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ABSTRACT

In this study, the contribution of hot biomass ash to enrichment of the mineral content and to reducing the moisture content of broiler
poultry manure was investigated. For this purpose, the mixtures have been prepared by adding biomass ash at varying rates (10%, 20%,
30%, 40% and 50%) and at different temperatures (100°C, 150°C, 200°C and 250°C) according to the dry matter content (74.77%) of the
poultry manure. The results showed that incorporation of biomass ash into poultry manure at 50% at 250°C reduced the moisture content
from 25.23% to 9.82%. Regarding the maximum N in the final product, the ideal temperature of biomass ash has been obtained at 150°C.
The highest nutrient contents were obtained at 50% biomass ash incorporation. The highest dose of biomass ash application had significantly
increased nutrients, such as Ca (19.34%), K (4.03%), Fe (1,545 mg/kg), Mn (812 mg/kg) and Zn (479 mg/kg) in the final organomineral
fertiliser formulation. Overall, it was concluded that the addition of hot biomass ash can dramatically decrease the moisture content of
poultry manure and therefore provide odour and pathogen removal and increase its plant nutrient content.
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1. Introduction acteristics [5].

One of the most effective sources to be utilised in the composi-
tion of organomineral fertiliser is poultry manure, due to its
high nitrogen (N) content [6]. Nonetheless, one third of the total
nitrogen in the content of poultry manure is ammonium (NH4-N).
In manure stored raw and composted in the open areas, ammo-
nium changes into a volatile form, ammonia (NH;), as an effect
of factors such as ventilation, moisture content and temperature
[7-9]. This can, as a consequence of the decrease in the nitrogen
content of manure, lead to a decline in the nutrient value of
a plant [10]. Additionally, nitrogen content that leaves the manure

The rapid rise in global population has triggered an exponential
increase in the demand for foods and agricultural products. In
order to meet the rising demand, it has been aimed to elevate
agricultural production and a corresponding increment has been
detected in the use of chemical fertilisers to supply nutrients
essential for boosting the production ratios [1]. However, in
a myriad of studies conducted lately, it has been reported that
using chemical fertilisers is unsustainable, in addition to its
environmental hazards, because of problems such as the ex-

tremely fast increase of soil pH in the long term. Lately, a fall after direct application of raw manure to agricultural lands creates
has been measured in the efficiency of chemical fertiliser use pollution. Pollution is a direct threat for the natural environment,
[2, 3]. The most common argument in a number of relevant particularly for surface and underground water sources [11-12].
studies is that organomineral fertilisers are the best alternatives To conserve nitrogen in the manure, it is imperative to immedi-
to chemical fertilisers by virtue of their nutrient potential and ately dry the waste from the pouliry house to prevent the waste
positive effects on the improvement of soil characteristics [4]. from turning into microbial nitrogen. Furthermore, an additional
Organomineral fertilisers are formed by adding minerals to organ- benefit of the drying process is decreasing the pathogens and
ic wastes that exhibit manure values and soil-improving effects; antibiotic residuals inside poultry manure [13]. In current appli-
hence, they are classified as a distinctive manure group different cations, the drying process is divided into two groups: fast drying
from organic and mineral manures based on their inherent char- via primary energy sources and slow solar drying via solar
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sources. That being said, high temperatures (> 250°C) in the
fast drying process and long periods in the slow drying process
can limit the primary objective, which is nitrogen conservation
[14-15].

Besides, power plants operated by burning plant-based raw
materials are increasingly on the rise now. In this energy pro-
duction process, significant amounts of waste heat and high-
temperature ash (biomass ash) are created by plant nutrients
[16-17]. This ash that needs to be cooled is a valuable resource
for fast drying of poultry house wastes and enriching the mineral
content [18]. In this study, we aim to utilise resources by preparing
varied ratios of poultry manure and biomass ash mixtures and
the usability of these mixtures as organomineral fertiliser as
well as identify the optimum temperature for the mixing of bio-
mass ash to minimise nitrogen loss and its contribution to enrich-
ing the mineral content of manure.

2. Materials and Methods

Fresh poultry manure used in this study was obtained from
a poultry farm in the Sakarya Province of Turkey. Immediately
after the transfer of fowl to the slaughterhouse, sample manure
was collected from different places in the poultry house to reach
a total of 10 kg and homogeneously mixed and, after quickly
reaching the laboratory, the sample was stored in 4°C until the
date of analysis. Biomass bottom ash to mix with poultry manure
was collected from the burner unit of a prototype power plant
of an energy company in Bursa, Turkey where agricultural plants
and forest wastes were used as fuel. The prototype plant (Fig.
1) utilised a fluid boiler-burner unit. In the applied process,
dried agricultural plants and forest wastes were fed to the boiler
and burned at a temperature of 800°C. Hot ash (biomass bottom
ash) forged after the burning process was periodically exhausted
from the system. In this system, a negligible amount of fly ash
was also formed. However, since this study aims to utilise the
most crucial waste of the system, bottom ash, fly ash was not
used. The particle dimension distribution of the biomass ash
was as follows: 100-200 um = 5%, 50-100 um = 26%, 2-50
pum = 75% and < 2um = 4%.

In the process of mixing poultry manure and biomass ash,
dry matter amounts of manure were ignored. Biomass ash, in
varied ratios of weight that differed according to dry matter
ratio (74.77%) and temperatures, was added to 1,000 g of manure.
For all the analyses conducted within the scope of this study,

Table 1. Ratios of Ash and Poultry Manure Used in Mixtures

Aplication codes Temperatures (°C)

PA11,PA12,PA13,PAL, 100,150,200,250
PA21,PAz2,PA2;,PA, 100,150,200,250
PA31,PA32,PA33,PA3, 100,150,200,250
PA41,PAL,PAL PAL 100,150,200,250
PAs1,PA52,PAs3,PAsy 100,150,200,250

Ash ratio (%)

10
20
30
40
50

Fig. 1. Prototype plant & fluid boiler-burner unit.

samples obtained from these mixtures were employed. For the
tests conducted in different temperatures, biomass ash was heat-
ed in the ash furnace to the desired temperature. Weights and
temperatures of the ashes used in the mixtures and codes of
the mixtures are exhibited in Table 1.

Dry matter ratios of concocted samples were measured after
weighing when dried at a temperature of 105°C to reach a fixed
weight. To measure moisture content, the loss in total weight
as samples arrived for the constant weighing process was ob-
served [19]. To measure the pH and electric conductivity (EC)
of samples, the water suspension method was employed. In
compliance with EU standards, the pH was concocted in a ratio
of 1:5 and, in a material-pure water suspension, measured via
glass electrode pH meter [9-20]. EC, on the other hand, was
measured via an EC electrode by paying attention to the heat
after filtering of the material-pure water suspension through
a Buchner funnel embedded with a Whatman 42 filter paper
installed via a pressure pump [21]. Total organic matter content
was calculated as a % based on the principle of burning furnace
dried (105°C) samples in 550°C for a period of 4 h. In the detection
of heavy metal levels, an ICP-OES gadget was used in the samples
prepared by the method of wet composition [22]. The total nitro-
gen content of samples was detected after transforming the nitro-
gen within the components into ammonia with concentrated
sulphuric acid via the Kjeldahl method, based on the principle
of conservation of ammonia in the form of ammonium sulphate.
The formula was exhibited in % ratio (Total N = Total Kjeldahl
nitrogen = ammonia nitrogen + organic nitrogen). Organic car-
bon content of the samples employed in this research was meas-

Amount of ash (g) Poultry litter (g)

74.77 1,000
149.54 1,000
224.31 1,000
299.08 1,000
373.85 1,000

*PA: poultry litter and biomass ash mixture, subscripts denote varied temperature levels.
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ured using the Walkley-Black method. C:N ratio was computed
via rationing organic carbon/total nitrogen. All analyses within
the scope of this study were replicated in triplicate, and the
results were provided as the average of the three replications
in = standard deviation.

3. Results and Discussion

General characteristics of the poultry manure employed in this
study were determined, and the obtained results are exhibited
in Table 2. Based on the results, it is viable to argue that samples
of poultry manure contained 25.23% moisture content, with
a 76.92% ratio of organic matter. The total ratio of nitrogen
was high (5.13% dry matter), and after nitrogen, the highest
mineral in its content was calcium (4.96% DM). High nitrogen
content is the key characteristic of poultry manure. High ratios
of calcium are due to calcium rich containing feed components,
such as marble powder that are added into the mixtures used
as poultry feed.

The macro- and microelement content of poultry manure can
vary with respect to the material widely used as base, length
of breeding period, characteristics of the poultry house, and
feed content of fowl. Based on these reasons, characteristics
of the poultry manure used in this study were evaluated by
comparison with the features of poultry manure gathered in
relevant literature studies.

In literature studies, the value ranges of certain characteristics
of any poultry manure are as follows: moisture content 19-30%,
organic matter content 46-92%, pH 6.3-8.4, EC 6.3-12.6 dS/m,
organic carbon 29-38% DM, total nitrogen 2.6-5.3, C:N 6.4-11.8,
phosphorus 0.6-3.9% DM, potassium 0.7-5.7% DM and calcium
0.8-6.1% DM. Based on these value ranges, it can be suggested
that all values of the employed poultry manure fall within these
ranges [15, 23-26].

Table 2. Characteristics of the Poultry Manure Used in This Study

Properties Broiler poultry manure

Dry Matter (%) 74.77 = 2.26
Moisture Content (%) 25.23 *= 2.26
Organic Matter (% DM) 76.92 = 3.41
pH 8.10 = 0.18
EC (dS/m) 6.76 = 0.49
Total Organic Carbon (% DM) 34.93 + 2.12
Total Nitrogen (% DM) 5.13 + 0.42
C:N 6.82 = 0.20
Phosphorus (% DM) 2.32 += 0.96
Potassium (% DM) 2.14 = 0.21
Calcium (% DM) 4.96 *+ 0.60
Magnesium (% DM) 0.62 = 0.01
Sodium (% DM) 1.28 = 0.10
Germination Index 92 * 9.60
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On the other hand, in order to determine the phytotoxicity
level of the fresh poultry manure, the germination test was
conducted. The germination index (GI) was found to be 92.
To ensure that soil-improving materials and materials to be used
in the plant breeding environment are non-phytotoxic, it is re-
quired to reach GI values above 100 [27]. The GI of poultry
manure was measured to be below this value, which indicates
that fresh poultry manure could trigger the phytotoxicity of plants
in its pure form.

Biomass ash used in this study was obtained by burning forest
industry wastes and agricultural wastes, such as corn hay and
nut shells, inside a prototype power plant with a fluid tank
burner unit. Table 3 displays certain characteristics of the em-
ployed ash.

As the values in Table 3 are examined, it is evidenced that
the biomass ash employed in this study exhibits basic character
(pH = 12.14). Additionally, due its integral mineral content,
it has a high EC value (14.28) and is rich in plant macronutrients.
With regard to plant macronutrients maximum values were
measured in calcium (32.82%) and potassium (5.83%). The
obtained results were in compliance with relevant studies in
the literature [28]. In literature studies for the general composi-
tion of biomass ash, there has been a relative differentiation
with respect to the burned biomass type. It has also been re-
ported that there were traces of silicium (SiO,), calcium (CaO),
potassium (K,O), phosphorus (P,0s), magnesium (MgO) and
sodium (Na,O) [28]. Among these minerals, the most pervasive
one in biomass ash was silicium. Yet, silicium has not been
used as a plant nutrient in agricultural practices. On that ac-
count, in this study that focused on the usability of plant nu-
trients included in biomass ash, silicium was excluded from
the scope.

Values that show the effects of varied temperature mixtures
of biomass ash on organic matter, total organic carbon, C:N
ratio, pH, EC and GI are exhibited in Table 4. As the biomass
ash ratio and temperature values of the mixtures increased, their
organic matter and total organic carbon amounts decreased.
Maximum organic matter (74.46%) and total organic carbon
content (32.84%) were observed in the application where 10%
biomass was harnessed in 100°C, while minimum organic matter
(33.68%) and total organic carbon (17.07%) values were observed
in the application with maximum temperature level and ash
ratio at 250°C with the infusion of 50% biomass ash. In applications

Table 3. Characteristics of Biomass Ash Employed in This Study

Properties Biomass ash
pH 12.14 = 0.90
EC (dS/m) 14.28 + 1.62
Phosphorus (%) 1.46 + 0.82
Potassium (%) 5.83 + 0.92
Calcium (%) 32.82 + 2.41
Magnesium (%) 5.34 + 0.80
Sodium (%) 0.96 = 0.09
Germination Index 108 = 9.46
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Table 4. Some Chemical Properties of Biomass Ash and Poultry Manure Mixtures in Varied Ratios and Temperatures

Applications Organic matter (%) Total Organic Carbon (%)

PA;; 74.46 + 1.44 32.84 + 4.26
PA;; 73.92 + 2.63 32.16 = 3.16
PA;; 71.03 = 3.47 30.61 = 3.85
PA;4 70.27 + 2.27 29.67 + 3.44
PAs 68.82 * 4.26 30.12 = 3.11
PA, 65.94 + 4.28 28.76 + 3.62
PA; 64.46 + 3.50 26.46 = 2.60
PAz, 63.69 + 4.36 25.94 + 3.75
PA3 59.14 + 3.18 27.54 = 4.11
PA3, 58.31 * 3.91 27.09 + 2.97
PAs; 56.75 * 8.02 24.32 + 3.07
PAsy 54.12 + 3.36 23.77 + 4.50
PA4 47.39 = 4.79 25.39 + 4.15
PAy, 46.98 * 4.39 24.92 + 5.74
PAg; 46.09 = 3.31 21.68 = 3.02
PAy, 44.92 * 5.69 20.10 = 2.01
PAs 38.15 * 3.25 21.53 + 2.78
PAs, 37.09 + 4.87 19.80 + 3.28
PAs; 35.52 + 4.51 17.83 = 3.25
PAsy 33.68 * 5.05 17.07 = 1.28
ANOVA x .
™ p < 0.001

with the identical ash ratios, the rise in temperature led to a
fall in total organic matter and organic carbon values. Since
an acceleration of temperature and ash ratios in mixtures lowered
nitrogen and organic carbon levels, this has also affected its
C:N ratio. However, there was a decrease in the C:N ratio in
100°C and 150°C applications, while an increase of the C:N
ratio was observed in 200°C and 250°C applications. This was
linked to the effect that an increase in temperature caused a
greater loss of nitrogen in the mixture compared to the loss
of carbon.

The pH value of the pure broiler poultry manure was measured
as 8.1, and its EC value was 6.76 dS/m. The pH (12.14) and
EC (14.28 dS/m) values of biomass ash were higher than poultry
manure values. Due to this discrepancy between pH and EC
values of poultry manure and biomass ash, an increase in the
biomass ash ratio applied in tests triggered a corresponding rise
in the pH and EC values of mixtures. In the applications, max-
imum pH and EC values were measured as 9.3 and 10.92 dS/m,
respectively. An increase in the biomass ash temperature lowered
its pH values but increased its EC values. On the other hand,
a number of relevant literature studies indicated that pH was
a salient parameter with regards to nitrogen loss, and a rapid
rise in pH level accelerated some nitrogen loss. For instance,
it has been reported that once an instant jump from pH 7 to
pH 8 has occurred, there has already been exponential nitrogen

C/N pH EC (dS/m) GI
6.81 = 0.04 8.2 = 0.20 7.41 = 0.02 102 = 3.73
7.16 = 0.04 8.2 = 0.30 7.68 = 0.03 103 = 7.34
7.13 = 0.02 8.2 = 0.13 7.82 = 0.03 107 = 2.10
7.68 = 0.03 8.2 = 0.43 7.93 = 0.05 108 += 5.20
7.25 = 0.05 8.4 = 0.36 8.25 = 0.01 106 *= 6.43
7.06 = 0.03 8.4 = 0.33 8.87 = 0.04 107 = 4.13
7.03 = 0.02 8.3 = 0.23 8.99 = 0.02 110 = 1.76
8.26 = 0.08 8.3 = 0.30 9.11 = 0.04 116 = 1.10
7.11 = 0.04 8.7 = 0.36 8.96 = 0.01 118 = 8.74
7.26 = 0.03 8.6 = 0.33 9.26 = 0.04 121 = 2.80
7.28 = 0.21 8.6 = 0.40 9.43 = 0.02 124 = 0.50
8.70 = 0.02 8.5 = 0.23 9.86 = 0.08 129 += 3.73
6.89 = 0.01 9.0 = 0.30 9.68 = 0.01 125 = 0.16
6.90 = 0.01 8.9 = 0.40 9.93 = 0.01 133 = 4.36
7.88 = 0.06 8.9 = 0.33 10.19 = 0.03 139 = 2.30
8.20 = 0.52 8.8 = 0.26 10.29 = 0.01 146 = 2.30
6.11 = 0.04 9.3 = 0.20 10.48 = 0.01 138 = 3.70
5.68 = 0.05 9.3 = 0.30 10.42 = 0.02 142 = 1.13
7.39 = 0.07 9.1 = 0.36 10.86 = 0.03 151 = 4.50
8.09 = 0.08 9.1 = 0.23 10.92 = 0.01 158 = 4.10
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loss [29, 30]. Besides, the addition of hot biomass ash elevated
the GI of poultry manure. The GI measured as 92 in unmixed
poultry manure and increased as the employed ratio and temper-
ature of biomass ash became higher. In the application conducted
under 250°C with 50% biomass ash, a GI maximum value of
158 was reached.

3.1. Lowering Poultry Manure Moisture Content by Applying
Hot Biomass Ash

Poultry manure enjoys huge potential thanks to the conserved
plant nutrients. On the other hand, because of the adverse effects
of poultry manure such as malodour and vector attraction, the
emerging problems related to its storing and application are
critical impediments in utilising such great potential.

The most effective and practical solution in the mitigation
of these problems is lowering the moisture content of poultry
manure. In this paper, waste heat of the biomass ashes was
exhausted from biomass plants under a high temperature (ar-
ound 400°C) and were required to be cooled down before
disposal processes were utilised in the drying procedure of
poultry manure. The changes witnessed in manure moisture
content through mixing varied ratios of biomass ashes and
temperatures with the poultry manure have been displayed
in Fig. 2.
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Fig. 2. Effects of varied ratios and temperatures of biomass ash on

poultry manure moisture content.

The initial moisture content of raw poultry manure was meas-
ured as 25.23%. As seen in Fig. 2, as the ratio and temperature
of ash climbed, the moisture content of the mixtures decreased.
The minimum moisture content (9.82%) was observed in the
PA;; application (250°C and 50% ash), in which the maximum
temperature and ratio of ash was used. The maximum moisture
value (24.75%) was identified in the PA;; application (100°C
and 10% ash) that used the minimum temperature and ash ratio.
Once we analysed a sum of all the results obtained from these
applications, it could be reasonably argued that hot biomass
ash plays crucial role in lowering the moisture content of poultry
manure.

3.2. Effects of Biomass Ash on Plant Nutrients

Variations of poultry waste piles on the concentration of total
nitrogen are basically equal to organic nitrogen. Inorganic nitro-
gen concentrations are low, and organic nitrogen is the primary
concentration with nitrogen [7]. In Fig. 3, the effects of mixing
the hot biomass ash in this study with varied ratios of poultry
manure on the ratio of poultry manure total nitrogen have been
displayed. In both applications that employed biomass ash in
100°C and 150°C temperatures, identical results have been
obtained. A rise in the ash ratio within mixtures led to a decrease
in their nitrogen ratio. In this study, the level of decrease was
quite similar in both applications.

This effect is linked to the fact that the cause of the nitrogen
decrease was, rather than the temperature, the rise in ash ratio
that triggered an increase in the mixture's solid matter ratio
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Fig. 3. Effects of varied ratios and temperatures of biomass ash on
poultry manure total nitrogen (N) ratio.
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and a decrease in the percentage ratio of nitrogen solid matter,
or its dilution to say it differently. The initial nitrogen ratio
of poultry manure was 5.13%. The minimum nitrogen ratios
detected in 100°C and 150°C temperatures have been measured
in the PA14 (3.52%) and PA,4 (3.48%) applications that utilise
the maximum ash ratio.

However, in applications that used biomass ashes in 200°C
and 250°C temperatures, a higher level of nitrogen loss was
measured. The nitrogen ratio of the PA,; application that used
50% biomass ash in 200°C was found to be 2.41%, while in
the PAs4 application that used 50% biomass ash in 250°C,
the nitrogen ratio was measured as 2.11%. This has been the
application in which the minimum nitrogen ratio was
measured. In the applications with 200°C and 250°C temper-
ature levels, the decrease in the nitrogen ratio was due to
the increase in temperature rather than the increase in biomass
ash ratio.

In relevant literature studies on nitrogen loss, it surfaced
that nitrogen loss varied with respect to ventilation, moisture
content, pH, age of manure and temperature [7-30]. Similar
studies have also reported that drying high poultry manure
under high temperatures led to some nitrogen loss. Sommer
and Olsen detected that in the fast drying process performed
under high temperatures, a linear correlation emerged between
the rapid temperature increase and drying process with nitro-
gen loss [8].
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Fig. 4. Effects of varied ratios and temperatures of biomass ash on
poultry manure potassium (K) ratio.
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Fig. 5. Effects of varied ratios and temperatures of biomass ash on
poultry manure phosphorus (P) ratio.
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Table 5. Micro Nutrients and Heavy Metal Content of Biomass Ash and Poultry Manure Mixtures in Varied Ratios and Temperatures

Applications Zn Cu Ni Pb
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
p 361.09 =+  60.34 + 12.4 + 10.21 =
2.91 1.13 2.28 2.21
A 657.64 =  45.93 =+ 25.34 + 28.36 =
4.93 2.75 4.19 3.59
PA 376.78 +  58.99 =+ 13.93 = 13.33 =
! 4.64 4.57 3.46 1.93
PA 401.24 +  57.89 * 15.13 = 14.53 +
2 2.41 4.92 1.36 1.74
PA, 42435 + 5442 + 16.26 = 16.38 =
4.28 3.94 2.15 2.92
pA, 43516 =+  50.15 =+ 19.2 + 18.21 +
5.56 2.64 4.01 2.49
PA 479.96 +  47.99 + 21.81 + 21.96 +
° 6.14 3.33 2.83 1.86
ANOVA * k% * %k * % *kx
™ p < 0.001

The potassium ratio of the biomass ash used in this study
was measured as 5.83% DM, and this value is twice more than
the potassium content of poultry manure (2.14% DM). Thereby,
as biomass ash ratio of the mixtures increased, the potassium
content of the mixtures also increased. The maximum potassium
content was obtained in the PA,, application that applied 50%
biomass ash in 250°C.

As the effects of hot biomass ash on poultry manure phospho-
rus (P) content are examined, it is feasible to argue that the
temperature of the ash plays an insignificant role on phosphorus
content. On the other hand, the phosphorus ratio of (2.32%
DM) pure poultry manure is higher than the biomass ash (1.46%
DM). Thus, as the ash ratio of mixtures increased, the phosphorus
content of poultry manure decreased. In the applications in this
study, the minimum phosphorus value was 1.79% DM, which
was measured in the PA54 application that used 50% biomass
ash in 250°C.

3.3. Effects of Biomass Ash Application on Poultry Manure
Microelement Content

It has been determined that applied biomass ash enriched poultry
manure in all of the analysed plant micronutrients. The maximum
increments in the poultry manure plant micronutrients were
observed in iron (Fe), manganese (Mn) and zinc (Zn). The iron,
manganese and zinc maximum values were observed in the
application that used the highest biomass ash (50%), which
were identified 1,545.65 mg/kg, 812.61 mgkg and 479.96 mg/kg,
respectively. Other microelements such as copper (Cu), nickel
(Ni), lead (Pb), chrome (Cr), cadmium (Cd) and cobalt (Co) pro-
vided maximum values that were 47.99 mg/kg, 21.81 mg/kg,
21.96 mg/kg, 44.49 mg/kg, 1.89 mg/kg and 3.12 mg/kg, re-
spectively (Table 5).
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Cr Cd Fe Mn Co
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
9.58 =+ 1.4 = 752.14 = 321.14 = 0.35 =

1.40 0.36 7.73 5.62 0.04
47.68 = 2.18 = 1,843.72 = 1,013.56 = 4.28 =+

3.92 0.27 9.95 6.68 0.48
11.70 = 1.26 = 767.46 = 436.15 = 0.99 =+

1.86 0.17 9.12 4.07 0.20
17.19 = 142 = 834.27 + 481.94 = 1.39 =

2.30 0.18 6.85 9.57 0.18
29.43 =+ 1.52 = 1,013.45 = 572.16 *+ 2.57 *=

1.68 0.20 7.22 17.62 0.22
38.74 *= 1.61 = 1,262.16 = 768.14 *+ 3.01 =

2.93 0.27 13.49 14.83 0.17
44.49 + 1.89 = 1,545.63 = 812.61 *+ 3.12 *=

5.35 0.29 9.55 7.01 0.28

*kKk ** * kK kKK *kKk

4. Conclusions

The main objective of this study was to offer a cost-effective,
ecological and sustainable method of disposal for poultry manure
and biomass ash and revealed that an increase in ash ratio and
temperature level led to a significant decrease in the moisture
content of poultry manure. In the application that utilised bio-
mass ash at maximum ratio and temperature (50% biomass ash
in 250°C), the moisture content of poultry manure decreased
to 9.82%. Considering that the moisture inside poultry manure
is the primary cause of malodour and fast dissolution, it becomes
evident that such a decrease in moisture content would provide
major benefits in the alleviation of adverse characteristics of
poultry manure. Furthermore, with the addition of biomass ash,
poultry manure became incredibly rich in plant macro- and
micronutrients. Biomass ash contains high ratios of Ca, K, Fe,
Mn and Zn. In the application that used maximum biomass
ash (50%), Ca 19.34%, K 4.03%, Fe 1,545.63 mg/kg, Mn 812.61
mg/kg and Zn 479.96 mg/kg content was achieved. Temperature
variations had no significant effect on plant macro- and micro-
nutrient content, except nitrogen. It has also been concluded
that biomass ash is one of the most effective potassium sources
and mixing it with pure as well as organic-based manure, such
as poultry manure, could meet potassium requirements in
plant-based production. Thereby, leading to a potential decrease
in the demand for chemical fertiliser.
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