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Abstract

In the present study, the impact of co-inoculation of arbuscular mycorrhizal fungi (AM Rhizophagus sp., NCBI-MN710507)
and Zinc solubilizing bacteria (ZSB2- Bacillus megaterium, NCBI-KY687496) on plant growth, soil dehydrogenase activity,
soil respiration and the changes in bacterial diversity in rhizosphere of turmeric (Curcuma longa) were examined. Our results
showed that higher plant height and dry biomass were observed in treatments co-inoculated with AM and ZSB2. Likewise,
dehydrogenase activity and soil respiration were more significant in the co-inoculation treatment, indicating abundance of
introduced as well as inherent microflora. Bacterial community analysis using 16S rRNA revealed changes in the structure
and diversity of various taxa due to co-inoculation of AM and ZSB2. Alpha diversity indexes (Shannon and Chaol) and
beta diversity indexes obtained through unweighted unifrac approach also showed variation among the treated samples.
Chloroflexi was the dominant phylum followed by Proteobacteria, Actinobacteria and Acidobacteria which accounted for
80% of all treated samples. The composition of bacterial communities at genus level revealed that co-inoculation caused
distinct bacterial profiles. The Linear discriminant analysis effect size revealed the dominance of ecologically significant gen-
era such as Bradyrhizobium, Candidatus, Pedomicrbium, Thermoporothrix, Acinetobacter and Nitrospira in treatments co-
inoculated with AM and ZSB2. On the whole, co-inoculated treatments revealed enhanced microbial activities and caused
significant positive shifts in the bacterial diversity and abundance compared to treatments with sole application of ZSB2
or AM.

Introduction

Turmeric (Curcuma longa L.) is a crop of global importance
and is well known for its anticarcinogenic, antimutagenic,
antioxidant and chemotherapeutic properties. The plant con-
tains curcumin which is valued in both traditional as well
as modern medicines and has wide applications in phar-
maceutical and cosmetic industries. Due to higher demand
in world-wide markets, turmeric production and area is
expanding over a decade. However, the non-availability of
bioinoculants is one of the major constraints during turmeric
cultivation [1]. In the present-day farming, bioinoculants are
a very attractive proposition since it can substantially reduce
the use of chemical fertilizers and pesticides. Hence, there
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are now an increasing number of inoculants being promoted
for a number of crops. The understanding of the effects of
inoculated bacterial and fungal strains on the inherent micro-
bial communities continues to be of great interest since soil
inoculation may lead to alterations in the composition of the
inherent microbial communities [2] due to direct (antago-
nistic/ synergistic interactions) or indirect effects (enhanced
root growth and exudation). Apparently, such changes in the
microbial community structure following microbial inocula-
tion might possibly result in trophic competition with indig-
enous microbial populations or mutually benefiting effects
[3] which could produce additive or synergic impacts.

In global ecosystems, mutualistic associations between
AM and host roots are nearly ubiquitous, with almost 90%
of all terrestrial plants forming mycorrhizal colonization
in their roots. AM colonization improves the uptake of
plant mineral nutrients, primarily P and micronutrients, in
exchange for photosynthetically fixed C which ultimately
supports in growth and also develops tolerance to biotic and
abiotic stresses in several plant species [4, 5]. The impact
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of AM on soil C cycling has also gained world-wide signifi-
cance owing to the vital role played in terrestrial C fluxes [6].
Studies showed that the multifunctional services provided by
AM are the result of the synergistic activity of various bacte-
rial communities existing with their spores and extraradical
mycelium and playing diverse plant growth-promoting roles,
from fixation of N, [7, 8], production of IAA, siderophores,
antibiotics, soil P, K, Zn, Fe solubilization [9, 10]. Besides,
AM and mineral solubilizing bacteria can act synergistically
and enhance the amount of soil accessible nutrients resulting
in increased uptake of nutrients, growth and yield of crop
plants [11, 12]. Bacterial and fungal inocula together with
organic nourishment could be an appropriate tool for refin-
ing soil quality and such a approach may help in design a
eco- friendly integrated soil nutrient management to meet
the world-wide food demand. Most of bioinoculants fre-
quently depend on the application of a single strain which
might partly account for the recorded variations in the field.
An approach to overcome this issue is to take account of dif-
ferent species or strains of favourable microbes in the same
bioinoculant formulation. Reports suggest that co-inocula-
tion of bacteria and fungi could be a powerful approach for
sustainable soil quality management [13, 14]. Consistent
with these reports, combined inoculation of AM and Bacil-
lus spp has been found to be a proficient method to increase
plant growth [14]. Apparently, such combined application
of microbial inoculants can manipulate, at least for the
time being, the local bacterial communities. Therefore, the
major concern regarding how the impact of co-inoculation
of AM and beneficial bacteria on the structure and composi-
tion of bacterial communities and their functional abilities
still remains unanswered. We hypothesized that combined
application of AM and a promising Zn solubilizing bacteria
(ZSB2) will impact dehydrogenase activity and soil respira-
tion due to changes in the native bacterial community com-
position and structure in turmeric rhizosphere. To test this
hypothesis, we performed high-throughput 16S rRNA gene
amplicon sequencing to understand changes in composition
and structure of the bacterial community in response to co-
inoculation of AM and ZSB2 in turmeric rhizosphere.

Materials and Methods
Bioinoculant Preparation

Zinc solubilizing bacteria, Bacillus megaterium (ZSB2,
NCBI-KY687496) was grown in LB broth up to 10 cells
mL~" and then harvested by centrifugation at 6000 rpm for
10 min at room temperature. The cell pellets were washed
twice with phosphate buffer (pH 7.4) and mixed uniformly in
2.0 mL of phosphate buffer and given as drenching near the
root region. The mycorrhizal fungi, Rhizophagus sp. (AM,
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NCBI-MN710507) contained 100 infective propagules per
gram of the inoculum in the form of spores, mycorrhizal
roots and soil hyphae were prepared with vermiculite as the
carrier.

Green House Experiment

Plastic bags having a capacity of 1.0 kg were selected for
the pot culture experiment. The soil used in the study was a
Typic humitropept with pH 4.08, EC 0.14 dSm™!, organic
carbon 1.63%, available phosphorus 2.2 kg ha™'and avail-
able potassium 92 kg ha™'. Unsterilized soil was used in
this experiment to evaluate the co-inoculation effects under
natural conditions [15]. Healthy rhizomes (2.0 g) of turmeric
(variety: Prathiba) were used with at least one sprouted
buds were placed around 5 cm deep in each pot and covered
with soil. 2.0 g of AM inoculum and 2.0 mL of ZSB2 were
applied alone or in combination as per the treatments. The
treatments were as follows: T1: Zinc phosphate + ZSB2; T2:
Zinc phosphate + ZSB2 + AM; T3: Zinc phosphate + AM;
T4: Zinc sulphate; T5: Absolute control. To assess the per-
formance of bioinoculants on turmeric plant, parameters
such as plant height, dry weight and AM colonization were
recorded at 150 days after planting (DAP).

Soil Analysis

Rhizome initiation during the Sth month (150 DAP) is the
most crucial and metabolically active stage in turmeric. Dur-
ing this stage, the plants were uprooted carefully and the soil
adhering to the root was separated in a sterile petri dish and
mixed thoroughly for stored for — 20 °C and room tempera-
ture for DNA extraction and other analysis.

Soil Respiration and Soil Dehydrogenase

For determining respiration, moist soil samples (50 g, 60%
field capacity) were incubated in an airtight jar with a beaker
containing 10 mL 0.5 M NaOH for 10 days. The released
CO, was calculated by titration of excess NaOH with 0.25 N
HCl after adding of BaCl,. The concentration of CO,-carbon
was expressed as mg CO,-carbon kg~'10 days~! [16]. Dehy-
drogenase activity was determined using 2,3,5-triphenyl
tetrazolium chloride (TTC) as the substrate and measuring
the intensity of triphenyl formazan in methanol extract using
a spectrophotometer [17].

AM Colonization

AM colonization was estimated in AM inoculated soils by
microscopical examination at 10X magnification, after clear-
ing of roots with 10% KOH and staining with 0.05% trypan
blue [18].
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Bacterial Community Analysis

The DNA was isolated from soil samples using the DNeasy
Power Soil kit (Qiagen, USA) from each soil as per the
manufacturer's protocol. The DNA concentration was esti-
mated using Qubit Fluorimeter (V.3.0). The V3-V4 region
of 16S rRNA was amplified using specific primers (Forward
primer: CCTACGGGNBGCASCAG and reverse primer:
GACTACNVGGGTATCTAATCC) [19]. The amplified
product was checked on 2% agarose gel and gel purifica-
tion was done to remove non-specific amplifications. 5 ng
of amplified product was used for library preparation using
the NEBNext Ultra DNA library preparation kit. The library
was prepared by using Agilent 2200 Tape Station and it was
sequenced for paired-end sequencing (2270 bp) on an
Illumina HiSeq 2500 platform (Illumina, CA, USA). The
microbiota profiling of samples was performed by sequenc-
ing the V3-V4 region of the 16S rDNA gene for bacteria
using QIIME [20]. Quality checking, filtering and identifica-
tion merging of V3-V4 region, OTU picking and assigning
taxonomies have done at 97% identity using SILVA refer-
ence database [21, 22]. The sequence data obtained from
the soil samples of turmeric rhizosphere were deposited in
the in GenBank Sequence Read Archive with BioSample
ID SAMN15905274, SAMN15905292, SAMN15905293,
SAMN15905307 and SAMN15905309. (BioProject ID:
PRINA659126).

Statistical Analysis

Alpha diversity indexes (Shannon index and Chaol index)
were calculated to study the differences within the samples.
Jackknife test was made to construct a consensus unweighted
pair group method with arithmetic mean (UPGMA) tree for
all samples to study the beta diversity indices. Linear dis-
criminant analysis (LDA) together with effect size measure-
ments (LEfSe), Kruskal-Wallis and pairwise Wilcoxon tests
were carried out to measure the effect size of each distinctly
abundant taxa [23]. All the treatments were replicated five
times and one-way ANOVA was employed to test the sig-
nificance among treatments. Post hoc comparison of means
was then done using the least significant difference (LSD)
test using the SAS 9.3 software.

Results

Bioinoculant Application on Growth and Biomass
of Turmeric Plant

Plants inoculated with AM and ZSB2 showed enhanced
growth (81.4 +9.6 cm) and dry weight (8.9 + 0.8 g) of the
turmeric through colonization of their adventitious roots as

well as nutrient mobilization (Fig. 1a, b). AM could effec-
tively infect the roots of turmeric and AM structures such
as arbuscules, vesicles and hyphae were witnessed in all
the treatment samples inoculated with AM fungi (Fig. S1).

Soil Dehydrogenase Activity and Soil Respiration

Dehydrogenase (DH) activity was observed at 150 days
after the bioinoculant application. Results showed that
combined application ZSB2 and AM (0.98 +0.08 pg
TPFg~! h™!) significantly enhanced DH activity (Fig. 2a).
In fact, in the co-inoculated treatment, DH activity was
greater by 133% compared to control (absolute), by 117%
compared to Zinc sulphate alone, by 34% compared to AM
alone and 69% compared to only ZSB2.

Inoculation with AM or ZSB2 alone did not increase
respiration, whereas combined inoculation of AM with
ZSB2 resulted in higher soil respiration (16.6 + 1.6 mg
CO, 100 g soil™") (Fig. 2b). Compared to absolute con-
trol, the respiration level was greater by 110%, compared
to 54% and 27.0% in treatments with only ZSB2 and AM,
respectively.
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Fig. 1 Effect of bioinoculant application on (a) plant growth and (b)
dry weight of turmeric plants under green house conditions. Values
are means+SE (n=5); different letters indicate significant differ-
ence at LSD (0.05P). (T1: Zinc phosphate +ZSB2; T2: Zinc phos-
phate +ZSB2+ AM; T3: Zinc phosphate+AM; T4: Zinc sulphate;
T5: Absolute control)
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Fig.2 Effect of bioinoculant application on (a) dehydrogenase activ-
ity and (b) soil respiration in turmeric rhizosphere under green house
conditions. Values are means+SE (n=5); different letters indicate
significant difference at LSD (0.05P). (T1: Zinc phosphate +ZSB2;
T2: Zinc phosphate +ZSB2+ AM; T3: Zinc phosphate + AM; T4:
Zinc sulphate; T5: Absolute control)
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Bacterial Community Structure

The rarefaction curves tended to attain the saturation pla-
teau showing that the microbiota of the five treatment sam-
ples was large enough to estimate the microbial community
diversity at the 97% similarity thresholds (Fig. S2). All sam-
ples were normalized for downstream analyses in QIIME
and each experimental sample received more than 30,000
valid reads. A total of 42,131 OTUs were identified from
1,841,617 reads. A total of 42,131 OTUs were identified and
after removing the less reads, 9396 OTUs were selected for
downstream analysis.

The results on alpha diversity indicated that there was
greater evenness, diversity and richness in the treatments
with sole inoculation of ZSB2 and AM, while the treatment
involving co-inoculation of AM with ZSB2 registered lower
richness and diversity (Fig. S3a, b). The unweighted unifrac
approach revealed that co-inoculation impacted the micro-
bial community structure in the rhizosphere of turmeric. In
the phylogenetic tree, treatment 2 (ZSB2 + AM) was clus-
tered into a separate distinct branch and it indicated highly
distant communities compared to the other treatments.
Among the samples analyzed, treatment 4 (ZnSO,) and 5
(Absolute control) were clustered together, while treatment
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1 (Zinc phosphate +ZSB2) and treatment 3 (Zinc phos-
phate + AM) were grouped separately (Fig. 3).

The identified OTUs were then classified into 9 phyla
(Fig. 4). The maximum number of bacterial reads was found
for Chlorofilexi followed by Proteobacteria, Actinobacteria
and Acidobacteria which accounted for 80% of all samples.
The composition of bacteria at the level of phyla were ana-
lyzed and showed marked differences between treatments.
Co-inoculation of AM with ZSB2 (treatment 2) increased
the relative abundances of Choroflexi (54.2%), followed by
treatment 1 (Zinc phosphate +ZSB2) with 49.9% and treat-
ment 3 (Zinc phosphate + AM) with 38.3%. Subsequently,
major abundance of Acitnobacteria (29.7%) was found in
treatment 3 (Zinc phosphate + AM), followed by 18.9% in
treatment 2 (ZSB2 and AM) and 18.3% in treatment 1 (Zinc
phosphate + ZSB2). Third major phylum was Proteobacteria
with 17.1% in treatment 3 (Zinc phosphate + AM), followed
by 15.6% in treatment 1 (Zinc phosphate +ZSB2) and by
13.6% in treatment 2 (ZSB2 and AM).

Heat map of the composition of bacterial communities
reflected the similarities as well as the differences in the
community composition among the treatments (Fig. S4).
Acidothermus, Gemmatimonas and Candidatus were the
more abundant and Legionella, Reyranella, Ktedonobacter,
Saccharopolyspora, Gemmatiorosa, Rhodanobacter, Lude-
nannella, Actinophytocota and Bellilinea are least abundant
microbial communities in all the samples. The population
of Conexibacter, Aneromyxobacter, Acidobacteria, Halian-
gium and Streptomyces was meagre in ZSB2 and AM treated
samples. Whereas Streptomyces population was abundant
in treatment 3 (Zinc phosphate + AM) when compared to
other samples,in the treatment 4 (zinc sulphate), Bdellovi-
brio, Nocardioides and Sphingomonas were less abundant
than the absolute control.

The LefSe (Linear discriminant analysis effect size)
revealed that there were more taxa with larger effect sizes
(LDA score > 3.0) associated with the treatment of ZSB2
and AM compared to the control sample (Fig. 5). Significant
taxa in the ZSB2 and AM treated samples were Bradyrhizo-
bium, Candidatus solibacter, Pedomicrbium, Thermosporo-
thrix, Acinetobacter and Nitrospira. While control samples
with the LDA score > — 3.0 and it contained Canidatus
nitrosphaera, Herpetosiphon, Bacillus and Gemmatimonas.

Discussion

Co-inoculation of AM and ZSB2 significantly increased
plant height and dry weight, respectively, 92.8 and 87.5%
over the control. ZSB2 (B. megaterium) has been reported
to improve plant growth in different ways like providing
beneficial compounds to the host plant and facilitating the
uptake of nutrients from the soil environment. Besides Zn
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Fig.3 Beta diversity analysis

of unweighted uniFrac cluster
tree showing the dissimilari-
ties among all sample types of
turmeric rhizosphere (Treatment
1: Zinc phosphate +ZSB2;
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Fig.4 OTUs (operational taxonomic units) were classified to the
phylum level for bacteria (Treatment 1: Zinc phosphate+ZSB2;
Treatment 2: Zinc phosphate +ZSB2 + AM; Treatment 3: Zinc phos-
phate + AM; Treatment 4: Zinc sulphate; Treatment 5: Absolute con-
trol)

solubilization, the organic acids secreted by ZSB?2 will also
be helpful in the solubilisation of insoluble P compounds
[24]. Co-inoculation significantly increased the growth of

turmeric (LSD 0.05P =13.8) and this is expected owing to
the synergistic interaction between AM and ZSB2 in pro-
moting plant growth compared to single inoculation with
either of them. This can be ascribed to improved nutrient
uptake through co-inoculation compared to inoculation with
either AM or ZSB2. This supported the observation that
co-inoculation of AM and Curtobacterium citreum nota-
bly enhanced plant growth and dry weight of Tetradymia
comosa [25]. Also, the results clearly indicated the ecologi-
cal compatibilities between AM and ZSB2, which is in line
with earlier reports on the potential of AM + Bacillus spp.
association in improving plant growth [26-30]. Most of
the Bacillus species directly boost the plant growth either
through production of plant growth hormones, acquirement
of nutrients and activation of host defense mechanisms or
through their synergetic interaction with AM.

During the AM symbiosis, hyphae grow within the root
cortex, eventually penetrate the root cells and produce
highly branched hyphal tree-like structures called arbuscules
which are main structures for nutrient exchanges between
the host and fungi [31]. In the course of root colonization,
AM increases the growth and yield of crop plants by pro-
viding nutrition to host and also imparting other benefits
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Fig.5 Linear discriminant analysis (LDA) combined with effect size measurements (LEfSe) revealed a list of features that enable discrimination
between the control and treated samples of turmeric rhizosphere (Control: Absolute control; Treated: Zinc phosphate +ZSB2+ AM)

including enhanced photosynthesis, accumulation of sec-
ondary metabolites, and improved resistance against biotic
and abiotic stresses [32, 33]. Our finding is consistent with
the report that co-inoculation of AM and Curtobacterium
citreum enhanced growth and dry weight of Tetradymia
comosa [24]. Likewise, dual inoculation with Bacillus
strains and AM improved the artemisinin content in the
Artemisia annua [28], increased the growth and yield of
Medicago sativa [25] and Capsicum annuum [34].
Enhanced DH activity due to co-inoculation of AM
and ZSB2 suggested a strong influence on the quantitative
changes in microbial population as well as soil microbial
activity [35]. This corroborated with earlier reports that
combined effects of the inoculation with rhizobacteria and
AM increased the activity of DH [28, 36, 37]. Enhanced DH
activity (LSD 0.05P =0.15) and therefore microbial activity
(LSD 0.05P =2.62) was further reflected by soil respiration,
which was higher in the co-inoculation treatment. This is not
surprising since AM and their extraradical hyphae comprise
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20-30% of total soil microbial biomass and their contribu-
tion to soil respiration is as much as 6-25% [38].

Bacterial community analysis indicated marked shifts in
the bacterial community composition with the ZSB2 treat-
ment recording maximum richness and diversity, while
the treatment with ZSB2 and AM registered the lowest.
However, the observed loss of certain bacterial species in
ZSB2 + AM treatment may not change the functioning of
the system because of the bacterial redundancy, since dif-
ferent bacterial species may carry out the same functions
[39]. Similar results were reported by Akyol et al. [40], who
observed that bacterial families such as Acetobacteraceae,
Methylobacteriaceae, Alicyclobacillaceae and Armatimona-
daceae were reduced consistently by the inoculation of AM,
perhaps due to changes in the host plant status caused by the
inoculum. Since AM are naturally associated with diverse
bacteria, the inoculation of AM may also bring associated
bacteria which may lead to changes in bacterial composition.
It was also proposed that AM will promote or repress the
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recruitment of certain bacterial groups in the rhizosphere,
regardless of the host species [41] by competing for nutrients
with bacteria, and exuding stimulatory or inhibitory com-
pounds [42]. Especially low-abundant bacterial species can
have a larger impact on certain ecosystem processes, mainly
on soil organic matter decomposition and increase the com-
munity resistance to invasion of pathogen, thereby enhanc-
ing plant health [43]. On the contrary, we also observed that
the sole application of ZSB2 did not affect the soil bacterial
diversity and it is buffered due its ability to solubilize certain
chemicals which act as nutrients source to resident microbial
populations [44].

AM interacts with a wide range of microorganisms in the
root and in the rhizosphere. One of the major factors regu-
lating rhizosphere microbiome is the interactions between
introduced bacteria and mycorrhizal fungi, which play a cru-
cial role in shaping the microbiome community. Host plant
features also mainly influence the extent to which microbes
colonize the roots through the production of root exudates.
Certain metabolites and hormones produced by plants
induce optimistic chemotaxis and assist to recruit a specific
group of microbiome near the root zone [14]. At phylum
level, Chloroflexi, Actinobacteria and Proteobacteria were
considerably abundant due to co-inoculation of ZSB2 and
AM. Beneficial interaction of bacterial communities such
as Chloroflexi, Acidothermus and Gemmatimonas with AM
was documented by Liu et al. [16]. Moreover, this Chloro-
flexi group of bacteria are known to be competent in exploit-
ing more oxidized forms of C. Hence, their abundance might
alter the rhizodeposition and shift in C storage and seques-
tration. Abundance of such bacterial groups will positively
affect nutrient cycling and subsequently plant growth [45].
In addition to that, most of the studies have revealed that
Chloroflexi was one of the several most abundant groups
associated with the degradation of chlorinated compounds
[46].

Sole application of AM increased relative abundances
of Actinobacteria taxa and it may be considered as a poten-
tial biomarker for improvement in soil nutrient content and
plant growth. We also found other bacterial phyla, such as
Proteobacteria and Acidobacteria as the most prevailing
communities in the rhizosphere of turmeric. The ability to
cope with different environmental conditions might also
make both phyla to be largely abundant [47-50]. Mostly,
both Actinobacteria and Acidobacteria are abundant in
disease-suppressive soils. Besides, these taxa are responsi-
ble for exclusion of disease-causing microorganisms [51].
Interestingly, the most abundant genus Acidothermus under
phylum Actinobacteria is a unispecific genus described as
thermophilic, acidophilic and cellulolytic bacterium which
can also degrade chitin [52].

The AM associated bacteria which belonged to the
groups of Bradyrhizobium, Candidatus solibacter,

Thermosporothrix, Acinetobacter and Nitrospira were
recorded by Linear discriminant analysis, besides these
bacteria contribute to the establishment and function of the
introduced AM fungi. Qin et al. [45] reported that Rhizobi-
ales, Actinomycetales, Sphingobacteriales, Bacillales and
Xanthomonadales are abundant bacterial groups associ-
ated with AM inoculated soils. During soil C transforma-
tion, the interactions between Bradyrhizobium and AM
was shown to strongly manipulate soil organic matter turn-
over, plant growth promotion and nitrogen fixation [53].
Another major group we found is Candidatus solibacter,
which participates in nitrate and nitrite reduction and is
known for producing enzymes to break down organic car-
bon available in its environment. This organism is also
a recognized biofilm producer and acts as an ecosystem
engineer in the soil by enabling this species to adhere to its
milieu while also reducing moisture and nutrient fluctua-
tions in the soil under unfavourable environmental condi-
tions [54]. Thermosporothrix bacteria, which belongs to
the phylum Chloroflexi which is phylogenetically diverse
and express a broad range of metabolic capabilities was
also found in the study.

Conclusion

Co-inoculation of AM and ZSB2 was positively related to
turmeric growth and soil microbial activity. The bacterial
community composition varied distinctly between AM-
inoculated and non-inoculated soil samples. Major bacte-
rial phyla found were Chloroflexi, Actinobacteria, Acido-
bacteria and Proteobacteria in all the samples. Chloroflexi
was the more prevailing followed by Actinobacteria in the
AM + ZSB2 co-inoculated treatment. From the results, it
is apparent that the application of bio-inoculants could
significantly change the composition, richness and struc-
ture of microbial communities, which might improve and
alter the soil functioning. In sustainable agricultural crop-
ping systems, they are likely to enhance the biological
processes to maintain soil fertility, plant development
and productivity. Nevertheless, further studies are needed
to unravel the mechanisms involved in the interaction
between the ZSB2 and AM fungi including the functional
changes relevant to soil microbial communities.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00284-021-02682-8.
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