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Abstract: Arid and semi-arid ecosystems are categorized as having degraded soils due to the limited
availability of water and nutrients. The perennial shrubs in these regions have developed different
ecological and physiological adaptations to cope with harsh conditions. The plant species vary in
the chemical profile of their root exudates, which can induce variability in the microbial community
in the rhizosphere. The present research has been conducted (i) to investigate the variation in
composition, diversity, and structure of rhizosphere’s bacterial community of desert plants; (ii) to
identify plant-specific effects on the rhizosphere microbial community structure; and (iii) to determine
the influence of soil moisture on the rhizosphere’s microbial community and soil biological properties
under stressful conditions. Ten desert plant species from the Cholistan desert were selected as test
specimens. Bacterial communities from the rhizosphere of 10 plants of each species were explored.
Soil samples were collected during monsoon (June–August) and dry months (March–May). Microbial
community structure analyses were carried out through 16S rRNA sequencing by targeting V3 and
V4 regions. Among tested plant species, the rhizosphere of Leptadenia pyrotechnica (S6 vs. S16), Aerva
javanica (Burm. f.) Juss. ex Schult (S9 vs. S19), and Vachellia jacquemontii (Benth.) (S10 vs. S20) had
greater microbial diversity in both seasons. Higher levels of microbial communities were found
during monsoon season. Furthermore, Gammaproteobacteria were abundant in the rhizospheres of
all studied plants during the monsoon season. In contrast, the rhizosphere was abundant with
unidentified_Actinobacteria during the dry season. The rhizospheric soil was further analyzed for
biological properties. The maximum microbial biomass carbon (165 mg kg–1) and microbial biomass
nitrogen (6.7 mg kg–1) were found in the rhizosphere of Vachellia jacquemontii (Benth.) Benth during
monsoon season. However, a minimum of microbial biomass carbon (119 mg kg–1) and microbial
biomass nitrogen (4.2 mg kg–1) were found in the rhizosphere of Cleome pallida Kotschy during dry
seasons. The diversified microbial community structure and biological properties enable desert plants
to cope with adverse climate conditions.

Keywords: biological properties; desert plants; Gammaproteobacteria; microbial community structure;
rhizosphere

1. Introduction

Soil has a complex ecology and accommodates numerous biotic-abiotic and biotic-
biotic connections that influence the nutrition cycling and physiochemical activities of soil

Agronomy 2023, 13, 57. https://doi.org/10.3390/agronomy13010057 https://www.mdpi.com/journal/agronomy

https://doi.org/10.3390/agronomy13010057
https://doi.org/10.3390/agronomy13010057
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/agronomy
https://www.mdpi.com
https://orcid.org/0000-0001-5438-5696
https://orcid.org/0000-0002-7506-3036
https://doi.org/10.3390/agronomy13010057
https://www.mdpi.com/journal/agronomy
https://www.mdpi.com/article/10.3390/agronomy13010057?type=check_update&version=3


Agronomy 2023, 13, 57 2 of 15

microbiota [1]. Poor soil properties lead to a decrease in soil and crop productivity [2],
which promotes land degradation and results in desertification. Such deterioration of
soil characteristics directly affects the loss of vital soil biological properties, including
the microbial community structure and biodiversity, and risks devastation of the soil
system’s functioning. Moreover, the rise in anthropogenic activities has also augmented
the deterioration [3]. Deserts have spread over 20 % of the total Earth’s surface area [4] and
known by severe environment, because of very high temperatures and irregular and scarce
rainfall [5]. Looking at the present climatic conditions, desert areas have been expected to
surge by 11–23% by the end of the 21st century [6,7]. As desert environments comprise a
narrow range of trees and animals, soil microbial community structures are considered the
important prolific constituents of these ecologies and the main drivers of bio-geochemical
cycling [4].

Soil microbial community structures uphold numerous ecological features in terrestrial
ecosystems [8]. It is well documented that soil microbial community structure varies
depending on vegetation cover, climate conditions, soil texture and other physiochemical
characteristics [9]. Soil’s organic carbon content and pH affect microbial communities’
activity and structure in the soil [10]. Consequently, microbial community structures do
not continue in segregation, and will create compound ecological networks with several
environmental factors [11]. Hegland et al. [12] revealed that increasing climatic temperature
could affect plant-pollinator connections. Several later investigations have conveyed the
complex influences of climatic warming on microbial communities [13].

Microbial bacterial communities present in soil play a chief role in nutrient cycling [1,14].
Alterations in the structure of microbial communities and their generation times, within
days, minutes, and even across years, are considered essential features for establishing
community structure [15]. Such modifications play a pivotal role in ecosystem dynamics,
significantly in the form of climatic changes [16]. The imprints of environmental change
on soil microbial communities vary widely [17], and only a handful of studies have fo-
cused on the combined effects of warming and precipitation on soil microbial community
structures [18,19].

Numerous ecological factors function due to the activities of soil microorganisms,
which affect soil health and fertility, plant productivity, and several environmental pro-
cesses [20]. The structure and diversity of microbes are considerably influenced by soil’s
environmental abiotic and biotic characteristics [21]. Consequently, modifications in phys-
iochemical characteristics like pH, soil moisture, nutrient availability, and salinity produced
because of management and land-use changes can considerably disturb microbial commu-
nities present in soil [22,23].

Desert soil microbial community structures generally exhibit less diversity than do
other dynamic ecological systems [24], limiting their resilience and resistance to environ-
mental alterations [25]. In this way, desert systems may be vulnerable to instabilities such as
those connected to global climate transformation [26]. Global change impacts are projected
to bring substantial inconsistency in annual rainfall in hot deserts, both in intensity and
time [27]. Such modifications will considerably influence the functions and structures of
indigenous microbial communities, as water accessibility is supposed to be the chief aspect
controlling biological progressions in arid ecologies.

Overall, climatic change forecasts estimate harsh soil temperature and increased
unevenness in rainfall extent and regularity within arid environments; [28] emphasizes
the significance of evaluating soil biological reactions to climatic change to realize the
extent of climate-related disruption to these landscapes. In the current investigation, we
observed associations among soil microorganism function and soil microbial community
structure as they were disturbed by seasonal and annual variation in temperature, soil
moisture, and availability of nutrients. We hypothesized that the seasonal moisture and
temperature variability would influence microbial community structure. In fact, microbial
community structure and microflora of soil highly depends on seasonal temperature and
moisture in an year.. The study’s superior objective is to gain a better understanding of
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how expected climate change in the Cholistan desert may effect soil microbial community
function and structure. Subsequently, the findings were also helpful for understanding the
soil chemical properties and survival of desert plants under different moisture conditions
and temperatures.

2. Materials and Methods
2.1. Identification of Microbial Community Structure in Rhizospheric Soil

The study’s site was the Cholistan desert which is characterized as hot summer
(maximum temperature 50 ◦C) and cooled dry winter (minimum temperature 4 ◦C) where
annual rainfall is less than 250 mm, most of which occurs in the monsoon (July and
August). Bahawalpur is the major district of Cholistan, located in south of Punjab province,
Pakistan. Ten plant species such as Cleome pallida Kotschy (29◦10.430′ N, 072◦05.569′ E),
Tamarix aphylla (29◦05.056′ N, 072◦09.933′ E), Capparis decidua (Forssk.) Edgew (29◦10.339′ N,
072◦08.749′ E), Calligonum polygonoides (29◦01.059′ N, 072◦08.106′ E), Calotropis procera (Ait.)
Ait. (28◦59.227′ N, 071◦55.299′ E), Leptadenia pyrotechnica (28◦57.454′ N, 071◦51.910′ E),
Cymbopogon jwarancusa (28◦52.963′ N, 071◦44.270′ E), Haloxylon salicornicum (28◦52.232′ N,
071◦42.731′ E), Aerva javanica (Burm. f.) Juss. ex Schult. (29◦23.466′ N, 071◦39.563′ E) and
Vachellia jacquemontii (Benth.) (28◦49.208′ N, 071◦28.129′ E) were selected on the base of their
general abundance. The rhizospheric soil samples were collected from the rhizosphere
of 10 plants (10 replicates) of each selected species. To measure the seasonal impact on
microbial community structure, the samples were collected during the monsoon (August)
and the dry season (March). To collect rhizospheric samples, plants were uprooted by
dugout and soil adhered to the roots was collected in sterile polythene bags, placed in cold
containers filled with carbon ice (−78.5 ◦C), and brought to the laboratory. Soil moisture
content was determined through a moisture analyzer based on oven drying [29]. Hundred-
gram (100 g) fresh soil samples were separated in new sterile polythene bags and stored
at −80 ◦C for microbial biomass carbon and nitrogen analyses. Remaining samples were
air-dried under shade and analyzed for soil pH through the paste extraction method with
the pH meter consisting of the glass electrode. Organic matter was determined through
potassium dichromate and orthophosphoric acid extraction and titration against 0.5 M
ferrous ammonium sulfate using diphenylamine as an indicator [30]. Soil texture was
determined through the soil saturation percent method which elaborated soil as sandy
loam because the saturation percentage was between 20–35% [31].

2.2. Genomic DNA Extraction

Genomic DNA was extracted from soil samples using sodium dodecyl sulfate (SDS)
and cetyltrimethylammonium bromide (CTAB). For this purpose, 3 g of soil was mixed
with DNA extraction buffer, which consisted of per litter composition as: 100 mM sodium
EDTA, 1.5 M NaCl, 100 mM tris-HCl, 1% CTAB, 100 mM sodium phosphate and 78 mL
of proteinase K (10 mg/mL) in 15 mL falcon tubes, incub ated at 37 ◦C. After 45 min of
incubation, 2 mL of SDS (20%) was added and incubated at 65 ◦C for 2 hrs. The tubes were
centrifuged at 6000 rpm for ten minutes separate supernatant. The DNA was extracted
from the collected supernatant through chloroform and isopropanol method [32]. The
extracted DNA was quantified through gel documentation on 1% agarose gel. Then, sterile
nucleus free distilled water was added to dilute the DNA up to 1 ng µL–1.

2.3. Genomic Sequencing

The genes of individual regions (V3, V4, V4-V5, and V3-V4) were amplified by us-
ing a particular primer of 16S (515F-806R) and 18S (1380F-1510R and 528F-706R) rRNA
sequencing techniques. All the reactions of PCR were done with Phusion® High-Fidelity
PCR Master Mix (New England Biolabs, Ipswich, MA, USA).
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2.4. DNA Purification

The same volume of PCR products combined with 1X loading buffer, which contains
SYB green, before doing detection electrophoresis on agarose gel 2%. The bright strips
of DNA between 400–450 bp were selected and mixed at equal density ratios. Further
purification of PCR product was carried out with Qiagen Gel Extraction Kit (Qiagen, Hilden,
Germany). The purified DNA was quantified with NEBNext® UltraTM DNA Library Prep
Kit for Illumina and quantified via Qubit and Q-PCR.

2.5. Processing of Sequencing Data

Paired-end readings were assigned to samples based on their unique barcodes, and
the primer and barcode sequences were removed to condense the reads. The paired-end
readings were combined using FLASH (V1.2.7) software. [33]. The microbial community
analyses were carried out through quality filtration of raw data using Qiime (V1.7.0)
software [34].

The reference database (SILVA database) was used to compare filtered tags, and
chimera sequences were obtained using the UCHIME algorithm [35]. Then, the effective
Tags were found by removing the chimera sequences [36].

2.6. Alpha Diversity

The complexity of biodiversity in a sample was examined using alpha diversity utilis-
ing six indices: Chao1, Observed-species, Good-coverage, Shannon, ACE, and Simpson.
Using the QIIME (Version 1.7.0) and R software, all of these indices were computed and
presented (Version 2.15.3).

2.7. Beta Diversity

Beta diversity analysis was applied to species complexity to assess sample differences.
QIIME software was used to determine the beta diversity on both the unweighted and
weighted-UniFrac (Version 1.7.0). The R software’s ggplot2 and FactoMineR programmes
were used for the cluster analysis, which used NMDS (non-metric multidimensional scaling)
to minimise the dimension of the original variables (Version 2.15.3). The permutation test
was used to calculate the p-value, while the false discovery rate approach developed by
Ben-Jamini and Hochberg was used to calculate the p-value [37].

2.8. Determination of Microbial Biomass Carbon and Nitrogen

According to Ingram’s theory, the microbial biomass of carbon and nitrogen was
measured using the chloroform fumigation method [38] and Okalebo [39]. In this method,
a 30 g soil sample was taken and fumigated for 72 hours at 25 ◦C in a desiccator by using
alcohol-free chloroform. In parallel, 30 g of soil samples were put in a desiccator set to 25 ◦C,
without fumigation. After completing the incubation period, there was added 100 mL of
0.5 M K2SO4 to the soil samples and it was thoroughly mixed by constant shaking for 1 h at
480 rpm with a mechanical shaker. For the determination of microbial biomass of nitrogen,
50 mL of filtrate, 10 mL of concentrated H2SO4, and 0.2 ml of 0.2 M CuSO4 were added
to the digestion tube. The digestion tube was put on the digestion block and heated at
at 350 ◦C for 3 h. Distillate with the digested material and 40% sodium hydroxide and
nitrogen was collected in 4% boric acid solution in the form of ammonium borate. The
few drops of mixed indicator were added (in 200 mL ethanol 0.14 g Bromocresol green
and Methyl red 0.2 g) into the receiver flask and titrated with 0.01 N H2SO4. To calculate
nitrogen, biomass nitrogen in fumigated soil was subtracted from non-fumigated soil.

For the purpose of measuring the microbial biomass carbon, 8 mL of the extracted
solution was added to a digestion tube along with 15 mL of a 2:1 mixture of H2SO4 and
HPO3, 0.07 g of HgO, and 0.2 g of K2Cr2O7.The digestion tube was placed on the digestion
block and heated for 2 hrs at 250 ◦C. After the digestion was finished, 25 mL of distilled
water was added. The solution was then titrated with 0.2 N [Fe (NH2)2 (SO4)2. 6H2O)]
using phenanthroline as an indicator until the colour changed from bluish-green to reddish-
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brown. Carbon was estimated by deducting the carbon in non-fumigant soil from soil that
had been fumigated.Data were collected in triplicate and analyzed by Two-way ANOVA
for the comparison between different plant species. Least significance diference (LSD) tests
were used to compare means at a 5% level of probability [40].

3. Results

The rhizospheric soil samples were taken from the rhizosphere of Cleome pallida Kotschy,
Tamarix aphylla, Capparis decidua (Forssk.) Edgew, Calligonum polygonoides, Calotropis procera
(Ait.) Ait., Leptadenia pyrotechnica, Cymbopogon jwarancusa, Haloxylon salicornicum, Aerva
javanica (Burm. f.) Juss. ex Schult., and Vachellia jacquemontii (Benth.). The weather data
was presented in Figure 1. The samples were collected in two seasons, i.e. monsoon
(August) with 19.6 mm maximum rainfall and dry season (February) with 0.3 mm of
rainfall (Figure 1a). During the monsoon and dry seasons, the temperature ranged from
35.2–44.8 ◦C and 7.3–18.6 ◦C, respectively (Figure 1b). The rhizospheric soil samples were
analyzed for pH, organic matter and soil moisture content (Figure 2). Soil pH was high
in the dry season, and maximum pH (7.99) was observed in the rhizosphere of Cleome
pallida Kotschy. The soil pH was lower in the rhizosphere of all other plants species, with
Capparis decidua (Forssk.) which showed the minimum pH (7.11) (Figure 2a). Furthermore,
soil organic matter (Figure 2b) and soil moisture content (Figure 2c) was higher in monsoon
season and lower in the dry season. In monsoon season, the rhizosphere of Calotropis procera
(Ait.) Ait. showed maximum organic matter (0.73%) and moisture content (44%), whereas
maximum organic matter (0.51%) and soil moisture content (26%) was observed in the
rhizosphere of Calligonum polygonoides in the dry seasons.
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3.1. Microbial Community Structure

The microbial community’s diversity and composition varied from site to site and from
season to season. The top ten identified classes, i.e., Gammaproteobacteria, Alphaproteobacteria,
unidentified_ Actinobacteria, Thermoleophilia, Chloroflexia, Bacilli, Rubrobacteria, Acidimicrobiia,
Deltaproteobacteria, and Bacteroidia are presented in Figure 3. In both seasons, the class
Gammaproteobacteria was found at maximum in the rhizosphere of Leptadenia pyrotechnica
(S6 vs. S16). However, compared with dry season, its population was 63% more in the
moosoon season. Similarly, the unidentified Actinobacteria was also found abundantly in the
moosoon season at all the studied sites. In comparison, the population of Alphaproteobacteria,
Thermoleophilia, and Chloroflexia was found higher during the dry season in the rhizosphere
of all the studied plants. In addition, all the plants showed almost similar population of
Acidimicrobiia in their rhizophere during both seasons. These results show that the diverse
bacterial species that were found during the two seasons were helpful for the survival of
these plants under harsh climate conditions.

Furthermore, a heat map was also created to analyze the trends and abundance of
microbial communities (Figure 4). The results represented the relationship between samples
and microbial flora identified in the respective samples. This analysis revealed that the
samples taken from the rhizosphere of Capparis decidua (Forssk.) Edgew (S3) and Calotropis
procera (Ait.) Ait (S5) in monsoon season have a large abundance of phylum firmicutes and



Agronomy 2023, 13, 57 7 of 15

Chloroflexi, respectively. On the other hand, Proteobacteria was abundant in the rhizospheres
of Leptadenia pyrotechnica (S6) and Vachellia jacquemontii (Benth.) (S10). During the dry season,
Calotropis procera (Ait.) Ait (S15), Leptadenia pyrotechnica (S16), and Haloxylon salicornicum
(S18) had a large abundance of Chloroflexi, Fermicutes and Proteobacteria, respectively.
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from where samples were collected in dry season (March). Monsoon vs. dry season: (S1 vs. S11)
Cleome pallida Kotschy, (S2 vs. S12) Tamarix aphylla., (S3 vs. S13) Capparis decidua (Forssk.) Edgew,
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pyrotechnica, (S7 vs. S17); Cymbopogon jwarancusa, (S8 vs. S18) Haloxylon salicornicum, (S9 vs. S19)
Aerva javanica (Burm. f.) Juss. ex Schult. and (S10 vs. S20) Vachellia jacquemontii (Benth.).
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3.2. Alpha Diversity

For all the identified species, the Venn diagram of each sample for seasonal compar-
isons is presented in Figure 5. Cleome pallida Kotschy (S1 vs. S11), Tamarix aphylla (S2 vs. S11),
and Haloxylon salicornicum (S8 vs. S18) showed 1589, 1352, and 1604 similar species in
both seasons, respectively. However, microbial diversity was also found between the two
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seasons. For instance, the three plant species showed 986, 1037, and 763 similar species in
moonsoon season, and 798, 964 and 642 similar species during the dry season, respectively.
In addition, higher microbial abundance was found in the dry season in the rhizosphere
of Capparis decidua (Forssk.) Edgew (dry (S13) vs. monsoon (S3); 977 vs. 835), Calligonum
polygonoides (dry (S14) vs. monsoon (S4); 929 vs. 836), Calotropis procera (Ait.) Ait. (dry
(S15) vs. monsoon (S5); 884 vs. 667), Leptadenia pyrotechnica (dry (S16) vs. monsoon (S6);
1068 vs. 457), Cymbopogon jwarancusa (dry (S17) vs. monsoon (S7); 1067 vs. 1054), Aerva
javanica (Burm. f.) Juss. ex Schult. (dry (S19) vs. monsoon (S9); 1200 vs. 626) and Vachellia
jacquemontii (Benth.) (dry (S20) vs. monsoon (S10); 983 vs. 640). These plants also possessed
1632, 1796, 1714, 1772, 1402, 1718, and 990 similar microbial species in both seasons, re-
spectively. Overall, great diversity in microbial community structure was observed in the
rhizosphere of Leptadenia pyrotechnica (S6 vs. S16), Aerva javanica (Burm. f.) Juss. ex Schult.
(S9 vs. S19), and Vachellia jacquemontii (Benth.) (S10 vs. S20) during the monsoon (August)
and dry (March) seasons. However, the rhizosphere of other plant species has more or
less similar microbial community structure in both seasons. The flower diagram (Figure 6)
compares the microbial community structure of the rhizosphere of different plants in a
season. Variations in the structure and diversity of the microbial community were observed
between samples (sites/rhizosphere) and seasons.
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number of distinct OTUs present across all samples.
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3.3. Beta Diversity

Beta diversity of microbial community structure is shown as non-matric multidimen-
sional scaling (NMDS) in Figure 7. The NMDS scaling indicated the variations between
microbial community structures in the rhizosphere of different desert plants during mon-
soon and dry seasons. The results revealed no significant difference in microbial community
structure during monsoon and dry seasons in the rhizosphere of Cleome pallida Kotschy
(S1 vs. S11), Capparis decidua (Forssk.) Edgew (S3 vs. S13), Calligonum polygonoides (S4 vs. S14),
and Calotropis procera (Ait.) Ait (S5 vs. S15). Subsequently, the diverse microbial community
structure was found in the rhizosphere of Tamarix aphylla (S2 vs. S12), Leptadenia pyrotechnica
(S6 vs. S16), Cymbopogon jwarancusa (S7 vs. S17), Haloxylon salicornicum (S8 vs. S18), Aerva
javanica (Burm. f.) Juss. ex Schult (S9 vs. S19), and Vachellia jacquemontii (Benth.) (S10 vs. S20)
during monsoon and dry season seasons.
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3.4. Microbial Biomass Carbon and Nitrogen

Among the ten selected plants, the highest microbial biomass of carbon was observed
in the rhizospheric soil of Capparis decidua (Forssk.) Edgew in both seasons (165 mg kg−1

during monsoon and 156 mg kg–1 during the dry season), followed by Calotropis procera
(Ait.) Ait. (161 mg kg–1 during monsoon and 153 mg kg–1 during dry season) (Figure 8).
However, Aerva javanica (Burm. f.) Juss. ex Schult. had a minimal microbial biomass of
carbon in its rhizospheric soil (139 mg kg–1 during monsoon and 134 mg kg–1 during the
dry season). A similar trend was followed by the nitrogen in the rhizosphere, as maximum
nitrogen was found in rhizosphere of Capparis decidua (Forssk.) Edgew (6.68 mg kg−1 during
monsoon and 6.48 mg kg–1 during dry season) and minimum nitrogen was found in
rhizosphere of Aerva javanica (Burm. f.) Juss. ex Schult. (4.03 mg kg–1 in monsoon and
3.93 mg kg–1 during the dry season). Overall, data exhibit that more microbial biomass of
carbon and nitrogen was recorded during the monsoon as compared to the dry season.
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4. Discussion

The competition for nutrients, root exudates, climatic impacts, and edaphic character-
istics are few examples of the biotic and abiotic factors that greatly alter the taxonomic and
functional diversity of the rhizospheric microbial community structure [41]. The results
of present study also showed that the seasonal changes have altered the rhizospheric
properties of the desert plant species of Cholistan desert in terms of microbial abundance
and species population.

Microbial community structure in arid to semi-arid soils is usually influenced by
several environmental factors, including seasonal changes in temperature and precipita-
tion [42]. In the present study the rainfall and temperature also varied during two seasons
that subsequently affected the pH, organic matter and moisture content of the soil. The low
temperature in dry season increased the soil pH while high temperature and precipitation
resulted in higher soil organic matter and soil moisture content. Similar findings were
reported by Fatubarin and Olojugba [43] and stated that burning of vegetation resulted in
high soil pH and low organic matter during the dry season. In contrast, the increased vege-
tation in monsoon hosted the higher microbial activities and enhanced the decomposition
of litter that resulted in higher organic matter [44].

Soil microorganisms are the chief source of nutrition for plants and promote plant
growth [45] by their active and energetic contribution in nutrient cycling through mineral
weathering, nitrogen cycling, and organic matter degradation [46,47]. Soil microbes have a
remarkable impact on soil fertility and health as these microorganisms have large diversity
and composition [48]. Forecasting ecosystem contributions to carbon and nitrogen cycles
depends critically on how microbial populations respond to long-term variations in nitrogen
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and water accessibility [44,49]. According to the current study, the microbial biomass carbon
and nitrogen concentrations were greater in the rhizosphere of Calotropis procera (Ait.) Ait.
during monsoon season, which ultimately increased the uptake of nitrogen, and higher
nitrogen content was observed in shoot and leaves. Similar results were reported by
Prakruthi and Raju [50] who reported high nitrogen content in Calotropis procera (Ait.) Ait.

Our investigations showed that the soil samples obtained from rhizospheric soil of
Calotropis procera (Ait.) Ait. and Capparis decidua (Forssk.) Edgew have a large occurrence
of phylum Fermicutes and Chloroflexi, whereas the community structure and population of
species present in rhizospheric soil of desert plants were significantly different in monsoon
(August) and dry (March) seasons. Rasche et al. [51] revealed that seasonal variations
in soil moisture greatly influence bacterial community structures. Bacterial community
structure responds to seasonal variation by modulating protein translation and gene ex-
pression, leading to alterations in physiological activities of microbes and hence differences
in microbial populations. Ultimately, alterations in microbial communities occurred in
response to seasonal changes in gene regulation processes. Great microbial diversity was
found in the rhizosphere of Leptadenia pyrotechnica Aerva javanica (Burm. f.) Juss. ex Schult.
and Vachellia jacquemontii (Benth.) during monsoon and dry seasons. The dense microbial
community structure was found during the monsoon. The diversity in microbial commu-
nity structure may be caused by variations in soil temperature, pH, humidity, and levels
of inorganic and organic minerals that are related to the passage of different seasons [52].
Several environmental features, such as soil pH [53], soil organic matter chemistry [54],
plant species [55], and climatic factors [56] can affect soil microbial community diversity.

Additionally, even while the microorganism present in lower concentrations still
have functional genes, they may become more prevalent under certain circumstances
due to altered gene expressions [57]. Plant growth and ecosystem function depend on the
interactions between microorganisms and plant roots. [58]. Different microbial communities
in the rhizosphere can be chosen by the unique root exudate formulation of particular plant
species [59,60]. Because of the variations in temperature throughout the monsoon and dry
seasons, soil type and plant species also have an impact on the composition of the microbial
community [61]. Relationships between microbial communities and different plant species
are not always observed. Additionally, there aren’t many planned investigations that
compare the specificity of plant species to microbial communities [62].

The phylum Gammaproteobacteria was observed in abundance in the rhizosphere of
all tested plants during monsoon, whereas unidentified Actinobacteria was found in
abundance during the dry season. Our findings were similar to Spain et al. [63] who
found the abundance of different phylum under different climatic conditions. They also
reported the abundance of phylum Proteobacteria due to their fast growth. The presence of
Proteobacteria in the rhizosphere of Pinus tabulaeformis and Populus deltoids was previously
found by Gottel et al. [64] and Zhou et al. [65]. The abundance of Chloroflexi, Actinobacteria,
Acidobacteria and Proteobacteria was found in the rhizosphere of wheat [66] and cotton [67].
The unidentified-Actinobacteria have shown exceptionally higher existence rates through
seasonal changes [68]. Similar results have been stated in non-disturbed grasslands [69]. In
our study, plant species was noted to be one of the inducing factors. All of the soil samples
established that the microbial community structure was normally associated with the type
of plants. Moreover, seasonal changes altered the population of microbial communities.

In the current study, maximum microbial biomass carbon (165 mg kg–1) and microbial
biomass nitrogen (6.7 mg kg–1) were found in the rhizosphere of Capparis decidua (Forssk.)
Edgew during the monsoon. The higher microbial biomass of carbon and nitrogen in the
rhizosphere of Capparis decidua (Forssk.) Edgew might be due to the abundance of microbial
species as described by our findings. Microbial activities in the rhizosphere increased
carbon cycling which resulted in improved microbial biomass of carbon and nitrogen [70].
Subsequently, significant variations in microbial biomass carbon and nitrogen were found
in different plants’ rhizospheres. Deviations were found in different seasons (monsoon and
dry seasons). Our findings agree with Hussain et al. [71] who claimed that the microbial
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community has an impact on the soil’s biological characteristics. However, researchers are
still unsure of how desert microbial populations respond to increased nitrogen depositions
and precipitation during the monsoon season [72]. Seasonal variations in precipitation and
temperature influenced soil microbial community functions and structures such as soil
organic matter mineralization [73], nitrogen mineralization, NO3

-, and NH4
+ cycling [74].

Commonly, due to changes in climatic conditions according to seasonal water and bio-
geochemical cycles in deserts, microbial biomass and functions in water deficit periods
may be more appropriate to rising water accessibility than in the humid seasons, and
nitrogen fertilization, because of low microbial activities, substrate diffusion and more
nitrogen volatilization, may be less effective during water deficit season [75]. For this
reason, responses of microbial communities present in soil vary with the addition of water
and their response can be delayed from weeks to months [76].

5. Conclusions

The Cholistan desert in Pakistan is rich with plenty of microflora and fauna. Soil pH
was high during the dry season due to burning of litter, however soil organic matter, mi-
crobial biomass carbon and nitrogen was in decline due to poor vegetation. Contrastingly,
dense microbial communities and biological properties were observed during the monsoon.
The diversity in microbial community structure in the rhizosphere of different plant species
enabled desert plants to survive harsh conditions. As a result, these microbes could be em-
ployed as plant growth stimulating microbes in water-starved environments. Furthermore,
the protection of vegetation is strongly recommended to address soil deprivation, organic
matter, and soil biological properties because vegetation is the only source of organic matter
and energy for soil microbial activities in the desert.
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