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a  b  s  t r  a  c  t

The  ability  of organic  biodynamic  fertilizers  to improve  soil  quality  was  evaluated  in  arid  loamy  sand
soils  in farmers’  fields  in Rajasthan,  India  in cowpea  cropping  and  citrus  orchards.  Water  holding  capacity,
organic  carbon  and  ammoniacal  nitrogen  improved  significantly  in organic  farming.  Microbial  commu-
nity  was evaluated  using both  a  culture  dependent  and  independent  approach.  Actinomycetes  increased
significantly  in  organic  cropping  and orchard  by 92 and  100%,  respectively,  compared  to  conventional
management.  Bacterial  populations  increased  significantly  on  nutritionally  diverse  media  in organic  farm
soils over  conventional,  both  copiotrophs  (+52–119%)  as  well  as  oligotrophs  (+25–79%).  The  arbuscular
mycorrhizal  protein,  glomalin  increased  by 56–82%  in organic  farms.  Nitrogen  fixers,  ammonifiers,  nitri-
fiers  and  sulfur  oxidizers  did not  show  significant  differences.  There  was  a  consistent  increase  in  soil
enzymatic  activities  in  organic  farms—acid  phosphatase  (1.5×  in  cropping;  3×  in orchard),  flourescein
diacetate hydrolysis  (1.8×; 3.3×),  dehydrogenase  (2.4×;  3.5×) and  �-glucosidase  (2.2×;  6.3×).  Quantifi-
cation of  16S  rDNA  abundances  in  soil  using  qPCR  showed  a clear  1.8  fold  increase  in  both  organic  cropping
and  organic  orchard  soils.  The  abundance  of amoA  gene  decreased  by  22  and  11 folds  in organic  cropping
and  orchards.  The  culture  independent  analysis  of  eubacterial  16S  rRNA  gene  showed  that  organically
cropped  farms  and  orchards  had  more  diverse  bacterial  community  compared  to  the  conventional.  The
distribution  of bacterial  species  observed  in organic  cropping  is  more  even.  Representation  of  Proteobacte-
ria  among  the  eubacterial  species  was  20%  lesser  in organic  as compared  to conventional  cropping  whereas

Actinobacteria  were  higher  by  10%  in organic  cropping.  Overall,  the  results  demonstrated  unequivocally
that  organic  amendments  improved  the  biological  quality  through  an alteration  of  the microbial  com-
munity  structure  and function.  We  conclude  that  organic  manures  may  thus  be  appropriately  included
in  the  group  of  ‘Ecosystem  Engineers’  that  selectively  modify  the  environment  and  make  soil  ecosystems
more  sustainable.

© 2014  Elsevier  B.V.  All rights  reserved.
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. Introduction

Efficient plant growth is known to be affected by the inherent
ertility properties of the soil which in turn depends on the type of

he soil and its microbial community structure. Land use practices
nd intensification of agriculture exert varying influences on soil
icrobial diversity and may  irreversibly affect certain microbial
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opulations that are crucial for nutrient cycling in soil. The loamy
and soils of the tropical hot deserts (Torripsamments, a suborder
f Entisols) have poor ability to support plant growth due to adverse
hysical, chemical and biological characteristics. The extreme cli-
ates where they occur, the poor water holding capacity of the

andy soils and excessive water losses due to evapo-transpiration
akes farming a difficult proposition. But the increasing demand

or food is creating a compelling need to bring them under inten-
ive farming. Most of these regions are dependent upon rainfall

nd these soils of the rain-fed regions are beset with one or several
orms of degradation due to low cropping intensity, low organic

atter status, poor soil physical health, biological degradation, low
ertility, etc.
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The effects of physical and chemical degradation of soils are
bvious. However, the effects of biological degradation which is
aused due to loss of specific soil organic matter fractions and con-
equent loss of microbial species/communities dependent on them
or nutrition are insidious. The conventional chemical practices do
ot answer the problems of such soils as the chemical practices are
hown to affect the microbial community structure of soils nega-
ively in the long run (Fließbach et al., 2007; Lazcano et al., 2013).

any technologies have been proposed to improve the texture of
uch soils like use of clay amendments (Ismail and Ozawa, 2007) or
oil conditioners which are economically prohibitive in developing
ountries. Use of farm produce like cow dung, cow urine, etc is an
conomically feasible and effective practice.

Ecological engineering has been defined as “The design of sus-
ainable ecosystems that integrate human society with its natural
nvironment for the benefit of both” (Mitsch and Jorgensen, 2003).
he problematic soil ecosystems may  be engineered to improve
heir productivity in a sustainable manner through organic amend-

ents which improve the soil health as they increase soil organic
atter; provide plant nutrients like nitrogen, phosphates, calcium,
agnesium, etc., as well as improve the soil structure (Calbrix et al.,

007; Rao, 2006). Organic farming engineers the microbial commu-
ity structure by affecting the abundances of particular microbial
roups (Chaudhry et al., 2012) and exerts beneficial effect on soil
ealth (Fließbach et al., 2007).

Among the recent works reported (Wu  et al., 2013), the focus
as either on the qualitative assessment of the influence of organ-

cs or only a few parameters were assessed quantitatively. In
he current study, 23 parameters of soil health were assessed
uantitatively to judge the impact of organic farming on a low fer-
ility tropical loamy sand soil at farmer field site in North-West
ndia. Two different farming systems in adjacent farms, conven-
ional and organic, in arable cropping as well as orchards were
ssessed to quantify the effect on physical and chemical properties,
nd microbial community structure and function by estimat-
ng the populations of the major microbial groups, gene pools
16S rDNA, nifH and amoA) and their products like proteins and
nzymes.

. Materials and methods

.1. Site and soil samples

Soil samples (0–15 cm)  at a loamy sand site (Torripsam-
ents, 66.5, 16.5 and 17% of sand, silt and clay, respectively)
ere collected from farmers’ fields under cowpea cropping or

itrus orchard in Village Dhaban, Taluka Sangaria, Dt. Hanu-
angarh, Rajasthan. One site was organically farmed and the

ther was conventionally farmed with agro-chemicals. The nutri-
nt requirements for the organic farm are met  from biodynamic
reparations made by fermenting cow dung, cow urine, chick-
ea flour, and ‘Jaggery’ and small amount of soil taken from
eneath a ‘peepal’ (Ficus religiosa) or ‘banyan’ (Ficus bengalen-
is)  tree. This ferment was then mixed with 200 l of water
nd applied through drip/trench/foliar application in one acre
rea. For protecting crops from insect and disease damage, a
oncoction is prepared from the leaves of about 11 medici-
al trees in cow urine by fermentation and sprayed on fruit
lants and field crops. Mulching of weed biomass was also

one. The requirements of conventional farms were met  only
hrough chemical fertilizers and pesticides. The fresh soil sam-
les collected were immediately transported to laboratory and
ransferred to separate sterile screw-capped plastic tubes and
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tored at 4 ◦C for microbial and enzyme analysis and soil DNA
xtraction.

.2. Physical and chemical properties

The soil samples were air-dried and analyzed for pH and elec-
rical conductivity in 1:2 soil–water suspensions. Water holding
apacity was  determined by funnel method using gravimetric
ethod. Organic carbon by Walkley and Black wet oxida-

ion method, available nitrogen by permanganate oxidation and
istillation, available phosphorus by Olsen’s method by spec-
rophotometry and exchangeable potassium in ammonium acetate
xtracts by flame photometry were done as per methods described
y Hesse (1971).

.3. Microbial community—Ecological structure and functional
nalysis

.3.1. Quantification of major groups
Total bacteria were counted by plating serial soil dilutions on

utrient agar medium and fungal counts on potato dextrose agar
Atlas, 1995). Actinomycetes were counted on humic acid–vitamin
gar (Hayakawa and Nonomura, 1987).

.3.2. Glomalin
Glomalin, a heat stable protein produced by arbuscular mycor-

hizal fungi and used as a quantitative index, was extracted as
escribed by Wright and Upadhyaya (1996) and estimated by
owry’s method.

.3.3. Quantification of bacterial nutritional groups
Based on the capability to grow on complex, simple or low

utrient media, soil organisms can be classified under different
utritional groups. Counts of bacteria on different media with vary-

ng nutritional complexity viz., yeast extract agar medium (YE),
asal glucose salts agar medium (BGS), and soil extract agar (SE)
edium (Basal glucose salts agar medium to which soil extract is

dded) (Atlas, 1995) were taken to assess the population of var-
ous nutritional groups. Dilute basal glucose salts medium N/10
BGS/10) was used to count the oligotrophic bacterial populations.

.3.4. Functional microbial groups
Quantification of different functional groups of microbes was

one by most probable number (MPN) method. Appropriate soil
ilutions were inoculated in 5 ml  sterile medium in 5-replicate
ubes and after appropriate incubation the numbers were calcu-
ated using the probability tables. Total associative N2 Fixers were
etermined in N-free malic acid semi solid medium (Atlas, 1995).
fter incubation for 72 h at 30 ◦C, tubes in which a typical pelli-
le developed a few mm below the surface of the medium were
cored as positive for associative nitrogen fixers. For autotrophic
itrifying populations, medium for autotrophic ammonium oxidiz-
rs was  used for the first stage viz., ammonium oxidation. Medium
or autotrophic nitrite oxidizers was  used for detecting the micro-
ial populations involved in second stage viz., nitrite oxidation.
evelopment of pink color after addition of Griess-Ilosvay reagent

n the first set of tubes indicated positive for nitrite production
rom ammonium salts and disappearance of the same indicated
ositive in the second set due to further oxidation of nitrite to
itrate (Schmidt and Belser, 1994). Autotrophic sulfur oxidizers

ere enumerated by MPN  using modified Starkey’s medium with
H adjusted to 5.4 (Lawrence and Germida, 1991). The elemen-
al sulfur was  sterilized separately by tyndallization and added to
he autoclaved medium. 0.15% agar was  added to the liquid broth
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efore autoclaving so as to maintain the insoluble elemental sul-
ur in a uniformly suspended state. Bromocresol green was  used in
he medium as a pH indicator. Color change to yellow was taken as
ositive to indicate sulfuric acid production from elemental sulfur.

.3.5. Bacterial antagonists
Crowded plate technique as used to assess the population of bac-

erial antagonists. Soil suspensions of 10−2 dilution were plated on
utrient agar medium by pour plating and the plaques or inhibition
ones produced by colonies were counted to enumerate the antibi-
tic producers in soils (Cappuccino and Sherman, 2007) expressed
s plaque forming units (pfu) g−1 soil.

.3.6. Soil enzymatic activity
Dehydrogenase activity of the soil was measured using triph-

nyl tetrazolium chloride as substrate by estimation of the red
olored triphenyl formazan at 485 nm (Casida et al., 1964). Fluo-
escein diacetate hydrolysis was measured spectrophotometrically
t 490 nm (Adam and Duncan, 2001). p-Nitrophenyl phosphate
issolved in modified universal buffer (MUB) of pH 6.5 was  used
s substrate to estimate acid phosphatase activity. The same dis-
olved in MUB  of pH 11 was used to estimate alkaline phosphatase
ctivity spectrophotometrically at 440 nm (Tabatabai, 1994). p-
itrophenyl �-d-glucoside dissolved in MUB  of pH 6.0 was used
s substrate to determine the activity of �-glucosidase at 440 nm
Tabatabai, 1994).

.3.7. Gene quantification from soil metagenomic DNA
To assess the total eubacterial community in soil, bacterial nitro-

en fixation and ammonium oxidation, the 16S rRNA gene, nif H and
moA gene copies were quantified. DNA was extracted from 500 mg
f homogenized soil (stored at −20 ◦C) in triplicates using the FAST
NA Spin Kit for soil (MP  Biomedicals, Qbiogene). The metage-
omic DNA was resolved on 0.8% agarose gel and documented in
lpha Imager Gel Documentation System (Alpha Innotech Corpora-

ion, San Leandro, California). Partial 16S rRNA (V1 + V2 domains)
ene copy number in the soil DNA was assessed using the SYBR
reen® fluorescent dye based qPCR assay with a Realtime thermo-
ycler (SteponeTM Applied Biosystems, USA). The reaction mixture
ontained 5 �l of 2× SYBR green qPCR mix  (Fermentas, USA) (mix
ontains SYBR green, 1.5 mM MgCl2 and dNTPs, 3 units Taq poly-
erase), 0.14 �l of 1% Bovine serum albumin, 0.07 �l each of the

orward primer 27F (5′-AGA GTT TGA TCM T GG CTC AG-3′) and
everse primer 355R (5′-GCT GCC TCC CGT AGG AGT-3′) (Suzuki
t al., 1998), 2 �l of template DNA from soil DNA and 2.72 �l of
uclease free water, totaling 10 �l final volume. For standard curve,
he reaction mixture was same as above except template DNA used
as 16S rDNA of Escherichia coli (with pTZ 57 R/T vector) serially
iluted. The PCR conditions were 95 ◦C for 15 min  (initial activa-
ion) followed by 40 cycles of 94 ◦C for 20 s, 55 ◦C for 20 s, 72 ◦C
or 15 s and 80 ◦C for 15 s and data acquisition at each stage, and
nal melting of amplicon from 72 ◦C to 99 ◦C with gradual incre-
ent of 1 ◦C. The standard curve was obtained by plotting the copy

umbers against the threshold cycle (CT) values and the validity
f standard curve was evaluated using R2 value (>0.99). The abun-
ance of nitrogen-fixing gene nifH was assessed in the soil sample
sing the forward and reverse primer amplifying the partial nifH
ene—nifH-b1 (5′-GGC TGC GAT CCC AAG GCT AG-3′) (Burgmann
t al., 2004) and CDHP nif723R (5′-GAT GTT CGC GCG GCA CGA ADT
NA TSA-3′) (Steward et al., 2004). Standards for nifH were obtained

rom Azospirillum brasilense sp7. The PCR conditions were 95 ◦C for

5 min  (initial activation) followed by 40 cycles of 94 ◦C for 20 s,
2 ◦C for 30 s, 72 ◦C for 15 s and 80 ◦C for 15 s and data acquisition
t each stage was also done. Quantification of amoA was performed
sing amoA-1F (5′-GGG GTT TCT ACT GGT GGT) and amoA-2R

3

i
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5′-CCC CTC KGS AAA GCC TTC TTC) (Rotthauwe et al., 1995).
tandards were obtained from Nitrosomonas europaea. The qPCR
onditions were same as above for nifH quantification.

.3.8. Metagenomic analysis
Nearly full length 16S rDNA from all the four soil DNA sam-

les was  amplified using 8FPL and 1492RPL primers (Reysenbach
t al., 1994). Each PCR reaction contained 1× PCR buffer, 1.2 mM
gCl2, 250 �M of each dNTP, 5 �M of each primer, 1 unit Taq DNA

olymerase (Merck Bioscience) and 100 ng template DNA. The tem-
late DNA was denatured at 95 ◦C for 5 min  followed by 32 cycles of
enaturation at 94 ◦C for 50 s, primer annealing at 55 ◦C for 30 s and
xtension at 72 ◦C for 90 s. For addition of A at 3′ end of amplicon,
n additional step of incubation at 72 ◦C for 30 min  was  included.
he amplified DNA was  purified by Qiagen PCR purification kit and
igated into T/A cloning vector (pTZ57R/T) as per manufacturer’s
nstruction (InsTA cloning kit, Fermentas). The ligated product was

obilized into E. coli DH5� competent cells by heat shock and CaCl2
ethod. The plasmid DNA was isolated from transformants using
iagen quick plasmid isolation kit. The cloned DNA  was sequenced
y using universal M13  primer from both the ends. The vector
ackbone sequences were removed and contigs were assembled
o get complete sequence. Nearly full length sequences were phy-
ogenetically classified using seqmatch option of RDP version 11.2
Cole et al., 2014). The determined sequences were aligned using
lustal W (Thompson et al., 1994). Distance matrices and the phy-

ogenetic trees were calculated by the Jukes and Cantor (1969) and
eighbor-joining (Saitou and Nei, 1987) algorithms, respectively,
sing MEGA5 (Tamura et al., 2011).

16S rDNA of two  samples (organic and conventional cropping)
ere further analyzed by semiconductor based next generation

equencing (Ion torrent). Hyper-variable region (V3) of 16S rDNA
as amplified using PRBA338 and PRUN518 primers (Nakatsu

t al., 2000). Each PCR reaction contained 1 × PCR buffer, 1.2 mM
gCl2, 250 �M of each dNTP, 5 �M of each primer, 1 unit Taq DNA

olymerase, and 100 ng template DNA. The template DNA was
enatured at 95 ◦C for 5 min  followed by 32 cycles of denaturation
t 94 ◦C for 50 s, primer annealing at 55.0 ◦C for 30 s and extension at
2 ◦C for 50 s. The amplicons were sequenced using Ion torrent per-
onal genome machine by semiconductor sequencing technology.
20 reads generated by Ion torrent personal genome machine were
hylogenetically classified by M5RNA annotation source of MG-
AST. Species richness, diversity, prediction and similarity between
wo samples were calculated by Species Prediction and Diversity
stimation (SPADE) (Chao and Shen, 2010). Distribution of bacterial
pecies was  calculated by Pielou’s index (Pielou, 1966).

.3.9. Statistical analysis
Standard error of mean (SEM) was calculated for plate counts

nd enzyme analysis and qPCR and presented as mean ± SEM. Con-
dence limits for MPN  were given in parentheses in the tables.
tatistical significance in Shannon diversity index between organic
nd conventional cropping was analyzed by Hutcheson t test
Hutcheson, 1970). The difference in bacterial composition (phy-
um and genus) between organic and conventional cropping was
ested by Fischer’s exact test by employing statistical analysis
f metagenomic profile (STAMP) version 2.0.0. (Parks and Beiko,
010).

. Results
.1. Physical and chemical properties

The results given in Table 1 show that the water holding capac-
ty of sandy soils increased by 2.8 and 1.9% in the organic samples of



K. Aparna et al. / Ecological Engineering 71 (2014) 268–277 271

Table  1
Physico-chemical and fertility properties of organic and conventional farm soils.

Treatment Conventional cropping Organic cropping Conventional orchard Organic orchard

pH 8.4 8.4 8.35 8.25
EC  (�S cm−1) 0.39 0.27 0.28 0.38
Water  holding capacity (%) 11.0 13.8 9.6 11.5
Organic carbon (%) 0.35 0.55 0.35 0.75
Organic nitrogen (ppm) 27.0 26.4 24.1 24.2
Ammoniacal nitrogen (ppm) 12.2 24.0 20.7 26.2

5.8
95.0

c
o
v
b
a
c
c

3
a

o
o
l
c
d
b
i
i
(

m
s
t
I
b
d

f
fi
d
f
3
d
s
c
b
p
c

t
p
c
3
n
A
a
r

b
c

g
a
v

i
t
g
t
o
o
r
r
0
0
o
t
c
s
o
r
F

c
t
a
w
l
9
t
c
w
b
s
4
i
(
c
s
i
a
(
v
B
a
(
u
l
t
s

Olsen’s  phosphorus (ppm) 8.21 

Exchangeable potassium (ppm) 55.5 

ropping and orchards, respectively, compared to the conventional
nes. No significant differences were observed in pH values or EC
alues. Organic carbon increased significantly in organic farming
y 0.2% and 0.4% in cropping and orchards, respectively. Ammoni-
cal nitrogen was 2 fold higher in organic cropping compared to
onventional and 1.3 fold higher in organic orchards compared to
onventional (Table 1).

.2. Microbial community—Ecological structure and functional
nalysis

Total bacterial counts did not differ considerably between
rganic and conventional in the cowpea cropping system. In
rchards, organic samples showed an increase of bacterial popu-
ation by 2.8 fold (Table 2). The fungal populations decreased in
ase of cropping by 64% but increased in case of orchards by 98%
ue to organic farming. Actinomycetes consistently increased in
oth cropping and orchards by 92 and 100%, respectively (Table 2)

n organic farming. Glomalin showed an increase in organic farm-
ng in both cropping and orchards by 82% and 56%, respectively
Table 2).

In cropping system, the counts in three nutritionally different
edia, YE (copiotrophic), SE (low nutrition), BGS/10 (oligotrophic)

howed increase in organic treatments by 52, 94 and 25%, respec-
ively. Not much difference was observed in case of BGS medium.
n orchards, increase was seen in three media, viz., YE, SE, BGS/10
y 119, 78 and 79%, respectively. The counts on BGS medium
ecreased in organic sites by 30% (Table 3).

No appreciable differences were observed in the MPN  of
unctional groups like nitrogen fixers, ammonifiers and nitri-
ers (ammonium oxidizers and nitrite oxidizers) (Table 4). Slight
ecrease in the numbers of nitrogen fixers was observed in organic
arming. Ammonium oxidizers increased in organic cropping by
4 fold but decreased in organic orchards by 7.2 fold. Nitrite oxi-
izers were not detected in any of the samples. Sulphur oxidizers
howed a slight, but statistically insignificant increase in organic
ropping (2 fold) as well as orchards (1.5 fold). The number of
acterial antagonists assessed by the plaque assay using crowded
late technique showed higher numbers in organic cropping over
onventional cropping but not in orchards (Table 4).

There was a consistently significant increase in the activity of all
he enzymes except alkaline phosphatase in organic farming sam-
les of both the systems. Increase in enzymatic activity in organic
ropping and orchards, respectively, were: acid phosphatase (1.5;

 fold), flourescein diacetate hydrolysis (1.8; 3.3 fold), dehydroge-
ase assay (2.4; 3.5 fold), �-d-glucosidase (2.2; 6.3 fold) (Table 5).
lkaline phosphatase activity increased in conventional cropping
s well as orchards due chemical fertilization by 2.1 and 2.2 fold,

espectively.

The 16S rRNA gene abundance increased in organic farming of
oth cropping and orchards by 80.0 and 80.8%, respectively, indi-
ating a consistent increase in the total eubacterial abundance. nifH

t
s
c
c

7 19.37 16.43
 72.0 142.5

ene copy number was  below detectible limits in all the samples.
moA gene was found in exponentially greater abundance in con-
entional farming samples (Table 6).

16S rDNA analysis of random clones by Sanger sequencing
ndicated that organic soil is rich in species with nearly even dis-
ribution compared to conventional soil. Details of species are
iven in Supplementary material 1. There was greater diversity in
he organic cropping and orchards; the Shannon diversity index
f bacteria in organic cropping, conventional copping, organic
rchard and conventional orchard is 2.17, 1.08, 2.08 and 1.38,
espectively (Table 7). Evenness i.e., distribution of the bacte-
ial phyla was more in organic cropping and orchards (0.94 and
.90), compared to conventional cropping and orchards (0.67 and
.77) samples. There was greater representation of the members
f Methylophilaceae among the bacterial clones in the conven-
ional cropping as well as conventional orchards vis-a-vis organic
ropping and orchards (Supplementary material 1). Among clas-
ified group, Arthrobacter was  found to be most abundant in
rganic orchard soil (Supplementary material 1). The phylogenetic
elationships among the clones from each soil are illustrated in
ig. 1.

In-depth analysis of 16S rDNA of organic and conventional
ropping soil was done using next generation sequencing on Ion
orrent personal genome platform. The data generated for organic
nd conventional cropping was  115 and 116 Mbp, respectively,
ith 735,775 and 738,929 quality reads (>Q20) and average read

ength of 156 ± 46 bp. Sampling and sequencing efforts covered
3.7% and 91.7% of the species present in organic and conven-
ional cropping and was thus sufficient to capture the eubacterial
ommunity diversity picture as indicated by the rarefaction curves
hich are flattened at the right end indicates reasonable num-

er of individuals is sampled. Comparatively, more number of
pecies observed in conventional cropping soil (Fig. 2). Around
0–44% of the sequence reads did not match with any sequence

n M5RNA database, but showed similarity to bacterial 16S rDNA
uncultured unclassified). For simplicity in further analysis, we
onsidered only the phylogenetically classified data. Though the
pecies richness observed by next generation sequencing is more
n conventional cropping, their distribution pattern is more even
nd diverse in organic cropping (H = 4.19 and 4.83, respectively)
Table 8). Among the 24 phyla obtained in both organic and con-
entional cropping soils, 8 phyla, Actinobacteria, Proteobacteria,
acteroidetes, Firmicutes, Chloroflex, Acidobacteria, Gemmatimon-
detes and Cyanobacteria are dominant and contribute up to 97.5%
Fig. 3). The distribution of phyla in conventional cropping soil is
neven with only few phyla in large proportion whereas the phy-

um distribution in organic soil is more even. This is evident from
he higher values of Pielou’s evenness index in organic cropping
oils compared to conventional farming soils (0.67, 0.57, respec-

ively). Representation of Proteobacteria among the eubacterial
pecies was  20% lesser in organic as compared to conventional
ropping whereas Actinobacteria were higher by 10% in organic
ropping.
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Table  2
Microbial counts (cfu g−1) groups and glomalin content of organic and conventional farm soils.

Treatment Conventional cropping Organic cropping Conventional orchard Organic orchard

Bacteria (×107) 36.0 ± 0.4 36.8 ± 1.3 35.5 ± 1.6 98.3 ± 2.9
Fungi  (×103) 90.0 ± 2.1 32.3 ± 0.5 30.3 ± 0.3 60.0 ± 2.3
Actinomycetes (×104) 67.3 ± 5.3 129.0 ± 19.1 70.0 ± 4.6 140.3 ± 9.2
Glomalin (mg  g−1) 9.1 ± 0.06 16.6 ± 0.17 5.4 ± 0.08 8.4 ± 0.22

Table 3
Bacterial counts (cfu g−1) of organic and conventional farm soils in nutritionally rich and poor media.

Treatment Conventional cropping Organic cropping Conventional orchard Organic orchard

Yeast extract medium (×105) 45.5 ± 3.1 68.0 ± 1.2 37.3 ± 3.6 81.3 ± 4.8
Soil  extract medium (×105) 63.5 ± 1.5 123.5 ± 7.8 83.5 ± 2.8 149.0 ± 5.0
Basal  medium* (×105) 67.0 ± 1.5 72.3 ± 8.3 168.0 ± 8.8 117.3 ± 3.9
Basal  medium*/10 (×105) 81.5 ± 1.5 101.5 ± 1.8 75.25 ± 1.9 135 ± 2.1

* Basal glucose—salts medium.

Table 4
Microbial functional groups (MPN g−1) and bacterial antagonists (pfu g−1) of organic and conventional farm soils.

Treatment Conventional cropping Organic cropping Conventional orchard Organic orchard

Associative N2 fixes (×103) 9.4 (3.4–22) 2.6 (1.0–6.6) 2.6 (1.0–6.6) 0.7 (0.2–1.7)
Ammonifiers (×104) 9.4 (3.4–22) 7.9 (2.3–22) 11 (3–24) 14 (5–35)
Ammonium oxidizers 4.7 (1.4–11.3) × 104 1.6 (0.4–4.6) × 106 1.6 (0.4–4.6) × 106 2.2 (0.7–4.4) × 105

Nitrite oxidizers ND ND ND ND
Sulfur oxidizers (×104) 7.9 (2.3–22) 17 (6–39) 2.2 (0.7–4.4) 3.5 (1.0–7.0)
Bacterial antagonists (×102) 30.0 ± 2.6 38.0 ± 1.7 15.0 ± 1.0 13.0 ± 0.6

MPN  = most probable number; confidence limits p < 0.05 given in parenthesis; pfu = plaque forming units; ND = not detected.

Table 5
Soil enzymatic activities in organic and conventional farm soils.

Treatment Conventional cropping Organic cropping Conventional orchard Organic orchard

Alkaline phosphatase* 26.0 ± 5.30 12.5 ± 0.30 40.8 ± 0.53 18.6 ± 1.02
Acid  phosphatase* 6.4 ± 0.00 9.3 ± 2.17 8.7 ± 1.6 25.7 ± 2.9
FDA  hydrolysis (�g fluorescein g−1 soil) 0.46 ± 0.12 0.80 ± 0.05 0.76 ± 0.04 2.46 ± 0.15
DHA  (�g TPF g−1 soil d−1) 32.2 ± 1.7 77.3 ± 4.6 34.3 ± 5.9 118.9 ± 1.3
�-Glucosidase* 4.03 ± 0.03 8.90 ± 0.29 5.4 ± 0.58 34.06 ± 3.83

* �g p-nitrophenol g−1 soil h−1; FDA = fluorescein diacetate; DHA = dehydrogenase activity.

Table 6
Gene abundances (copy number g−1 soil) of organic and conventional farm soils.

Treatment Conventional cropping Organic cropping Conventional orchard Organic orchard
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. Discussion

Maintaining and improving soil quality is crucial for sustain-
ng food production. In addition to the physical and chemical

haracteristics, the biological condition of the soil, which includes
he composition of the microbial community and its activity,
lays a vital role in determining the structure and function of an
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able 7
acterial richness and diversity indices of cropping and orchard soil (calculated at genus 

Index Organic cropping Conventi

Sanger sequencing
Richness 10 5 

Shannon diversity index 2.17a 1.08b

Exponential of Shannon index 8.80 2.94 

Simpson index 0.066 0.438 

Inverse Simpson index 15.00 2.28 

Pielou  evenness index 0.94 0.67 

alues followed by the same letter indicate non-significant difference (Hutcheson t test, p
 33.5 ± 2.3 60.6 ± 8.8
4 53.7 ± 6.7 5.07 ± 0.25

cosystem. The soil microorganisms also play a crucial role in
ecovery of soils from stresses and disturbances and thus impart
esilience. Hence evaluation of the soil microbial community
tructure and function is important in assessment of soil health

Fließbach et al., 2007). Also a quantitative study of the micro-
ial ecology of a system helps to identify the magnitude of the

mprovements brought about by management interventions.

level) under organic and conventional management based on Sanger sequencing.

onal cropping Organic orchard Conventional orchard

10 6
2.08a 1.38c

8.00 3.97
0.100 0.290
9.54 3.38
0.90 0.77

 = 0.05).
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The effects of organic amendments on a low fertile tropi-
al loamy sand soil were significant. The pH of the soil samples
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Fig. 2. Rarefaction curves for organic and con
lustal W and the tree calculated by the Jukes and Cantor and neighbor-joining
ly related sequence obtained from the RDP 11.2 database and by the corresponding
ertilizers contributed to increase in soil organic carbon content (0.2
nd 0.4%) in organic samples of cropping and orchards (Table 1).
rganic treatments improve the carbon sequestration in agricul-

ural soils. Use of mineral fertilizers reduced the organic carbon

ventional cropping soil metagenome.
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ontent (Fließbach et al., 2007; Reganold et al., 2010). Ammoniacal
itrogen was higher in organic cropping and orchards compared
o conventional systems evidently due to higher organic carbon
ontent.

Increase in organic matter content increases the water holding
apacity of soils (Bhaskaran and Krishna, 2009) and organic amend-
ents improve the soil physical properties and structure. This was

learly observed in the organic samples of cropping and orchards
increased by 2.8 and 1.9%, respectively). Organic farming is hence

ery useful in sandy soils as it improves the water retention and
vailability to plants.

Total bacterial counts did not alter among the samples, except
hat the organic orchards showed increased bacterial counts. Total

able 8
acterial richness and diversity indices of organic and conventional cropping soil
ased on next generation sequencing.

Organic cropping Conventional cropping

Nucleotide (Mbp) 115 116
Number of reads (filtered) 735,775 738,929
Avg  read length (bp) 156 ± 46 156 ± 45
%  unclassified sequences 44% 40%
Coverage % (species) 93.7 91.7
Richness (ACE) 1367 1502
Shannon diversity index 4.83a 4.19b

Exponential of Shannon index 124.85 66.04
Simpson index 0.023 0.080
Inverse Simpson index 43.72 12.37
Pielou evenness index 0.67 0.57

alues followed by the same letter indicate non-significant difference (Hutcheson
 test, p = 0.05).
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sequencing). Bars with asterisk mark indicate significance at p < 0.05 calculated by

ungal counts decreased in organic cropping compared to the con-
entional one. Parham et al. (2003) reported that cattle manure
mproved the counts of bacteria but not fungi. The total fun-
al counts increased in organic orchards. Actinomycetes counts
howed significant improvement in organic farming (by 92 and
00%, respectively, in cropping and orchards) compared to the con-
entional ones due to increased organic carbon input and are thus

 good indicator of the difference in cropping system. This sup-
orts the results of Moeskops et al., (2010) who  showed greater
mount of actinomycetes markers in the PLFA profiles of organic
s compared to conventional farming soil samples.

Glomalin is a heat stable protein produced by arbuscular mycor-
hizal (AM) fungi. AM fungi use glomalin as a carbon storage
rotein and thus play an important role in soil carbon sequestra-
ion. Chemical fertilization, most importantly phosphorus inputs
re detrimental to AM fungi and decrease the glomalin content
Ortega-Larrocea, 2001). In our study organic soils of cropping and
rchards showed increased glomalin content compared to their
onventional counterparts by 82% and 56%, respectively. Glomalin
ontent was  higher in the cropping sites than the orchards since
rbuscular mycorrhizal associations are found to a greater extent
n annual plants than in trees.

The counts on yeast extract medium represent the copiotrophic
acterial populations which are heterotrophs and grow on energy
ich substances and take part in organic matter breakdown in soil.
he organic carbon compounds of the organic fertilizers acts as an

nergy supply for these heterotrophic populations (Elfstrand et al.,
007). The counts of copiotrophs increased in organic samples of
ropping and orchards by 52 and 119%, respectively. The counts
n soil extract represent those organisms which depend on some
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omplex, unidentified growth factors present in soil, for their nutri-
ion. Most of these are native soil bacteria and the counts of this
utritional class also were improved by the organic inputs in both
ropping and orchards by 94 and 78%, respectively. The counts on
GS/10 medium represent oligotrophs, which grow on traces of
rganic substances and nutrients. These are representative of the
acterial flora of the extremely dilute soil solution that bathes the
icroorganisms in the pore spaces in soil (Killham et al., 1993). The

ounts of oligotrophs also increased in organic farms. Increase in
ligotrophic counts indicates that the ecosystem is tending towards

 more stable state (van Brüggen and Semenov, 2000). Parham et al.
2003) reported improvement of both copiotrophs and oligotrophs
y organic treatment which is also confirmed by our results.

The nutrient cycling in the soils is carried out by diverse gen-
ra of microorganisms which belong to different functional groups
ike nitrogen fixers, ammonifiers, nitrifiers, etc. It is important that
he management practices do not adversely affect these organisms.
n the present study, organic inputs did not improve the numbers
f associative nitrogen fixers in the bulk soils; rather a small but
tatistically insignificant decrease was noted in organic farming
ompared to conventional farming. This agrees with the results
rr et al. (2012) who found that conventional farming increases the
verall nitrogen fixation activity in bulk soils (although this was  not
he case in rhizosphere soils). The numbers of ammonifiers also did
ot alter among the samples. The MPN  counts did not reveal any
ifferences in the populations of nitrogen fixers and ammonifiers
mong the cropping systems or management. On the other hand
he counts of ammonium oxidizers increased in case of organic
ropping but decreased in organic orchards. This may  be due to
he differences in the availability of the substrate in these two  sys-
ems. In cropping system, the organic site had higher ammoniacal
itrogen compared to the conventional thus providing more sub-
trate. In orchard system also ammoniacal nitrogen was higher in
he organic site compared to conventional but the population of
mmonium oxidizers was significantly lesser than that in conven-
ional orchards. This may  be due to the drastic improvement in the
opulation of heterotrophic bacteria (+178%, Table 2) in the organic
rchards which would compete with ammonium oxidizers for the
mmoniacal nitrogen. This may  be considered as a mechanism by
hich organic fertilizers promote immobilization of ammonium

n microbial biomass thus ultimately leading to lower nitrification
ates. This decrease in ammonium oxidizers was not evident in
rganic cropping as an effect of number of biodynamic sprays used,
hich were lesser as compared to orchards (which needed more

prays). The nitrite oxidizers were below detectible limits in all the
amples. A reduction in numbers of ammonifiers and nitrifiers in
ome of the organic and integrated management treatments was
lso recorded by Filippini et al. (2012). The numbers of sulfur oxi-
izers also did not vary between conventional and organic samples
tatistically but an increasing trend was observed in organic sam-
les. The overall picture shows that there is no significant effect of
rganic amendments on ammonifiers, nitrogen fixers and sulphur
xidizers in soil but ammonium oxidizers increased in cropping
nd decreased in orchards.

Disease suppressiveness of a soil is considered to be an impor-
ant index of soil health since it depicts the frequency of plant
isease incidence (van Brüggen and Semenov, 2000). It can be mea-
ured in terms the total antibiotic producers in the soil. The number
f antibiotic zones was higher in organic cropping compared to con-
entional cropping indicating the improved disease suppressive
apability by organic practices.
The most prominent and consistent evidence of the organic
mendments engineering the microbial function in soils came
rom the enzyme analysis. Soil microorganisms produce exoen-
ymes which help in the breakdown and transformation of complex

a
n
o
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aterials to simple and absorbable forms. They are responsible for
he release of plant nutrients which are present in bound form and
hus directly take part in nutrient cycling. All the enzymes stud-
ed except the alkaline phosphatase showed increase by 1.5–6.3
olds in organic farming (Table 5). Alkaline phosphatase acts on
nly soluble organic phosphate monoesters and is repressed by
he orhtophosphates in soil (Jana, 2007). So, alkaline phosphatase
ctivity decreased in the organic farming compared to conven-
ional farming. This is in agreement with the work of Jiao et al.
2011), who  reported increased alkaline phosphatase activity in
ntegrated management systems compared to organic farming.
cid phosphatase is mostly involved in hydrolysis of organic
hosphate monoesters which are in particulate form and is non-
epressible by the released phosphorus end product (Rodriguez
t al., 2007). Addition of organic manures thus stimulated the
elease of acid phosphatase by soil organisms. Other workers
Marinari et al., 2006; Reganold et al., 2010) also reported increased
cid phosphatase activity in organically treated fields. FDA and
ehydrogenase activity are generalized indices of total micro-
ial activity. Increased FDA, dehydrogenase and �-glucosidase
ctivities were recorded in organic samples of both cropping
nd orchards as well as by other workers (Marinari et al., 2006;
oeskops et al., 2010).
The positive effects of organic amendments on microbial struc-

ure and biochemical activity were clearly evident. The effect of
he organic amendments on the microbial structure was  further
onfirmed through quantification of 16Sr RNA gene in soil which
as significantly higher in organic cropping and orchard compared

o the conventional samples by 80 and 80.8%, respectively. The
bundance of nif H was  below detectible limits in all the samples,
hich may  be attributed to the low organic carbon content of the

oils (Hayden et al., 2010). The abundance of amoA gene decreased
n organic samples of both cropping and orchard by 22 fold and
1 fold, respectively, compared to the conventional samples. The
ene amoA codes for the enzyme ammonia monooxygenase which
s responsible for oxidation of ammonium salts to nitrites which
ither spontaneously or by further microbial oxidation convert to
itrates, a leachable form of nitrogen. A decrease in the number of
mmonium oxidizers is thus considered to be a positive indication
f soil health. Xue et al. (2013) reported no correlation of amoA
ene abundance with organic amendments whereas Hayden et al.
2010) reported that amoA abundance was lower in managed sites
ompared to the fallow ones.

To capture the bacteria which are reluctant to grow under lab-
ratory conditions, a culture independent approach was  followed.
here is difference in soil bacterial community composition ana-
ysed by clonal sequence and next generation sequencing. This
ifference could be due to the difference in primer set used
or respective study. For Sanger sequencing, we used 27F and
492R primer which covers all the nine hyper-variable regions of
6S rDNA whereas for next generation sequencing PRBA338 and
RUN518 primer pair was used which targets only one hyper-
ariable (V3) region. There are several studies that have reported
ifference in community composition in same sample due to
rimer bias (Mou  et al., 2005; Mesbah et al., 2007).

The diversity analysis through cloning gave preliminary infor-
ation on diversity indices which mirrored those obtained by

ext generation sequencing. The diversity and evenness indices
btained for organically cropped soils were similar to those of
rganic orchards; similarly the indices of conventional cropping
ere at par with those obtained for conventional orchards. So, we
nalyzed the organic and conventionally cropped soils only using
ext generation sequencing methods. Both the sequencing meth-
ds showed greater degree of diversity and even distribution of
acterial species in organically cropped soil.
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Organic amendments improve the nutrient availability, micro-
ial biomass and microbial activity in soil (Liu et al., 2009). Our
esults agree with Li et al. (2012) who also observed diverse and
ore uniformly distributed bacterial community in organically
anaged soil. Organics helps in improving the physico-chemical

roperties and nutrient status of soil (Carter et al., 1999) and hence
reater diversity of bacteria was observed in organically man-
ged farms. This is evident from the dendrogram (Fig. 1) which
epresents the phylogenetic affiliation of random clones of soil
acteria. In the organic soil (both cropping and orchard) the dis-
ances between the members of clusters as well as the number of
epresentative phyla are greater compared to conventional soils
ndicating greater diversity.

The structure and composition of microbes indicates the func-
ion of the ecosystem. More diverse and evenly distributed species
n organic cropping and orchard soil indicate that the soil func-
ions under organic management are more balanced. Thus, loss or
isturbance to a particular species will not affect the overall func-
ionality of the soil since it will be buffered by the presence of
ther species involved in similar functions. This is also supported
y the enzyme activities which increased significantly in organic
oils.

The rarefaction curves indicate that 93.7% and 91.7% of the
pecies present in organic and conventional cropping were cap-
ured by the sequencing method (Fig. 2). Rarefaction curves give
nformation about the species richness only. However, it is not only
pecies richness, but also how they are distributed that is equally
mportant for the functioning of an ecosystem. Although conven-
ional soil is rich in species which is reflected by both rarefaction
urve and richness index (ACE), the Shannon diversity index is more
n organic cropping soil indicating a healthier ecosystem.

Organic cropping soil contained Actinobacteria,  Firmicutes,
acteroidetes, Chloroflexi and Cyanobacteria significantly in large
roportion (Fig. 3) compared to conventional cropping. Actinobac-
eria were in higher proportion by 10%. This is in agreement
ith the culturable microbial analyses which showed increased

ctinomycetes counts (2 fold higher) in organic soils compared to
onventional soils (Table 2). Application of organic amendments
o soil has significant impact on the diversity and community
tructure of Actinobacteria (Piao et al., 2008). Organic amend-
ents also improve or maintain the soil nutrient reserve which is

ndicated by abundance of copiotropic bacteria like Arthrobacter
n organic orchard soil. Unclassified bacterial members of the
amily Methylophilaceae were present in much higher proportion
n conventionally managed soils. Members of Methylophilaceae
re known for metabolism of C1 compounds (Chistoserdova,
011). The commonly used pesticides like aldicarb, carbaryl and
arbofuran contain methyl carbamate which is C1 compound
http://www.epa.gov/oppsrrd1/reregistration/status carbamates.
tm). The presence of Methylophilaceae in higher proportion in
onventional farming (both cropping and orchard) system can be
ttributed to their ability to utilize C1 compounds released from
pplied pesticides.

An ecosystem engineer is defined as “an organism that directly
r indirectly modulates the availability of resources (other than
tself) to other species by causing state changes in biotic or abi-
tic materials. In so doing they modify, maintain and/or create
abitats” (Wright and Jones, 2006). According to the definition an
cosystem engineer is a particular organism. But addition of organic
anures like fermented cattle manure and cattle urine prepara-

ions as in the present study also caused changes in the physical

tructure, biochemical transformations and also brought out differ-
nces in the abundances of particular microbial groups. The organic
anure though not a single living organism is a community of sev-

ral microorganisms and fulfills all the characters described for an

J

eering 71 (2014) 268–277

cosystem engineer and we propose that it may  be considered an
ecosystem engineer” on its own.
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