
Poultry manure as one of the organic fertiliz-
ers contains all the essential nutrients required 
for crop production (Hanč et al. 2008). Factors 
affecting its composition include: type of birds, 
feed nutrient density, bedding material type and 
other management factors. Long-term agricultural 
use of manure can however result in important 
environmental problems, such as phosphate and 
nitrate contamination of surface waters and ac-
cumulation of heavy metals (Adeli et al. 2007). 
Problems of metal residues in manure have re-
ceived scientific attention (He et al. 2009) because 
some of them are added to poultry feed to prevent 

diseases and to enhance feed efficiency (Jackson 
et al. 2003). Increased concentrations of Zn and 
Cu in the surface horizons of soil receiving an-
nual applications of poultry litter were identified 
(Kingery et al. 1994). For an optimal use of poultry 
manure for fertilization, it is necessary to know its 
chemical composition due to the amount of macro- 
and microelements introduced to soil (Bolan et 
al. 2010). Organic fertilizers, more considerably 
than mineral fertilizers, induce proliferation of 
soil microorganisms, at the same time intensify-
ing biochemical processes (Marinari et al. 2000). 
Enzymes are biological catalysts of innumerable 

Impact of poultry manure fertilization on chemical 
and biochemical properties of soils

Mirosław KOBIERSKI1,*, Agata BARTKOWIAK1, Joanna LEMANOWICZ2, 
Mariusz PIEKARCZYK3

1Department of Soil Science and Soil Protection, UTP University of Science 
and Technology in Bydgoszcz, Bydgoszcz, Poland

2Sub-Department of Biochemistry, UTP University of Science and Technology 
in Bydgoszcz, Bydgoszcz, Poland

3Department of Plant Production and Experimenting, Faculty of Agriculture 
and Biotechnology, UTP University of Science and Technology in Bydgoszcz, 
Bydgoszcz, Poland

*Corresponding author: kobierski@utp.edu.pl

ABSTRACT

Kobierski M., Bartkowiak A., Lemanowicz J., Piekarczyk M.: (2017): Impact of poultry manure fertilization on 
chemical and biochemical properties of soils. Plant Soil Environ., 63: 558–563.

The aim of the research was to evaluate the chemical properties and enzymatic activity of arable soils which, for the 
period of 10 years, were fertilized with poultry manure (PM). Fertilization with PM resulted in a significant increase 
in the content of organic carbon and total exchangeable bases in soil. The application of that fertilizer increased 
the pH value. Fertilization with PM also slightly increased the total content of copper, manganese and iron. There 
was found, however, a significant increase in the total content of Zn. The annual application of 10 tonnes of PM 
significantly increased the content of phosphorus and potassium available to plants. That fertilizer inhibited the 
activity of both alkaline and acid phosphatase, which must be related to a very high content of phosphorus available 
to plants. Poultry manure resulted in higher values of the biological index of fertility of soil, whereas the activity of 
phosphomonoesterases was significantly lower.
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reactions and are of great agronomic and ecologi-
cal value. However, there is little recognition of 
the poultry manure (PM) effect on the enzymatic 
activity of soils. Soil enzymes play the key role in 
catalysing the decomposition of organic matter 
and nutrients cycling (Nannipieri et al. 2011). 
Determining the biochemical properties gives a 
possibility of a more comprehensive evaluation of 
the changes that occur in soil as a result of many 
years of fertilization with natural fertilizer.

The primary objective of the present research 
was to evaluate the chemical properties as well as 
the enzymatic activity of soil fertilized with 10 t PM 
over the period of 10 years. This publication provides 
information about the appropriate application and 
the most effective use of poultry fertilizer.

MATERIAL AND METHODS

Soil was sampled from the surface horizon 
of arable Luvisols (tillage farming systems) in 
the vicinity of the Żuromin city, central Poland 
(52°97'88''N, 19°78'25''E). The analysis involved 
10 soil samples taken from the field (4.7 ha) fer-
tilized only with PM and 5 samples from the field 
(2.1 ha) non-fertilized with that fertilizer (control 
field). A core-sampling tool was used to obtain 
soil samples (10–20 sampling sites per average 
soil samples).

Fresh poultry manure from farm of egg laying 
hens (free-range, cage-free production systems) 
was applied for 10 years at the dose of 10 t/ha/
year. Representative samples of poultry manure 
were digested in nitric acid and hydrochloric acid 
with peroxide. Concentrations of K, Zn, Cu, Mn, 
Fe in digest solution were determined using the 
atomic absorption spectroscopy (AAS, Philips 9100, 
Cambridge, UK). Phosphorus concentration was 
determined on the basis for the vanado-molyb-
dophosphoric acid colorimetric procedure using 
spectrophotometer Genesis 6 (Madison, USA). The 
total content of nitrogen was determined using 
the Vario MAX CN-Elementar (Hanau, Germany). 
Average total content of study nutrients in wet 
weight basis of poultry manure was: N 1.31 ± 
0.18%, P 0.69 ± 0.11%, K 0.98 ± 0.09%, Zn 171 ± 
10.4 mg/kg, 29.5 ± 2.1 mg/kg, Mn 90.3 ± 3.7 mg/kg 
and Fe 49.5 ± 3.8 mg/kg. Therefore it can be as-
sumed that every year the following amounts of 
nutrients were applied with the dose of 10 t of 

poultry manure: 131 ± 18 kg N, 69 ± 11 kg P, 
98 ± 9 kg K, 171 ± 10.4 g Zn, 29.5 ± 2.1 g Cu, 90.3 ± 
3.7 g Mn and 49.5 ± 3.8 g Fe.

Mineral fertilization of soil non-fertilized with 
PM did not exceed 100 kg NPK/ha/year (no lim-
ing). Soil pH value in 1.0 mol/L KCl was meas-
ured using the pH-meter Schott Gerate CG 840 
(Hofheim, Germany). Soil total organic carbon 
(TOC) was determined with the TOC analyzer 
VarioMax CN Elementar Analysensysteme GmbH 
(Hanau, Germany). Soil texture was measured with 
Mastersizer 2000 (Malvern Instrument, Malvern, 
UK). Cation exchange capacity (CEC) was calcu-
lated from the hydrolytic acidity (Hh) according 
to the Kappen method, in a solution of sodium 
acetate and the content of exchangeable cations 
(TEB: Ca2+, Mg2+, K+, Na+) by using 0.1 mol/L BaCl2 
solution. The contents of plant-available phos-
phorus (AP) and potassium (AK) were extracted 
according to the Egner-Riehm method. Once the 
soil samples were mineralised in a mixture of HF 
and HClO4, the total content of Zn, Cu, Mn and 
Fe were assayed. Applying the atomic absorption 
spectrometry method using the AAS spectometer 
(Philips PU 9100, Cambridge, UK), the content of 
metals was assayed. The activity of selected redox 
enzymes was recorded: dehydrogenases activity 
(DHA) according to the Thalmann method (1968) 
and the activity of catalase (CAT) in soil – with 
the Johnson and Temple method (1964). The activ-
ity of selected enzymes representing the class of 
hydrolases was also defined: alkaline phosphatase 
(AlP) and acid phosphatase (AcP), with the method 
of Tabatabai and Bremner (1969). With the values 
of the activity of alkaline and acid phosphatase 
reported, enzymatic index of soil pH (AlP/AcP)
(1) was calculated (Dick et al. 2000). Based on the 
enzymatic activities of the catalase and dehydro-
genases, the biological index of fertility (BIF) was 
calculated according to the Stefanic et al. (1984):

Where: k – factor proportionality equal to 0.01. 

The resistance index (RS) determined according 
to the activity of enzymes to soil was calculated 
using the formula proposed by Orwin and Wardle 
(2004):

Where: D0 – difference between control sample (C0) and 
fertilized soil samples.

(2)

(3)

𝐵𝐵𝐵𝐵𝐵𝐵 =
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Mean values of the enzyme activities were also 
used to calculate the relative changes (RCh) accord-
ing to the formula defined by Chaer et al. (2009):

Where: T – mean enzyme activity in soil fertilized with 
poultry manure; C – mean value obtained for the control.

The indices of biochemical soil activity (B12 
and B13) (Wyszkowska et al. 2013) were proposed 
based on the activities of soil enzymes, the content 
of clay and the content of organic carbon:

For processing of the research results, a single-
factor analysis of variance ANOVA (Tukey’s test) 
and the analysis of correlation (Pearson’s correla-
tion) were used. Before statistical calculations the 
normal distribution test was performed.

RESULTS AND DISCUSSION

Soil material from the analysed soils revealed the 
grain size composition of fine sandy loam with a 

considerable content of silt fraction (Table 1). As a 
result of the PM application a significant increase in 
the pH value was noted; in the non-fertilized soil it 
ranged from pH 4.34 to 4.54, while in the fertilized 
soil it was from pH 5.30 to 5.95. The results of the 
research performed by Rós et al. (2013) show that 
the application of PM increased the pH value and 
decreased the acidity of soils. Horswill et al. (2008) 
observed that the soil reaction after the applica-
tion of PM can change by 0.2 units to pH 4.4 if 
manure is applied for a longer time (8–10 years). 
In the soil sampled from the control field, the 
mean value of the cation exchange capacity was 
6.20 cmol+/kg and it was significantly lower than 
that noted in soil following the application of PM 
(8.03 cmol+/kg) (Table 2). The mean value of or-
ganic carbon in non-fertilized soil was 9.42 g/kg, 
whereas in the soil sampled from fertilized field 
it was significantly higher – 14.9 g/kg. The ap-
plication of PM for 10 years resulted in a 58.6% 
increase in the content of organic carbon. There 
was recorded a significantly positive effect of the 
PM application on the content of plant-available 
forms of phosphorus and potassium (Table 2).

In the control field soil, the mean content of AP 
was 69.0 mg P/kg, as class II of soils with a high 

Table 1. Soil fertilized with poultry manure (n = 10) – after 10 years

Parameter
Soil fertilized with poultry manure 

(n = 10) – after 10 years
Soil non-fertilized with poultry 

manure (n = 5)

min. max. SD CV (%) min. max. SD CV (%)

Sand (wt.%) 59.1 67.4 2.79 4.5 60.6 62.2 0.61 1.0

Silt (wt.%) 29.5 36.7 2.43 7.3 33.0 34.5 0.58 1.7

Clay (wt.%) 3.1 4.2 0.44 11.7 4.3 4.9 0.23 5.0

Total organic carbon (g/kg) 13.2 16.7 1.29 8.7 8.2 10.8 1.14 12.1

pH 5.30 5.95 0.25 4.4 4.34 4.54 0.08 1.8

Hydrolytic acidity (cmol/kg) 1.10 2.90 0.50 23.4 3.00 5.20 0.78 18.8

Total exchangeable bases (cmol/kg) 3.50 7.30 1.41 23.5 1.40 2.70 0.46 22.3

Cation exchange capacity (cmol+/kg) 6.40 9.50 1.27 15.8 5.70 7.20 0.61 9.8

Available phosphorus (mg P/kg) 140.6 222.2 26.7 14.6 52.8 86.9 15.2 22.0

Available potassium (mg K/kg) 160.3 389.5 83.8 33.7 84.7 98.8 6.4 6.8

Alkaline phosphatase (mmol pNP/kg/h) 0.83 1.16 0.10 10.6 1.12 1.27 0.06 5.0

Acid phosphatase (mmol pNP/kg/h) 1.55 2.14 0.23 12.8 2.43 2.69 0.10 3.9

Dehydrogenases (mg TPF/kg/24h) 0.46 0.88 0.12 20.0 0.28 0.38 0.04 12.1

Catalase (μmol H2O2/g/min) 0.06 0.07 0.01 16.7 0.03 0.06 0.01 25.0
SD – standard deviation; CV – coefficient of variation

(4)

(5)

(6)
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content of phosphorus available to plants (accord-
ing to PN-R-04023, 1996) and 93.9 mg K/kg, as 
class IV of soils with a low content of potassium 
available to plants (according to PN-R-04023, 
1996) (Table 2). The application of PM resulted 
in a very high increase in the AP and AK content. 
The contents of phosphorus and potassium avail-
able to plants were 182.9 mg P/kg and 249.2 mg 
K/kg, respectively, as class I of soils with a very 
high content of these nutrients.

The soil investigated after 10 years of PM appli-
cation was very abundant in phosphorus available 
to plants and its application in successive years 
would be irrational and pose a serious threat due 
to the pollution with surface waters phosphates. 
The threat connected with the eutrophication of 
surface waters concerns mostly soils exposed to 
water erosion (Smith et al. 2007). The study by 
Bielińska and Mocek-Płóciniak (2015) recorded 

a high accumulation of available phosphorus in 
goose farms soils. For that reason phosphatases 
taking part in phosphorus biotransformation are 
considered to be a good indicator of organic phos-
phorus mineralization potential and the biological 
activity of soil.

The total content of Zntot in the control field 
ranged from 27.8 to 31.7 mg/kg, Cutot from 7.0 
to 8.7 mg/kg, Fetot from 4.1 to 5.0 g/kg and Mntot 
from 250 to 307 mg/kg (Table 3). A comparison of 
the total content of the analysed metals only for 
Zntot showed a significantly higher total content 
in the soil fertilized with PM (Table 4). Studied 
soil samples were not contaminated by trace ele-
ments ( Journal of Laws, item 1359. 2016) and 
their contents were not higher than the admissible 
concentrations in arable soils. Trace elements in 
poultry droppings come mostly from special ani-
mal feed additives enhancing health and feeding 

Table 2. Mean values of the statistical analysis (Anova, Tukey’s test) 

Parameter Fertilized soil (n = 10) Non-fertilized soil (n = 5) Significance level

Total organic carbon (g/kg) 14.9 9.42 0.0002

pH 5.65 4.41 0.0002

Hydrolytic acidity (cmol/kg) 2.14 4.14 0.0002

Total exchangeable bases (cmol/kg) 6.00 2.06 0.0002

Cation exchange capacity (cmol+/kg) 8.03 6.20 ns

Available phosphorus (mg P/kg) 182.9 69.0 0.0002

Available potassium (mg K/kg) 249.2 93.9 0.0014

Alkaline phosphatase (mmol pNP/kg/h) 0.94 1.20 0.0003

Acid phosphatase (mmol pNP/kg/h) 1.80 2.50 0.0002

Dehydrogenases (mg TPF/kg/24 h) 0.60 0.32 0.0001

Catalase (μmol H2O2/g/min) 0.06 0.04 0.0003

ns – not significant

Table 3. Heavy metals in soil

Parameter
Soil fertilized with poultry manure 

(n = 10) – after 10 years
Soil non-fertilized with poultry manure 

(n = 5)

min. max. SD CV (%) min. max. SD CV (%)

Zntot 34.8 40.9 2.08 5.5 27.8 31.7 1.52 5.0

Cutot 8.0 10.3 0.76 8.6 7.0 8.7 0.62 7.8

Fetot 4.4 5.6 0.40 7.8 4.1 5.0 0.37 7.9

Mntot 266 371 32.8 10.7 250 307 23.9 8.4

SD – standard deviation; CV – coefficient of variation; tot – total content
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effectiveness (Bolan et al. 2010). Applying high 
rates of fertilizers can result in the accumulation 
of metals in soil (Schomberg et al. 2009), which is 
especially important in terms of their phytotoxicity.

A change in the enzymatic activity of soil induced 
by PM fertilization was confirmed by the values of 
resistance of soil. The highest RS value was noted 
for the activity of AlP (RS = 0.64) (Table 5). Orwin 
and Wardle (2004) describe the RS values close 
to 1.0 as a lack of effect (maximum resistance) of 
the factor in their study on the enzyme. It can be 
thus stated that the application of PM inconsider-
ably affected the activity of both phosphatases, as 
compared with CAT and DHA (Table 5). As for 
a decreasing resistance, enzymes can be ordered 
as AlP > AcP > CAT > DHA.

The activity of AlP and AcP facilitated the cal-
culation of the enzymatic pH index. According to 
Dick et al. (2000), the soil pH value for which the 
value of ratio (AlP/AcP)  is 0.50 can be considered 
optimal for plants growth and development. The 
value of ratio (AlP/AcP) was higher in the soil fer-
tilized with PM than in the control soil (Table 6).

There was observed an increase in the activity of 
DHA, which is seen from the value of RCh coef-
ficient (100%). The activity of DHA is commonly 
applied to evaluate the factors with an unfavour-
able effect on soil microorganisms. The results 
of the analysis of variance showed a significant 
effect of the PM application on the activity of the 

studied oxydoreductases (Table 2). A significant 
activation of CAT was found following the appli-
cation of PM. Martens et al. (1992), investigating 
the activity of 10 enzymes depending on the type 
of fertilizer (e.g.: poultry manure, barley straw, 
sewage sludge), recorded a significant increase 
in the enzymatic activity in fertilized soil. It was 
found that BIF value was clearly increasing due to 
the poultry manure fertilization (Table 6), while 
the biochemical value of soil activity calculated 
from the content of TOC and the activity of the 
enzymes studied (B12) differed inconsiderably in 
the soils fertilized and non-fertilized with PM. The 
value of index B13 considering the amount of clay, 
however, was higher in the soil without an applica-
tion of organic fertilizer. With the statistical analy-
sis of the results there was found a significantly 
positive correlation between the activity of AcP 
and the content of phosphorus available to plants 
(r = 0.77; P < 0.05), which suggests that the en-
zyme was the adequate parameter determining the 
soils analysed in terms of the AP content, unlike 
the AcP activity. It must have been related to the 
acid reaction of the soil. The activity of AcP was 
also positively correlated with TOC (r = 0.76; 
P < 0.05). A positive dependence was also reported 
between TOC and AP (r = 0.53; P < 0.05). Organic 
matter plays a protective function for the enzymes 
which, as a result, undergo immobilization. It has 
a positive effect on the stabilization of protein 
structure, decreasing the sensitivity to negative 
changes of the environmental factors.

Table 4. Mean values of the statistical analysis (Anova, 
Tukey’s test)

Parameter Fertilized soil 
(n = 10)

Non-fertilized 
soil (n = 5)

Significance 
level

Zntot 37.9 30.2 0.0002

Cutot 8.8 7.98 ns

Fetot 5.1 4.68 ns

Mntot 307 283 ns

ns – not significant; tot – total content

Table 5. Values of (relative changes (RCh)) (%) and 
resistance of soil (RS) for the activity of alkaline phos-
phatase (AlP), acid phosphatase (AcP), dehydrogenases 
(DHA) and catalase (CAT)

Parameter CAT DEH AlP AcP

RCh –21.7 –28.0 100 50

RS 0.64 0.56 0 0.33

Table 6. Values of enzymatic indices: pH value, soil fertility (BIF) and soil activity (B12 and B13)

Fertilization AlP/AcP BIF B12 B13

With poultry manure 0.522 0.483 3.02 2.02

Without poultry manure 0.467 0.255 2.98 2.68

AlP – alkaline phosphatase; AcP – acid phosphatase
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