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Abstract

There is a gap knowledge regarding combined multiple chemical and biological parameters of the soil after using composted
poultry manure. In this study, four types of co-composted poultry manure were added to a calcareous soil at two levels of 5
and 10% (w/w) and after one-month incubation, some chemical and biological properties were measured. The application of
different composts led to a significant reduction in soil pH in the range of 0.3—0.5 units. On average, the increase in chemical
parameters compared to those in the control was as follows at application levels of 5 and 10%, respectively: 0.61 and 1.19 dS
m~! for electrical conductivity, 1.36 and 2.68% for organic carbon, 0.165 and 0.332% for total nitrogen, 3.1 and 7.2 cmol,
kg~! for cation exchange capacity, 101 and 314 mg kg~! for available ammonium, 1210 and 2251 mg kg~! for available
nitrate, 177 and 408 mg kg~! for available phosphorus, and 940 and 1882 mg kg™ for available potassium. Control soil had
the lowest microbial respiration, microbial biomass carbon (MBC), substrate-induced respiration, and the highest metabolic
quotient. The mentioned indices were respectively in the ranges of 136-174 mg C kg~!, 397-517 mg C kg™, 1354-1482 mg
Ckg™!, and 0.048-0.050 mg C mg~! MBC day ™" at the application level of 10%. Despite the favourable effects of composted
poultry manure on the chemical quality of the soil, it is suggested that the level of application should be taken into account
to prevent environmental pollution through excessive nitrogen and phosphorus.

Keywords Composted poultry manure - Organic carbon - Available nitrate - Microbial respiration - Microbial biomass
carbon

Introduction used to manufacture mineral fertilizers (Choudhary et al.

2018; Liu et al. 2020).

Providing the food needed by the growing world population
requires an increase in cultivated area or an increase in pro-
duction per unit area. Since the extent of arable land is lim-
ited, the second option has been given more consideration.
Excessive use of chemical fertilizers during the last decades
and little attention to the significant effects of organic ferti-
lizers on improving soil fertility have caused environmental
pollution, ecological damage, reduction in the quality of
agricultural products, and loss of nonrenewable resources
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Growing public concerns about human health following
the widespread use of mineral fertilizers and the adverse
effects of hazardous synthetic chemicals have encouraged
farmers to seek safer and more environmentally friendly
alternatives (Singh 2018). In addition, factors such as fre-
quent and intensive tillage, planting crops with short grow-
ing periods in the cropping system, and continuous mono-
culture can reduce the amount of soil organic matter (SOM)
and increase the risk of soil erosion and greenhouse gas
emissions (De Corato 2020). Therefore, the fertilizers used
in agriculture should improve the physicochemical and bio-
logical conditions of the soil in addition to increasing soil
fertility. One of the recommended solutions is to use organic
fertilizers in combination with mineral fertilizers (Ayeni and
Adetunji 2010).

Organic fertilizers include plant and animal residues in
different stages of decomposition, which are used to improve
the physical, chemical, and biological properties of the
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soil. Organic fertilizers produce humus, reduce the adverse
effects of chemical fertilizers, and increase fertilizer use effi-
ciency (Alvarenga et al. 2017). Soil management in organic
systems involves the use of crop residues, manures, com-
posts, and other organic fertilizers to increase SOM (Li et al.
2020). The use of organic fertilizers is recommended due to
the long-term improvement of soil properties and transient
effects of chemical fertilizers on soil fertility (Diacono and
Montemurro 2015). Organic fertilizers play an important
role in carbon sequestration and reduce the entry of carbon
dioxide into the atmosphere (Stockmann et al. 2013). Other
desirable effects include an increase in cation exchange
capacity, nutrient recycling, and available water holding
capacity and improvement in soil physical and biological
properties (Mazumder et al. 2021). Soil organic matter in
most soils of Iran, except in the north of the country, is very
low (less than one percent) and far from the optimum level
of three percent (Keshavarz et al. 2013). Therefore, increas-
ing SOM in arid and semiarid regions through the applica-
tion of organic fertilizers should be considered.

The poultry industry worldwide grew by 31.5% between
2009 and 2019 (FAOSTAT 2021). Poultry manure is a mix-
ture of organic and inorganic materials and is a potential
source of important nutrients for agriculture such as nitrogen
(N) and phosphorus (P) (Rizzo et al. 2020). However, its
direct use in agriculture causes many environmental prob-
lems. It has a high potential for ammonia release due to its
high content of protein and amino acids, and as a result,
may have adverse effects on environmental health. Poultry
manure also contains pathogens, parasites, arthropods, and
some physical and chemical components such as potentially
toxic elements, microplastics, hormones, insecticides, and
veterinary drugs (Wu et al. 2021).

Due to the adverse consequences of direct use of poultry
manure, appropriate solutions to eliminate or reduce these
problems should be considered. Composting is one of the
biological methods used to stabilize, immunize, and mature
raw organic wastes such as poultry manure and finally
produce a product that can be used as soil amendment. In
addition, this process facilitates the storage and transporta-
tion of poultry manure by reducing the volume and weight,
reducing the population of pathogenic microorganisms and
unpleasant odours, and stabilization of nutrients and organic
matter (Petric et al. 2017).

The use of composted organic matter plays a key role not
only in maintaining the fertility and productivity of agri-
cultural systems but also in improving soil microbial activ-
ity, soil structure, soil water holding capacity, soil aeration,
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and soil buffering capacity. Therefore, the use of compost is
considered as a desirable method to improve the quality of
agricultural soils (Alvarenga et al. 2017).

Soil quality can be determined indirectly by measur-
ing various physical, chemical, and biological parameters.
Macro and micronutrients, SOM, and CEC are among the
important chemical properties affecting soil quality (Alva-
renga et al. 2017). Due to the sensitivity of soil biological
properties to land management and environmental changes,
the determination of some parameters related to soil micro-
bial activity such as microbial biomass carbon (MBC), basal
respiration (BR), and substrate-induced respiration (SIR) is
very important in assessing soil quality (Veum 2014; Nan-
dhini et al. 2023).

Despite the widespread use of poultry manure in the soil,
there is a gap in the knowledge regarding the application of
composted poultry manure as a soil amendment. Few studies
have combined multiple chemical and biological parameters
of the soil after using composted poultry manure. Depend-
ing on the characteristics of the primary raw materials, the
properties of the prepared composts can be different, and as
a result, their effects on the soil characteristics are diverse.
Therefore, this study was conducted to investigate the effect
of different levels of four types of co-composted poultry
manure on some soil chemical and biological characteristics.

This research was conducted between February 2021 and
May 2021 in the Department of Soil Science, Razi Univer-
sity, Kermanshah, western Iran.

Materials and methods
Preparation and characterization of composts

Poultry manure, wheat straw, and natural zeolite were used
to prepare the composts. Zeolite was a type of clinoptilolite
with a purity of 54% and contained 23% quartz according to
XRD. Mineral additives such as zeolite are commonly used
to reduce greenhouse gas emissions, salinity, and ammonia
volatilization during composting (Chan et al. 2016). Four
different mixing ratios (w/w) were considered for co-com-
posting the raw materials: 85% poultry manure + 15% wheat
straw (C1), 75% poultry manure +25% wheat straw (C2),
75% poultry manure + 15% wheat straw + 10% zeolite (C3),
and 65% poultry manure +25% wheat straw + 10% zeolite
(C4). To investigate the effect of zeolite on the chemical
characteristics of composted poultry manure, C1 and C2
were free of zeolite, while C3 and C4 were prepared in the
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presence of zeolite. The raw materials with specified mix-
ing ratios (i.e. C1, C2, C3, and C4) were transferred to 20-L
barrels in three replications (i.e. 12 barrels). The total mass
of each mixture was 10 kg per barrel. Then, the mixtures
were moistened with distilled water up to 60% (w/w). The
barrels were covered with plastic nylons and placed in a
greenhouse. On the lid of the barrels, 5 holes with a radius
of 2 cm were created at intervals of 20 cm from each other.
The composting time was 19 weeks, and the barrels were
aerated weekly. After maturity, composts C1, C2, C3, and
C4 were air-dried, passed through a 2-mm sieve, and stored
for subsequent chemical analyses and addition to the soil.

The pH and electrical conductivity (EC) were measured
in the 1:10 (w/v) solid to distilled water extract using the
86,502 AZ Bench Top Water Quality Meter—pH/ORP/mV
and 86,503 AZ Bench Top Conductivity Meter, respectively.
Organic carbon (OC) was determined by dry oxidation in
an electric furnace at a temperature of 500 °C. Potassium
(K) was measured using the flame photometer in the extract
obtained from dry digestion. The Unico 2100 UV-vis spec-
trophotometer was used to determine P and N in the extracts
obtained from dry digestion and wet digestion, respectively
(Rowell 1994; Jones 2001).

Preparation of composts and their characterization have
been presented in more details in the previous study (Maleki
et al. 2023). The properties of prepared composts are given
in Table 1.

Preparation of soil treatments

A composite soil sample was taken from a depth of 0-20 cm
from an agricultural land, then air-dried, and passed through
a 2 mm sieve. Particle size distribution, and equivalent cal-
cium carbonate were determined using hydrometer and back
titration methods, respectively (Rowell 1994; Jones 2001).
Soil texture was clay loam and equivalent calcium carbonate
was 25.1%. The soil sample was divided into 27 subsamples
of 400 g, and then prepared composts (C1, C2, C3, and C4)
were separately added to the subsamples at two levels of 5%

and 10% by mass in three replicates (i.e. 24 treated samples).
The remaining three subsamples were considered as controls
(without adding compost). Amendment application rates up
to 5% (w/w) are commonly used in soil remediation studies
(Seyedsadr et al. 2022). However, higher application rates
(i.e. 10, 15, 25, 35, and 45% w/w) are also found (Mazumder
et al. 2021). Organic matter is one of the most important
key factors affecting soil biological indicators. Therefore,
the application rate of 10% was chosen as a higher applica-
tion level than the common rates. Control and treated soil
samples were incubated for one month at 25 °C and moisture
close to field capacity.

Chemical and biological analysis of treated soils

At the end of the incubation period, chemical parameters
including total N, available nitrate (NO;~) and ammonium
(NH,*) in 2 M KCl extract, available P in 0.5 M NaHCO,
(Olsen) extract, and available K in the extract taken with 1M
ammonium acetate, pH, and EC in the extract of 1:2 soil to
distilled water (w/v), and CEC were measured in control
and treated soils (Rowell 1994). Biological indicators were
determined as follows: microbial respiration or carbon min-
eralized (C;,) (Anderson 1982), SIR (Alef and Nannipieri
1995), MBC (Horwath and Paul 1994), and metabolic quo-
tient (qCO,) (Suman et al. 2006).

All experiments were performed in three replications.
Analysis of variance was performed using a completely
randomized design and comparing the mean of the data was
done based on Duncan's multiple range test at the level of
5% using SAS software.

Results and discussion
pH and EC in compost-treated soils
Figure 1a shows the pH values in compost-treated soils. The

highest pH value (i.e. 7.38) was observed in the control.
The pH values in the treated soils decreased significantly

Table 1 Some chemical

. Compost pH,.j0 EC,. o C N P K C/N
characteristics of composted ’ T o o o o
poultry manures (Maleki et al. dSm™) (gkg™) (gkg™) (gkg™) (gkg™)
2023) Cl 7.10 5.94 300 46.6 239 20.4 6.44
C2 7.21 6.36 297 45.0 17.3 26.1 6.60
C3 6.90 6.64 293 43.0 19.0 19.0 6.81
C4 7.39 6.42 298 45.6 21.3 17.6 6.54

C1: 85% poultry manure + 15% wheat straw, C2: 75% poultry manure +25% wheat straw, C3: 75% poultry
manure + 15% wheat straw + 10% Zeolite, and C4: 65% poultry manure +25% wheat straw + 10% zeolite
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Fig.1 pH a and EC b in control and compost-treated soils at applica-
tion levels of 5% and 10% (The bars indicate the standard deviation
and dissimilar letters represent a significant difference (P <0.05) by
Duncan's multiple range test) C1: 85% poultry manure+ 15% wheat

compared to the control, but no significant difference was
observed between the pH values of treated soils. The reduc-
tion of pH in treated soils compared to the control was in
the range of 0.3—0.5 units. Decreased soil pH following the
application of organic compounds can occur due to the slight
increase in carbon dioxide pressure and dissolution of cal-
cium carbonate as well as the release of organic acids such
as malic acid, citric acid, and oxalic acid (Boutasknit et al.
2020). In addition, the application of organic compounds
leads to an increase in soil organic nitrogen, followed by the
nitrification process associated with the release of H* and a
decrease in soil pH (Meng et al. 2020; Strawn et al. 2020).
The EC values in compost-treated soils are indicated in
Fig. 1b. The lowest EC (0.132 dS m™") was obtained in the
control. With the increasing application of compost in the
soil, EC increased significantly due to the release of soluble
salts and mineral ions from the compost into the soil. In
addition, the decomposition of organic fertilizers causes the
release of organic acids that react with poorly soluble salts
and increase their solubility (Dhaliwal et al. 2023). The EC
value in soils treated with 5% and 10% compost was in the
range of 0.80-1.06 dS m~! and 1.58-1.45 dS m~!, respec-
tively. Soils treated with composts C3 and C4 had higher
EC, which can be due to the higher salinity of these two
composts than composts C1 and C2 (Table 1). The average
increase in EC of soils treated with 5 and 10% compost was
0.61 and 1.19 dS m~!, respectively, compared to the con-
trol soil. Increased EC in soils treated with organic residues
under incubation conditions has been reported in previous
studies (Gulser et al. 2010; Roy and Abul Kashem 2014;
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Jalali et al. 2020). The comparison of Figs. 1a and 1b shows
that the decrease in pH was accompanied by the increase
in EC. An increase in the partial pressure of carbon diox-
ide caused by the decomposition of organic compounds in
the soil leads to an increase in the solubility of soil carbon-
ates, especially calcium carbonate. This process leads to a
decrease in pH and an increase in EC. Also, the dissocia-
tion of organic acids leads to the formation of protons and
organic anions, which decrease pH and increase EC, respec-
tively (Boutasknit et al. 2020; Jalali et al. 2020).

OC and total N in compost-treated soils

Figure 2a indicates the amounts of OC in control and com-
post-treated soils. One of the important effects of adding
organic compounds to soil is the increase of OC. The OC
content in compost-treated soils increased significantly
(P <0.05) compared to control. The highest amounts of
OC were observed in treatments containing 10% compost,
whereas the lowest amount (i.e. 0.585%) was measured in
the control (Fig. 2a). The OC content varied from 1.72 to
2.11% and 2.86 to 3.50% in treatments containing 5% and
10% compost, respectively. In other words, the amount
of OC in soils treated with different composts increased
between 1.13% and 2.91% compared to the control. Broken
et al. (2002) showed that the application of vermicompost
and compost increased the amount of soil organic carbon
(SOC). Ayeni and Adetunji (2010) and Adeley et al. (2010)
reported a significant increase in SOC because of using
poultry manure.
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Fig.2 OC a, total N b, C/N ratio ¢, and CEC d in control and com-
post-treated soils at application levels of 5% and 10% (The bars indi-
cate the standard deviation and dissimilar letters represent a signifi-
cant difference (P <0.05) by Duncan's multiple range test) C1: 85%

The amount of total N in control and compost-treated
soils is shown in Fig. 2b. Application of compost signifi-
cantly (P <0.05) increased total N content in the treated soils
compared to the control and higher values were observed in
the soils treated with 10% compost. Total N values were in
the range of 0.198-0.232% and 0.358-0.321% at application
levels of 5 and 10%, respectively. In general, the applica-
tion of composts caused total N to increase from 0.146 to
0.369% compared to the control soil. A decreasing trend in
total N from treatment C1 to treatment C4 at each applica-
tion level is due to the reduction of the amount of poultry
manure used in the preparation of these composts. However,
this reduction was not significant based on the results of
ANOVA (Fig. 2b). Cayci et al. (2017) reported an increase
in OC and total N contents following the application of fresh
and composted chicken manure in the soil under incubation
conditions.

Figure 2c shows the C/N ratio values in control and
compost-treated soils. The highest C/N (i.e. 11.2) was
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poultry manure+ 15% wheat straw, C2: 75% poultry manure +25%
wheat straw, C3: 75% poultry manure+ 15% wheat straw + 10% Zeo-
lite, and C4: 65% poultry manure +25% wheat straw + 10% zeolite

obtained in the control soil, while it decreased significantly
in the treated soils (P <0.05). The C/N was in the range of
7.4-10.6 at 5% compost application level. Among the treat-
ments, the C/N ratio was the lowest in the soil treated with
C1, probably due to the higher N content in this compost.
In addition, the values of C/N in treatments containing 10%
compost were lower compared to those in treatments con-
taining 5% compost. The lowest C/N value (i.e. 6.8) was
observed in the soil treated with compost C1, and the high-
est value (i.e. 9.8) was obtained for the soil treated with
compost C4. Application of composted poultry manure was
associated with a significant increase in OC and total N in
the treated soils compared to the control. However, this ratio
significantly decreased in treated soils because the impact of
increasing N on changing the C/N ratio of soil was greater
than the effect of increasing C. Furthermore, C/N ratios in
composts were lower in comparison with untreated soil.
Mazumder et al. (2021) reported that the application of 45%
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compost in the soil caused 5400% increase in total N and
14.29% in OC, followed by a decrease in C/N.

CEC in compost-treated soils

Figure 2d shows CEC values in control and compost-treated
soils. This parameter is one of the important soil properties
and indicates the ability of soil to adsorb cations, especially
those necessary for plant nutrition, and thus prevents them
from leaching. The CEC in control was 17.4 cmol, kg™!
and increased significantly (P <0.05) as a result of adding
composts. The values of this parameter were higher in treat-
ments containing 10% compost than in treatments containing
5% compost. CEC values in compost-treated soils varied
from 19.3 to 21.8 cmol, kg~! at the application level of 5%.
Further increase of CEC in soils treated with composts C3
and C4 is probably due to the presence of zeolite in these
treatments in addition to organic compounds. Zeolite is an
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treated soils at application levels of 5% and 10% (The bars indicate
the standard deviation and dissimilar letters represent a significant
difference (P <0.05) by Duncan's multiple range test) C1: 85% poul-
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aluminosilicate of the tectosilicate group in which silicon
and aluminium cations share their oxygen ligands in tet-
rahedron coordination. Negative charges caused by iso-
morphic substitution are neutralized by electrostatically
adsorbed exchange cations. Therefore, adding zeolite to the
soil leads to an increase in CEC. In addition, CEC increased
to a greater extent in treatments containing 10% compost
so that it varied from 23.7 to 25.9 cmol, kg~'. Compared
to the control, CEC increased in treatments containing 5%
and 10% compost in the range of 1.9-4.4 cmol_ kg™! and
6.3-8.5 cmol, kg~!, respectively. Organic compounds have
a significant amount of negative surface charges due to
their large number of carboxylic and phenolic functional
groups, which their protonation leads to an increase in soil
CEC. Walker and Bernal (2008) reported that application
of poultry manure at the rates of 20 and 30 g kg~! increased
CEC by 3-5 units. Jalali et al. (2020) showed that CEC in
soils treated with crop residues increased by 2.6—5.6 units
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straw, C3: 75% poultry manure + 15% wheat straw + 10% Zeolite, and
C4: 65% poultry manure +25% wheat straw + 10% zeolite
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compared to the control after one-month incubation.
Mazumder et al. (2021) reported an increase of 1.58% in the
CEC of the soil treated with 45% of plant residue compost.

Available NH," and NO;™ in compost-treated soils

Figure 3a shows that the amount of available NH,* in the
control soil was 96.8 mg kg™ at the end of the incubation
and increased significantly (P <0.05) in compost-treated
soils. Composted poultry manure contains organic N,
$0, microorganisms release NH4Jr into the soil during the
ammonification process. A C/N ratio less than 20 causes the
net N mineralization through the ammonification and nitri-
fication processes (Havlin et al. 2005; Impraim et al. 2022).
The amount of available NH,* in treated soils varied from
156 mg kg™! in the soil treated with compost C4 to 283 mg
kg~! in the soil treated with compost C1 at the application
level of 5%. Higher total N content and lower C/N ratio can
be the reason for higher NH,* release in the soil treated with
compost C1. The amount of available NH,* in the soil was
in the range of 360-454 mg kg~! at the application level of
10%. Compared to the control, the average increase in NH,*
content in soils treated with composts at application levels of
5 and 10% was 101 and 314 mg kg™!, respectively.

The available NO;™ contents in control and compost-
treated soils are represented in Fig. 3b. The control soil had
the lowest NO;™ (i.e. 32.6 mg kg™!), while it varied from
1147 to 1473 mg kg~! at the level of 5% compost applica-
tion. The higher amount of NO,™ in the soil treated with
compost C1 is likely due to the greater total N content and
the higher rate of nitrification process. The amount of avail-
able NO,™ varied in the range of 20802628 mg kg™' at
the application level of 10%. Similar to the level of 5%, the
highest amount of NO;™ was observed in the soil treated
with compost C1 and the lowest one was in the soil treated
with compost C4. Compared to the control, application
of 5 and 10% of different composts caused the available
NO;™ to increase by an average of 1210 and 2251 mg kg™,
respectively. The low C/N ratio in organic fertilizers and
favourable soil pH for the nitrification process leads to
further NO;~ production in the soil (Impraim et al. 2022).
The amount of NH,* was much lower compared to the
amount of NO;™ in the treated soils, while this trend was
not observed in the control. This could be due to the leaching
of NO;™ from the control soil before it was sampled from
the field, whereas incubation was spent in a closed system
and the NO;™ produced through the nitrification process
remained in the treated soils. It has been reported that after
40 weeks of application of 3% fresh poultry manure and 3%

sheep manure in the calcareous sandy loam soil, the amount
of NO;™ in the treated soils was 1353 and 677 mg kg™!,
respectively (Zarabi 2014). The nitrification process occurs
in the pH range between 6 and 9.4 (Havlin et al. 2005). So, a
significant amount of NO;™ is produced following the appli-
cation of raw and composted poultry manure in neutral and
alkaline soils, and there is a possibility of NO;™ leaching
and groundwater contamination. As a result, the use of such
organic fertilizers should be considered based on the amount
of NO;™ produced and the nitrogen requirement of the plant.

Available P and K in compost-treated soils

The amount of available P (Olsen P) in the control soil was
14.8 mg kg~! and increased significantly (P <0.05) with
increasing the level of compost application (Fig. 3c). The
available P varied from 156 to 220 mg kg™! in compost-
treated soils at the application level of 5%. Higher available
P in soils treated with compost C1 may be due to the higher
amount of poultry manure in this compost (Table 1) and
consequently, the greater release of P. The amount of Olsen
P varied from 310 to 549 mg kg~! at the level of 10% com-
post application. The application of composts at the levels
of 5 and 10% caused the amount of available P to increase
by an average of 177 and 408 mg kg™', respectively. The
release of a significant amount of P in treated soils can be
due to the low C/P ratio (i.e. <200) in composts (Table 1).
According to the amount of Olsen P in the control soil, there
is no need to use fertilizers containing P in this soil under
real conditions. Therefore, organic fertilizers containing
poultry manure with high levels of P should be used based
on soil test and plant nutritional requirements to prevent
environmental pollution caused by excessive amounts of P
in agricultural soils. Sharpley et al. (2004) investigated the
availability of P in soils treated with four types of poultry
manure and reported that the available P varied between
4 and 64 mg kg~! in untreated soils and between 82 and
2840 mg kg~! in treated soils. In addition to total P content
in organic residues, the rate of P release depends on the
rate of decomposition. The faster the decomposition, the
greater P is released into the soil. Jalali and Ranjbar (2009)
reported a significant positive correlation (r=0.96) between
P content in the residues and P release as well as a signifi-
cant negative correlation (r=-0.98) between C/P ratio in the
residues and P release.

The amount of available K was 351 mg kg~! in the control
and increased significantly (P <0.05) by adding composts
to the soil (Fig. 3d). The range of available K varied from
1274 to 1394 mg kg™! at the application level of 5%. The
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Fig.4 Microbial respiration (C,;,) a, substrate-induced respiration
(SIR) b, microbial biomass carbon (MBC) ¢, and metabolic quotient
(qCO,) d in control and compost-treated soils at application levels of
5% and 10% (The bars indicate the standard deviation and dissimilar
letters represent a significant difference (P <0.05) by Duncan's multi-

higher level of available K in the soil treated with compost
C2 may be due to the higher total K content in this compost
(Table 1). At the rate of 10% compost application, available
K ranged from 2047 to 2433 mg kg~'. On average, the appli-
cation of composts at two levels of 5 and 10% increased soil
available K by 940 and 1882 mg kg™!, respectively. Jalali
(2011) reported that the amount of K released from calcare-
ous soils treated with organic compounds after four weeks
of incubation was between 300 and 990 mg kg~'. It was
also stated that the maximum release of K was obtained
in the treatment with the highest total K content, while the
minimum release of K was observed in the treatment with
the lowest total K content. An increase in the level of N, P,
and K in soils treated with vegetable residue compost and
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ple range test) C1: 85% poultry manure+ 15% wheat straw, C2: 75%
poultry manure+25% wheat straw, C3: 75% poultry manure+ 15%
wheat straw + 10% Zeolite, and C4: 65% poultry manure +25% wheat
straw + 10% zeolite

animal manure compost with an application rate of 3% has
been reported (Bashir et el. 2021). Mazumder et al. (2021)
reported that the levels of P and K in the soil treated with
45% of plant residues compost increased by 209.5% and
21.2%, respectively.

Microbial respiration in compost-treated soils

Figure 4a shows C_;, values in control and compost-treated
soils. This parameter increased in the soil with the addition
of compost. Increased soil respiration indicates increased
soil microbial activity and increased carbon dioxide produc-
tion. The control soil had the lowest microbial respiration
level (102 mg C kg™!). The range of C,;, at the level of 5%
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compost application ranged from 108 to 129 mg C kg~.
The increase in C,;, in the soil treated with compost C1 is
probably due to the lower C/N ratio in this compost (Table 1)
and its higher biodegradability. The use of organic fertilizers
in the soil causes an increase in OC, N, and P and as a result
increases microbial activity (Boutasknit et al. 2020). A low
C/N ratio increases the rate of decomposition of organic resi-
dues by microorganisms and the production of carbon diox-
ide. The comparison of means showed that the application
of composts C2 and C4 did not make a significant difference
in C;, compared to the control. With increasing the level of
compost in the soil from 5 to 10%, a further increase in soil
microbial respiration was observed. The parameter C_;, in
soils treated with composts at the level of 10% ranged from
136-174 mg C kg~!. Compost C1 increased the population
of microorganisms in the soil and microbial respiration to a
greater extent due to its higher level of poultry manure. In
addition, the lower C/N ratio in compost C1 provided better
conditions for degradation by microorganisms compared to
other composts.

SIR in compost-treated soils

Figure 4b shows SIR values in control and compost-treated
soils. This parameter indicates the soil microbial respira-
tion after adding an accessible substrate such as glucose and
reflects the active microbial population of the soil (Luo and
Zhou 2006). The lowest SIR value was observed in the con-
trol soil (614 mg C kg™!), which indicated the lower popula-
tion and activity of microorganisms after adding glucose to
this soil. The value of this parameter increased in compost-
treated soils due to the increase in the microbial population.
The range of SIR varied from 1036 to 1156 mg C kg™' and
1354 to 1482 mg C kg~! at compost application levels of 5
and 10%, respectively. The comparison of means showed
that with increasing compost level from 5 to 10%, a signifi-
cant change occurred in SIR (P <0.05), but no significant
difference was observed between treatments at both applica-
tion levels. The most important factor limiting the microbial
activity in the soil environment is the lack of easily acces-
sible sources of carbon (Chen et al. 2003). The measurement
of parameter SIR is one of the basic methods for quantitative
estimation of soil microbial biomass as the highly active and
unstable part of SOC. Therefore, the population and activity
of microorganisms, the rate of microbial respiration, and SIR
increase with the availability of SOC.

MBC in compost-treated soils

Soil microbial biomass is the mass of all soil microorgan-
isms and includes carbon, nitrogen, phosphorus, and sul-
phur, which constitutes an important part of soil organic
matter and plays an important role in soil dynamics (Tang

et al. 2019). Figure 4c shows MBC in control and compost-
treated soils. The lowest MBC was obtained in the control
(156 mg C kg™!). Application of composts at two levels of
5% and 10% significantly (P <0.05) increased this parameter
in treated soils compared to the control. The MBC ranged
from 281 to 350 mg C kg™! at the application level of 5%.
Most likely, compost C1 with the highest amount of poul-
try manure led to the introduction of a large population of
microorganisms into the soil and increased MBC to a greater
extent. In contrast, compost C4 with the lowest amount of
poultry manure caused the lowest MBC among treatments.
In addition, higher MBC in the soil treated with compost C1
can be attributed to lower C/N and higher concentration of
nutrients (i.e. N and P) compared to other composts (Sharifi
et al 2014). The MBC varied from 397 to 517 mg C kg™! in
treatments containing 10% compost. The amounts of OC and
MBC in the treated soils increased significantly (P <0.05)
compared to the control (Figs. 2a and 4c). However, the con-
tribution of MBC to OC was 2.66% in the control, while it
was in the range of 1.34-2.04% and 1.14-1.81% in the treat-
ments containing 5% and 10% compost, respectively. The
decrease in the MBC/OC ratio in the treated soils indicates
an increase in the rate of microbial activity and respiration.
In other words, the ratio of the carbon consumed in micro-
bial metabolism (i.e. carbon released as CO,) to the carbon
assimilated by microorganisms was higher in compost-
treated soils compared to the control (Nandhini et al. 2023).
Normally, the participation of MBC in OC of soils varies in
the range of 1-3% (McGonigle and Turner 2017).

The results showed that the addition of organic fertilizers
to the soil, as a substrate for microorganisms, significantly
increased their population over a period of one month. Typi-
cally, the bulk of soil microbial biomass is inactive, occur-
ring due to food constraints. Therefore, the microbial activ-
ity and MBC in the soil increase following the application of
organic fertilizers such as composts. On the other hand, com-
posts contain a large population of microorganisms. Borken
et al. (2002) reported an increase in the microbial respira-
tion and MBC of the soil as a result of compost application.
Zaman et al. (2004) showed that the consumption of munici-
pal waste compost played an important role in increasing
MBC due to the increase in total C, N, and dissolved organic
carbon in the soil. The increase in MBC is generally one
of the positive consequences of using organic fertilizers in
the soil. The simple, bioavailable substrates released from
organic fertilizers in the soil stimulate microbial activity and
increase soil respiration and MBC (Nandhini et al. 2023).

qCO, in compost-treated soils
The values of qCO, in control and compost-treated soils

are represented in Fig. 4d. Metabolic quotient indicates the
amount of microbial respiration i.e. the amount of carbon
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mineralized per unit MBC (the amount of carbon used to
grow and form new microbial cells) per unit time. This
parameter was significantly (P <0.05) higher in the control
compared to compost-treated soils. The value of qCO, was
0.093 mg C mg~! MBC day~"! in the control and ranged from
0.048 to 0.055 mg C mg~! MBC day ™! in treated soils. The
comparison of means did not show a significant difference
between treated soils at application levels of 5% and 10%.
A decrease in this biological index in treated soils indicates
an increase in the population of microorganisms and fur-
ther production of microbial biomass. An increase in this
index in the soil may not be a good sign because it indicates
the mineralization of a significant part of OC through the
microbial activity and respiration and its loss from the soil
in the form of carbon dioxide. In other words, the lower the
qCO,, the greater the contribution of the energy source to
the anabolism of microorganisms rather than their catabo-
lism (Landi et al. 2000).

Conclusion

The results of this study showed that the amounts of EC, OC,
total N, CEC, and available NH,*, NO;~, P, and K in the
soil increased significantly with the application of different
composted poultry manures. Compost C1 had the greatest
effect in increasing total N and P in the soil due to its higher
N and P content. The highest OC content was obtained in
the soil treated with compost C2. The maximum increase of
CEC occurred in soils treated with composts C3 and C4 due
to the presence of zeolite. The increase in available P, K, and
NO;™, even at the application level of 5%, was higher than
the critical limits for Iranian soils (15, 180, and 22 mg kg™,
respectively). The application of composted poultry manure
improved the chemical quality of the soil. However, it is
suggested that the level of application should be taken into
account to prevent environmental pollution through exces-
sive N and P. In this regard, it is more desirable to reduce the
participation ratio of poultry manure in the co-composted
mixture. The results also showed that soil biological charac-
teristics changed in a short period of one month. Biological
parameters including microbial respiration, SIR, and MBC
increased following the use of composted poultry manure.
An increase in these parameters can indicate an increase
in microbial activity and biological quality of treated soils.
The greatest values of microbial respiration, SIR, and MBC
were obtained in the soil treated with compost C1 due to
its higher C content and lower C/N ratio compared to other
composts. It is important to note that the results of this study
were obtained in a closed system under laboratory incuba-
tion without the presence of plants. Therefore, they may be
different under real field conditions and in the presence of

* @ Springer

plants. In this study, some chemical and biological indicators
were investigated. It is suggested that the release of micro-
nutrients and biotoxicity in soils treated with composted
poultry manure should be taken into consideration in future
studies.
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