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Assessment of soil microbial community composition in arid and semi-arid
regions is an important issue. The aim of this work was to analyze and compare the
bacterial communities in three different neighboring land uses (orchard, farm and shrub
land) in arid-region soils located in southeast of Iran using molecular biology-based. The
analysis of the denaturing gradient gel electrophoresis (DGGE) of the polymerase chain
reaction (PCR) amplified 16S rDNA fingerprints demonstrated that bacterial community
composition in all land uses was different. Clustering analysis of the DGGE bands of 16S
rDNA fragments revealed that bacteria in the three soil samples from each land use
formed a separated cluster, indicating variation in species composition between land
uses. However, the results showed that the species richness and Shannon-Wiener diversity
index differed significantly among different land uses while Pielou’s evenness index did
not show any significant differences. These findings indicate that land use was one of the
major factors in variation of species composition of soil bacterial communities.
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Soil microorganisms have a vital role in
numerous ecosystem processes such as soil
organic matter decomposition, nutrient cycling,
and organic carbon (OC) sequestration to play1-3.
Bacteria are well known as the most abundant and
diverse group of organisms living in soil4-6. Based
on the majority of studies, physicochemical
characteristics of soil such as edaphic factors (soil
type, texture, moisture, pH and nutrient availability)
and land management practices are factors
affecting the structural diversity of soil bacterial
communities1-3,7-9.

There are a relatively large number of
studies showing how changes in land use types

can result in the alteration of soil bacterial
communities and the biogeochemical processes
they carry out. For example, Lauber et al. (2013)8

reported that there are various communities in soils
of managed agricultural systems compared to
unmanaged systems, with particular management
practices, including liming and nitrogen fertilization,
often having strong impacts on the structure of
microbial communities of soils.

However, the relations between soil
characteristics and microorganisms in just one
region have been the focus of the majority of these
studies. It has been shown that generalizing and
transferring of findings obtained at one region with
particular soil characteristics cannot be accurate
for other regions with different soil characteristics
10. So far, little is known about the existence of
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relationships between soil properties and biota
common among different regions with their specific
abiotic conditions3.

It is now well proved by microbiologists
that just a small proportion of all bacteria have
been isolated and characterized11. Comparing the
percentage of culturable bacteria with total cell
counts from various habitats revealed enormous
differences12. New molecular techniques, targeting
small subunit rRNA sequences by PCR
amplification11, provide the most powerful tools
for identification of bacterial diversity in
environmental samples. Being based on the
separation of polymerase chain reaction (PCR)
amplicons of the same size but different
sequences13, denaturing gradient gel
electrophoresis (DGGE), introduced into microbial
ecology by Muyzer et al. (1993)14, is probably the
most frequently used technique among the culture-
independent fingerprinting techniques12,15. As a
well-established tool for studying structural
diversity of microbial communities, many
researchers have been using this technique in their
researches thus far3,16-17.

For example, PCR-DGGE technique has
been so far used for assessing the structural
diversity among soil bacteria and fungi
communities in rhizosphere which are the
outcomes of differences in nutrient applications18.
It has also been used for assessment of differences
in soils under various agricultural management
practices11,19-23 and soils in different lands such as
forest24-25, orchard16, pasture7,26 and contaminated
lands15,27.

This research aimed to compare the
structural diversity of soil bacterial communities
in three land use types in southeastern Iran by
using PCR-DGGE technique.

MATERIAL AND METHODS

Study area
Jiroft plain with the elevation of 650 meters

is one of the lowest plains in Iran. The plain with
hot and dry climate is considered one of the most
important agricultural plains of Kerman province.
The study area located on geographical location
28Ú 28' 40'’ to 28Ú 52' 6'’ North and 57Ú 30' 8'’ to
58Ú 4' 27'’ East.

The county sees the average precipitation

of 140 mm, average relative humidity of about 55%
and the maximum and minimum temperatures of 48
and 1 degree Celsius, respectively. Soil thermal and
moisture regimes of the region are hyperthermic
and aridic, respectively.

The majority of the dominant cover of the
pasture lands includes species of Haloxylon,
Tamarisk, Jujube, Oleander and bitter melon.
Furthermore, of the dominant agricultural and
horticultural crops, onions, potatoes, wheat, barley,
corn, citrus, palm and melons can be named.
Collection of soil samples

In Jiroft plain, a dominant
geomorphologic unit (alluvial plain, located in the
village of Ali Abad) containing shrub land that has
not been cultivated so far because of water scarcity
(Calligonum persicum and etc.), field crops (at least
in the last 50 years under fall planting of potatoes
and onions, and in some years the spring planting
of corn and etc.) and horticultural crops (more than
50 years under citrus cultivation) were selected.

The studied soils of the three neighboring
land uses located on the alluvial plain were
Aridisols. Three soil samples, each contained ten
subsamples, were collected from A horizon (0-10
cm) across each land use on February 2015.
DNA extraction and PCR amplification

Total DNA from different soil samples was
purified by using the NucleoSpin® Soil kit
(Macherey-Nagel, Duren, Germany) according to
manufacturer’s protocols.

Targeting bacterial 16S rDNA was
performed with the primer set of GC-341F
(CGCCCGCCGCGCGCGGCGGGCGGGGCG
GGGGCACGGGGGGCCTACGGGAGGCAGCAG
CCTACGGGAGGCAGCAG) and 534R
(ATTACCGCGGCTGCTGG) (A GC-rich clamp (40
bp) was added to the forward primer prevented the
complete melting of the PCR amplicons during
subsequent separation in DGGE)14.

Soil DNA was amplified in a Bio-Rad T100
thermal cycler (Bio-Rad Laboratories, CA, USA)
with a PCR mixture (50 ìl) containing 20 pmol of
forward and reverse primers, 50 ng of DNA template,
25 ìl of Taq DNA Polymerase 2X Master Mix Red
(1.5mM MgCl2) (Ampliqon, Skovlunde, Denmark)
and was filled up to the required volume with Milli-
Q water.

The PCR cycles included initial
denaturation at 94°C for 5 min, followed by a
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touchdown PCR protocol contains: 20 cycles of
94ºC for 30S, 65-55°C (decreased 0.5°C per cycle)
for 30S, 72ºC for 30S, and 15 cycles of 94ºC for 30S,
55°C for 30S, 72ºC for 30S and finally 72°C for 10
min. PCR products were checked for the expected
size on 2% agarose gel with ethidium bromide under
UV light.
DGGE

DGGE was performed using 8%
polyacrylamide (37.5: 1, acrylamide: bisacrylamide)
denaturing gel containing a 40-60% gradient (2.8
M urea/16% formamide to 4.2 M urea/24%
formamide). About 25 ìl of PCR products were
applied on the denaturing gradient gel and the gel
was then electrophoresed in 1X TAE buffer (40
mM Tris base, 20 mM acetic acid, and 1 mM
disodium EDTA, pH 8.3) at 60°C for 17 h at a
constant voltage (100V) by using the DCodeTM
Universal Mutation Detection System (Bio-Rad
Laboratories, Hercules, CA, USA). After the
electrophoresis, the gel was silver stained based
on the protocol reported by Hwang et al. (2005)28.
Analysis of the DGGE profiles

GelCompar II 6.6 software was used for
analysis of DGGE gel image. After removing of
background intensity from lanes, the software
performed a density profile through profiles,
detected individual bands, and matched bands with
the same position in different profiles.

Statistical procedures, except DGGE gel
imaging, were carried out with IBM SPSS software.
Means comparison, least significant differences
(LSD) of 5% level, were calculated by a one-way
ANOVA. Pairwise comparisons were performed
using the Gabriel/Welsch’s multiple range test29.
Three different ways were used for estimating of
bacterial community composition in the soil
samples with GelCompar II 6.6 software: species
richness (the number of bands present), species
evenness or relative band intensity (Pielou’s
evenness index) and species diversity (Shannon
Wiener diversity index). Shannon- Wiener index

was calculated according to the formula based on
the relative band intensities as (H) = “Ó Pi ln Pi =
“Ó (Ni/N) ln (Ni/N). Pi was defined as Ni/N, where
Ni is the area of a peak in intensity and N is the
sum of all peak areas in the lane profiles11. Cluster
analysis of the DGGE profiles was performed using
the GelCompar II 6.6 software. The similarity in the
profiles of the bands was calculated on the basis
of the Dice similarity coefficient with the UPGMA
(Unweighted Pair-Group Method with Arithmetic
Mean) clustering algorithm30.

RESULTS

Physicochemical properties of soils
Three neighboring land use types were

on the same edaphoclimatic conditions.
Farm and orchard lands had the same

textural class of soil (loamy sand) while shrub land
contained sandy soil. The mean value of soil
organic carbon was highest in orchard land
(0.086%) and reduced to 0.043% and 0.030% in
farm and shrub lands, respectively. The mean value
of pH in shrub land soils (8.17) was higher than
those of farm (7.96) and orchard land soils (7.70).
However, the highest and lowest percentage of
CaCO3 in soil observed in farm (5.50%) and orchard
lands (3.86%), respectively. In conclusion, results
indicated the effects of land use on the selected
physicochemical properties of soils.
Total DNA extraction

The total DNA was successfully purified
from soil samples and was thus appropriate for the
following PCR amplification. The results obtained
from Nano drop showed that the means of total
DNA yield were 32, 14 and 6.7 ng/ul in orchard,
farm and shrub lands, respectively.
16S rRNA gene-based PCR products

As shown in figure 1, PCR amplification
of V3 region of 16S rDNA fragments from the soil
samples of three land uses produced a clear (<“230
bp) band against a 1kb ladder.

Table 1. The means of calculated diversity indices (Shannon–Wiener diversity
index, species richness and Pielou’s evenness index) from DGGE banding patterns

Land use Shannon–Wiener diversity index Species richness Pielou’s evenness index

Orchard land (OL) 1.49a 39.67a 0.927a

Farm land (FL) 1.55a 45.33b 0.937a

Shrub land (SL) 1.35b 33.33c 0.909a
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The product of this PCR amplicon was
used for separation of different 16S rDNA
nucleotide sequences by the DGGE technique.
DGGE profiles of 16S rRNA gene-based PCR
products

To assess the structural diversity of soil
bacterial communities, DGGE banding patterns of
V3 region of 16S rDNA amplified with primers
GC341F and 534R were used. As shown clearly in
Fig. 2, DGGE fingerprints of bacterial 16S rDNA
amplicons from soils of the different land uses
contained some common bands to all profiles while
different bands observed with respect to relative
band intensity. However, banding patterns among
the replicate samples from the same land use were
highly repetitive. A greater number of weaker, clear
and unclear bands observed in the background
showed the complex structure of bacterial
communities in soil samples29.

Cluster analysis of the DGGE banding
patterns based on unweighted pair-group method
with arithmetic means (UPGMA)30 indicated that
the rates of similarity of the total genomic diversity
among the nine soil samples collected from three
land use types were 68.5%. Number and similarity
of bands observed in each profile with respect to
other profiles is the basis of this analysis.
Therefore, in order to evaluate the structure of the
bacterial communities among the soil samples, the
obtained clusters which are the indices of similarity
or dissimilarity16 were used.

In general, results indicated that
dominant bacterial communities had different
structures and the three soil samples from every
land use formed a separate cluster (fig. 2). The
cluster I consists of 16S rDNA bands derived from
the orchard land that had the minimum similarity
index of 74.04%, while the three soil samples of
farm and shrub lands formed the clusters II and III,
respectively. Soil samples from farm land had
greater similarity with each other (shared at least
80.09% similarity) compared to those from the shrub
land (76.89% similarity).
The statistical analysis of diversity indices

For evaluating the significant differences
in diversity indices resulted from DGGE banding
patterns, one-way ANOVA was used. The results
of analysis showed that the values of species
richness (the number of bands present) and
Shannon–Wiener diversity index were significantly

Fig. 1. PCR amplification of V3 region of 16S rDNA
fragments (~230 bp) on 2% agarose gel. Numbers 1, 2
and 3 represent replicate samples in farm land (FL),

orchard land (OL) and shrub land (SL). M: DNA size
marker (100 bp) (DENAzist Asia Co. Iran)

Fig. 2. DGGE profiles of PCR-amplified V3-16S
rDNA variable region products generated from soil
samples obtained from farm land (FL), orchard land

(OL) and shrub land (SL). Numbers 1, 2 and 3
represent replicate samples. M (bacterial 16S rDNA

marker): a mixture of PCR amplified 16S rDNA
fragments from bacterial species of Pseudomonas

putida, Bacillus subtilis, Escherichia coli, Klebsiella
pneumonia, Proteus mirabilis, Pseudomonas

aeruginosa, Acinetobacter baumannii, and Salmonella
enterica serovar Typhi. Comparative DGGE analysis
were made by using Dice similarity coefficient based

on UPGAMA cluster analysis (n = 3)
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(pd”0.05) different among different types of land
use. Pairwise comparisons indicated that the mean
of species richness in the profiles of the shrub
land (33.33) was significantly lower than those of
farm (45.33) and orchard (39.67) lands. However,
the mean of Shannon–Wiener index in the profiles
of the shrub land (1.35) was significantly lower
than those in the farm (1.55) and orchard (1.49)
profiles. However, compared to the orchard, the
farm profiles showed higher, but not significant
difference. Statistical analysis of species evenness
(Pielou’s evenness index) showed that land use
did not have significant effect on bacterial
evenness (table 1).

DISCUSSION

Because of the complex matrix and
physiochemical characteristics, soils are believed
to be among the most difficult environments to
work31. These specific properties and surplus
methodological challenges create several critical
topics for soil metagenomics studies that may
misrepresent the real microbial diversity from such
soils, and therefore, influence our understanding
about the structure and function of soil microbial
communities32. Soil sampling is the first issue to
be considered33. In our study, the three neighboring
land uses located in one geomorphologic unit
(alluvial plain) were selected in order to show that
the discrepancies in soil properties are land use-
based differences.

The DNA band pattern acquired by DGGE
can be used as a semi-quantitative evaluation of
bacterial diversity19; therefore it was used to
evaluate the diversity of soil bacterial community
under various land use types in arid region of the
Jiroft County, southeastern Iran.

The different banding patterns observed
in the soil bacterial DNA profiles, with many low-
intensity and closely-spaced bands interspersed
with a few bright dominant bands, were probably
the result of high heterogeneity existed in extracted
DNA, showing the complexity of the bacterial
community composition 22.

The similarity observed in the band
profiles of the replicate samples from the same land
use indicated that there were greater differences
regarding the structure of bacterial population
between the different land uses than within the

same one29. Furthermore, there were clear structural
shifts between agricultural (farm and orchard) and
shrub land soils. Under the conditions of using
directly isolated soil DNA, which was the same as
our research, Crecchio et al. (2004)34 reported the
same type of banding pattern on responses of soil
microbial community to different management
practices. They suggested that the presence of
bright bands perhaps indicated that a limited
number of dominant and ecologically well-adapted
bacterial types existed in the soil. On the other
hand, the numerous light bands possibly showed
that abundant populations characterized each
soil34.

Based on the results, these soils
contained highly complex fingerprints, and thus
accurate calculation of the total number of bands
was rather impossible. DGGE fingerprinting is
known to determine only the predominant members
in a community so it does not show the full
complexity of the system35. In fact, community
fingerprint data cannot provide an accurate
estimate for evaluation of diversity indices in
complex communities14. Therefore, the bands
obtained from a DGGE gel in this study were
considered as the dominating bacterial members
in the soils of the studied area1.

We in cluster analysis observed a
separate cluster for each land use concluding that
land use type could have significant effect on the
soil bacterial community.

This could be due to many factors
interacting with each other, for example, the soils
being covered with different types of plants36-37.
Other difference between the three land uses might
be related to the quality and quantity of
rhizodepositions16.

The difference in bacterial communities
between cultivated lands (orchard and farm) and
shrub land might be partly the result of land
management applied in cultivated lands37. The idea
that soil management practices and several
environmental factors affect the structure of soil
microbial community has been reported by many
researchers. For example, a study conducted by
Bossio et al. (2005)20 showed that DGGE analysis
of amplified 16S rDNA fragments revealed different
structures in microbial community based on
different soil management practices. Moreover,
Marschner et al. (2001)36 studied the effects of five
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different treatments on soil bacterial and eukaryotic
community structures and showed that different
treatments caused great changes in both structures,
especially in soil containing low organic C content.
Additionally, the pH of soil in cultivated lands was
lower than that of studied shrub land, which could
be attributed to the long-term application of
chemical fertilizers causing a decline in the pH of
soil38-39. As several researches stated, the structures
of soil microbial community were largely determined
by soil pH40-41. Therefore, soil pH could be another
driving factor changing structures of bacterial
community between studied shrub land and
cultivated lands.

According to our results, there was
significant difference in Shannon-Wiener diversity
index and species richness (the number of bands
present) but not in species evenness (Pielou’s
evenness index) in soil bacterial communities
across three land use types. Based on the Shannon-
Wiener index, it was found that farm and orchard
lands reflected greater diversity compared to shrub
lands. Pairwise comparisons separated shrub land
bacterial communities from those of orchard and
farm lands, although no difference was found in
pairwise comparisons of the communities between
orchard and farm lands. Because of a relatively
low average annual precipitation (140 mm) in arid-
region of Jiroft County, cultivated lands (citrus
orchard and field crops) indicated the greater
influences on soil bacterial communities compared
to shrub land. Our results are close to the results
reported by Koberl et al. (2011)42 in arid soils of
Egypt, where they concluded that the diversity of
bacterial communities in agricultural land was
higher than in desert land.

Several studies have reported that
various land uses changed soil microbial diversity.
For example, comparing the effects of long-term
usage of manure and chemical fertilizers on soil
bacterial community structure, Sun et al. (2004)43

found that the number of DGGE band in NPK-
treated soil was significantly lower than that in
manure-treated soil and in conclusion claimed that
bacterial community structure diversity revealed a
significant decrease by application of chemical
fertilizers. Moreover, Waid (1999)44 claimed that
vegetation type, quantity and chemical
compositions might be really effective in
determining the diversity of soil microbial

community.
In overall, most of the researchers

expressed that vegetation type is an important
factor in determining soil microbial community
diversity36,45-48.

CONCLUSION

The structural diversity of soil bacteria
communities in the studied arid-region of
southeastern Iran has been affected by a
combination of long-term land use and soil
physicochemical characteristic. Based on our
findings, there were significant differences in the
number of bands observed on DGGE and diversity
index among three neighboring land use types, so
that each land use had different predominant
bacteria.

As a relatively simple and cost-effective
method for determining structural diversity of soil
bacterial communities, PCR-DGGE was used
successfully for classification of multiple soil
samples in the three land use types.

This study reports, for the first time, a
comparative analysis of the changes in the soil
bacterial diversity associated with land use types.
The current study can provide a starting point for
further investigations leading to a better
understanding of the effect of land use changes
on soil microbial communities in arid regions of
the Iran.
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