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Abstract

The characterization of phosphorous (P) from animal manure is important for sustainable nutrient

management. P fractions in fresh and composted animal manure was compared for the release of

phosphorous fraction to determine heavy metals (Fe, Zn, Mn, Ni, and Hg). Composted and fresh animal

manure were collected from four different sources: buffalo (BF), cow (CW), goat (GT), and poultry (PL).

The P fraction was determined by using the Hadley sequential fractionation method. The P was step-wise
fractionated into water-soluble extracted P (H,0O-P), plant available (NaHCO,-P), Al associated (NaOH-P),
and Ca associated (HCI-P). The overall P fractions extracted by reagents varied in the order HCI > NaOH >
NaHCO,> H,0. The metal concentration varied as follows: Fe > Hg > Mn > Zn > Ni. The highest P content

was found in composted PL manure whereas the minimum was observed in fresh PL. Consequently, the

composed animal manure could be an economical P source to be used as fertilizer.
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Introduction

Phosphorus (P) is considered one of the most important
nutrients for plant growth. It is used as a fertilizer either
commercially available or in the form of manure, and
also plays a key role in the growth of livestock. Animal
manure of one of the sources of P. The concentration of P
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varies with the age of livestock, diet, and bedding type. It
also depends on the livestock species. P found in animal
manure exists in organic and inorganic form. In general,
45-90% of manure P is inorganic in nature and the other is
supposed to be organic P [1]. Composted manure is richer
in organic nutrients than fresh manure [2]. However, fresh,
non-composted manure has higher nitrogen (N) content
than the composted manure. Fresh manure may contain
high amounts of viable weed seeds. In addition, various
pathogens may be present in fresh manure, which can
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cause illness unless proper precautions are taken. On the
other hand, the residual effects of the manure and compost
are important. Continuous use of manure or compost
can lead to high levels of residual P and other nutrients,
which can potentially be transported to lakes and streams
as a runoff or leach to pollute the groundwater. Besides,
the presence of heavy metals in composts raises serious
concern about the adverse environmental impact. High
and excessive accumulation of heavy metals in soil and
other media contaminate both human and animal food
chains [3-4]. Overuse of synthetic fertilizers has resulted
in serious environmental concerns in many industrial
countries, while in developing countries they are neither
available nor affordable. Economic and environmental
issues associated with intensive use of chemical fertilizers
have thus generated an interest in alternative management
systems. The application of PL waste to agricultural lands
has resulted in excessive soil P in many locations. If over
applied, poultry manure can be a source of P enrichment
of watersheds [5]. Excess soluble P could endanger surface
water quality through eutrophication [6]. To address these
concerns, many countries in the world have established
specific guidelines and standards for the application of
composts in agricultural lands.

Because of environmental concerns, future
applications of organic amendments should be based on
P content. Animal manure and bedding materials contain
P in organic forms. After microbial mineralization from
the organic forms, the P applied to soils is subject to
the same fates as inorganic fertilizer P. The application
of animal wastes should be based on soil tests, nutrient
content of the material, and crop needs. The phosphate
in fertilizers and manure is soluble. Manure contains
soluble phosphate, organic phosphate, and inorganic
phosphate compounds. Agronomic practices are aimed
at reducing the dependence on inorganic fertilizers
for sustainable agriculture. One of the measures being
adopted for relieving environmental problems arising
from agricultural production is to recycle animal manure
and other organic products as fertilizers [7-9]. Detailed
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Fig. 1. Study area of Pohar village in Abbottabad District (source:
Google Maps).

information about the chemical composition of soil P
is necessary to understand the plant nutrient and soil
biogeochemical cycles as the soil P forms vary widely in
bioavailability [10]. Sequential extraction procedures are
used to fractionate soil inorganic and organic P according
to its chemical stability [11]. Characterization of P in the
animal waste may help to ascertain the behavior of P and
identify sustainable field management practices to reduce
possible P losses. The objectives of the present study were
to compare different types of fresh and composted animal
manure for the release of P fraction and to determine
heavy metals (Fe, Zn, Mn, Ni, and Hg) in composted and
fresh manure.

Experimental
Study area

The present study was conducted in the village of
Pohar in the Abbottabad District located in Hazara
division of Khyber Pakhtunkhwa Province of Pakistan
(Fig. 1). Total area of the district is 1,969 km? along
with Abbottabad city, which is its major urban area.
Approximate population of the district is 1.182 million.

Sampling and Analysis

Animal compost and fresh manure samples of cow,
buffalo, poultry, and goat were collected, air dried,
crushed, and sieved (<0.5 mm pore size). The sieved
samples were digested in a mixture of duplicate acids
(HNO, and HCIO,). Metals (Ni, Fe, Zn, and Hg) in the
extract of digested manure samples, were determined
by atomic absorption spectrophotometer [12]. Samples
weighing 0.25 g were digested with 5 mL concentrated
HCIO, by gradual heating. After drying, 20% HNO, was
added to the sample and it was heated again for 1 h. The
solution was diluted to 50 mL with deionized water and
passed through a 0.22 pm filter. The P was determined on
a spectrophotometer using the phosphor molybdate blue
method [13]. Absorbance was determined at a wavelength
of 710 nm. The manure samples were extracted for water-
soluble K, Ca, Mg, and other metals using de-ionized
water. A water extract removes only the easily dissolved
form of elements but very little of the adsorbed and mineral
forms (K, Ca, Mg, and other metals) were determined on
apolarized Zeeman atomic absorption spectrophotometer
(Model Z-2300, Hitachi, Japan). Soil pH was measured
in soil-water (1:5; w:v) suspensions (Table 1). Treatments
were replicated thrice.

P Fractionation

Manure samples weighing 0.5 g were placed in a
100 mL centrifuge tube. P fractions were determined
by the modified sequential extraction procedure of Hedley
et al. [14], as described by Ajiboye et al. [15]. The fresh
and composted manure samples weighing 0.5 g were
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Table 1. Physico-chemical properties of manure.
Water Soluble H,SO,+HNO,
Manure type Livestock Sources
K Ca Mg K Ca Mg pH
GT 239 174.6 419.5 438.0 395.7 879.7 7.7
BF 163.8 217.2 447.8 333.4 414.6 860.6 7.6
Fresh
CcwW 81.6 263.2 708.3 139.4 3223 875.5 7.5
PL 119.9 153.3 618.4 190.7 243.7 900.5 7.6
GT 71.5 194.8 586.4 294.1 302.8 836.7 7.3
Compost BF 114.4 3333 717.6 249.3 | 4232 857.3 7.4
CcwW 80.3 224.0 630.8 164.3 409.2 860.0 7.6
PL 157.3 296.8 690.0 244.0 325.0 899.3 7.4
LSD (0.05) 1.68 0.59 0.59 4.51 1.61 0.59

Source: Faridullah et al. [60]
Note: for subsequent figures BF = buffalo (fresh and compost); CW = cow (fresh and compost), GT= goat (fresh and compost);

PL= poultry (fresh and compost); and P, K, Ca, and Mg = water-soluble phosphorus, potassium, calcium, and magnesium; and

H,SO,+HNO, = (double acid digestion total elements)

placed in a 50 mL centrifuge tube and were fractionated
into readily plant-available P, labile inorganic P (another
plant-available fraction), Al-associated inorganic P, and
Ca-associated P by sequential extraction with 30 mL of
de-ionized water, 0.5MNaHCO, (pH 8.5), 0.1 MNaOH,
and 1MHCI, respectively. For each extraction, the material
was shaken for 16 h at room temperature. After each
end-to-end shaking the tubes were centrifuged at
10,000 rpm for 10 min., and the supernatants were
filtered by a 0.2 pm filter. The shaking/filtering cycle
was repeated for all the extracts. Total metals in the
samples were determined with a mixture of HCIO,-
HNO, [12]. Samples weighing 0.25 g were digested with
5 mL concentrated HCIO, by gradually heating it over
a hot water bath for 1 h. After drying, 20% HNO, was
added to the sample and it was heated again for lh. The
solution was diluted to 50 mL with deionized water and
passed through a 0.22 pm filter. P was determined on a
spectrophotometer using the phosphomolybdate blue
method [13]. Absorbance was determined at a wavelength
of 710 nm. Samples were replicated three times. Data
were analyzed using Stat view (SAS, 1999) software [16].
Means were compared for P fractions by LSD-test at 0.05
level of significance.

Results and Discussion

P fractionation of composted and fresh manure
showed that the P forms changed significantly during
fractionation. The overall sequential extraction for
reagents considerably varied for P in the order HCI >
NaOH > NaHCO, > H,O. The mean levels for the release
of P obtained in water were higher in fresh and varied
in the order of (PL) > (CW) > (GT) > (BF), whereas P
levels in the compost were PL > CW > GT > BF. Water-

soluble extracted P increased to the maximum in fresh PL
(154.0 mgkg™) and the lowest was noted in BF compost
(89 mgkg") as shown in Fig. 2. Sharpley and Moyer [6]
reported a reduction in water-soluble P following the
composting of poultry manure, apparently due to the
diluting effect of the added C sources, whereas Sikora
and Enkiri [17] found no significant effect of composting
on water-soluble P. The mean levels for the release of P
obtained in NaHCO, was the maximum in composted
manure and varied as PL > CW > GT > BF; whereas the
concentrations in fresh manure were noted as PL > CW >
GT > BF (Fig. 2).

Extracted P increased to the maximum in PL compost
(164.5 mgkg') while the lowest concentration was noted
in BF compost (99 mgkg™) as shown in Fig. 2. For NaOH-
extracted P, nutrients were greater in composted manures
than those observed in the order of PL > CW > BF > GT,
where as in fresh it was PL > CW > GT > BF, respectively,
maximum concentration was observed in composted PL
(99 mgkg") and the lowest was in fresh BF (86 mgkg™).
The low concentration in fresh manure could be due to the
use of additives such as ferrous-ferric hydrogen sulfate
and alum litter treatments. Moore et al. [18] applied alum-
treated poultry litter to pastures for three years and found
that soluble reactive P concentrations in runoff were 75%
lower than normal litter. Concentrations of bioavailable
inorganic P (NaHCO,-IP), readily mineralizable organic
P (NaHCO,-OP), potentially bioavailable inorganic P
(NaOH-IP), and potentially bioavailable organic P (NaOH-
OP) were still higher in the media amended with compost
because of higher total P concentration in the compost. P
extracted with HCI in composted manure were PL > CW
> GT > BF, while in fresh they varied in the order of PL >
GT > CW > BF. A higher concentration was found in PL
compost (106 mgkg™), whereas the lowest was observed
in fresh BF (70 mgkg™"), respectively (Fig. 2).
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Fig. 2. Phosphorus fractions (mg kg') in fresh and composted
animal manures.

McDowell and Stewart studied the P concentration
in fresh and dry dung of sheep, cattle, and deer. They
found a higher concentration of P in sheep and reported
low bioavailability and decreased P in dung with drying
[19]. Williams et al. [20] found that acid P constitutes
stable Ca-bound P so it would unlikely contribute to the
eutrophication of water sources. However, it could be
mobilized to labile fraction when the ready P is depleted.
The causes of increased P availability under reduced
conditions have been ascribed to the reductive dissolution
of Fe oxides and the liberation of sorbed and occluded P,
changes in soil pH that affect solubility of P-compounds,
and the desorption of P from surfaces [21]. The relative
differences observed for the NaOH-P fraction across
the fertilizer treatments were essentially similar to the
HCI-P form. The NaOH-P is a chemisorbed form [20]. It
also contains P associated with humic compounds and P
sorbed to Fe and Al oxides. The depletion of water-soluble
P and NaHCO, P (the readily available P) suggest that
these fractions of P may either be lost through leaching
or runoff. The threshold agronomic P level was reported
as 20 mg kg soil by [21]. It is also reported that acrobic-
anaerobic condition changes in pH, and organic matter
influence the solubility of P forms [22]. Cattle fed diets
containing the highest concentration of P also produced
manure with the highest concentration of total P [22],
but cattle fed on high fat have no impact on manure
composition [24].

Eghball and Power [25] suggested that P-based
compost or manure application is most effective for corn

production and increasing soil phosphorous. Takahashi
[26] studies the characterization of the different forms
of P from organic soil amendments by using sequential
P fractionation. He reported that >60% of total P was
inorganic, in which major inorganic P were NaHCO,-
and HCl-extractable P fractions in the cattle manure
composts. Increasing manure concentration resulted in
a linear increase in manure water-extractable P and TP.
P availability from all manure types is high. The P in
manure can be used similarly to P fertilizer. The elevated
soil P on the count of excess manure application is an
indicator of its potential transfer from the manure. All
the P forms except water P were strongly related to total
P in the soil. The concentration of P extracted by water
significantly differed between compost and fresh poultry
litter.

The measurement of water-soluble P in the manure
is important because it includes available forms of P
that can immediately be bioavailable and thus have the
potential to contribute to environmental contamination.
The environmental risk of applying organic amendments
depends on their total P content as well as available P
[27]. Generally, the P in the compost used in our work
is 70% inorganic, which is readily available for plant
absorption, microbial turnover, and soil adsorption. In the
last case, when P sorption capacity reaches saturation, P
can be lost by leaching or surface runoff if the amounts
applied exceed crop removal. The biological portion of
P cycle is controlled primarily by bacterial and fungal
decomposition, in mobilization, and mineralization. It
also varies with plant uptake microbial immobilization
and mineralization of P. The amount of fractions was
higher in both composted and fresh manure because of the
fact that these wastes have been sequentially fractionated
in original form and were not applied to the soil.

The P forms extracted through NaHCO,, NaOH,
and HCI were found to be higher in composted manure
while H,O-extracted P was higher in fresh manure. The
environmental risks of applying organic amendments
depend on their total P contents as well as forms of P [27].
Meek et al. (1979) [28] reported an increase in total and
available P due to manure application. Chapuis-Lardy et
al. [29] studied the effects of various treatments of cattle
slurry manure on water-extractable P. They reported total
readily soluble P content in slurry manures from the nine
farms ranging from 1.83 to 4.06 mg/g of dry matter. A
significant percentage of total P in the slurry manure
arose in the water-extractable content, which was 46-71%,
and the readily soluble P fractions was 24-51%. Santillan
et al. [30] reported the increase of organic matter after
the application of manure and high content of inorganic
nitrogen and phosphorous after seven years of manure
application. They suggested the monitoring of surface
and well-water quality due to leaching and the prevailing
application of manure as fertilizers.

Irshad et al. [31] tested the concentrations of plant
nutrients like C, N, P, K, Na, and B in fresh and composted
manures of buffalo, camel, cow, goat, and poultry. They
reported increased extractable P and B while decreasing
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concentrations of total N, C, extractable Na, and K
with composting. Similarly, Li et al. [32] conducted
a comparative study of characterizing P in dairy,
animal manure, swine, and broilers. They reported that
availability, quantity, and P form varied between different
animal manures. Gagnon et al. [33] studies the different
forms of P both in compost and compost-amended soils.
They reported that inorganic P was the most significant
form of P both in the compost and compost-amended
soils. Another study reported that P forms from poultry,
cattle, and swine dry manures are bioavailable and in
organic in nature and dependent on Ca:P ratio in manures
[34]. Ajiboye et al. [35] 30 to 40% of total hog and cattle
manure P and 10% of total biosolids P was extracted with
water, and 21 to 32% of total P in all organic amendments
was extracted with NaHCO, except in dairy cattle manure
(45% of total P).

The manure practices appear to control the chemical
forms of heavy metals. The metal contents varied in the
order Fe > Mn > Hg > Ni > Zn (Fig. 3). The metals in
composted manure were observed as Fe > Mn > Hg >
Ni > Zn and in fresh manure appeared in the order Fe
> Mn > Ni > Hg > Zn. A higher concentration of Fe
was found in BF compost with (338 mg kg') and
the lowest in fresh PL (111 mg kg') as shown Fig. 3.
The maximum concentration of Zn was found in BF
compost (10.35 mg kg') and the minimum were in
fresh PL (2.3 mg kg'). A high concentration of Mn
was found in BF compost (71.3 mg kg') and low were
observed in fresh PL (38 mg kg') as shown in Fig. 3. The
higher concentration of Ni was observed in BF compost
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Fig. 3. Total metals (mg kg™) in fresh and composted animal
manures.

(20.8 mg kg') and the lowest in fresh PL (14 mg kg™') as
shown in Fig. 3. The maximum concentration of Hg was
noted in PL compost (37.5 mg kg') and minimum in CW
fresh (6.2 mg kg') as shown in Fig. 3. Faridullah et al.
[36] compared the various trace elements in both fresh
and composted animal manures by adopting sequential
fractionation procedure. They used both fresh and
composted manures from four different species of animals
like buffalo, cow, goat, and poultry to find fractions of
iron, nickel, zinc, mercury, and manganese. They found
that Fe, Mn, and Hg were in higher concentrations in
composted samples, while Zn and Ni were meanly higher
in fresh manures. Concentrations of heavy metals in plants
are affected by sheep manure and inorganic fertilizer, and
especially Pb, Cd, and Zn concentrations are decreased
by the applications of sheep manure in plant tissues [37].

Bolan et al. [9] reported that the concentration of
metals in manure can vary considerably depending on the
number of factors, including type of livestock (i.e., poultry,
swine, or cattle). Within a type, additional variation is
associated with the age of the animal, type of ration,
housing type, and waste management practice. The metal
contents of manure by-product depend primarily on the
amount used in the feed and health remedies. Increases
in metal concentration in animal feed have often resulted
in corresponding increases in their concentrations in the
manure by-products [38]. Heavy metals were investigated
in 109 samples in Korea and reported that Zn and Cu were
found at their highest concentrations in compost other
than the tested metals [39].

DeLaune and Moore [40] studied the Cu and Zn
concentrations, which were measured in runoff water
collected from plots fertilized with composted and
fresh poultry litter and in which were found elevated
concentrations of Cu and Zn in compost as compared to
poultry litter. Another study reported a high concentration
of heavy metals in solid municipal waste composting
due to uncontrolled leaching, along with runoff and
compost, which subsequently degraded water quality and
elevated environmental risk [41]. Eneji et al. [6] reported
that the major concern of soil pollution with available
heavy metals by the use of manures can be minimized
through composting under aerobic conditions. The
bacterial community plays an important role, especially
phosphate-solubilizing bacteria. Wei et al. [42] suggested
the combined use of bacteria and biochar as an effective
strategy for increasing available P fraction as both these
have important roles in transformation. Vazquez et al.
[43] studied the physicochemical quality of compost
and reported that compost quality is not affected by
moisture (80%). Pare et al. [44] reported a decrease in the
extractability of some heavy metals during composting of
biosolids and municipal solid wastes, indicating a reduced
risk of their entering the food chain through crops and
water. According to Pare et al. [44], proportionally greater
increases in humic compounds during composting will
cause more heavy metals to interact with sites of greater
complexing strengths, where they become less accessible
and available to plants and extracting agents.
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According to scientific risk assessment, the presence
of cadmium in P-containing fertilizer does not pose any
risk to human health [45]. Tian et al. [46] suggested the
Caragana microphylla-straw compost as an alternate for
excessively fertilized soils, and forreducing environmental
risk because excessively fertilized soil releases more
nutrients. Phosphorous loss risk coefficient was studied
by Robert and reported that soil type, manure type, and
their interaction has a significant effect on P loss risk
coefficient, which is important for assessing phosphorous
and nutrient management in the environment [47]. Some
microbes play an important role in increasing soil fertility
along with plant growth, but some work in depleting P
and compost clearing [48-49].

Phosphorous absorption by soil is highly important for
management practices, depending on different transport
factors like soil hydrological conductivity, precipitation,
slope, and distance, along with integration, which plays
an important role in P absorption [50]. Leaching of P
and other elements from manure to water sources may
affect surface water quality [51-52]. Vermicomposting
can play an important role in stabilizing heavy metals
in composting animal manures [53]. This can help in
achieving finer homogeneity than for a conventional
product [54]. Animal manure compost as fertilizer
not only is important for crops and plants, but also
for cultivating microalgae for the production of diffe-
rent bio-products and waste management, as it is a rich
source of nutrients [55]. It is suggested in some studies
that metals may be cautiously inspected in both fresh
and composted manure before applying it to agriculture
[56-57], while in others composting is one of the treatment
technologies for solid waste management [58-60].

Conclusions

The overall sequential extraction for reagents
considerably varied for P in the order of HCL > NaOH
> NaHCO, > H,0. The P and other nutrients availability
increased progressively during composting with the
simultaneously decrease in fresh manures. The metals
were varied in the order Fe > Hg > Mn > Zn > Ni because
the type of bedding material in manures may influence
its chemical properties. Our results demonstrate that
agronomically and environmentally important attributes
associated with composted and non-composted manure
application can be predicted based on P fractions and an
optimization procedure involving regression analysis.
Composting animal manures before land application
can affect the forms and concentrations of P. The use of
composted animal manures as soil amendment could be
economically productive and would potentially ameliorate
the major concerns associated with animal waste and acid
soil management.
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