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Abstract Community level physiological profiling and
pyrosequencing-based analysis of the V1-V2 16S rRNA gene
region were used to characterize and compare microbial com-
munity structure, diversity, and bacterial phylogeny from soils
of chemically cultivated land (CCL), organically cultivated
land (OCL), and fallow grass land (FGL) for 16 years and
were under three different land use types. The entire dataset
comprised of 16,608 good-quality sequences (CCL, 6,379;
OCL, 4,835; FGL, 5,394); among them 12,606 sequences
could be classified in 15 known phylum. The most abundant
phylum were Proteobacteria (29.8%), Acidobacteria
(22.6%), Actinobacteria (11.1%), and Bacteroidetes (4.7%),
while 24.3% of the sequences were from bacterial domain but
could not be further classified to any known phylum. Proteo-
bacteria, Bacteroidetes, and Gemmatimonadetes were found
to be significantly abundant in OCL soil. On the contrary,
Actinobacteria and Acidobacteriawere significantly abundant
in CCL and FGL, respectively. Our findings supported the
view that organic compost amendment (OCL) activates di-
verse group of microorganisms as compared with convention-
ally used synthetic chemical fertilizers. Functional diversity
and evenness based on carbon source utilization pattern was
significantly higher in OCL as compared to CCL and FGL,
suggesting an improvement in soil quality. This abundance of
microbes possibly leads to the enhanced level of soil organic
carbon, soil organic nitrogen, and microbial biomass in OCL
and FGL soils as collated with CCL. This work increases our
current understanding on the effect of long-term organic and

chemical amendment applications on abundance, diversity,
and composition of bacterial community inhabiting the soil
for the prospects of agricultural yield and quantity of soil.

Introduction

Soil microorganisms are highly diverse and abundant organ-
isms on earth; 1 g of soil may contain billions of microbes
with thousand of different species [48]. These microbes play a
pivotal role in the decomposition of plant and animal organic
matter for plant growth and soil structure and fertility. Several
biotic or abiotic factors lead to the alteration of microbial
community structure and composition which may directly or
indirectly influence the soil ecosystem, nutrient cycle activity,
and crop production [7, 32, 43, 52]. In addition, anthropogenic
intervention for the management and treatment of soil via
pesticide [17], chitin [16], compost, manure [14, 41], or ge-
netically modified microorganism and plant [5] also influence
microbial diversity. Thus maintenance of microbial diversity
and composition is very important for the sustainable agricul-
tural production. Soils under organic farming (compost and
green manure) have better quality and microbial activity [32]
due to crop rotation and reduced application of synthetic
nutrients and pesticides in organically managed soil [42, 51].
Chemical fertilizers (nitrogen, phosphorus, and potassium)
enhance crop yield but also bring alteration in soil properties,
functional diversity in microbial population, and their enzy-
matic activities [19, 20]. The long-term experiments demon-
strated that initial restoration successes may be transient, so
monitoring after long term is crucial for restoration experi-
ments, especially when results can be influenced strongly by
time effects [24]. Several studies have been made to evaluate
how the application of fresh and composted organic wastes
modifies the structure, size, and activity of soil microbial
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community [2]. Although long-term impact of chemical fer-
tilizers on soil microbial biomass and diversity is not well
documented, it has been shown that chemical fertilizers could
increase the soil microbial biomass C and N [15, 45], as well
as no significant change in the microbial characteristics of the
soil [24]. Zhong and Cai [53] suggested that changes in
microbial parameters are correlated with the soil organic car-
bon content and not to the application of P and N. Evidences
linking direct impact of chemical fertilizers on microbial
diversity function and phylogeny are not so evident [53].

In the current study, we have compared microbial commu-
nity structure, diversity, and bacterial phylogeny in chemically
cultivated land (CCL), organically cultivated land (OCL), and
an adjacent land left as fallow grassland (FGL), where no
cultivation have been practiced in last 16 years. OCL under
organic farming was fortified annually with composted organ-
ic manure (primarily of cow dung) and no tillage and no crop
residues were removed for the same period of time, whereas in
CCL, chemical fertilizers in form of nitrogen, phosphorus, and
potassium were applied. State of the art technology, commu-
nity level physiological profiling (CLPP), and recently devel-
oped 16S rRNA gene-based high throughput sequencing (454
pyrosequencing) were employed to understand the functional
microbial diversity and underlying phylogenetic changes in
response to long-term use of chemical and organic fertilizers
into the farm soil.

Materials and Methods

Site Description and Soil Sampling

Soil samples were collected from three different fields: (1)
treated with chemical fertilizers (CCL); (2) OCL; and (3)
untreated for past 16 years (FGL), of Dorli village of Yavatmal
District (19.26′ and 20.42′ N, 77.18′ and 79.9′ E) of Mahara-
shtra State of India. Maximum and minimum temperature
ranges between 45.6°C and 5.6°C, with mean annual rainfall
of 10,566mm. Due to soil degradation processes such as wind
and water erosion, organic matter decline, soil compaction,
and soil fertility loss occur rapidly in these areas because of
high temperatures and low and irregular precipitation. The
region is prone to recurring droughts. Crops grown in the
Yavatmal District depend on natural precipitation and there-
fore, mainly grain legumes are cultivated.

OCL received about 20 tons of composted cow manure per
hectare. Thus natural grassland was converted to cropland
growing grain legume crops under organic management. No
tillage and crop residue removal been practiced since the past
16 years. Adjacent land of 1- ha size was left uncultivated for
permanent FGL, as described earlier [32]. In CCL, chemical
fertilizers were applied in form of elements of nitrogen, phos-
phorus, and potassium in 60:30:30 kg/ha ratio, respectively.

The fertilizers were applied annually for the past 16 years.
Within each from CCL, FGL, and OCL, four 10×10-m areas
were selected for uniform topology and soil type. Soil samples
were collected randomly from three places, at the depth of
15 cm, in each of the four selected areas in October 2010.
Three samples collected from four areaswere randomlymixed,
and the composite was considered as the three replicates for
analysis. Soil samples were kept in plastic bags on ice and
transported to the laboratory and stored at 4°C. All the biolog-
ical assays were conducted within 48 h. Soil samples were
sieved to pass 2-mm round-holed sieve. Visible organic matter
was removed before analysis, and the residual soil was air-dried
for chemical analysis.

Soil Analysis

Physical and chemical properties of soil were determined as
described by Marinari et al. [29]. Organic carbon was deter-
mined by dichromate oxidation [33]. Total available nitrogen
was determined by Kjeldahl method [3]. Total available P
(w/v) and K (w/v) were analyzed by extracting 5 g soil with
50 ml 2 M KCl, 100 ml 0.5 M NaHCO3, and 50 ml 1 M
NH4OAc, respectively [35]. Microbial biomass C was deter-
mined by chloroform fumigation extraction method, using
0.5 M K2SO4 as extractant [22]. Soil was preconditioned by
spreading between the two polythene sheets for an overnight
period. It was then transferred to polythene bags and incubat-
ed for 7 days at 25°C in an air-tight container which contained
two vials, one with 20 ml distilled water to maintain 100%
relative humidity and other with soda lime to absorb CO2. The
cover of the container was opened for a fewminutes every day
for the aeration. The soil was taken out after 1 week andmixed
thoroughly for analysis of microbial biomass C by the fumi-
gation extraction method as described above.

Cultivable Microbial Population

The microbiota in CCL, OCL, and FGL soils was deter-
mined by the culture enrichment technique [32]. The total
microbial counts were determined using nutrient agar for
bacteria, Kenknight and Munaier’s medium for Actinomy-
cetes spp., and Rose Bengal Chloramphenicol agar (HI-
MEDIA Laboratories Pvt., Ltd., Bombay, India) for selective
isolation of fungi.

Microbial Metabolic Diversity Using Biolog

Biolog ECOGN2 andMT plates (Biolog, Inc., Hayward, CA,
USA) were used to determine the community level functional
profiling based on carbon source utilization pattern for CCL,
FGL, and OCL soil samples. The Biolog MT plates were
prepared using the manufacturer’s instructions (Biolog Inc.,
Hayward, CA 94545, USA). Individual 1-g soil samples were
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shaken in 9 ml of sterile saline MQW (0.85% NaCl) for 2 h
and then made up to a final dilution of 10−2. After incubation,
150 μl of the sample was inoculated in each well of Biolog
Eco and MT plates and incubated at 30°C. The rate of utili-
zation is indicated by the reduction of tetrazolium, a redox
indicator dye, which changes from colorless to purple. Data
were recorded for day 1–14 at 590 nm. Microbial activity in
each microplate expressed as average well color development
(AWCD) was determined as described by Garland [12]. Di-
versity and evenness indexes and principal component analy-
sis (PCA) was performed on the seventh day data divided by
the AWCD [11]. Statistical analyses were performed using
SPSS 16.0 and Statistica 7.0.

DNA Extraction and Pyrosequencing

Ultra Clean™ Soil DNA Isolation Kit (MoBio, Solana Beach,
CA, USA) was used to isolate the DNA from CCL, FGL, and
OCL soil samples according to the manufacturer’s instructions.
Variable region V1-V2 for 16S rRNA gene was amplified by
using 27 F and 338R composite primers [8, 48]. Unique 10
base identifiers (AGACTATACT for CCL, AGCGTCGTCT
for FGL and AGTACGCTAT for OCL, respectively) were
used to tag PCR product.

Replicate PCR reactions were performed for each sample;
reaction mixture consists of 1 μl (10 pmol/μl) of each primer,
40 ng of DNA, 1 μl of dNTPs mix (10 mM stock), 1 unit of
Phusion hot start II high-fidelity DNA polymerase, and 10 μl
of 5× Phusion HF buffer. Final volume of reaction was ad-
justed to 50μl by adding PCR-grade water. Amplification was
performed using an initial denaturation of 3 min at 98°C
followed by 30 cycles, denaturation at 98°C for 10 s, anneal-
ing at 55°C for 20 s, and elongation at 72°C for 30 s. Final
extension was at 72°C for 10 min. Amplified products were
run on agarose gel; specific bands were excised and amplicons
were purified byQiagen gel purification kit. Concentrations of
eluted and purified amplicons were measured by Quant-iT
PicoGreen dsDNA Assay Kit (Invitrogen). Equal amount of
PCR products were mixed in a single tube and sequenced
using Roche 454 titanium chemistry.

Analysis of Sequences

After pyrosequencing, all sequence data were screened and
filtered for quality and length using PERL script [13]. Sequen-
ces were trimmed and binned by samples using the unique 10
base identifiers as stated above. Sequences failing following

Table 1 Physicochemical and microbial properties of soils samples from chemical cultivated land (CCL), fallow grass land (FGL), and organically
cultivated land (OCL)

CCL FGL OCL

pH 8.00 6.50 7.80

Texture Deep black granular
sandy loam

Dark brown granular
sandy loam

Black granular
sandy loam

Soil EC 0.23 0.80 0.40

Total available potassium (kg/ha) 134.97 158.32 848.78

Total available phosphorus (kg/ha) 7.53 18.28 40.23

Total available nitrogen (kg/ha) 188.16 200.70 288.51

Organic carbon (%) 0.38±0.05 0.47±0.02 1.03±0.02

Microbial biomass carbon (μg gm−1 of dry soil) 146.47±8.39 149.36±10.07 228.16±3.65

Readily mineralizable carbon (μg gm−1 of dry soil) 106.87±2.45 108.37±5.36 184.24±1.67

Microbial population (log CFU g−1 soil)

Bacteria 4.66 4.37 5.16

Fungi 2.26 2.30 2.49

Actinomycetes 3.28 4.22 4.82

Table 2 Diversity and related evenness indices based on carbon sub-
strate utilization pattern for soils samples from chemical cultivated land
(CCL); fallow grass land (FGL) and organically cultivated land (OCL)

Diversity
measures

CCL FGL OCL

Shannon
diversity index

4.308±0.027b 4.090±0.050a 4.545±0.001c

Shannon
evenness

0.940±0.004b 0.921±0.003a 0.981±0.000c

McIntosh
diversity index

0.973±0.003b 0.948±0.006a 0.991±0.000c

McIntosh
evenness

0.972±0.002b 0.957±0.004a 0.992±0.000c

Simpson
diversity index

0.994±0.001b 0.988±0.002a 0.998±0.000c

Different letters showing significant difference at P00.05 using Waller
Duncan test

CCL chemically cultivated land, FGL furrow grassland, OCL organi-
cally cultivated land
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quality criterion like not having perfect match with 10 base
identifier sequences or specific primers were excluded for
further analysis: less than 200-bases long reads, quality score
less than 20, having any ambiguous base, and sequences with
more than six homopolymers. Subsequently, chimeric sequen-
ces were removed by MOTHUR chimera slayer command
[38]. Sequences were classified by RDP classifier tool [49]
with 50% confidence threshold as recommended for short
sequences. Sequences were grouped into species- (≥97% sim-
ilarity), genera- (≥95% similarity), family- (≥90% similarity),
and phylum (≥80%)-level phylotypes [39] by usingMOTHUR
[40]. Shannon and Simpson diversity indices and shared phy-
lotypes were also calculated by MOTHUR [40] at every level
(species to phylum) of phylotypes. Sequence libraries were
compared pairwise by RDP Library compare tool [49]. Over
all differences in bacterial composition in three libraries were

tested by ∫-Libshuff implemented in MOTHUR [40]. The two
librarieswere considered to be significantly different from each
other if the lower of the two P values generated by ∫-Libshuff
was below or equal to the critical P value. The two libraries
were considered to be significantly different from each other if
the lower of the two P values generated by ∫-Libshuff was
below or equal to the critical P value [39].

Results

Physicochemical and Microbial Analysis

In order to analyze the influence of fertilizers fortification on
soil physicochemical properties, microbial population and
enzymatic activities are summarized in Table 1. Soil samples
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Figure 1 Categorized carbon
substrate utilization pattern of
soil samples from chemical
cultivated (CCL), fallow
grass land (FGL), and
organically cultivated land
(OCL) using Biolog Eco and
GN2 plates after 7-day
incubation at 28°C. Bars with
the same letter are not signifi-
cantly different (at P<0.05)
using Waller Duncan test

Figure 2 Additional 11 substrate utilization patterns of soil samples
from chemical cultivated (CCL), fallow grass land (FGL), and organically
cultivated land (OCL) using Biolog inMT plates after 7-day incubation at

28°C. Bars with the same letter are not significantly different (at P<0.05)
using Waller Duncan test
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from three plots were deep black granular sandy loam in CCL,
dark brown granular sandy loam from FGL, and black gran-
ular sandy loam from OCL. Results of this study demonstrate
that total organic C content in OCL soil was about 2.71 and
2.19 times higher compared to the CCL and FGL soils,
respectively. Microbial population (heterogeneous bacteria
and actinomycetes) was also significantly higher in OCL
compared to CCL and FGL soil which was further confirmed
by higher microbial biomass carbon content in OCL soil
which was approx. 1.5 times higher compared to CCL and
FGL soils (Table 1). High inputs of cow manure and crop
residues in the OCL resulted in significantly enhanced total
available nitrogen, phosphorus, and potassium compared with
FGL and CCL soils (Table 1).

Community Level Physiological Profiling of CCL, FGL,
and OCL Soil Samples

Functional diversity and community structure of CCL, FGL,
and OCL soils were measured by Biolog ECO and GN2
plates. Based on carbon source utilization pattern, Shannon,
McIntosh, and Simpson diversity indices and related evenness
were calculated, and results demonstrate that the highest di-
versity and evenness were recorded in OCL soil samples
followed by CCL and FGL (Table 2). Results from catego-
rized carbon source utilization pattern clearly demonstrate that
amino acids, carbohydrates, and polymers were maximum
utilized by OCL, while carboxylic acids were efficiently uti-
lized by CCL soil. Amines and amides were utilized equally
by CCL and OCL, whereas FGL utilizes miscellaneous car-
bon substrates more efficiently among other categories
(Fig. 1). Data from Biolog MT plates for specific carbon
source utilization pattern demonstrated that pectin, chitin,
cellulose, starch, and phytic acid were utilized significantly
higher by microflora of FGL as compared to CCL and OCL
soil samples, whereas urea, lignin, p-nitrophenol, and gluta-
mine as carbon substrate were utilized significantly higher by
OCL as compared to FGL and CCL soil samples (Fig. 2).
Principal component analysis was performed on carbon source
utilization pattern of CCL, FGL, and OCL soil samples to
describe the characteristics of samples which will help to
understand their distribution and clustering. In clustering
among the three soil samples, they were distributed separately
among each other at 59.89% and 21.76% on the PCAvectors 1
and 2 axes (Fig. 3). FGL and CCL soil are closer to each other
on this axis, while OCL was very distinct, indicating marked
differences in the bacterial community structure.

Phylogenetic Assignment and Bacterial Community
Structure of CCL, FGL, and OCL Soil Samples

Pyrosequencing results of 16S rRNA gene sequencing were
used to assign the phylogenetic position and community

structure for CCL, FGL, and OCL soil samples. For our present
study, we have used the V1-V2 region of 16S rRNA gene to
evaluate the bacterial community structure by using high
throughput pyrosequencing. A total of 20,132 sequences were
obtained for three soil samples, after quality control of 16,608
sequences were recovered belongs to 6,379, 4,835, and 5,394
sequences for CCL, OCL, and FGL, respectively. Among the
three samples, these sequences were classified in 15 known
phylum and distributed as Proteobacteria (29.8%), Acidobac-
teria (22.7%), Actinobacteria (11.1%), Bacteroidetes (4.7%),
Gemmatimonadetes (3.4%), Firmicutes (1.1%), Chloroflexi
(0.8%), Cyanobacteria (0.6%), TM7 (0.4%), Nitrospira
(0.4%), Verrucomicrobia (0.3%), WS3 (0.2%), OP10 (0.2%),
Planctomycetes (0.1%), and OD1 (0.01%), while 24.3%
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Figure 3 Principal component analysis based on carbon source utilization
pattern by CCL, FGL, and OCL soil bacterial communities after 7-day
incubation at 28°C. A total of 126 carbon substrate from Biolog Eco and
GN2 (31 and 95 carbon substrate) were used in analysis
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sequences were unclassified using Ribosomal database (http://
rdp.cme.msu.edu/classifier/classifier.jsp). Most abundant phy-
lum Proteobacteria is further distributed in five subphylum
Alphaproteobacteria (40.7%), Betaproteobacteria (23.0%),
Deltaproteobacteria (11.7%), Gammaproteobacteria (11.2%),
and unclassified Proteobacteria (13.3%).

To compare the taxonomic differences among the CCL,
OCL, and FGL soil samples, 16S rRNA gene libraries were
pairwise compared by RDP library compare tool. This tool
combines a rapid taxonomic classifier (Naïve Bayesian clas-
sification) with a statistical test to flag taxa significantly
different between two libraries. Gram-negative phyla Pro-
teobacteria (30.1%, 35.1%, and 24.17% in CCL, OCL, and
FGL, respectively), Bacteroidetes (4.7%, 6.1%, and 3.1% in
CCL, OCL, and FGL, respectively), and Gemmatimona-
detes (2.4%, 5.4%, and 2.4% in CCL, OCL, and FGL,
respectively) were found to be significantly abundant (P<
0.01) in OCL compared to FGL and CCL soils. On the other
hand, Actinobacteria were significantly abundant (P<0.01)
in CCL in comparison to FGL or OCL soil. About 18.3%
Actinobacteria were observed in CCL soil, while in FGL
and OCL, presence was only 12.0% and 2.9%, respectively
(Fig. 4). Other main phyla Acidobacteria was found to be
significantly abundant in FGL soil (30.0%) in comparison to
CCL (17.8%) and OCL (20.5%). Significant differences in
other minor phyla like TM7, Chloroflexi, Firmicutes, Nitro-
spira, Planctomycetes, Cyanobacteria, and OD1 were also
observed.
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Table 3 Comparison for significance of 16S rRNA gene libraries
community profile using ∫-Libshuff for soils samples from chemical
cultivated land (CCL), fallow grass land (FGL), and organically cultivated
land (OCL)

Comparison dCXY score P value

CCL–FGL 0.00575943 <0.0001

FGL–CCL 0.00200391 <0.0001

CCL–OCL 0.00644974 <0.0001

OCL–CCL 0.00249891 <0.0001

FGL–OCL 0.00519612 <0.0001

OCL–FGL 0.00609957 <0.0001

The critical P value for three clone libraries is 0.0085, family-wise
error rate 0.05
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(20%) level for three soil samples from chemical cultivated (CCL), fallow grass land (FGL), and organically cultivated land (OCL)
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Summary and Diversity Measures of CCL, FGL,
and OCL Soil Samples

Rarefaction analysis of bacterial communities derived from
CCL, FGL, and OCL soil samples are depicted at 3% (spe-
cies), 5% (genera), 10% (family), and 20% (phylum) dissim-
ilarity in Fig. 5. At 20% genetic distance, almost all curves
showed saturation, indicating that the surveying effort covered
almost the full extent of taxonomic diversity at phylum level
while at family, genera, and species level we need more
sequencing efforts. At species level, maximum number
2,389 operational taxonomic units (OTUs) were recorded
from OCL soil samples followed by 2,243 and 2,233 for
CCL and FGL samples, respectively. Rarefaction of the soil
samples did not reach saturation level for species, genera, and
family even after retrieval of more than 4,800 sequences.
Good’s query coverage among these samples ranges 68.7–
80.6% for species, 78.2–87.7% for genera, 92.3–96.2% for
family, and 99.3–99.7% for phylum level. Variation in Good’s
query coverage may be due to the number of sequences
obtained from individual sample, and number of sequences
at any given phylogenetic level is strongly affected by the
number of sequences analyzed [39]. Simpson diversity index

were recorded highest in OCL samples followed by CCL and
FGL at all calculated phylogenetic levels. Shannon diversity
index, species observed (Sobs), non-parametric estimators of
diversity (Chao1), and abundance (Ace) values have not
shown similar pattern as obtained by number of OTUs and
Simpson diversity index (Table 4).

Comparison of Bacterial Community Structure of CCL,
FGL and OCL Soil Samples

∫-Libshuff analysis was performed in order to estimate the
differences or similarities among the community structure of
CCL, FGL, and OCL soil samples. Pairwise comparison of
these libraries was found to be significantly different (P<
0.0001) from each other in both the direction (X vs. Yand Y
vs. X) and results are summarized in Table 3. Shared species
among the CCL, FGL, and OCL soil samples were repre-
sented by Venn diagram, and results clearly demonstrated
that 302 species were common for all three soil samples at
0.03 distances, while there were 361 species common for
CCL and FGL, 159 species for FGL and OGL, and 332 for
OCL and CCL (Fig. 6).

Figure 6 Venn diagram
(at distance 0.03) showing
shared and unique genera
identified in 16S rRNA gene
sequences recovered from
bar-coded pyrosequencing
reads of soil samples from
chemical cultivated land
(CCL), fallow grass land
(FGL), and organically
cultivated land (OCL)
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Discussion

Community-level physiological profiling and 16S rRNA
gene-based approaches have been used extensively to study
the microbial communities in various habitats [21, 30, 32,
37, 42, 46]. In present study, we have showed that compared
to OCL or FGL soil samples, microbial activities and diver-
sity are significantly reduced in chemical fertilizer-managed
soil (CCL). Organic manure has significant impact on the
biomass C and the activity, compared with mineral fertil-
izers [4]. Application of organic amendments to soil not
only increases the total organic carbon content and its dif-
ferent fractions but also has a series of effects on microbial
proliferation and activity [2]. Several studies have reported
that enzyme activities in the soil are related to the organic
matter and microbial biomass [25, 31, 44].

The application of cow dung to improve the crop yield
has been indicated since the time of Kautilya (c. 300 BC),
which was later continuously followed by Indian farmers in
various ways [34]. Swain and Ray [47] has reported some
plant growth promoting rhizobacteria isolated from cow
dung; our result supported the view that cow dung compost
amendment (OCL) activates comparatively more microor-
ganisms than conventionally used chemical fertilizers. This
higher activity of microbes possibly leads to the enhanced
soil organic carbon, soil organic nitrogen, and microbial
biomass in OCL and FGL soil compared to CCL as shown
in Table 1.

We observed a collapse of microbial functional diversity in
CCL soil compared to OCL, which is in accordance with
earlier findings, showing higher biodiversity and fertility in
organic plots [28]. In recent study, our group have also shown
shift in functional microbial diversity, during the conversion
of FGL to OCL, and the improvement of soil health due the
enhancement of microbial functional diversity by using CLPP
approach [32]. Biolog-based functional diversity and even-
ness indices were reported higher in OCL as compared to FGL
and CCL soil samples. Principal component analysis based on
carbon source utilization pattern of CCL, FGL, and OCL soil
samples clearly reflect that functional diversity in CCL and
FGL was more similar as compared to OCL. Earlier also, we
have reported that organically cultivated land compared with
fallow grass land soil has significantly higher diversity indices
and evenness [32].

We compared 16S rRNA gene sequences generated by
high throughput pyrosequencing; this technique provides a
deeper insight of microbial community description with a high
level of accuracy (Table 4) [9, 18]. Soil bacterial diversity is
enormously high, and most of the bacterial taxa are rare and
may represents up to 37% of total bacterial load [6]. As
expected rarefaction curves did not reached plateau at any
level of phylotypes, although analyzed datasets consist of
minimum of 4,800 sequences per samples in this study. T
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Lauber et al. [26] also observed the similar pattern with about
1,000–2,000 sequences per soil samples.

In our study, we have observed diminished microbial di-
versity in OCL soil in 16S rRNA gene-based analysis. Earlier
pyrosequencing technique has revealed that microbial diver-
sity is under the influence of the nature of ecosystem; soil from
agricultural land and forest has different bacterial diversity
whereas soil contaminated with heavy metal has reduced
bacterial diversity [10]. Recently, Wu et al. [50] demonstrated
that abundance and composition of bacterial communities
were not sensitive to inorganic fertilization while significantly
affected by applying inorganic fertilizers with rice straw by
using T-RFLP and 16S rRNA clone library. Similar to these
results in the present study, direct negative effect of chemical
fertilizer on bacterial diversity was observed and differences
in observations are may be likely due to the different method-
ological approach and relatively deep mining of bacterial
communities using 454 pyrosequencing.

In addition to reduced bacterial functional and phylogenet-
ic diversity, a distinct shift of Gram-negative and Gram-
positive bacterial phyla was observed in CCL, FGL, and
OCL soil samples. The higher abundance of Gram-negative
phyla Proteobacteria, Bacteroidetes, and Gemmatimonadetes
was recorded in OCL soil samples as compared to FGL and
CCL; similar to these results, abundance of Gram-negative
bacterial phyla were reported higher in control soil (where no
chemical fertilizer was amended) and compost-amended soil
in comparison to chemical fertilizer-treated soil has been
shown by fatty acid methyl ester and phospholipid fatty acid
analysis [19, 36]. Observed higher abundance of Proteobac-
teria, Bacteroidetes, and Gemmatimonadetes is expected to
result in enhanced cycling of essential micro or macro
nutrients, which may partially improve soil fertility and plant
growth efficiency [27]. The higher abundance of Acidobac-
teria could be explained by the recent results of Jones et al.
[23] which clearly demonstrated that pH is strongly correlated
with the abundance of Acidobacteria. Similar to this study, in
our results, also FGL soil comprises higher abundance of
Acidobacteria followed by OCL and CCL which are correlat-
ed well with lower soil pH compared with other treatments.
We have also observed higher level of Actinobacteria in CCL
soil as compared to other two treatments in our investigation,
supporting the findings of Aira et al. [1] showing lower Gram-
positive bacterial biomass in rhizosphere of maize plants in the
plots treated with inorganic fertilizer than in those treated with
organic fertilizers.

The presented study demonstrated that the microbial com-
munity structure, diversity, and bacterial phylogeny in CCL,
OCL, and FGL soil samples have been practiced in the last
16 years. Pyrosequencing revealed significant changes in bac-
terial phyla distribution among the mentioned soil types. Pre-
dominant bacterial phylum were identified under the
organically cultivated soil (i.e., Proteobacteria, Bacteroidetes,

and Gemmatimonadetes), fallow grassland (i.e., Acidobacte-
ria), and in chemically treated soil (i.e., Actinobacteria) which
may imply that these bacteria play major roles in soil processes
under these different management systems. This study also
demonstrated that organic amendment can enhance the popu-
lation of certain bacterial phyla which can be correlated with
other soil properties such as pH, total organic C, total organic
N, and microbial biomass C. Uncovering of previously un-
known bacterial populations was able to present a comprehen-
sive view of the shifts in the bacterial community structure of
different land management practices for long term.
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