned to bacteria, 48% were
unknown, 5% were Actinobacteria, and 9% were
Proteobacteria. Eukaryotes account for 25% of the
taxonomy—represented by 21% Streptophyta and 4%
Ciliopora—and 5% Archaea.

Fig. 1 A pie chart representing the taxonomy of each contig,
estimated using MegaBLAST [23] and the NCBI_nt database. The
taxonomic representation showed that 62% of the sample sequences
were assigned to bacteria: 48% unknown bacteria, 5%
Actinobacteria, and 9% Proteobacteria. Eukaryotes were 25% of the
sequences, represented by 21% Streptophyta and 4% Ciliopora;
Archaea were 5% of the sequences

Archa

Actinobacteria

Ciliophora

Eukaryota

Streptophyta
Ascomycota |

Acidobacteria ® Sukkari date palm

Planctomyces ]  Khalas date palm

Proteobacteria [

Verrucomicrobia g

Bacteroidetes E

0 50 100
Abundance of microbial community in (%)

Bacteria

Fig. 2 Comparison of relative abundances of microbial community
between Sukkari and Khalas date palm rhizosphere soil

3.5. Enzyme Commission Enzyme Codes (EC),
Pathways, and Functional Annotation

The analysis resulted in 44 enzyme codes associated
with 95 metabolites. The Sma3sv2 program produced
functional annotations with the most probable gene
name, the most probable description, and the putative
Enzyme Commission enzyme codes (EC). The iPath3.0
web application [30] was used for visualization and
analysis of metabolic pathways from the EC numbers
(EC) to show functional annotations with putative
Enzyme Commission codes associated with microbial
metabolism in diverse environment pathways (Fig. 3).
Further details of the list and the correlation between
Enzyme Commission codes (EC), PubMed, GenBank,
NCBI Protein, and KEGG GENES are presented in
Appendix, Table Al.

T

Fig. 3 Microbial metabolism in diverse environment pathways for
Commission enzyme codes (EC), shown in red, using the iPath3.0
web application [30]; the lines allow us to navigate and find
reactions involved in these metabolic processes on the pathway map

3.6. Marker Genes Approach

To explore the taxonomic profile of the other
organisms that were potentially present in the soil
samples  (i.e.,  non-bacterial  microorganisms),
MetaPhlAn 3.0 [30] was used to generate the microbial
community profile of samples. It takes metagenomic
raw reads as input and maps them against a reference
database comprising clade-specific marker sequences
of bacteria, archaea, eukaryotes, and viruses.
Consequently, only a small fraction of the dataset is
mapped against the marker genes reference database.
The results of this analysis include an estimation of the
fraction of the metagenome, which consists of
unknown microbes.

We applied bioinformatic pipelines to characterize
the metagenomic information of the organisms in the
soil samples. Most of the metagenomic reads were
identified as bacterial organisms; however, we argue
that low and uneven coverage along the metagenomes,
together with a lack of information in the available
databases, prevented us from obtaining refined bins
from the dataset and, consequently, assignments at
lower taxonomic levels. Therefore, assembly-free and
marker genes-based approaches were included to
identify the organisms present in the metagenomic
sequencing data, although these did not improve the
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taxonomic assignment.

3.7. Functional Annotation

Functional annotations with the most probable gene
name, the most probable description, and the putative
Enzyme Commission enzyme codes (EC) were used to
explore possible pathways, followed by the EC
classification scheme for enzymes based on the
chemical reactions they catalyze. The iPath3.0 web
application [29] was used to visualize and analyze the
environmental metabolic pathways from the EC
numbers in order to find reactions involved in soil
metabolic processes (Table 4).

Table 4 Soil EC functional annotation associated pathways using
iPath3.0 web application, associated pathways (extracted from the
EC data listed in Appendix, Table Al)
Microbial metabolism in diverse environments
Benzoate degradation
Beta-Alanine metabolism
Chloroalkane and chloroalkene degradation
Chlorocyclohexane and chlorobenzene degradation
Galactose metabolism
Glyoxylate and dicarboxylate metabolism
Lysine degradation
Methane metabolism
Nitrogen metabolism
Phenylalanine metabolism
Purine metabolism
Pyruvate metabolism
Ascorbate and aldarate metabolism
D-Arginine and D-ornithine metabolism
Amino acids metabolism
Aminobenzoate degradation
Arginine and proline metabolism
Bisphenol degradation
Carbohydrate metabolism
Carbon fixation pathways in prokaryotes
Carotenoid biosynthesis
D-Alanine metabolism
Dioxin degradation
Fluorobenzoate degradation
Glycine, serine, and threonine metabolism
Glycolysis/Gluconeogenesis
Glyoxylate and dicarboxylate metabolism
Lipids metabolism
Methane metabolism
Naphthalene degradation
Pentose and glucuronate interconversions
Pentose phosphate pathway
Phenylalanine metabolism
Propanoate metabolism
Sulfur metabolism
Toluene degradation
Xylene degradation

4. Discussion

The Saudi Arabian government aims to develop the
agricultural sector despite the challenges in soil quality
and the demand for water resources. Among the
agricultural regions of Saudi Arabia, Al Qassim
Province has a good reputation for producing the
Sukkari cultivar of date palm trees. Sukkari is the
sweetest date variety and is grown as an irrigation crop
whose mature tree can yield up to 1,000 kilograms of

fruit per year. Al Qassim is regarded as one of the
leading date palm-producing regions in Saudi Arabia,
providing an important source of income for the
government and farmers.

The rhizosphere of the Sukkari date palms was
analyzed using metagenomics. The taxonomic
assignment revealed the dominance of environmental
bacteria contributing to 62% of the sample sequences,
48% of which were unknown bacteria and 14%
belonging to a known community accounting for 5%
Actinobacteria and 9% Proteobacteria (specifically
class Alphaproteobacteria; order: Sphingomonadales;
family: Sphingomonadaceae; genus: Sphingopyxis).
Eukaryotes accounted for 25% of the sample,
represented by 21% Streptophyta and 4% Ciliophora,
and archaea accounted for 5%, as shown in Fig. 1. [33]
demonstrated that date palm recruits
Gammaproteobacteria and Alphaproteobacteria
invariably to the edaphic and geographical location.
Similarly, our study recruited Alphaproteobacteria,
which is abundant at the phylum level and would thus
serve as a source of nitrogen for other microorganisms
[33]. Sphingomonas was found in the rhizosphere of
different plant species, such as kiwifruit (Actinidia
deliciosa), and was proposed to be used as a bacterial
biofertilizer contributing to plant growth [30, 34]. The
high abundance of Sphingomonas in the rhizosphere of
Sukkari can be related to its efficiency as a plant
growth-promoting  rhizobacterium.  Additionally,
Streptophyta fungi are known to have symbiotic
relationships with plants and can increase certain plant
growth hormones, notably indole-3-acetic acid, which
has been shown to exhibit increased protection against
plant pathogens, increased growth hormones, and
greater nutrient uptake [34, 36]. This indicates that the
Sukkari rhizosphere colonizes plant growth-promoting
microbes.

The phylum Actinobacteria is Gram-positive, with a
high GC content and a remarkable range of
morphologies [36]. In their natural environment,
Actinobacteria can exhibit specific interactions, such as
specialized metabolites, and can facilitate interactions
between different microbial species [38, 39].
Actinobacteria are also found in close association with
various eukaryotic hosts, such as plants. In a symbiotic
relationship, the introduction of plant stress hormones
to the soil can activate antibiotic production by
Actinobacteria, which can protect plants against
phytopathogens. [4] demonstrated the phylogenetic
affiliation of several Gram-negative bacteria, along
with 26% of the Actinobacteria in the date palm
rhizosphere. In analogy, our study also evinced 5% of
Actinobacteria. These could be responsible for the
changes in the metabolic profile of root exudates due to
their antibiotic production. These molecules play an
important role in shaping the rhizosphere microbiome
and inhibiting opportunistic pathogens, thus protecting
the host [40]. [41] utilized Actinobacteria to enhance
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soil fertility and date palm yield, suggesting their usage
by the host, thereby eliminating external inoculant
application.

Of the Proteobacteria, 3% were represented by the
Flavobacteriaceae class from the phylum of
Bacteroidetes, which is a major phylum of Gram-
negative bacteria. Members of the Flavobacteriaceae
family are found in a wide variety of marine,
freshwater, and soil habitats, and some are associated
with plants [42]. The order Sphingomonadales, which
contains the families Erythrobacteraceae and
Sphingomonadaceae, is a relatively less studied
phylogenetic branch within the class
Alphaproteobacteria, an extraordinarily diverse and
ancient group of bacteria [43]. Sphingomonadales
bacteria have come a long way after being recognized
as a novel genus [44], a novel family [45], and a novel
order [46] in terms of the characterizations of genetic
relationships and evolution.

Proteobacteriaare a phylum of Gram-negative
bacteria that are very common in soil environments and
are related to a wide range of functions involved in
carbon, nitrogen, and sulfur cycling [47], nitrogen
fixation [48], and the utilization of macromolecules
such as polysaccharides and protein. In the current
study, we identified the Sphingopyxis genus in the
soil sample. Sphingopyxis is known to produce
ectoine, polyhydroxyalkanoates, and carotenoid
secondary metabolites, and to possess biodegradative
capabilities for various environmental contaminants.

Archaea belong to the least well-known major
group of soil-inhabiting microbes; they exist
independently or cohabitate with other organisms.
Although archaea are widely distributed in common
environments, most of them are found in soil and resist
cultivation in laboratories. Using molecular methods
enhances the ability to explore archaea’s taxonomic
and metabolic diversity [44-53]. Knowledge of their
exact habitats, associations, and genetic potential will
enable the identification of the key functions of
archaeal soil [54].

The microbial communities of the Sukkari and
Khalas date palm varieties were analyzed in the current
study. However, bacteria were abundant in both
rhizospheres, and there were differences in the
compositions of the other phyla, as shown in Fig. 2.
Proteobacteria were present in both cultivars but were
more abundant in the Sukkari date palms. Further
Actinobacteria and archaea were found in Sukkari,
which could not be observed in the Khalas rhizosphere.
The difference in the eukaryotic community was
obvious as eukaryotes are dominated by Streptophyta
and Ciliophora in Sukkari and by Ascomycota in
Khalas. Ciliophora are diverse; few are pathogenic
while others form relationships with bacteria or algae
that can help increase the environmental resiliency of
the bacteria [50]. This suggests that changes occur in
the Ciliophora members to develop an association with

bacteria in the rhizosphere. Furthermore,
Acidobacteria, Planctomyces, Verrucomicrobia, and
Bacteroidetes were noticed in the Khalas date palms.

4.1. Exploring In-Depth Genes, Proteins, and
Associated Microbes

As reported in previous studies, bacteria regulate
phytobeneficial traits through reciprocal protein
stimulation via microbe plant interactions both during
and after colonization, which is essential for plants’
health sustainability and provides protection against
biotic and abiotic stresses [55]. Furthermore, multi-
scale functional annotations with the most probable
gene names and putative EC were used to visualize the
environmental metabolic pathways involved in soil
metabolic processes. The Enzyme Commission codes
that were used to check associated genes and proteins
showed several microbial pathways associated with the
rhizosphere of Sukkari trees. The identified metabolic
soil pathways are essential to plant health and soil
sustainability and are associated with mycorrhizal and
ectomycorrhizal fungi. The soil environmental
pathways associated with the microbial community in
the Sukkari rhizosphere were nine carbohydrate and
energy pathways: carbohydrate metabolism, carbon
fixation pathways in prokaryotes,
glycolysis/gluconeogenesis, glyoxylate and
dicarboxylate metabolism, ascorbate and aldarate
metabolism, galactose metabolism and glyoxylate and
dicarboxylate metabolism, lipid metabolism, carotenoid
biosynthesis, and methane metabolism.

The Sukkari rhizosphere revealed a high diversity of
bacterial phyla, namely Firmicutes, Bacteroidetes,
Actinobacteria, and Cyanobacteria Actinobacteria was
not present in the non-rhizosphere soil sample. In
addition, seven pathways were associated with dioxin
degradation, aminobenzoate degradation, benzoate
degradation, bisphenol degradation, fluorobenzoate
degradation and chloroalkane, lysine degradation,
chloroalkene degradation, and chlorocyclohexane and
chlorobenzene  degradation.  Additionally, nine
metabolic pathways were associated with amino acid
metabolism: beta-alanine metabolism, glycine, serine,
and threonine metabolism; arginine and proline
metabolism, nitrogen metabolism, phenylalanine
metabolism, purine metabolism, pyruvate metabolism,
D-arginine and D-ornithine metabolism, D-alanine
metabolism. These identified metabolic soil pathways
essential to plant health and soil sustainability and
associated with the 14% known bacteria in the sample,

which  consists of 5%  Actinobacteria, 9%
Proteobacteria  (specifically,  Sphingomonadaceae;
Genus: Sphingopyxis), with the 25% eukaryotic

microorganisms, represented by 21% Streptophyta and
4% Ciliopora, and the 5% Archaea in the sample.

The Proteobacteria in the sample are involved in
carbon, nitrogen, and sulfur cycling, nitrogen fixation
[47], and utilizing macromolecules such as
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polysaccharides and proteins.

Proteobacteria use macromolecules such as
polysaccharides and proteins for their metabolism
and cycle carbon, nitrogen, and sulfur. However, not
much is known about them yet because they are so
diverse that studying them through lab analysis is
very difficult [56, 57].

Similarly, Archaea contribute to various nitrogen
and carbon geochemical cycles [2, 37, 58] and are
considered a substantial component of the complex
microbiome. Archaeal communities have much more
varied and important roles in biogeochemical cycles
across different environments than previously thought
[35]. However, in the current study, we were unable to
identify the species of archaea in the soil sample. We
did identify the Sphingopyxis genus, which is known
to produce ectoine from glycerol,
polyhydroxyalkanoates, and carotenoid secondary
metabolites, and to possess bio-degradative
capabilities for various environmental contaminants.
The main chemical composition of the Sphingopyxis
genus is that it produces sugars such as trehalose and
amino acids, for example, Cys, Met, Trp, or His 1-10.
In addition to being able to break down proteins into
peptides, these sugars can also be used for nutrition.
Several studies have examined the composition and
diversity of archaeal communities in the rhizosphere,
comprising rice and wetland plants and no other plant
groups [31, 32]. Our study observes the existence of an
archaeal community in the tree rhizosphere.

5. Conclusion

This study provided an overview of the
metagenomic profile of Sukkari palm trees and its
comparison with Khalas date palm trees. The revealed
results of rhizospheric metagenomic analysis are,
however, higher for bacteria in both cultivars. The
study provided insight into the presence of several
other microbial communities, including actinobacteria,
streptophyta, archaea, and cilipora, with marked
differences between both cultivars. Additionally,
eukaryotic microorganisms associated with the
identified metabolic soil pathways comprised 25% of
the sample, illustrating the entanglement of soil
microbes in a wide array of pathways. The current
study also demonstrates the influence of microbial
communities on crucial environmental and soil
pathways. The rhizosphere of the Sukkari date palm
cultivar’s  microbial community contributes either
directly or indirectly to the soil metaphenome, which in
turn firmly influences agricultural sustainability. Thus,
studying the metagenomics of Sukkari shed light on
how farming practices and soil quality influence
microbial communities. These results can be used
further to identify soil-plant interactions specific to
species and to enhance soil health with microbial
communities related to environmental sustainability.
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