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ABSTRACT The use of animal manure is of course a significant componentas it enhances the growth of crops and
invariably improves the yields from such crops. In addition, there is the clamour for organic farming and green
vegetation. Such clamour engages or underscores the importance and relevance of animal manure. Besides, the use
of chemical fertilizers has been discouraged because of the various disadvantages. However, care must be taken in
the use of animal manure as well because it has its challenges. This write up attempts tothrow light on these
challenges which, among other things, include microbial pathogens present in animal manure and effects of such
pathogens; antimicrobial drugs in animal manure; existence of heavy metals and pesticides and mycotoxins and
hormones in animal manure. This review suggests some management practices and technologies that will reduce
the prevalence of these impediments in animal manure and thereby enhance its use.
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INTRODUCTION

Concerns and worries about the effects of
pathogens, anti-microbial drugs, heavy metals
and pesticides that are present in animal manure
on environments and consequently, human be-
ings health is fast gaining attention in recent
times. Animal manure can be a veritable source
of important plant nutrients when appropriately
managed. It enhances the nutrient contents of
the soil, biological and physicochemical proper-
ties of the same. Moreover, manure has some
shortcomings when juxtaposed with chemical
fertilizers. Manure contains minimum nutrients
and high volume and that makes it uneconomi-
cal to move to a distant place from its produc-
tion site (St-Pierre and Wright 2013). Manure
releases its nutrients at times when plants are
not actively growing to use them. This leads to
having untapped nutrients being left in the soil
and such nutrients can be washed into streams,
lakes or rivers via erosion, runoff or probably

leached into groundwater. Environmental Pro-
tection bodies of nations have identified bacte-
ria and some other micro-organisms as promi-
nent causes of water quality pollutants in lakes,
streams, and rivers. There are more than 170 or-
ganisms that can spread infection from animals
to humans through contamination or pollution.
Many of these organisms can be found in ani-
mal manure. They include viruses, protozoa and
bacteria such as Escherichia coli, Salmonella.
Animal manure serves as a veritable source of
plant nutrient, but, apart from this, it can also be
a pollutant as it harbours heavy metals, rem-
nants of pesticides and viruses (Pindozzi et al.
2013). Often, animal manure carrying some
pathogenic bacteria have been said to be asso-
ciated with pollution of streams, rivers and estu-
aries. About 145 organisms have been confirmed
to have potential of spreading infections animals
to man causing zoonotic diseases (Table 1). Mean-
while, some of the causative agents have been
located in animal manure. Use of uncomposted
manure on crops encourages the spread of
pathogens and pollution of the environment.
Possibly, in manure, it is likely to also find con-
taminants like residual pesticides, antibiotics,
hormones and some heavy metals apart from
the mentioned disease organisms. Public health
becomes negatively affected if pathogen in the
faeces gains entrance into surface water and
there are potential hosts in the water to accom-
modate the pathogens this can lead to forma-
tion of infective dose and if man takes the infec-
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tive dose via consumption of aqua cultural or
agricultural produce (Dai et al. 2013).

ANIMAL MANURE PATHOGENS  AND
LAND  PREPARATION  FOR
AGRICULTURAL  PURPOSE

Useof animal manure for the enrichment of
soil fertility is one of the best ways of reducing
environmental degradation. Notably, this has
also been observed to have some demerits be-
causeit has the potential of emitting nitrogen
through the process of volatilization (Wu et al.
2011). Livestock and poultry manures naturally
contain a wide range of bacteria, viruses and
protozoa. Many of these are renowned for their
ill effects on humans. Bacteria known to be hu-
man pathogens include certain strains of E. coli,
Salmonella spp., Listeria, Streptococcus spp.
and Campylobacter spp. Examples of such pro-
tozoa are: Giardia and Cryptosporidium. How-

ever, many of the viruses located in animal ma-
nure do not endanger human life. Spread of these
pathogens in manure depends considerably on
livestock species. For instance, E. coli can be
located in the manure from all species. Though
it is most common in cattle manure, but it has
also been located in the manure of other mam-
mals. Salmonella is popularly located in poultry
(turkey, domestic fowls, geese and pigeon) ma-
nure. Campylobacter is popularly found in ma-
nure of all poultry species. Listeria is found in
manures of all species of cattle and sheep. In
addition, Cryptosporidium can be found in cat-
tle manure and it may also be found in manures
of pigs and sheep (Abdel-Monaim and Abo-Ely-
ousr 2012). It also suffices to state that green
yard wastes can be contaminated as a result of
pet droppings.

It is important to take precaution to prevent
the spread of pathogens on farmland as this will
reduce the multiplication of livestock-linked

Table 1: Some diseases and parasites from animal manure to humans and possible symptoms

Diseases Organisms Symptoms References

Bacteria
Salmonellosis Salmonella spp. Diarrhoea, fever, abdominal (Sumner et al. 2004)

pains and headache
Tuberculosis Mycobacterium avium; Fever, fatigue, pains in back (Anguelov et al. 2014)

Mycobacterium tuberculosis and chest, cough
Tetanus Clostridium tetani Heavy muscle spasm, (Livingston et al. 2013;

difficulty in breathing Pirazzini et al.2013)
Brucellosis Brucellamelitensis Fever, sweating, headache (Asaad and Alqahtani 2012)

and general body weakness
Colibaciliosis Escherichia coli Diarrhoea and persistent (Kim et al. 2011)

production of abdominal gas
Anthrax Bacillus anthracis Pneumonia, cough, headache (Moayeri and Leppla 2009)

and fever
Erysipelas Erisipelothrixrhusiopathiae Headache, vomiting, (Radakovic et al. 2013)

sweating and fever
Viruses

Foot and mouth Fever and sore throat (Tildesley et al. 2012)
Psittacosis Pneumonia (Pirazzini et al. 2013)

Fungi
Histoplasmosis Histoplasmacapsulatum Cough, joint pains, fever (Mohammed et al. 2012)

muscle ache
Coccidioidycosis Coccidioideaimmitus Headache, cough, sweating, (Song et al. 2013)

fever
Protozoa

Coccidiosis Eimeriaspp. Diarrhoea, abdominal pains (Akpo et al. 2012)
Cryptosporidiosis Cryptosporidium spp. Weakness, dehydration, (Robertson and Chalmers,

Diarrhoea 2013)
Toxoplasmosis Toxoplasma spp. Seizure and headache (Delhaes et al. 2013)
Giardiasis Giardia lamblia Nausea, headache, fever, (Lal et al. 2013)

diarrhoea
Parasite

Ascariasis Ascarislumbricoides Bloody sputum, fever, cough, (Kitvatanachai and
skin rash Rhongbutsri 2013)
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pathogens (Nicholson et al. 2007). It has been
reported that when animal manure is applied on
farmland, it will result to movement of patho-
gens through the pores and the movement will
be both vertical and horizontal. The rate or speed
of movement will definitely determine the possi-
bility of the pathogens reaching ground  sur-
face waters. It follows that peradventure the
water is used for agricultural purpose like irriga-
tion, then the tendency to pose health risk for
the consumer of the produce from that opera-
tion is high (VanderZaag et al. 2011). Venglovsky
et al. (2006) opined that factors that determine
the horizontal movement of pathogens are: soil
type, soil water content, amount and intensity
of rainfall, temperature, nematodal activity sur-
face charge and size of microorganism, trans-
port through plant root and soil pH. The work-
ers further submitted that factors that determine
the vertical movement of pathogens include the
amount and intensity of rainfall, closeness of
the pollutant source, agricultural activities
weather and the season of application. The ac-
tivities of pathogens is determined and influ-
enced largely by the availability of water. Be-
sides, temperature is also a very important fac-
tor. High temperature inactivates pathogens.
Existence of the pathogens is also influenced
by the specie of the organism. Bacteria that form
spores endure for longer time than the ones that
are non-spore forming (Babalola and Akindolire
2011). When pathogens are covered with the
soil or incorporated into the soil, they tend to
have higher survival than when they are
exposed.This may be due to the fact when bur-
ied in the soil, they are protected from exposure
to ultraviolent rays from light or sun or the di-
rect high temperature. Notably also, it suffices
to state that, possibly, when the pathogens are
also buried, they are likely to be consumed by
the predators and this will as well reduce the
survival. Jamieson et al. (2002) opined that pH
will also influence the survival of pathogens in
the soil. Application of fresh manure has been of
concern because it has higher possibility of
spreading pathogens to waters; especially the
surface water and when agricultural produce are
cleaned or washed with such waters, there will be
contaminations and eventual poor food security.
In works of Islam et al. (2004), E.coli contaminat-
ed lettuce and carrots when uncomposted animal
manure was applied on soil as fertilizer.

Survival of Pathogens in the Animal Manure

Poultry litter or manure is generated in mil-
lions of tonnes every year from poultry farms. A
considerable part of the manure is spread or used
for the fertility of the farmland. Survival of patho-
gens in manure depends on several factors but
prominent ones are the temperature and mois-
ture content of the materials. In addition, other
conditions that can determine survival of patho-
gens include: oxygen level, pH level and ammo-
nium content level.

When the temperature in the manure increas-
es and the storage time of the manure also in-
creases, the possibility of pathogens survive
reduces. Most pathogens have brief survival
time when in dry environmental conditions. It
has been reported that Salmonella sp. and E.
coli can survive for 4-6 months when the temper-
ature is between 1-9oC and this is more than 50
times longer when compared with what is obtain-
able at temperature between 40-60oC. Admittedly,
Campylobacter coli thrive in slurry and dirty
water for three months. When composting is
properly carried out, it can, to a large extent min-
imize the population of pathogens in manure. One
of the essentialconditions in composting is to
have temperature above 55ºC for at least 4 days
even during aeration (Bustamante et al. 2012).

Another composting method named wind-
row system needs turning with equipment that
moves the materials from the surface to the base
of the windrow and this will expose the materials
to higher temperatures. This needs to be done
repeated so as to ensure that all materials are
exposed to minimum of 3 consecutive days of
high temperature. It is often suggested that wind-
rows keep a constant temperature of 55ºC for 17
days with at least 4 turnings. Owing apparent
need for good churning, mixing and regular high
temperatures, pathogen population in windrow
composting has been found to be effective than
the in-vessel systems. However, some microor-
ganisms are “tough” and highly resistant than
others and temperatures must therefore be con-
stantly monitored in order to make sure that ex-
pected temperatures are in place.

Pathogens and Compost Tea

Compost teas are prepared by inserting a
small quantity of mature or aged compost in a
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bag with holes into water and permitting it to
steep or brew. The tea solution that evolves can
be applied to plants as source of nutrients for
crop foliage. However, compost teas can only
be produced with fully mature compost in order
to kill pathogens (Mc Carthy et al. 2011). Nota-
bly, addition of sugar during steeping has the
potential of increasing the occurrence of patho-
gens in the compost tea. In addition, compost
tea must be well ventilated in the course of
“steeping” and applied fast. This becomes im-
portant in an attempt to reduce the chances of
pathogen contamination. Farmers are enjoined
not to apply compost teas to edible parts of the
crop and it should not be applied when harvest-
ing phase is near.

It is to remember that manure tea is produced
using composted manure and may still contain
some pathogens. It is therefore suggested that
it must not be applied directly to crop plants. It
is suggested that farmers must wait for at least
four months after application before harvesting
the crops (Chaney 2012).

Antimicrobial Drugs in Animal Manure

Use of antibiotics in production of animals
has been beneficial i the sense that it has assist-
ed in improving feed quality, feed efficiency and
subsequently growth rate of farm animals. As a
result, this has led to reduction in the cost of
food production and void of nutrients via ma-
nure; hence minimizing the environmental pol-
lution. Findings on the use of antimicrobial drugs
have been primarily focused on their beneficial
and adverse actions on animals and humans. Of
late, the need to study the effect of these drugs
on their environment and influence on the plants
that take them up from manure has come to the
fore (Thien Thu et al. 2012). Unknowingly, con-
sumers may possibly be taking traces of some
of these drugs when they eat crops from manure
treated farmland (Mc Carthy et al. 2011). Antibi-
otics are generally administered for two reasons:
1. Therapeutically to treat diseases and 2. Sub
therapeutically for increasing feed efficiency and
prevent diseases. Sulfa drugs, coccidiostatics,
antibiotics and antimicrobial drugs are basically
commonly used in poultry and swine farming. It
is worth notingthat some antibiotics are not well
used by the animals and considerable quanti-
ties are passed into the urine and manure. Im-
portantly, this has become a source of concern

to the public because some of these unabsorbed
drugs found in the urine and manure may found
their way into surface water and if such waters
get to crops possibly via irrigation, it can con-
tribute to antibiotics resistance developments
and elicit allergies (Husfeldt et al. 2012).The chem-
ical structure determines the activities of these
drugs as they transform during metabolic activ-
ities via digestion. The veracity of the drug in
the excreted dungs, droppings or urine of ani-
mals, depends on humidity, pH and the process-
ing method of the manure. Potentially, some of
these drugs form chemical complexes with ele-
ments like calcium and this action makes them
insoluble and unabsorbed in the animal’s body.
In some cases, drugs traces analyzed in the ma-
nure are physiologically inactive. In the works
of Christian et al. (2003), it was reported that
manure samples from cattle farm and cattle and
piggery farm that had different tanks had quan-
tities of drugs especially antibiotics in consid-
erable quantitiesthat can be as high as 20 mgkg-

1can be found in manure. It was further reported
that farmland fertilized with swine and cattle
manure sulfadimidine was also observed at the
first 20cm layer of the farmland three months
after its application to the soil. However, tetra-
cycline was not detected in the manured soil in
considerable concentrations and the authors
opined that this may be due to the ability of
tetracycline to bind strongly with soil
particles.McEwen (2006) suggested that the pru-
dent use of antimicrobial drugs and growth pro-
moting drugs cannot be overemphasized as their
effect onthe animal and human health can be
both positive but if carelessly administered or
managed, their effect can be deleterious. Nota-
bly, the bacteria may become resistant; once re-
sistance becomes prevalent and gets to a cer-
tain level; reversal of the resistance may become
another big task (Arriaga et al.2011).

Bacteria from Animal Manure can
Develop Resistance

The continuous use of antibiotics will lead
to resistance and reduction in effectiveness of
such antibiotics when administered for treat-
ments in both humans and animals. Undoubted-
ly, disease-causing organisms (Table 1) are def-
initely the most diverse and numerous organ-
isms on earth. They are different in their envi-
ronmental adaptation, habitat and system of re-
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production. They do have short life span but
high rate of multiplication. Combination of these
attributes foster resistance development. (Wil-
son and Cotter 2013) Overtime, there have been
reports about the development of resistance to
antibiotics used for both livestocks and human
beings. There are four established means by
which antibiotics can terminate the susceptible
bacteria : through the disruption of microbial
cell wall synthesis, prevention of DNA replica-
tion, prevention of protein synthesis and inhibi-
tion of cell division, development and differenti-
ation. Resistance results if and when the target-
ed bacterium develops another way for its cell
functions and processes such that the antibiot-
ic will no longer be able to hinder or prevent it.
The most renowned source of antibiotic resis-
tance is the one carried out through the instru-
mentality of genetic modification. Most of the
drug resistant microorganisms came up owing
to single or multiple gene mutation. Besides,
there is also the possibility of having resistance
when an organism acquires a foreign gene from
another microorganism or assesses an unen-
gaged gene source from the environment through
a process referred to as transformation. (Singh
et al. 2012). There is specificity in the resistance
strategy by a particular bacterial specie to a par-
ticular antibiotic and possibly a particular resis-
tance mechanism may be restricted to a particu-
lar environment. In addition, there have been
reports about the possibility of observing simi-
lar genes in unrelated bacteria and that indicates
that such resistance genes can be transferred
among bacteria (Rizzo et al. 2013).

ANTIBIOTICS  AND  SOIL  ENVIRONMENT

It is observed that about 30-80 percent of
antibiotic dose given to livestock as growth pro-
moters may be egested as part of faeces or drop-
pings owing to poor absorption. When manure
that has a considerable quantity of antibiotics is
applied to farmlands, such antibiotic in the ma-
nure has the possibility of getting into the edaph-
ic material and finds its way into lakes, streams
or rivers. Antibiotics permeate the environment
either as part of the unabsorbed waste or as part
of excretion of absorbed antibiotic residues and
their metabolites by urine and faeces of the live-
stock animals (Liu et al. 2013). The popular route
through which antibiotics are released into the
environment is through application of manure

in arable soil and in fisheries production. Possi-
bly, an integral part of feed having the active
ingredient may not be consumed by the live-
stock and will therefore get to the sediment di-
rectly without any transformation. After the con-
sumption of antibiotics, it is also possible that it
can be voided partly as metabolized compounds
and this will also get to the sediment. Residues
of antibiotic remaining in the animal manure un-
dergo degradation or leaching and this is a func-
tion of the chemical properties of the manure as
at that time. During grazing, animals do urinate
and the metabolized drugs in the urine can be
washed into the pool of waters nearby. Howev-
er, it seemsthat most of the drugs voided through
urine can easily dissolve in water. In contrast,
drugs voided through faeces or droppings are
mostly less water soluble. Antibiotics, which are
admitted purposely to terminate disease caus-
ing microorganisms-bacteria, most especially
broad spectrum antibiotics, can also do havoc
on microbial settlements in the edaphic
system.Antibiotics could disturb the important
biological works in soil. As a result, this could
lead to development of antibiotic-resistant bac-
teria that could affect human beings, animals,
wildlife, fish and other aquatic animals (Gao et
al. 2012; Gong et al. 2012). Notably, after the in-
troduction of antibiotic laden feed ingredients
to the animals as part of the feed, antibiotics not
metabolized by the livestock will be voided and
become part of the environment. In fish farming,
antibiotics are given as part of the feed which
will be thrown into the ponds; approximately 72
to 85% are directly released into the water. Anti-
biotic residues with notable antibacterial ten-
dencies have been reported in the water from
fish ponds. Penicillin, tylosin, momensin and
tetracycline are some of the most commonly used
antibiotics and that are traceably found in the
manure of beef, swine and poultry. In
addition,concentration of these listed antibiot-
ics differs. It can be as high as 218 mg/l in ma-
nures depending on the animal and the metabo-
lism ability of such animals. Often, these antibi-
otics do remain inactive or passive during ma-
nure storage. Water and soil pollution resulting
from manure application has been reported. Fur-
thermore, it has been noted that residual
amounts of antibiotics in soils can almost be
equated to the level that is as similar as that of
pesticides. Such pollution by antibiotics endan-
gers livestock and human beings to regular chal-
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lenge of consequences owing to availability of
pockets of low contents of antibiotics in the
environment. This development reduces both
human and animal health by reducing the suc-
cess of antibiotic effectiveness when adminis-
tered for treatment. Antibiotic resistant genes
from microorganisms in the environment can be
transferred directly to humans. Antibiotics from
manure-fertilized lands are undermining the qual-
ity of drinking water in the sense that they are
parts of the pollutants and they thereby reduce
quantity of drinkable water available to both live-
stock and human beings. However, side effects
of long time cumulative exposure to low con-
centrations of antibiotics soon become appar-
ent and the threats coming from veterinary anti-
biotic contamination to human and livestock
health cannot be thrown into the trash (Cytryn
2013; Fernández-Calviño and Bååth 2013).

How Long Can Antibiotics Stay in the Soil?

There are multiple factors that can influence
the degree of persistence of antibiotics in the
soil. These include, among other things, avail-
ability of water, types of microorganisms, Pho-
tolysis and ability to bind to soil particles via
the process of adsorption. The antibiotics pos-
sibly combine with soluble organic materials and
having solubilized, they are easily moved and
they can thereby pollute waters while still main-
taining the potency (Martinez 2009). Some anti-
biotics namely: virginiamycin, ciprofloxacin and-
ofloxacin do break down slowly and may endure
in soil still maintaining its original potencyto 32-
83 days but other antibiotics like tylosin and
erythromycin absolutelybreak down within one
month at temperatures from 22-320C. Antibiotic
residues in animal manure often remain un-
changed during storage until its application to
agricultural farmlands. We need to collect pre-
cise data on antibiotic use in animal farming,
aquaculture and agriculture and the potential
reservoir for residual antibiotics in the terrestrial
environment in the country (Han et al. 2012).
There is still paucity of information on the kinet-
ics of breaking down and potentials of different
antibiotics in soils, manures and aquatic bod-
ies. This is important because it will enhance
and foster better understanding of eco-toxico-
logical impacts of different antibiotic residues
in the vicinity.

EXISTENCE  OF  HEAVY  METALS  OR
MINERALS  IN  ANIMAL  MANURE

Owing to increase in the cost of inorganic
fertilizers, there is an upward demand for the use
of animal manures for the improvement of soil
fertility. This has provided a cheaper means or
way of amending agricultural field with plant
nutrients and organic matter. Be that as it may,
this has the tendency of increasing the levels of
heavy metals proportions in soil. It suffices to
state that some of the heavy metals are advanta-
geous to plants and animals when they are avail-
able at trace proportion or at the needed levels
because they pose threat when they accumu-
late in higher levels (Tak et al. 2013).

Accumulation of heavy metals in agricultur-
al soils may lead to dangerous challenges if the
bearable level is exceeded. Overtime, the soil
becomes the residence of heavy metals if there
is persistent and consistent application of ani-
mal manures that contain such metals. Agricul-
tural soils that have been amended by animal
manure tends to be high in organic matter and
this often affect the level of aggregation of soil
particles, minimizes bulk density and heightens
soil porosity (Inyang et al. 2012). Unhindered or
unrestricted application of animal manure on the
soil increases the heavy metal quantities in the
soil (Anikwe and Nwobodo 2002). Thus,this
demandscarefulanddeeper scientific knowledge
when applying the manure. Kidd et al. (2007)
agreed that metals sourced from waste biomass
are known to bind organically and therefore be
less available for plant use. In addition, soils on
which animal manures are unabatedly applied
have propensity for accumulation of heavy met-
als thereby reducing the functionality of such
soil, reducing the quality of crops that come from
such soil and becoming health threat to humans.

Possibility of having accumulation of miner-
als in animal manure is gaining prominence of
late. This is possible when a high level of miner-
als is given to animals (calcium and phosphorus
in layers, copper in broilers and young poultry,
and copper and zinc in pigs). Presence of heavy
metals such as lead, mercury and cadmium has
been reported in animal manure. They are not
commonly found in poultry droppings but, they
are amply found in beef manure and the toxicity
of Lead is a function of chemical structure of the
compound and this determines its usability by
the body. It was reported that due to the rapid
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development of intensive animal farms in China,
animal manure production is about 32x108  tonnes
annually and that animal manure is being used
to enhance the fertility of agricultural land. It
further informsthat this practice has resulted into
serious environmental problem such as nitrate
and phosphate contamination of surface water.
It was also noted in their work that the use of
animal manure has led to accumulation of heavy
metals as manure has metals like: Arsenic (As),
Cd, Copper (Cu), Pb, Hg, Molybdenum (Mo),
Nickel (Ni), Selenium (Se) and Zinc (Zn). In addi-
tion, the work of Canget al. (2004) reported heavy
metals pollution in poultry and livestock feeds
and manures under intensive farming in Jiangsu
Province was investigated and 97 feed and ma-
nure samples were sampled from 31 farming plants
in 10 major cities of Jiangsu. Moreover, 14 met-
als, including Zn, Cu, Pb, Cd, Cr, Ni, Mo, Mn, Ba,
Co, Sr, Ti, As and Hg, were analyzed after sam-
ples acid digestion. The results indicated that
most feed samples contained high concentra-
tion of metals which exceeded National Hygien-
ical Standard for Feeds.

In addition, it was found that Cu, Zn, Pb, Cd
and Cr concentrations in animal manures were
also high. For instance, Cu concentration in a
manure sample reached as much as 1726.3 mg/
kg. Heavy metals can be accumulated in surface
soils as a result of long-term agricultural use.
This can lead to metal migration through leach-
ing and runoff. Li et al. (2007) reported that the
content range of Cd in pig manure ranged from
non-detectable (ND) to 129.76mg/kg dry matter
in Beijing and Fuxin. They further noted that
mean Cu content in manures from Beijing was
887 mg/kg in grower-finisher pig manures. How-
ever, heavy metal residue displayed diversity in
content in different part of China. For instance,
Canget al. (2004) reported that average Cu in
pig, cattle and chicken manures from Jiangsu
province was 399, 46 and 89 mg/kg dry matter.
The heavy metal content of animal manure is
traceable to their content in the feed ingredients
and the efficiency of feed conversion by the
animals. Zhang et al. (2007) reported that in the
Northeast China, small farms are widely located
in suburban areas and that heavy metal addi-
tives were in feeds because of lack of thorough
supervision by government officials and igno-
rance of the feed millers. Hence, arbitrary appli-
cation of Cu additives to compounded feeds lead
to rise in Cu content in manures from small pig-

geries. They also reported that feed additives
containing heavy metals were generally applied
in intensive animal husbandry in Northeast Chi-
na and the abuse of additives with heavy metals
was predominant in both big and small farms. Li
and Chen (2005) submitted that addition of As
additives to animal feeds led to possibility of
having As in manure and that in England and
Wales, the mean contents of As in pig, layer and
cattle manure were 1.68, 1.46 and 0.44 mg/kg.
Besides, Sager (2007) stated that the mean con-
tents ofAs in pig and cattle manure was <1.0mg/
kg in Austria.

ANIMAL  MANURE  AND  PESTICIDES
RESIDUES

Manure from non-organic farms may possi-
bly contain pesticide residues. These pesticides
include: aldrin, heptachlor, lindane, chlordane,
DDT, endrin, methoxychlor, dieldrin, toxaphene
and many others. The reason for this is not far-
fetched; some farmers do spray manure piles
with pesticides in order to kill fly larvae. They
are also used for ectoparasite control; endopar-
asite control (oral or parentheral); treatment of
feed or bedding prior to or during manufacture;
spraying manure, litter or the entire environment
for pest control; spraying or treating crops by
insecticides and herbicides and many other ap-
plications on farms and in the feed industry and
other activities related to farming (Vittoria Pinna
et al.2012). However, the level of pesticides is
often more in cattle fed conventional feed ingre-
dients than in cattle fed poultry litter or other
animal wastes. This is possibly because the use
of pesticides in agriculture is widespread, and
high levels may often occur in forage, feed and
crop residues and when the straw is used for
bedding; this will increase the level of pesticides
locatable in the litter or in the tissues of live-
stock given such animal wastes. Pesticides re-
mains in livestock carcass may lead to food in-
security to humans if it is left uncontrolled. In
the works of (Zhao et al. 2013) the residual lev-
els of 8 organochlorine pesticides (OCPs) and
15 priority polycyclic aromatic hydrocarbons
(PAHs) were studied in pig, chicken, and cow
feed and manure samples collected from feed-
lots in Jiangsu province, China. The average re-
siduals of OCPs ranged from 25.35 to 65.62 ng/g
in feeds and from 33.46 to 90.89 ng/g in manures.
Among 4 hexachlorocyclohexanes (HCHs),
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α-HCH was the most prominent compound with
a high occurrence above 80% in all kinds of an-
imal feeds and manures. In the case of dichlo-
rodiphenyltrichloroethanes (DDTs), the predom-
inance of p, p2 -DDE and p, p2 -DDT of total
DDTs was also clearly observed. Composite pro-
files of HCHs and DDTs in feeds indicated that
the residuals of lindane and DDTs could be at-
tributed to new inputs in the past several years.
Furthermore, average residuals of all of the PAHs
varied from128.94 to 389.66 ng g-1in manures.
The mean concentrations of seven carcinogen-
ic PAHs in manures varied from 16.80 to 79.70 ng
g-1. These informthat of the 15 priority PAHs,
phenanthrene was the most dominant PAH spe-
cies and accounted for approximately 50% of
the total PAHs in all animal manures. They con-
cluded that the distribution of PAHs with differ-
ent rings showed that PAHs with 3 rings were
the primary components in the tested manures.
Even though law against the use of OCPs has
been promulgated in China, 3200 t of lindane
was still been used until the year 2000 for the
extermination of forest pests. Besides, DDT was
also manufactured for production of other pes-
ticides like dicofol. Furthermore, Chinese gov-
ernment and the United State Environmental Pro-
tection Agency have identified sixteen PAHs and
seven of them already declared as being carci-
nogenic. Therefore, monitoring of PAHs in the
environment, feed and food is very important so
as to ensure that human health is not endan-
gered. The persistence, bioaccumulation and
toxicity of OCPs and PAHs is generating con-
cerns because they are found in manures trace-
able to their use as pesticides and find their to
be part of the feed, hay and grasses that animals
consume (Dai et al. 2013). Sizeable HCH and DDT
isomers and metabolites can be found in pigs,
chicken and cow feed and manure samples in
the environment where they are still been used
as pesticides.

Fate of Pesticides Residues in Composts

It is very important to ask the question about
the fate of pesticides remains in compost. This
is so because even at very low level, pesticides
can cause dangers to the environment. For in-
stance, it has been reported that at concentra-
tions of parts per billion (ppb), diazion and pen-
dimethalin are dangerous to fish wellbeing
(health). So, if composts are to be directed into

the fish ponds, the pesticides availability must
be gauged. However, pesticides do lose their
potency during composting. But, there are some
exceptions and examples of such exemptions are
DDT metabolites and chlordane (Yoshizaki et al.
2013). Most countries have banned these two
pesticides but they still persist in some environ-
ments. In addition, investigations have revealed
that most of the pesticides are broken down ei-
ther by chemicals or microorganisms in the pro-
cess of composting. Of late, it was discovered
that an herbicide named Clopyralid remains in
the composts at levels that may inflict negative
impacts on growth of some crops. It is important
to say that pesticides are broken down in the
composts through pathways. Mostly, they are
lost through mineralization or degradation to CO2.
Besides, it has been reported that pesticides may
also be volatilized into the atmosphere and this
is aided by the rise in temperature in the com-
post. In addition, it is also possible that the pes-
ticides will leach from the compost when and if it
rains (Marchal et al. 2013). Moreover, some pes-
ticides residues become part of organic matter
of the compost owing to their metamorphosis
into forms that is chemically at variance to their
original form and they remain inactive. It is not
good that the pesticides should remain untrans-
formed in the process of composting. Persis-
tence of a pesticide called Clopyraliddespite com-
posting is widely gaining attention. Generally, it
is used in controlling broadleaf weeds. The chal-
lenge is that Clopyralid is “unbreakable” even
in composts or during composting process.
(Hough et al. 2012) So, when such composts are
used for improvement of soil fertility, it affects
some crops, especially, crops that belong to the
leguminosae, solonaceae and the compositae
families. Such crops can be stunted even if the
level is as low as 10 parts per billion. Findings
have shown that tomato planted with compost
with residues of Clopyralid make the leaves of
such plants look cupping and that leaves of pep-
per plants grown on such pesticides show atyp-
ical leaf growths. Furthermore, beans planted
on soil with remnants of Clopyralid show shoot
bad formation. In addition, agricultural produce
can also lose their value via contamination ow-
ing to conspiracy between Clopyralid and Piclo-
ram. When cattle feeds on Clopyralid or Piclo-
ram in the course of grazing on the field where
they have been applied, the pesticides also pass
through the gastro intestinal tracts unchanged
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or untransformed. This has become a source of
worry for organic farmers. This is so because
they depend mostly on composts and manure
for soil fertility (Bernard et al. 2012).

Mycotoxins and Hormones in Animal Manure

The quality of animal wastes can be serious-
ly influenced by mycotoxins and other metabo-
lites of fungi; most especially Aspergillus and
Penicillium species. These fungi can be locat-
ed in large quantities in animal manure or in bed-
ding materials. These microorganisms produce
aflatoxin and other mycotoxins. Mycotoxins are
toxic secondary metabolites produced by fungi.
There is the possibility of being toxic to human
beings and animals that take in the mycotoxins.
The effect of toxicity can be seen in skin lesions,
death or symptoms like nephrotoxicity, hepato-
toxicity and genotoxicity. Apart from the above
expressions, mycotoxins could also be carcino-
genic or mutagenic and develop negative effect
on the immunity of the affected beings (Nar-
done et al. 2010). Manure can be an important
carrier of pathogenic microbes and microbial tox-
ins. Microorganisms have the potential of grow-
ing on livestock wastes and bedding materials
and when these materials are consumed they
may have direct effects on digestive tract, ner-
vous and blood systems. In the same vein, the
genera of Stachybotrys and Pithomyceschar-
terum because, they are saprophytes can also
grow on dead organic matters like: straws, bed-
ding materials, animal manure and cellulosic
material when the moisture content is between
25 and 40%, produce toxins dangerous to all
species (Holler 2012). In addition, Clavicepspur-
purea, which is popular in temperate regions,
produces alkaloids and histamine. Of course,
drying and other processing of manure stop the
growth of microorganisms, but the inactivation
of the actual toxin can be partially eliminated by
microbial processes, although the mode of ac-
tion is unknown. A large number of thermophilic
and mesophilic fungi which are pathogenic or
toxigenic to animals and plants are normally
present in feedlot surface manure. Examples of
such thermophilic fungi are Mucorpusillus and
Chaetomium thermophile and examples of such
mesophilic fungi are Mucor, Rhizopus, Absidia
and Mortierella and they are mostly present at
lower temperatures and in fresh faeces. The
moisture content appears to be a factor respon-

sible for the degree of infestation: it was ob-
served that A. flavus and Fusarium solani were
found in increased numbers when moisture of
the feedlot waste increased. Effect of mycotox-
ins in animal manure is comparable to that of
mycotoxins in feed. The presence of mycotox-
ins in animal manure creates problem at the peri-
od of waste collection, when the biotop chang-
es (Collett 2012; Gadd et al. 2010). Drying, ensil-
ing or other processing is therefore encouraged
to be used immediately after disposal of manure.
Scientists are also concerned about the envi-
ronmental impacts of hormone residues that are
found in cow manure. Examples of such hor-
mones are: diethylstilbestrol (DES), estrogens,
testosterone and estradiol.When manure is ex-
creted, these hormones can contaminate surface
and groundwater thereby harming local ecosys-
tems. Aquatic ecosystems are particularly vul-
nerable to the negative impacts of hormone res-
idues; recent studies have demonstrated that
exposure to hormones has a substantial effect
on the reproductive capacity and egg produc-
tion of fish. Fishes are particularly exposed to
the negative influence of hormone residues.
Recent studies have shown that exposure to
hormones has a substantial effect on the repro-
ductive capacity and egg production of fish. It
has been reported that the use of growth hor-
mones in food animals sparks a risk to consum-
ers’ health.Hormone residues found in meat from
theseanimals can disrupt the consumer’s hor-
mone balance, bring about developmental chal-
lenges, negatively affect the reproductive sys-
tem and can lead to cancer. However, kids and
pregnant women are most probable victims of
these negative health effects. Consumption of
hormone residues in animal or fish is also possi-
ble to cause the early onset of puberty in girls.
Bad enough, this puts girls at risk of having
breast cancer and other types of cancer (Cairns
et al. 2012; Chassy 2010).

PANACEA TO CHALLENGES
ASSOCIATED WITH ANIMAL MANURE

Application of animal manure should be reg-
ulated to prevent unwarranted accumulation of
heavy metals in the soil. Contamination of water
by pesticides can be averted by avoiding stor-
ing pesticides near wells, ditches or bodies of
water. Farmers are encouraged to choose a mix-
ing site of pesticides that is not too close to a
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water source. It is important not to mix the pesti-
cides during a windy time. Besides, pesticides
should not be applied during or before heavy
rainsas the pesticides may be washed into wa-
ters as part of the runoff waters. Monitoring of
heavy metals in agricultural soil is very impor-
tant owing to the fact that metals do bio-accu-
mulate and also bio-magnify from one soil level
to the other (Troy et al. 2013).

Majority of human pathogens located in an-
imal manure have evolved or adjusted to living
in the intestine; therefore, they find it difficult to
survive in soil and manure. Therefore, the most
effective and efficient ‘weapon” in exterminat-
ing pathogens from manure in practice and eco-
nomic view, is time. It follows that if manure is
allowed to remain unprocessed or unaided in
storage or in soil, the quantity or concentration
of pathogens will nosedive with time because
they die out, overtaken or consumed by native
microorganisms (Powell et al. 2013).
1. Manure should not be applied to wet or sat-

urated soils.
2.  Liquid manure should not be left unburied

into the soil on the day of its application.
3. Apply manure only to land not susceptible

to flooding (land with less than a 4% slope).
4.  Apply and bury liquid manure in locations

with a limestone landscape, which topogra-
phy with caves and rivers or streams).

5. Apply manure on lands that are not prone
to erosions because it can be washed into
water via the runoffs during rainfall or heavy
irrigations.

6. Hygienic management at the storage sites is
very important in order to reduce the possi-
bility of spreading the attendant pathogens.

CONCLUSION

Meanwhile, the most economical method of
handling animal manure that resultsin the elimi-
nation of these impediments need to be em-
braced in order to make the use of this manure
safer to enhance production of higher, more effi-
cient crop yields and a healthier population of
consumers. Good management of manure which
demands good timing of application and burial
can take care of the above mentioned concerns.
Therefore, among other things, application of
uncomposted manure directly on crops either
as preplant or side dress fertilizers on vegetable
crops is discouraged.

RECOMMENDATIONS

To prevent the spread of dangerous food-
borne diseases from animal manure from spread-
ing to the environment and negatively affecting
human, livestock and aquatic animals’ health
should be embraced as a welcomed develop-
ment. In an attempt to prevent the contamina-
tion, it is advisable that manure be applied in
about 55 days before the harvest of vegetables
to beconsumed without cooking. As much as
possible, farmers are advised to apply manure
before planting and avoid the use of manure
from cats and dogs whether composted or not
because many parasites found in humans are
also found in them. All agricultural produce from
manure treated farms should be washed thor-
oughly before consumption. It is therefore sug-
gested that the pet droppings be composted and
be applied with care when planting food crops.

High temperature aerobic composting has
been encouraged and recommended as a way of
exterminating diseases causing organisms and
thereby minimizing risk associated with human
health. In addition, composting will reduce the
volume of the manure and this will make it a lot
easier to convey from one place to another. So,
regulated temperature, good moisture content of
55-60%, proper aeration and mixing are all criteria
to be fulfilled in order to ensure formation of good
compost that will have terminate pathogens.

It is found that bacteria pathogens can sur-
vive for longer time in animal manures when the
environment is appropriate. The appropriate
environment includes: low temperature, moist-
ened and low or no aeration depending on the
organism.

REFERENCES

Abdel-Monaim MF, Abo-Elyousr  KAM 2012. Effect
of preceding and intercropping crops on suppres-
sion of lentil damping-off and root rot disease in
New Valley-Egypt. Crop Protection, 32: 41-46.

Akpo Y, Kpodékon MT, Djago Y, Licois D, Youssao
IAK 2012. Vaccination of rabbits against coccid-
iosis using precocious lines of Eimeria magna and
Eimeria media in Benin. Veterinary Parasitology,
184: 73-76.

Anguelov R, Dumont Y, Lubuma JMS, Shillor  M  2014.
Dynamically consistent non-standard finite dif-
ference schemes for epidemiological models. Jour-
nal of Computational and Applied Mathematics,
255: 161-182.

Anikwe MAN, Nwobodo  KCA  2002. Long term effect
of municipal waste disposal on soil properties and



CHALLENGES IN THE USE OF MANURE IN PLANT GROWTH 295

productivity of sites used for urban agriculture in
Abakaliki, Nigeria. Bioresource Technology, 83:
241-250.

Arriaga  H, Núñez-Zofio M, Larregla S, Merino P 2011.
Gaseous emissions from soil bio-disinfestation by
animal manure on a greenhouse pepper crop. Crop
Protection, 30: 412-419.

Asaad AM,  Alqahtani  JM  2012. Serological and mo-
lecular diagnosis of human brucellosis in Najran,
Southwestern Saudi Arabia. Journal of Infection
and Public Health, 5: 189-194.

Babalola OO, Akindolire AM 2011. Identification of
native rhizobacteria peculiar to selected food crops
in Mmabatho municipality of South Africa. Bio-
logical Agriculture and Horticulture, 27: 294-
309.

Bernard  E, Larkin RP, Tavantzis S, Erich MS, Aly-
okhin A, Sewell G 2012. Compost, rapeseed rota-
tion, and biocontrol agents significantly impact
soil microbial communities in organic and con-
ventional potato production systems. Applied Soil
Ecology, 52: 29-41.

Bustamante  MA, Alburquerque JA, Restrepo AP, de la
Fuente C, Paredes C, Moral R 2012. Co-compost-
ing of the solid fraction of anaerobic digestates,
to obtain added-value materials for use in agricul-
ture. Biomass and Bioenergy, 43: 26-35.

Cairns JE, Sonder K, Zaidi PH, Verhulst N, Mahuku G,
Babu R 2012. Chapter one - Maize production in
a changing climate: Impacts, adaptation, and mit-
igation strategies. In: LS Donald (Ed.): Advances
in Agronomy.Volume 114. San Diego, USA: Aca-
demic Press, pp. 1-58.

Cang L, Wang Y J, Zhou D M,  Dong YH  2004. Heavy
metal pollution in poultry and livestock feeds and
manures under intensive farming in Jiangsu Prov-
ince, China. Journal of Environmental Science,
16: 371-374.

Chaney  RL  2012. Chapter Two - Food safety issues
for mineral and organic fertilizers. In: LSDonald
(Ed.): Advances in Agronomy.Volume 114. San
Diego, USA: Academic Press, pp. 51-116.

Chassy BM 2010. Food safety risks and consumer
health. New Biotechnology, 27: 534-544.

Christian T, Schneider RJ, Harald AF, Skutlarek D, Gold-
bach HE 2003. Determination of antibiotic resi-
dues in manure, soil and surface waters. Acta Hidro-
chim Hidrobiology, 31: 36-44.

Collett SR 2012. Nutrition and wet litter problems in
poultry. Animal Feed Science and Technology,
173: 65-75.

Cytryn  E  2013. The soil resistome: The anthropo-
genic, the native, and the unknown. Soil Biology
and Biochemistry, 63: 18-23.

Dai  X, Li Y, Ouyang Z, Wang  H, Wilson GV 2013.
Organic manure as an alternative to crop residues
for no-tillage wheat–maize systems in North Chi-
na Plain. Field Crops Research, 149: 141-148.

Delhaes L, Yera H, Ache S, Tsatsaris V, Houfflin-De-
barge V 2013. Contribution of molecular diagno-
sis to congenital toxoplasmosis. Diagnostic Mi-
crobiology and Infectious Disease,76: 244-247.

Fernández-Calviño  D, Bååth E  2013. Co-selection
for antibiotic tolerance in Cu-polluted soil is de-

tected at higher Cu-concentrations than increased
Cu-tolerance. Soil Biology and Biochemistry, 57:
953-956.

Gadd  JB, Tremblay LA, Northcott GL 2010. Steroid
estrogens, conjugated estrogens and estrogenic
activity in farm dairy shed effluents. Environ-
mental Pollution, 158: 730-736.

Gao P, Munir M, Xagoraraki I 2012. Correlation of
tetracycline and sulfonamide antibiotics with cor-
responding resistance genes and resistant bacteria
in a conventional municipal wastewater treatment
plant. Science of The Total Environment, 421:
173-183.

Gong W, Liu X, He H, Wang L, Dai G 2012. Quantita-
tively modeling soil-water distribution coefficients
of three antibiotics using soil physicochemical
properties. Chemosphere, 89: 825-831.

Han I, Lee TK, Han J, Doan TV, Kim SB, Park J 2012.
Improved detection of microbial risk of releasing
genetically modified bacteria in soil by using mas-
sive sequencing and antibiotic resistance selec-
tion. Journal of Hazardous Materials, 227: 172-
178.

Holler LD 2012. Ruminant abortion diagnostics. Veter-
inary Clinics of North America: Food Animal
Practice, 28: 407-418.

Hough RL, Booth P, Avery LM, Rhind S, Crews C,
Bacon J  2012. Risk assessment of the use of
PAS100 green composts in sheep and cattle pro-
duction in Scotland. Waste Management, 32: 117-
130.

Husfeldt  AW, Endres MI, Salfer JA, Janni KA 2012.
Management and characteristics of recycled ma-
nure solids used for bedding in Midwest freestall
dairy herds. Journal of Dairy Science, 95: 2195-
2203.

Inyang  M, Gao B, Yao Y, Xue Y, Zimmerman AR,
Pullammanappallil P 2012. Removal of heavy
metals from aqueous solution by biochars derived
from anaerobically digested biomass. Bioresource
Technology, 110: 50-56.

Islam M, Morgan J, Doyle MP, Phatak SC, Millner P,
Jiang X 2004. Fate of Salmonella enterica Sero-
var typhimurium on carrots and radishes grown in
fields treated with contaminated manure composts
or irrigation water. Applied  Environmental Mi-
crobiology, 70: 2497-2502.

Jamieson RC, Gordon RJ, Sharples KE, Stratton GW,
Madani A 2002. Movement and persistence of
fecal bacteria in agricultural soils and subsurface
drainage water: A review. Canadian  Biosystem
Engineering, 44: 11-19.

Kidd P S, Domínguez-Rodríguez M J, Diez  J, Monter-
roso C 2007. Bioavailability and plant accumula-
tion of heavy metals and phosphorus in agricul-
tural soils amended by long-term application of
sewage sludge. Chemosphere, 66: 1458-1467.

Kim SH, Fan M, Prasher SO, Patel RM, Hussain SA
2011. Fate and transport of atrazine in a sandy
soil in the presence of antibiotics in poultry ma-
nures. Agricultural Water Management, 98: 653-
660.

Kitvatanachai S, Rhongbutsri P 2013. Intestinal para-
sitic infections in suburban government schools,
Lak Hok sub-district, Muang Pathum Thani, Thai-



296 TUNDE EZEKIEL LAWAL AND OLUBUKOLA OLURANTI BABALOLA

land. Asian Pacific Journal of Tropical Medicine,
6: 699-702.

Lal  A, Baker  MG, Hales S, French NP  2013. Potential
effects of global environmental changes on
cryptosporidiosis and giardiasis transmission.
Trends in Parasitology, 29: 83-90.

Li YX, Chen TB 2005. Concentrations of additive
arsenic in Beijing pig feeds and the residues in pig
manure. Journal of Resource Conservation Recy-
cle, 45: 356-367.

Li YX, Li W, Wu J, Xu LC, Su QH, Xiong X 2007.
Contribution of additive Cu to its accummlation
in pig feces: Study in Beijing and Fuxin of China.
Journal of  Environmental  Science,19: 610-615.

Liu L, Liu C, Zheng J, Huang X, Wang Z, Liu Y  2013.
Elimination of veterinary antibiotics and antibi-
otic resistance genes from swine wastewater in
the vertical flow constructed wetlands. Chemo-
sphere, 91: 1088-1093.

Livingston  KA, Jiang X, Stephensen CB  2013. CD4
T-helper cell cytokine phenotypes and antibody
response following tetanus toxoid booster immu-
nization. Journal of Immunological Methods, 390:
18-29.

Marchal G, Smith KEC, Rein A, Winding  A, Trapp S,
Karlson UG 2013. Comparing the desorption and
biodegradation of low concentrations of phenan-
threne sorbed to activated carbon, biochar and
compost. Chemosphere, 90: 1767-1778.

Martinez JL 2009. Environmental pollution by antibi-
otics and by antibiotic resistance determinants.
Environmental Pollution, 157: 2893-2902.

Mc Carthy G, Lawlor PG, Coffey L, Nolan T, Gutierrez
M, Gardiner GE 2011. An assessment of pathogen
removal during composting of the separated solid
fraction of pig manure. Bioresource Technology,
102: 9059-9067.

Moayeri  M, Leppla SH 2009. Cellular and systemic
effects of anthrax lethal toxin and edema toxin.
Molecular Aspects of Medicine, 30: 439-455.

Mohammed  S, Sinha M, Chavan P, Premalata CS,
Shivaprakash MR, Chakrabarti A 2012. Oral his-
toplasmosis masquerading as oral cancer in HIV-
infected patient: A case report. Medical Mycolo-
gy Case Reports, 1: 85-87.

Nardone  A, Ronchi B, Lacetera N, Ranieri MS, Bern-
abucci U 2010. Effects of climate changes on
animal production and sustainability of livestock
systems. Livestock Science, 130: 57-69.

Nicholson FA, Chambers BJ, Moore A, Nicholson RJ,
Hickman G 2007. Assessing and managing the
risks of pathogen transfer from livestock ma-
nures into the food chain. Journal of Water Envi-
ronment,3: 155-160.

Pindozzi  S, Faugno  S, Okello C, Boccia L 2013. Mea-
surement and prediction of buffalo manure evap-
oration in the farmyard to improve farm man-
agement. Biosystems Engineering, 115: 117-124.

Pirazzini  M, Rossetto O, Bertasio C, Bordin F, Shone
CC, Binz T  2013. Time course and temperature
dependence of the membrane translocation of
tetanus and botulinum neurotoxins C and D in
neurons. Biochemical and Biophysical Research
Communications, 430(1): 38-42.

Powell JM,  MacLeod M, Vellinga TV, Opio C, Falcucci
A, Tempio G 2013. Feed–milk–manure nitrogen

relationships in global dairy production systems.
Livestock Science, 152: 261-272.

Radakovic  S, Holzer G, Tanew A. 2013. Erysipelas-
like erythema as a cutaneous sign of familial Med-
iterranean fever: A case report and review of the
histopathologic findings. Journal of the Ameri-
can Academy of Dermatology, 68: 61-63.

Rizzo L, Manaia C, Merlin C, Schwartz T, Dagot C,
Ploy MC 2013. Urban wastewater treatment plants
as hotspots for antibiotic resistant bacteria and
genes spread into the environment: A review. Sci-
ence of The Total Environment, 447:  345-360.

Robertson LJ, Chalmers RM 2013. Foodborne crypto-
sporidiosis: Is there really more in Nordic coun-
tries? Trends in Parasitology, 29: 3-9.

Sager M  2007. Trace and nutrient elements in manure,
dung and compost samples in Austria. Journal of
Soil Biology and  Biochemistry,39: 383-390.

Singh KM, Jakhesara SJ, Koringa PG, Rank  DN, Joshi
CG 2012. Metagenomic analysis of virulence-as-
sociated and antibiotic resistance genes of mi-
crobes in rumen of Indian buffalo Bubalus
bubalis.Gene, 507: 146-151.

Song  H, Qiu B, Yan R, Xu L, Song X, Li X 2013. The
protective efficacy of chimeric SO7/IL-2 DNA
vaccine against coccidiosis in chickens. Research
in Veterinary Science, 94: 562-567.

St-Pierre  B, Wright ADG  2013. Metagenomic analy-
sis of methanogen populations in three full-scale
mesophilic anaerobic manure digesters operated
on dairy farms in Vermont, USA. Bioresource Tech-
nology, 138: 277-284.

Sumner, Raven G, Givney R 2004.  Have changes to
meat and poultry food safety regulation in Aus-
tralia affected the prevalence of Salmonella or of
salmonellosis? International Journal of Food
Microbiology, 92: 199-205.

Tak HI, Ahmad F, Babalola OO 2013. Advances in the
application of PGPR in phytoremediation of
heavy metals. Reviews of Environmental Con-
tamination and Toxicology, 223: 33-52.

Thien Thu  CT, Cuong  PH, Hang LT, Chao NV, Anh
LX, Trach NX 2012. Manure management
practices on biogas and non-biogas pig farms in
developing countries - using livestock farms in
Vietnam as an example. Journal of Cleaner Pro-
duction, 27: 64-71.

Tildesley  MJ, Smith G, Keeling MJ 2012. Modeling
the spread and control of foot-and-mouth disease
in Pennsylvania following its discovery and op-
tions for control. Preventive Veterinary Medicine,
104: 224-239.

Troy SM, Lawlor PG, O’ Flynn CJ, Healy MG 2013.
Impact of biochar addition to soil on greenhouse
gas emissions following pig manure application.
Soil Biology and Biochemistry, 60: 173-181.

VanderZaag  AC, Jayasundara S, Wagner-Riddle  C  2011.
Strategies to mitigate nitrous oxide emissions from
land applied manure. Animal Feed Science and
Technology, 166: 464-479.

Venglovsky J, Martinez J, Placha I 2006. Hygienic and
ecological risks connected with utilization of an-
imal manures and biosolids in agriculture. Journal
of Livestock  Science,102: 197-203.

Vittoria Pinna  M, Castaldi  P, Deiana P, Pusino A,
Garau G  2012. Sorption behavior of sulfamethaz-



CHALLENGES IN THE USE OF MANURE IN PLANT GROWTH 297

ine on unamended and manure-amended soils and
short-term impact on soil microbial community. Ec-
otoxicology and Environmental Safety, 84: 234-242.

Wilson K, Cotter SC  2013. Chapter Three - Host–
parasite interactions and the evolution of immune
defense. In: H Jane Brockmann, B Louise (Eds.):
Advances in the Study of Behavior. Volume 45.
San Diego, USA: Academic Press, pp. 81-174.

Wu  X, Wei Y, Zheng  J, Zhao X, Zhong W 2011. The
behavior of tetracyclines and their degradation
products during swine manure composting. Biore-
source Technology, 102: 5924-5931.

Yoshizaki  T, Shirai Y, Hassan  MA, Baharuddin  AS,
Raja Abdullah  NM, Sulaiman A 2013. Improved

economic viability of integrated biogas energy
and compost production for sustainable palm oil
mill management. Journal of Cleaner Produc-
tion, 44: 1-7.

Zhang F, Li Y, Yang M 2007. Content of heavy metals
in animal feeds and manures from farms of differ-
ent scales in Northeast China. International Jour-
nal of Environmental Reserch and Public Health,
9(8): 2658-2668.

Zhao L, Dong YH, Wang H 2013. Residues of orga-
nochlorine pesticides and polycyclic aromatic
hydrocarbons in farm-raised livestock feeds and
manures in Jiangsu, China. Science of The Total
Environment, 450: 348-355.


