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ABSTRACT

The use of organic wastes, from municipal and industrial activities, as source of plant nutrients and
soil conditioners increased worldwide. However, there is a concern with the environmental
pollution.

Currently, these organic wastes are disposed in open dump in developing countries or in landfills in

the developed ones. The main soil indicator used to evaluate the effect of organic wastes on soil is
soil microbial biomass.

*Corresponding author: Email: asfaruaj@yahoo.com.br;
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Soil microbial biomass is very sensitive to environmental impact and there are already several
studies evaluating the effect of organic wastes on soil microbial properties. Nowadays, the studies
are focusing soil microbial diversity as the use of molecular biology tools.

The current review addresses the effects of use of organic waste, from municipal and industrial
sources, in agriculture and their effects on soil microbial biomass.

Keywords: Wastes management; agricultural soil; heavy metals; soil microorganisms.

1. INTRODUCTION

1.1 Wastes Management: A Need of

Present Time

Organic wastes produced after wastewater
treatment comprises discharges from domestic
residences, commercial properties, industries,
and agriculture [1]. Usually, it refers to the
municipal and industrial wastes that contain a
great number of contaminants resulting from the
mixture of wastewaters from different sources [2].
Municipal and industrial wastes include domestic,
municipal, or industrial liquid waste. The
increasing in urbanization and industrialization
has resulted in a strong increase in the volume of
wastes produced around the world [3]. Generally,
these wastes are release into the environment.

The main concern with the environmental quality
has caused increase in organic wastes
management, due to the necessity to find an
ecologic way to dispose these wastes without
environmental risks and, if possible, recycling the
chemical elements present in these organic
wastes [1]. An alternative method is the use of
organic wastes as source of plant nutrients and
soil conditioners, mainly, due the high content of
organic matter, and plant nutrients [2] (Table 1).

However, these wastes present relative quantity
of heavy metals (Table 2) that may have
detrimental effects on soil quality and plant
growth. Sewage sludge is originated from
Wastewater Treatment Station (WTS) and for
many years this residue was called biosolids [7],

Table 1. Macronutrients in sewage, textile and tannery sludge and other organic wastes
used in agriculture

Waste C N

Bovine waste' 486 27
Chicken waste' 311 31
MSW compost” 278 10
Sewage sludge” 340 32
Textile sludge® 222 52
Textile sludge compost® 365 10
Tannery sludge* 407 23

P K Ca Mg S
---------- R R G A T e —
18 32 30 9 3
18 16 51 11 4
3 5 19 2 3
16 4 32 12 4
16 6 21 17 na
87 34 139 43 na
2 6 46 27 na

MSW — Municipal solid waste; na = not available; " Arifin et al. [4]: * Melo et al. [2]: *Aratjo and Monteiro, [5]; *
Teixeira et al. [6]

Table 2. Heavy metals in sewage, textile and tannery sludge and other organic wastes
used in agriculture

Waste Pb Cd Ni Cr Hg
-------------------- mg kg™ (dry basis) ------==m==nunmm-
Bovine manure’ 1.52 0 3.0 na na
Hen manure’ 38 4.4 4.4 na na
MSW compostz' 1.3-2240 0.01-100 0.9-279 1.8-410 0.09-2.1
Sewage sludge” 2-7000 0-3410 6-5300 8-40600 1-260
Textile sludge® ] 71 5.6 104 111 na
Textile sludge compost® 33 <0.3 30 73 na
Tannery sludge* na na na 43 na

MSW — Municipal solid waste; na = not available; " Arifin et al. [4]: * Melo et al. [2]: *Aratjo and Monteiro, [5]; *
Teixeira et al. [6]
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but more recently there has been a pressure to
use the name sewage sludge, name adopted in
Brazilian legislation.

Sewage sludge composition varies widely
depending on the origin and the process used in
the WTS [7,8]. It is still rich in organic matter
which is important for soils in the tropical regions,
which present low cation exchange capacity
(CEC). This residue also contains all the macro
and micronutrients. Sewage sludge can also
contribute to improve soil physical properties as
density, permeability, capacity of water retention,
and water infiltration [7-9]. Consequently, it has
been considered for use in agricultural soil in
order to improve soil physical, chemical and
biological properties and to supply nutrients to
plants. But sewage sludge also contains heavy
metals and other pollutants so that its application
to soil represents a risk to the environment, to
the plant growth and to the animals and human
health [7,9]. Additionally, sewage sludge
obtained from the treatment of domestic
wastewater may contain higher concentration of
pathogenic agents as helminthes eggs [9].

The use of sewage sludge in agricultural soils
must be very criterions, subordinated to a very
rigorous legislation based on data obtained
during long-term field experiments and with a
mechanism of annual evaluation that are able to
detect any loss in soil quality. Some authors
have developed researches on the use of
sewage sludge as a mechanism for the
reclamation of degraded areas which lost their
organic matter or were contaminated by heavy
metals [10-13]. In studies to evaluate the use of
sewage sludge in agriculture, soil enzymatic
activity may play an important participation, since
it responses quickly to environmental alterations
[10].

In this way, the use of organic wastes in
agricultural soils needs of defined action, in order
to not cause damage to environment, mainly to
the soil biological properties. In recent years, soil
microbial biomass has been seen to be early and
sensitive indicators of soil stress and can be
used to predict long-term trends in the soil quality
[14].

1.2 Soil Microbial Biomass

Soil is a complex environment, where
microorganisms play a crucial role in nutrient
cycling and the degradation of different pollutants
(for example, pesticides and industrial wastes)

contributing in this way to the maintenance of sail
quality  [5,14-16].  Additionally, the sall
microorganisms  performs others important
functions, as to form symbiotic associations with
roots, to act as antagonist of pathogens, to
influence the weathering and solubilization of
minerals and to contribute to soil structure and
aggregation [14]. The role of the microbial
fractions in mediating soil process, and their
relatively high rate in turnover, suggest that the
microbial fraction could be sensitive indicator and
early predictor of the changing soil organic
matter processes [17].

The soil microbial biomass comprises all soil
or%anisms with a volume of less than about 5 x
10 um3, other than living plant tissue, and can
thus be considered as the living part of soil
organic matter [18]. The microbial biomass
comprises about 1 to 4% of soil organic matter,
being a important labile reservoir of essential
plant nutrients, e.g. nitrogen (N), phosphate (P)
and sulphate (S). Because it is living, the
microbial biomass responds much more quickly
to changing soil conditions, particularly
decreases or increases in plant or animal
residues, than does soil organic matter as a
whole.

Out of the total soil microbial biomass, bacteria
soil fungi are responsible for about 90% of the
total energy flux of organic matter decomposition
in soil [18]. The living component of soil responds
usually more rapidly to changing soil conditions
than that of most of the physical and chemical
indicators [17,19]. Consequently they may be
recognised as a sensitive indicator of soil
conditions. As soil enzymatic activities are an
expression of pedological amendments and soil
properties and they have repeatedly been
estimated to establish the indices of soil fertility
[20,21]. Measurement of soil enzymes can also
be used as an indicator for many soil biological
processes.

Soil enzymes play a very essential role in
agriculture and nutrients cycling as they are
constantly being synthesized, accumulated,
inactivated and / or degraded [22,23]. Soil
enzymatic activities are indirectly affected by
heavy metals via shifting the microbial
community which synthesizes enzymes [24].
Each soil enzyme exhibits a different sensitivity
to heavy metals due to the different chemical
affinities of the enzymes in the soil system [25].
The effect of sewage sludge on soil biological
activity can be used as pollution indicator [8]. Sail
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microbial activity, soil respiration and soil
enzymes activities are reported to increase due
to sewage sludge amendment [26]. However,
FlieBbach et al. [16] have reported reduction in
soil enzyme at longer incubation period with high
heavy metal availability.

Urease (urea amidohydrolase), the enzyme that
catalyzes the hydrolysis of urea to CO, and NH,
ions by acting on C-N non-peptide bonds in
linear amides [27], is an important enzyme in soil
that mediates the conversion of organic N to
inorganic N by hydrolysis of urea to ammonia
[28]. Invertase (B-D-fructofuranosidase) is
universal enzyme in soils [29]. For releasing
simple C and N sources for the growth and
multiplication of soil microorganisms the activities
of urease and invertase are important in soil.
According to Garcia et al. [15] sewage sludge
contains high amounts of enzymatic substrates,
which easily stimulates microbial growth and
enzyme production.

1.3 Wastes Management and the
Response of Soil Microbial Biomass

Several studies were conducted to evaluate the
effect of wastes on soil microbial biomass [5,30].
In the laboratory study, Araujo and Monteiro [5]
examined the effect of application of untreated
and composted textile sludge on microbial
biomass in a Brazilian soil. The soil was
amended with untreated and composted sludge
at rates equivalent of 6.4 ton ha™' and 19 ton ha'1,
respectively, and was incubated for 60 days. The
application of composted sludge increased
significantly the microbial biomass and bacteria
number of soil. There were not differences in the
microbial activity and bacteria number among the
control and untreated sludge amended soils. In
conclusion, after 2 months of incubation, the
effects of the two amendments on solil
microorganisms were: microbial biomass, soil
respiration and bacteria number were increased
only in composted sludge treated soil.

Araujo et al. [30] verified the effect of tannery
sludge on cellulose decomposition in soil. The
amounts of tannery sludge were 0, 11, 22, 44, 88
and 172 ton ha™. The authors observed that the
waste applied in high rates inhibited the cellulose
decomposition. The decrease in cellulose
decomposition indicates that the waste reduced
the fungi population, conform related by Akmal et
al. [31].

Sewage sludge amendment have been reported
to enhance soil microbial biomass by 8-28% at
the sludge amendment rate of 0.75% (dry wt.),
being greatest in the clay-loam and least in the
sandy-loam soil [32]. The enzymes
deydrogenase, alkaline phosphatase and
arginine-ammonification activities in soil were
enhanced by 18-25%, 9-23% and 8-12%,
respectively as compared to the unamended
soils. The increase was reported to be greater in
sandy loam than in loam, or clay loam soils.

Although sewage sludge is also an important
cause of soil pollution, soil fertility may increase
due its use [11]. Some metals found in sludge,
for example Cu, Ni, and Zn, are essential micro-
nutrients for plants and microorganisms [33].
However, at elevated concentrations even these
micro-nutrients may be toxic. Adverse effects of
sludge derived metals on soil microorganisms

result in a potential threat to soil quality,
particularly  through the nutrient cycling
disruption. Reductions in microbial biomass

[16,31,34] and enzymatic activity [35] have been
found in soils contaminated with heavy metals in
most of the studies. Reduction in microbial
biomass due to heavy metal exposure have been
owed to instantaneous death of microbial cells,
disorder of important functions and change in
population size and in viability or competitive
ability of soil microorganisms [36]. The influence
of heavy metals on soil respiration is less known.
Some researchers have reported significantly
lower CO, evolution in metal contaminated soils
[35,36]. However, others have reported the
contradictory results [16,34,37]. Moreover, a
wide variety of studies have also indicated that
respiration responses to metal inputs may differ
with time since application [38]. Responses of
microbes to variety of metals present in sludge
may be synergistic, antagonistic or additive [14].
On account of such interactions, it is very hard to
set up a least soil concentration for individual
metals at which adverse effects on
microorganisms occur [14]. Sensitivity of
microbes to different metals may vary due to
differences in their solubility in soils. Akmal et al.
[31] reported higher reduction in biomass C with
Cd than that with Pb and attributed it to higher
Cd solubility than that of the Pb.

1.5 Waste Management and Soil
Microbial Dynamics: Looking
Through ‘-Omics’ Approaches

Managing solid waste through agricultural
utilization has been quite popular throughout the
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world since last few decades [7]. However, very
recent researchers have started studying its
effects on soil health, especially soil — microbial
interaction and dynamics. Modern days ‘-omics’
approaches, comprise of state of the art
technologies, added a major outbreak in this
initiative, and provided researchers a more
comprehensive tool for the identification and
evaluation of microbial diversity in soil, water and
air [39]. Actually, in 21 century, we are running
through the golden era of genomics (study of
whole ‘genome’ is called ‘genomics’), especially
for all microbial organisms; and also in position to
use multiple parallel approaches for the
functional analysis of genomes in a high-
throughput manner. These parallel approaches
surely result in an exceptionally swift and
effective system for the analyses and deductions
of gene(s) function in a wide range of living
organisms, at the level of transcript
(transcriptomics), protein  (proteomics) and
metabolite (metabolomics). All together these
four approaches are commonly referred as the
multi-parallel ‘-omics’ approaches in modern
biology [40]. While in very recent times,
researchers have also started working with
‘genome’ and ‘proteome’ samples directly
isolated from environment, and termed those as
— ‘metagenome’ and ‘metaproteome’ and their
subsequent study as ‘metagenomics’ and
‘metaproteomics’. In total both of these in vivo
and in-vitro  ‘-omics’ approaches have

significantly contributed in the evaluation of soil —
microbial dynamics at many ecosystems.
Sanapareddy et al. [41] through metagenomics
approach generated 3,601 sequences by
pyrosequencing, using 454-FLX technology, of
DNA samples collected from an activated sludge
basin of a wastewater treatment plant in
Charlotte, North Carolina, USA, and indentified a
significant amount of microbial community
present in that sludge basin, and might be useful
for the soil too. In another study, Wang et al. [42]
through metaproteomics approach, using in
depth 2-DE coupled with MALDI-TOF/TOF-MS,
identified nearly 122 different proteins isolated
from metaproteome of both plant and microbes
complex existing in a crop rhizospheric soil, and
indicated towards an intricate  microbial
dynamics. Chourey et al. [43] developed a novel
direct protocol for metaproteome characterization
of any type of soil, and showed a nice in-vivo
identification method for microbe’s community.
Other than these above reports, several other
researchers also used ‘-omics’ approaches for
evaluating microbial community dynamics in
respective soil samples, and indicated their
contribution for soil health [39,44,45]. However,
following these studies, it was quite clear that,
every ‘-omics’ workflow mainly target to develop
a proper biomarker (that might be a gene or
genes, protein or proteins) for the identification of
microbial dynamics in the available
environmental sample (Fig. 1).

Collectionof SAMPLES

CDNA
Microarrav;

Amnalysis ofgathered data with ‘
Global data repository

Development of potential Bio-marker

Analysis of soil — nacrobial dyrnamnics

Fig. 1. Work flow for developing potential bio-marker for assessing solid waste management
using ‘-omics’ technology
Figure from the authors
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2. CONCLUSION

Increasing solid waste in urban territory and its
subsequent management through land filling or
composting are of serious concerns worldwide.
Land filling requires enormous landmass and is
economically expensive practice. Also landfilling
may also result in numerous environmental and
health related problems. Our main conclusions
are as follows- Although the agricultural
utilization of urban waste may be beneficial, it
also may contaminate the food chain, ground
and drinking water.

Land applications of urban waste, e.g. - MSW,
sewage sludge may result in transport of
pathogens through aerosols to areas of human
habitation.

Considering the foregoing, the physicochemical
analysis of sewage sludge is necessary before a
decision is made to use it for land application,
and, Research is needed on application to
different soil types and at urban waste
amendment rates to evaluate effects on soil
microbial biomass.

ACKNOWLEDGEMENT

RPS is thankful to UGC, New Delhi (P01/679) as
well as Banaras Hindu University, Varanasi for
necessary help. AS acknowledges the financial
help in the form of DBT-RA from Department of
Biotechnology, GOI, India. AS is also thankful to
the Dr. Ganesh Kumar Agrawal, RLABB, Nepal,
and HOD, Department of Botany, University of
Kalyani for providing necessary facilities. CS
acknowledges the financial help from DST-
PURSE program to Department of Botany,
University of Kalyani, from Department of
Science and Technology, GOI, India. RPS and
PS are thankful to Universiti Sains Malaysia,
Malaysia for necessary help. ASFA and WJM are
thankful to CNPg-Brazil for their fellowships as
Researchers.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Araujo ASF, Melo WJ, Santos JA, Melo
VP. Use of municipal and industrial sludge
in agricultural soil: responses of soil
microbial and soil enzymes. In: Samuelson

10.

11.

12.

13.

160

JP (Org.). Industrial waste: Environmental
Impact, Disposal and Treatment. 1ed. New
York: Nova Science. 2009;349-367.

Melo WJ, Aguiar, OS, Melo VP. Nickel in a
tropical soil treated with sewage sludge
and cropped with maize in a long-term field
study. Soil Biol Biochem. 2007;39:1341-
1347.

EPA. Guide for Industrial waste
management; 2007.
Arifin B, Bono A, Janaun J. The

transformation of chicken manure into
mineralized organic fertilizer. J Sust Sci
Manag. 2006;1:58-63.

Aradjo ASF, Monteiro RTR. Microbial
biomass and activity in a Brazilian soil plus
untreated and composted textile sludge.
Chemosphere. 2006;64:1043-1046.
Teixeira KRG,Gongalves Filho LAR,
Carvalho SEM, Araujo ASF, Santos, VB.
Efeito da adicao de lodo de curtume na
fertilidade do solo, nodulagao e rendimento
de matéria seca do caupi. Ci Agrotec.
2006;30:1071-1076.

Singh RP, Agrawal M. Potential benefits
and risks of land application of sewage
sludge. Waste Manag. 2008;28:347-358.
Singh RP, Agrawal M. Use of sewage

sludge as fertilizer supplement for
Abelmoschus esculentus plants:
Physiological, biochemical and growth

responses. International J Environ Waste
Manag. 2009;3:91-106.

Singh RP, Pooja SM, Ibrahim H, Hashim
R. Land application of sewage sludge:
Physico-chemical and Microbial response.

Rev Environ Contamin Toxicol.
2011;214:41-61.
Fernandes SAP, Bettiol W, Cerri CC.

Effect of sewage sludge on microbial
biomass, basal respiration, metabolic
quotient and soil enzymatic activity. App
Soil Ecol. 2005a;30:65-77.

Fernandes SAP, Bettiol W, Cerri CC.
Sewage sludge effects on gas fluxes at the
soil-atmosphere interface, on soil °C and
on total soil carbon and nitrogen.
Geoderma, 2005b;125:49-57.

Vieira RF, Maia AHN, Teixeira MA.
Inorganic nitrogen in a tropical soil with
frequent amendments of sewage sludge.
Biol Fertil Soils 2005;41:273-279.

Wong JWC, Lai KM, Fang M, Ma KK.
Effect of sewage sludge amendment on
soil  microbial activity and nutrient
mineralization. Environ Intern. 1998;24:
935-943.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Singh et al.; ARRB, 7(3): 1565-162, 2015; Article no.ARRB.2015.118

Chander K, Brookes PC. Microbial
biomass dynamics during the
decomposition of glucose and maize in
metal-contaminated and non-contaminated
soils. Soil Biol Biochem. 1991;23:917-925.
Garcia C, Hernandez T, Costa C, Ceccanti
B, Masciandaro G, Ciardi C. A study of
biochemical parameters of composted and
fresh municipal wastes. Biores Technol.
1993;44:17-23.

FlieRbach A, Martens R, Reber HH. Soil
microbial biomass and microbial activity in
soils treated with heavy metal
contaminated sewage sludge. Soil Biol
Biochem. 1994;26:1201-1205.

Powlson DS. Quantification of nutrient
cycles using long-term experiments. In:
Leigh R.A., Johnston A.E. (Ed.) Long-term
experiments in agricultural and ecological
sciences. CAB Int., Wallingford, Oxon, UK.
1994;97-115.

Paul EA, Clark FE. Soil Microbiology and
Biochemistry. San Diego, CA, Academic
Press; 1996.

Pascual JA, Garcia G, Hernandez T,
Moreno JL, Ros M. Soil microbial activity
as a biomarker of degradation and
remediation processes. Soil Biol Biochem.
2000;32:1877-1883.

Skujins J. Soil enzymology and fertility
index—a fallacy? History of abiotic soil
enzyme research. In: Burns RG. (Ed.) Soil
Enzymes Academic Press, London. 1978;
1-49.

Ceccanti B, Pezzarossa B, Gallardo-
Lancho FJ, Masciandaro G. Biotests as
markers of soil utilization and fertility.
Geomicrobiol J. 1993;11:309-316.
Tabatabai MA. Soil enzymes. In: Weaver
RW, Angle JS, Bottomley PS, (Eds)
Methods of soil analysis, part 2.
Microbiological and biochemical properties.
SSSA Book Series No. 5. Soil Sci. Soc.
Am. Madison, Wis. 1994;775-833.

Dick RP. Soil enzyme activities as
integrative indicators of soil health. In:
Pankhurst CE, Doube BM, Gupta VVSR,
(Eds.). Biological Indicators of Soil Health,
CAB International, Wallingford. 1997;121—
156.

Shun-Hong H, Bing P, Zhi-Hui Y, Li-Yuan
C, Li-Cheng Z. Chromium accumulation,
microorganism population and enzyme
activities in  soils around chromium-
containing slag heap of steel alloy factory.
Trans Non Met Soc. China. 2009;19:241-
248.

161

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Karaca A, Cetin SC, Turgay OC, Kizilkaya
R. Effects of Heavy Metals on Soil Enzyme
Activities. In: Sherameti I., Varma, A. (Ed),
Soil Heavy Metals, Soil Biology,
Heidelberg. 2010;19:237-265.

Banerjee MR, Burtonand DL, Depoe S.
Impact of sewage sludge pplication on sall
application characteristics. Agric Ecosys
Environ. 1997;66:241-249.

Antonious GF. Enzyme activities and
heavy metals concentration in soil
amended with sewage sludge. J Environ
Sci Health A. 2009;44:1019-1024.

Byrnes BH, Freney JR. Recent
development on the use of urease
inhibitors in the ftropics. Fert Res.

1995;42:251-259.

Gianfreda L, Sannino F, Violante A.
Pesticide effect on the activity of free,
immobilized and soil invertase. Soil Biol
Biochem. 1995;27:1201-1208.

Aradjo ASF, Carvalho AJS, Santos FJS,
Carvalho EMS, Santos VB. Growth and
nodulation of Leucaena and Prosopis
seedlings in soil plus tannery sludge.
Caatinga. 2006;19:20-24.

Akmal M, Wang HZ, Wu JJ. Changes in
enzymes activity, substrate utilization
pattern and diversity of soil microbial
communities under cadmium pollution. J
Environ Sci. 2005;17:802-807.

Dar GH. Effects of Cadmium and sewage
sludge on soil microbial biomass and
enzymes activities. Biores Technol. 1996;
56:141-145.

Alloway BJ. Heavy metals in soil. 1995.
Blackie Academic and Professional, 11-37.
Leita L, Nobili M, Muhibachova G, Mondini
C, Marchiol L, Zerbi G. Bioavailability and
effects of heavy metals on soil microbial
biomass  survival during laboratory
incubation. Biol Fertil Soils. 1995;19:103-
106.

Kuperman RG, Carreiro MM. Soil heavy
metal concentrations, microbial biomass
and enzyme activities in a contaminated
grassland ecosystem. Soil Biol Biochem.
1997;29:179-190.

Giller KE, Witter E, MCgrath SP. Toxicity of
heavy metals to microorganisms and
microbial processes in agricultural soils: A
review. Soil Biol Biochem. 1998;30:1389-
1414,

Bardgett RD, Saggar S. Effects of heavy
metal contamination on the short-term
decomposition of labelled [14C] glucose in



38.

39.

40.

41.

Singh et al.; ARRB, 7(3): 1565-162, 2015; Article no.ARRB.2015.118

a pasture soil. Soil Biol Biochem. 1994;26:
727-733.

Doelman P, Haanstra L. Short-term and
long-term effects of cadmium, chromium,
copper, nickel, lead and zinc on soil
microbial respiration in relation to abiotic
soil factors. Plant Soil. 1984;79:317-327.
Schneider T, Riedel K. Environmental
proteomics: Analysis of structure and
function of microbial communities.
Proteomics. 2010;10:785-798.

Zargar SM, Nazir M, Cho K, Kim D, Jones
OAH, Sarkar A, Agrawal SB, Shibato J,
Kubo A, Jwa N, Agrawal GK, Rakwal R.
Impact of Climatic Changes on Crop
Agriculture: OMICS for sustainability and
next generation crops. In: Benkeblia N.
(Ed.) Sustainable Agriculture and New Bio-
Technologies. CRC Press: USA. 2011;
453-477.

Sanapareddy NHTJ, Gonzalez LC, Hilger
HA, Fodor AA, Clinton SM. Molecular
diversity of a North Carolina wastewater
treatment plant as revealed by

42.

43.

44.

45.

pyrosequencing. App Environ Microbiol.
2009;75:1688—-1696.

Wang H, Zhang Z, Li H, He H, Fang C,
Zhang A, Li Q, Chen R, Guo X, Lin H, Wu
L, Lin S, Chen T, Lin R, Peng X, Lin W.
Characterization of metaproteomics in crop
rhizospheric soil. J Prot Res. 2011;10:932—
940.

Chourey K, Jansson J, Verberkmoes N,
Shah M, Chavarria KL, Tom LM, Brodie
EL, Hettich RL. Direct cellular lysis/protein
extraction protocol for soil metaproteomics.
J Prot Res. 2010;9:6615-6622.

Castellana N, Bafna V. Proteogenomics to
discover the full coding content of
genomes: A computational perspective. J
Prot. 2010;73:2124-2135.

Hadrami A, El-Bebany AF, Yao Z, Adam
LR, Hadrami |, Daayf F. Plants versus
fungi and Oomycetes: Pathogenesis,
defense and counter-defense in the
proteomics Era. Int J Mol Sci. 2012;
13:7237-7259.

© 2015 Singh et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=975&id=32&aid=9373

162



