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Abstract. The aim of the present study was to investigate and to make agro-ecological assessment of fresh (excreted up to 24 h) and stored (for 6 months)
manure from different farm animals (dairy cows, pigs, laying hens and turkeys) by biogenic elements content (N, P, K) for a period of one year. Samples of fresh
and stored manure were collected and analyzed monthly for total N, total P and total K content. It was found that: a) biogenic elements in fresh and stored
manure decreased in the following gradation by average values for the studies period: turkeys – total N (13.9 - 9.16 g/kg DM), total P (9.94 - 8.67 g/kg DM) and
total K (5.02 - 3.74 g/kg DM); laying hens – total N (13.6-9.95 g/kg DM), total P (9.27- 7.94 g/kg DM) and total K (5.56 - 4.60 g/kg DM); pigs – total N (8.30 -6.77
g/kg DM), total P (6.08-4.65 g/kg DM) and total K (3.56 - 1.61 g/kg DM); dairy cows – total N (5.62 -4.76 g/kg DM), total P (1.72 - 1.48 g/kg DM) and total K (2.99 1.72 g/kg DM); b) the change in nutrients content of different types of manures by seasons both in fresh and in stored manure are divergent; c) coefficients of
variation values determined surveyed manures by content of nutrients from minor to significant variable (Cv = 9.30-37.5%); d) during the storage of the tested
manures nutrient losses are the greatest for potassium (17.3-54.8%), followed by nitrogen (15.3-34.1%) and phosphorus (12.8-23.5%); e) the average losses
of biogenic elements in manure by kind of animal species are in varying degrees: dairy cows (total N 15.3%, total P 14.0%, total K 42.5%); pigs (total N 18.4%,
total P 23.5%, total K 54.8%); laying hens (total N 26.8%, total P 14.3%, total K 17.3%) and turkeys (total N 34.1%, total P 12.8%, total K 25.5%); f) the ratio
between nutrients (N:P:K), both in fresh and in stored manure from different animal species vary in relatively wide limits both by seasons
(12.6%N:18.1%P:56.3%K – 41.5%N:16.0%P:39.7%K) and by average of the studied period (15.3%N:14.0%P:42.5%K – 34.1%N:12.8%P:25.5%K).

Keywords: dairy cows, pigs, laying hens, turkeys, fresh and storage manure, biogenic elements, quality assessment

Introduction
Worldwide the needs of N, P and K, for plant food and forage
production increase annually. According to FAO (2015) the demand
for fertilizer nutrients (N+P2O5+K2O) in the world up to 2018 can
reach 200 500 000 t, with growth of 1.8% per year (N 119 418 000 t,
P2O5 46 648 000 t and K2O 34 456 000 t). Europe's share in global
consumption of total fertilizer nutrients is about 12.5% of the total
amount. The share of the region in nitrogen fertilizer consumption is
13.5%, phosphate 9.0% and potash 14.0%. A significant portion of
these quantities has been provided by farm animal manure, which is
an inevitable byproduct in the livestock production systems.
The main trend in animal manure use today, and also in the
foreseeable future, is its application as a high quality organic
fertilizer to improve soil fertility (Katzarov et al., 2003; Fonseca,
2011; MMPKR, 2014). The organic manure is an excellent plant
nutrient source when used properly. Its composition is not constant
and depends on many factors - species, age and health condition of
the animals, quality and feed composition of the ration (especially
protein and fiber content), level of animal metabolism and diet
digestibility, housing and addition of bedding, method of cleaning
and consistence of manure – solid or liquid, manner (in manure
storages, on the ground, lagoons, etc.) and period of storage,
environmental conditions, etc. (Petrov et al., 1983; Faassen and
Dijk, 1987; Velthof et al., 2000; Katzarov and Pavlov, 2002;

Zaharinov et al., 2013). Therefore, when analyzing the quality of a
particular type of manure the specific conditions that determine the
formation of its physical properties and chemical composition should
also be taken into consideration (Reijs et al., 2003; Wang and
Gaston, 2014).
The benefits of livestock manure usage in crop production are
improvements of the physical properties of soil and the provision of
N, P, K and other biogenic elements (FAO, 2003). The application of
livestock manure increases soil organic matter content, and thus
leads to improved water infiltration and water holding capacity as
well as an increased cation exchange capacity (Hoffmann, 2002;
Goss et al., 2013). Zhang and Schroder (2014) added that manure in
soil enhances retention of nutrients, reduces wind and water
erosion, and promotes growth of beneficial organisms.
Organic manure contains 13 of the most important plant
nutrients - N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu, B, Mo and Cl, making it
a valuable fertilizer. Within the group of macronutrients, which are
needed for plant growth in larger amounts, the primary nutrients are
N, P and K. Nitrogen is the basic element for plant growth as it forms
amino acids and proteins; phosphorus plays a key role to transfer
energy because it is essential for photosynthesis and other
chemical-physiological processes in the plant; potassium has many
functions – it activates more that 60 enzymes (FAO, 2000; Chastain
et al., 2002). Organic manure is more cost effective in comparison
with the use of inorganic fertilizers (Zakikhani et al., 2016).
Improper treatment and storage of manure can make it lose a lot

* e-mail: d.dermendjieva@abv.bg
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of valuable ingredients for improving soil fertility. One of the keys to a
successful manure management system is good nutrient
management, which takes into account nutrients in the animal diet,
nutrients excreted by the animal, lost in storage, transportation and
land application with the final use of nutrients by the crops (Svoboda,
2003; Roberts, 2009). According to Cederberg et al. (2012) livestock
absorb between 15-40% of N and P ingested in their diet, and
consequently the majority of these nutrients in feed end in the
manure. The losses of nutrients during storage of manure depend on
many factors - type and consistence of manure, manner and
duration of its storage, climatic conditions, etc. Hellmuth and
Hochmuth (2015) pay attention to the fact that N is highly mobile, can
quickly change the form, and can be lost rapidly from the manure
during its storage and soil application. Clanton (1993) estimated
that: nutrient losses from storage by volatilization, regardless of the
storage system (stacks, bunkers, earthen or other pits) and kind of
manure (dairy cows, swine, layers, turkeys) can reach 35% for N,
while for P and K they are negligible; N losses between excretion and
land application are 15-30% for solid and 15-80% for liquid manure;
nutrient losses during land application vary depending on moisture
content of the manure, application method, manure and soil pH,
temperature and wind action. Another source (MMPKR, 2014)
reported that dairy cows and poultry manure losses during
accumulation and storage 25% of organic substance, while for pig
manure they are 15%.
Significant problem that can arise from improper use of organic
manure as a source for soil fertilization is environmental pollution
(HSUS, 2008; Bywater, 2011; Cederberg et al., 2012; Mikkelsen et
al. 2014; Scotti et al., 2015). Agricultural practices, based on large
application of fertilizers, including farm manure, reduce the ability of
agro-ecosystems to provide goods and services. This incorrect
agricultural management can change species composition or
reduce biodiversity in ecosystems thus affecting natural abilities of
ecosystems (Loreau et al., 2001; Tillman et al., 2002). In this
direction of great importance are the sanitary and hygienic
properties of produced manure (absence of pathogens and odour)
as they directly affect the air, surface and groundwater pollution, as
well as agrochemical indices such as nutrients contents, absence of
weed seeds and homogeneous structure. Environmentally friendly
are some practices to reduce the quantity of N and P in animal
excretion by their diets. The study of Clanton (1993) showed that
properly balanced diet can reduce the amount of N and P in animal
excretion by 50 and 60%, respectively. Report of Capper (2011)
revealed that for the period 1977 – 2007, in the beef industry in the
USA N excretion decreased by 12.3%, and P excretion by 10.3%
due to implementation of some good farm management practices –
improving the production systems for housing of animals, more
efficient usage of energy and minerals in the diet, water reuse, etc.
A more accurate way to balance the crop fertility program is to
test the manure before land application (Ap Dewi, 1994; Katzarov,
2005). Massie et al. (1993) noted that when N is used as a limiting
nutrient, more P and K will be applied than crop needs and in the
future their levels in soil profile and groundwater will increase.
Generally, despite numerous studies to characterize and use
organic manure as fertilizer on farmland, topical questions remain
about the content of biogenic elements in manure from different farm
animal species, losses of nutrients during storage of manure and the
ratio of the nutrients (N:P:K) in manure (fresh and storage). All this
largely determines the agro-ecological quality of farm manure. This
investigation was carried out to provide more data in these aspects
and to search for answers of some of the above-mentioned issues.
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Material and methods
Study area
The study was conducted over a period of one year - from
January to December, during the first decade of 21st century in 3
livestock farms, situated in the south-central part of Bulgaria. The
characteristics of the investigated farms are as follows:
- Dairy farm: Capacity – 63 cattle, including 32 cows, 8 heifers
and 23 calves. Animal nutrition – with summer and winter ration;
consisting of the diets – summer: green alfalfa and meadow grass
(on the pasture), winter: lucerne hay, barley straw, corn silage; yearround in the composition of the ration was included beer mash; the
concentrate mixture consisted of barley and wheat in the ratio
60:40%. Manure management – manure (mixture of solid manure
with straw and urine) from the main production building and the
building for calves was removed daily and transported to a surface
earthen platform (manure storage), where it was stacked on the
ground to the height of 1.20 - 1.40 m and left to mature for 6 months;
then it was used to fertilize farmland.
- Pig farm: Capacity – 390 sows with average daily number of
reared pigs of different categories 4552. Production buildings - 5: 1
building for 300 mating and pregnant sows and 22 boars, 1 building
for 90 lactating sows with piglets prior to weaning and 450 weaned
pigs; 1 building for 1200 growing pigs and 250 finishing pigs; 2
buildings for fattening pigs – for 940 and 1300 animals, respectively.
Animal nutrition – it was done with concentrate mixtures according to
the requirements of the relevant category pigs, the main ingredients
of the rations were corn, barley, wheat, soybean and sunflower meal.
Watering – it was done by automatic drinkers. Manure management
– manure (mixture of solid manure, urine and technological water slurry) in the premises was collected in channels under the pens of
the animals and after filling up to 8-10 cm to the upper edge of the
channel, it was pushed with additional water to the two earthen
lagoons, which were filled consistently for a period of 6 months.
During this time, the manure in the full lagoon matured and after that
it was used to fertilize farmland.
- Poultry farm: The farm was mixed - for laying hens and
turkeys, with a total capacity of 13.350 birds (11.250 laying hens and
2.100 turkeys). The object of the study was a production building for
laying hens (9.50/60.0 m, 570 m2), with capacity for 2.000 birds
(1.800 hens and 200 roosters) and similar production building for
turkeys with capacity of 300 birds (240 female turkeys and 60 turkey
cocks). Feeding of the birds during the controlled period was
performed with dry forage mixtures containing nitrogen - 28.60 g/kg
Dry Matter (DM), phosphorus - 8.34 g/kg DM and potassium - 7.34
g/kg DM. After completion of the production cycle and removal of
laying hens and turkeys from the premises, the accumulated feces
and deep litter-loose housing (mixture of feces and straw/litter) were
matured indoor for 2 months and afterwards were pushed on the
ground platform (manure heap), located close to the relevant
production building (for laying hens and turkeys). The poultry deep
litter was stored on platforms for 4 months, and then used to fertilize.
Sampling and sample preparation
Samples of fresh (excreted up to 24 h) and stored manure (for 6
months) from different animal species were collected monthly from
3-4 different places in the premises, and from 3-4 places of the
manure heap/lagoons, at an amount of 1.5 kg for both types of
manure from each farm. After mixing with a spatula, from the amount
collected for analysis was taken 300 – 400 g of average sample in
chemically clean glass containers. The total number of the collected

manure samples was 96 (48 from dairy cows and pigs and 48 from
laying hens and turkeys). Each sample was analyzed in triplicate.

џ based on losses of nutrients (total N, total P and total K)
during the storage of different types of manure;
џ on the base of the values for the ratio between total N, total P
and total K content (N:P:K) in fresh and stored manure from different
animal species.

Manure nutrients and methods for their analyzes
Fresh and stored dairy cows, pigs, laying hens and turkey
manure was analyzed for content of: total nitrogen - N (g/kg DM) – by
the Kjeldahl method (Bulgarian State Standard /BSS/ ISO 11261);
total phosphorus - P (g/kg DM) - spectrophotometrically by vanadate
– molybdate method (BSS ISO 11263); total potassium - K (g/kg DM)
- by hydrochloric acid solution according to the method of flame
spectrometry (BSS ISO 11047).
Analyses of the tested indicators of manure were carried out at
the Research Laboratory of the Faculty of Agriculture at Trakia
University - Stara Zagora.

Statistical analysis
Statistical analysis was carried out by ANOVA, the software
used was Statistisa 6.1 (Statistica for Windows, StatSoft. Inc., Tulsa,
OK, USA, 1984-2002).

Results and discussion
Total N, total P and total K content in fresh and stored manure
from different farm animals. The data for these parameters are
presented in Table 1.
Total nitrogen content: Fresh manure. The total N content varies
widely from 5.32 g/kg DM in dairy cows manure to 18.4 g/kg DM in
turkeys manure (the difference between the maximum and minimum

Agro-ecological assessment of the analyzed manures by
nutrients
It was made by the method of comparative analysis as follows:
џ on the base of the results for total N, total P and total K
content in fresh and stored manure from different farm animal
species;

Table 1. Average (Cx), minimum (Cmin) and maximum (Cmax) content of total N, total P and total K in manure of different
farm animals (g/kg DM)

Manure
Season

n

Species of
animals

Fresh
N*

n=3
Winter
n=3
n=3
Spring
n=3
n=3
Summer
n=3
n=3
Autumn
n=3

n=12
Average for
the period
(x ± Sx)
n=12

dairy cows
pigs
laying hens
turkeys
dairy cows
pigs
laying hens
turkeys
dairy cows
pigs
laying hens
turkeys
dairy cows
pigs
laying hens
turkeys
dairy cows
Cν, %**
pigs
Cν, %
laying hens
Cν, %
turkey
Cν, %

5.32±0.61
8.13±0.38a
16.5±1.23
18.4 ±0.72c
5.60±0.26a
8.43±0.33
10.9±0.41a
17.1±1.02b
5.73±0.14
8.77±0.34c
10.5±0.86
10.6±1.01
5.83±0.52
7.87±0.58
17.3 ±1.13a
11.6±0.83
5.62±0.19b
11.3
8.30±0.30a
11.8
13.6±1.15c
29.8
13.9±1.10c
27.1

P*
1.55±0.18
5.29±0.35
9.20±0.48a
10.3±0.61
1.71±0.12c
5.52±0.35a
8.81±0.44
9.90±0.84
1.86±0.11c
7.77±0.42b
8.76±0.81
9.79±0.88
1.77±0.17
5.73±0.54
10.3±1.03
9.75±0.79
c
1.72±0.05
9.30
6.08±0.37 b
20.1
9.27±0.47
23.7
9.94±0.32a
24.4

Stored
K*
c

2.16±0.11
3.43±0.23c
5.50±0.45
4.43±0.32
4.67±0.16b
3.73±0.31b
5.23±0.31
5.90±0.77
2.53±0.09c
3.73±0.31c
6.10±0.54
6.10±0.71
c
2.60±0.12
c
3.33±0.20
5.40±0.53
3.63±0.21
2.99±0.31b
34.6
c
3.56±0.15
14.2
5.56±0.53
17.3
b
5.02±0.27
28.6

N*

P*

K*

4.45±0.53
6.88±0.25a
10.6±0.91
9.76 ±0.63c
5.00±0.21a
7.37±0.46
9.53±0.28a
10.0±0.63b
4.57±0.52
6.88±0.18c
9.09±0.95
8.25±0.42
5.03±0.37
6.15±0.44
12.9 ±0.90a
9.50±0.86
4.76±0.20b
13.9
6.77±0.29 a
14.2
9.95±1.78c
16.0
9.16±1.40c
16.4

1.37±0.29
4.58±0.23
7.40±0.33a
9.70±0.78
1.49±0.11c
4.52±0.23a
7.50±0.37
8.32±0.81
1.47±0.13c
4.88±0.29b
7.75±0.48
8.40±0.43
1.59±0.24
4.63±0.62
9.10±0.79
8.26±0.57
1.48±0.05c
11.0
4.65±0.17b
12.3
7.94±0.13
25.0
8.67±0.21 a
24.5

1.50±0.13c
1.30±0.08c
3.60±0.28
3.53±0.31
2.23±0.19b
1.63±0.20b
4.83±0.22
3.56±0.25
c
1.73±0.08
c
2.00±0.11
5.01±0.36
4.60±0.40
c
1.43±0.08
c
1.51±0.14
4.97±0.51
3.27±0.34
b
1.72±0.15
28.9
c
1.61±0.11
22.1
4.60±0.43
35.2
b
3.74±0.82
37.5

* g/kg DM (Dry matter);
** Coefficient of variation (Cν), %;
*** Differences between values by rows are significant at P<0.05 – aa, P<0.01– bb, P<0.001 – cc
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value is 3.45 times), both of which values were recorded in the winter
(Table 1). The average values for the period were the lowest in dairy
cows manure (5.62±0.19 g/kg DM) and increased in the following
sequence in the other type of manure: pig manure (by 1.47 times
compared to dairy manure), laying hens manure (2.42 times higher,
respectively) and turkey manure (2.47 times higher, respectively).
By seasons, the values of total N in manure form different animals
showed a different trend of change. The values increase by seasons
as follows: dairy manure - winter → spring → summer → autumn;
pig manure - autumn → winter → spring → summer; laying hens
manure - summer → spring → winter → autumn; turkey manure summer → autumn → spring → winter. This divergence of the
results confirms once again that many different factors influence the
formation of total nitrogen content in fresh manure - animal species,
quantity and composition of the ration, environmental conditions,
season, etc.
The coefficient of variation characterizes this parameter as
slightly variable for dairy and pig manure with average values for the
period of study Cv = 11.3% and Cv = 11.8%, respectively, and
moderately variable for laying hens (Cv = 29.8%) and turkeys (Cv =
27.1%) manure. These results give reason to conclude that factors
and environmental conditions that affect the total N content in fresh
manure of dairy and pigs are more constant throughout the different
seasons and significantly more variable in hens and turkeys manure.
Stored manure. The total N content in stored manure also
varies widely as in fresh manure - from 4.45 g/kg DM in dairy cows
manure during the winter to 12.9 g/kg DM in laying hens manure
during the autumn, but within narrower range (2.90 times is the
difference between the maximum and minimum value). Average
concentration of total N for the controlled period increases in the
following sequence for manure from different animals: dairy cows
(4.76±0.20 g/kg DM), pig (1.42 times higher compared to dairy
manure), turkey (1.92 g/kg DM times higher, respectively) and laying
hens (2.09 times, respectively).
By seasons, the total N content in stored manure from different
animals increased as follows: dairy cows - winter → summer →
spring → autumn; pigs - autumn → winter/summer → spring; laying
hens - summer → spring → winter → autumn; turkeys - summer →
autumn → winter → spring. These seasonal changes in the levels of
total N are fully reflected for fresh and stored manure from laying
hens, while for the other types of manure there were some
disorganizations by the seasons.
The coefficient of variation reveals a fluctuation of the
parameter in a narrower range for all kinds of stored manure (Cv =
from 13.9% for dairy manure to 16.4% for turkeys manure)
compared with the fresh manure (Cv = 11.3-29.8%). Obviously,
during the storage the environmental factors influence in a similar
way the total N content of stored manure from different animal
species, regardless of its initial concentration in the substrate.
When comparing the results obtained for total N content in fresh
and stored manure from dairy cows, pigs, laying hens and turkeys,
with those of other authors the following picture was revealed. The
results for dairy cows manure are: higher than these, reported by
Goranov et al. (1978) - 3.40 g/kg DM and those by Clanton (1993) 3.90 g/kg DM; a little lower than the data by Webb and Archer (1994)
- 6.00 g/kg DM; partially coincide with the results by Petrov et al.
(1983) 2.10 - 5.00 g/kg DM; in the range of values obtained by Ap
Dewi (1994) - 4.00 - 9.00 g/kg DM (for fresh and stored manure) and
Christozov et al. (1998) for an average decayed manure - 5.0 g/kg
DM.
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The results for total N content in manure from pigs are in the
range of the results established by Petrov et al. (1983) - 4.20-7.80
g/kg DM, Ensminger and Parker (1984) – 4.00 - 9.00 g/kg DM,
Clanton (1993) – 7.50 g/kg DM and Ap Dewi (1994) – 5.00-6.00 g/kg
DM for a mixture of pig excrement and urine in natural ratio, but they
are higher than the results published by Goranov et al. (1978) – 4.50
g/kg DM, Christozov et al. (1998) – 3.00-6.00 g/kg DM and Katzarov
(2005) – 5.50 g/kg DM for fresh manure and 2.60 g/kg DM for slurry
from anaerobic lagoons.
The data for total N content in manure from laying hens fully
corresponds with the results reported by Petrov et al. (1983) for
laying hens manure reared in industrial production systems - 8.9012.4 g/kg DM, by Tisdale et al. (1985) – 4-21 g/kg DM and by
Kaytazov (2006) – 10.0-18.0 g/kg DM. The results for turkeys are
similar to those published by Kaytazov (2006) for growing turkey
poults manure – 12.0-25.0 g/kg DM.
Total phosphorus content: Fresh manure. The total P content
varies in considerably larger scope than the content of total N - from
1.55 g/kg DM in dairy manure in the winter to 10.3 g/kg DM in laying
hens manure in the autumn and in turkeys manure in the winter (the
difference between these two values is 6.64 times), (Table 1). The
same tendency of change is observed in the average values of total
P for the period of investigation by type of manure as well as the total
N content. The average values are the lowest in dairy manure
(1.72±0.05 g/kg DM) and increase successively in pig manure (3.53
times higher compared to dairy manure), laying hens manure (5.39
times higher, respectively) and turkey manure (5.78 times higher,
respectively).
By seasons, the values of total P in manure from dairy cows and
pigs change in a similar manner and increase as follows: winter →
spring → autumn → summer. The changes in total P content for
manure of laying hens and turkeys by seasons are not the same.
They increase in the following sequence: laying hens - summer →
spring → winter → autumn; turkeys - autumn → summer → spring
→ winter. Although there is no one-way trend of change in total P
content in different types of manure by seasons, it is obvious that
seasonal factors have well pronounced influence on the processes
involved in the formation of one or another level of phosphorus in the
manure.
The coefficient of variation characterizes this parameter as
slightly variable for dairy fresh and stored manure, and for stored pig
manure (Cv = 9.30% - 12.3%), and much more variable for fresh pig,
laying hens and turkey manure, and for stored laying hens and
turkey manure (Cv = 20.1-25.0%). These results somewhat explain
the seasonal changes in total P content in fresh and stored manure.
Stored manure. The total P content in stored manure varies
from 1.37 g/kg DM in dairy manure to 9.70 g/kg DM in turkey manure,
both concentrations are determined in winter (Table 1). The
difference between the maximum and minimum value is 7.08 times,
i.e. more than in fresh manure. The average concentration of total P
in different types of manure for the period of study increases in the
same order as for total N content: dairy manure (1.48±0.05 g/kg
DM), followed by pig, laying hens and turkey manure, where the
average values are higher compared to cattle manure 3.14, 5.36 and
5.86 times, respectively.
The seasonal changes in the values of total P content are
divergent for manure from different animals and increase as follows:
dairy cows - winter → summer → spring → autumn; pigs - spring →
winter → autumn → summer; laying hens - winter → spring →
summer → autumn; turkeys - autumn → spring → summer →

winter. It should be emphasized that the differences for the total P
content in manure by different animal species are not significant and
they are not statistically proven. This gives grounds to assume that
the established ranking of the results by seasons may have a
random character.
By coefficient of variation values the tested manures are
allocated in two groups – manures with low fluctuation of the
parameter (dairy and pig manure, Cv = 11.0-12.3%) and manures
with a moderate fluctuation (laying hens and turkeys manure, Cv =
24.5-25.0%).
The average seasonal values for total P in dairy manure are: in
the range of the data reported by Christozov et al. (1998) – 1.00-3.00
g/kg DM and by Ap Dewi (1994) – 1.00-8.00 g/kg DM, bringing it
closer to the lower boundary; very close to the results of Goranov et
al. (1978) and Clanton (1993) - 1.60 g/kg DM; considerably lower
than the results of Petrov et al. (1983), found for the manure of cattle
reared in intensive production systems (4.60-7.10 g/kg DM) and the
results, published by Pagliari (2014) – 2.8-18.3 g/kg DM.
The findings for pig manure are: within the ranges specified by
Petrov et al. (1983) – 0.60-7.20 g/kg DM, by Ap Dewi (1994) – 1.0-6.0
g/kg DM for pig feces and urine, mixed in the natural ratio and by
Pagliari (2014) – 3.9-48.7 g/kg DM; close to the data of Clanton
(1993) – 5.70 g/kg DM, Katzarov et al. (2003) - 5.90 g/kg DM for
slurry stored in anaerobic lagoons and Ensminger and Parker (1984)
– 3.10-5.80 g/kg DM; lower than the results published by Goranov et
al. (1978) – 1.90 g/kg DM and Christozov et al. (1998) – 2.0-4.0 g/kg
DM. The results for laying hens manure confirm the data reported by
Petrov et al. (1983) 5.40-15.9 g/kg DM, by Ap Dewi (1994) – 3-15
g/kg DM, and by Kaytazov (2006) – 8.0-12.0 g/kg DM. What
distinguishes them is that our results fluctuate within much narrower
ranges than those of the quoted authors. The established values for
total P in turkey manure are a little lower than the lower limit values
reported by Kaytazov (2006) for growing turkey poults manure (10.014.0 g/kg DM) and by Pagliari (2014) for turkey manure – 10.1-28.2
g/kg DM.
Total potassium content: Fresh manure. The levels of total K
vary between 2.16 g/kg DM in dairy cows manure during the winter
and 6.10 g/kg DM in laying hens and turkey manure during the
summer (Table 1). The difference between the maximum and
minimum value for total K content is 2.82 times. These ranges of
variation are significantly narrower in comparison with the ranges of
variation in total N (3.45 times) and total P (6.64 times) content in
fresh manure. These results indirectly support the fact that K in fresh
manure is a more stable element in comparison with N and P. The
average values of total K for the monitored period reveal a similar
trend of alteration in manures from the studied animal species as of
total N and total P content. The lowest average value is found for
dairy manure (2.99±0.31 g/kg DM) followed by pig, turkey and laying
hens manure, where values increase 1.19, 1.68 and 1.86 times,
respectively, compared to dairy manure. The only difference is in the
ranking of the last two types of manure that are with exchanged
positions. Bearing in mind that the differences between the values
for total K in turkey and laying hens manure are minor, they can be
ignored.
By seasons, the values of total K in manure from different
animals increase as follows: dairy cows - winter → summer →
autumn → spring; pigs - autumn → winter → summer/spring; laying
hens - spring → autumn → winter → summer; turkeys - autumn →
winter → spring → summer. The coefficient of variation reveals the
biggest variation of the parameter for dairy manure (Cv = 34.6%)

followed by that of turkeys (Cv = 28.6%), laying hens (Cv = 17.3%)
and pigs manure (Cv = 14.2%). The results clearly emphasize the
role of animal species on the formation of total K content in manure.
Stored manure. The total K content in stored manure varies
from 1.43 g/kg DM in dairy manure in autumn to 5.01 g/kg DM in
laying hens manure in summer (Table 1). The difference between the
maximum and minimum value is greater than in fresh manure – 3.50
times compared to 2.82 times, respectively. The average
concentration of total K is the lowest in pig manure (1.61±0.11 g/kg
DM) followed by dairy (1.07 times higher compared to pig manure),
turkey (2.32 times higher, respectively) and laying hens (2.85 times
higher, respectively) manure.
The seasonal changes in the values of total K content are
divergent in manure from different animal species and increase as
follows: dairy cows - autumn → winter → summer → spring; pigs winter → autumn → spring → summer; laying hens - winter →
spring → autumn → summer; turkeys - autumn → winter → spring
→ summer. The coefficient of variation characterized this indicator
as a significant variable with values between Cv = 28.9% (dairy
manure) and Cv = 37.5% (turkey manure).
The results obtained for total K content in dairy manure are:
within the range reported by Petrov et al. (1983) - 1.20-2.30 g/kg DM;
higher than the results found by Penn and McGrath (2014) - 1.45
g/kg DM; lower than the data published by Goranov et al. (1978) –
4.00 g/kg DM, by Clanton (1993) – 3.10 g/kg DM, by Webb and
Archer (1994) – 7.00 g/kg DM and by Christozov et al. (1998) – 3.06.0 DM g/kg.
With regards to the pig manure we have matching results for the
fresh pig manure with those of Petrov et al. (1983) – 2.40-7.60 g/kg
DM and Ensminger and Parker (1984) – 2.70-4.50 g/kg. The results
for fresh pig manure are lower in comparison to those reported by
Penn and McGrath (2014) – 4.91 g/kg DM. The results for stored pig
manure are similar to the data by Katzarov (2005) - 1.90 g/kg DM and
lower than the values found by Goranov et al. (1978) and Christozov
et al. (1998) – 6.00 g/kg DM, by Clanton (1993) – 5.90 g/kg DM and
Ap Dewi (1994) - 4.00 g/kg DM.
The results for total K in manure of laying hens are similar to the
results published by Petrov et al. (1983) – 3.10-6.30 g/kg DM and by
Kaytazov (2006) – 5.00-7.00 g/kg DM, and higher compared to the
results of Penn and McGrath (2014) – 3.17 g/kg DM.
Losses of nutrients (total N, total P and total K) during the
storage of manure. It is well known that during storage farm manure
loses some of its biogenic elements as a result of an ongoing aerobic
(on the surface of the manure) and anaerobic (inside the manure)
process of organic compounds mineralization. Losses of total N,
total P and total K content in stored manure for 6 months compared
to that in fresh manure from different farm animals (in %) are
presented in Table 2. The results show that the losses of biogenic
elements are in different range as to the seasons and by type of
manure.
The amount of total N in stored manure decreases compared to
that in the fresh manure as follows: dairy cows manure - from 10.7%
in spring to 20.2% in summer (the differences are statistically
significant for spring at P <0.05); pig manure - from 12.6% in spring to
21.9% in autumn (the differences are statistically significant for
winter at P <0.05 and for summer at P <0.001); laying hens manure from 12.6% in spring to 35.8% in winter (the differences are
statistically significant for spring and autumn at P <0.05); turkey
manure - from 18.1% in autumn to 47.0% in winter (the differences
are statistically significant for winter and spring at P <0.01-0.001)
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Table 2. Losses of total N, total P and total K in stored
manure compared to that in fresh manure from different
farm animals (in %)

Season

Winter

Spring

Summer

Autumn

Average
for the
period

Losses, %
Species of
N
P
K
animals
In stored manure compared to fresh manure
dairy cows
pigs
laying hens
turkeys
dairy cows
pigs
laying hens
turkeys
dairy cows
pigs
laying hens
turkeys
dairy cows
pigs
laying hens
turkeys
dairy cows
pigs
laying hens
turkeys

16.4
15.4
35.8
47.0
10.7
12.6
12.6
41.5
20.2
21.6
13.4
22.2
13.7
21.9
25.4
18.1
15.3
18.4
26.8
34.1

30.6
62.1
34.5
20.3
52.3
56.3
7.6
39.7
31.6
46.4
17.9
24.6
45.0
54.7
8.0
10.0
42.5
54.8
17.3
25.5

11.6
13.4
19.6
5.8
12.9
18.1
14.9
16.0
21.0
37.2
11.5
14.2
10.2
19.2
11.7
15.3
14.0
23.5
14.4
12.8

(Table 2, Figure 1). The average losses of N for the investigated
period were the smallest in dairy manure (15.3%) followed by pig
(18.4%), laying hens (26.8%) and turkey manure (34.1%). The
differences between average values for the studied period are
statistically significant for all types of manure at P <0.05–0.001.
By losses of nitrogen the studied manures can be divided into
two groups - with relatively low losses of total N (dairy and pig
manures) and with relatively high losses of total N (laying hens and
turkey manures). This suggested that the main factors which
influenced N losses during the storage of manure are the type of
manure and manner of its storage. Obviously storage of dairy cows
manure on heaps on the ground and of pig manure in earth lagoons
Total N
turkeys 0.91

7.1

laying hens

5.9

pigs

1.25

cattle

0.89
0%
Winter

2.35
1.37 1.41

1.06

1.89

0.6

1.15

50%
Spring
Summer

2.1
4.4

Total P
turkeys
laying hens

1.8

pigs

0.71

0.8

cattle

0.18

100%
Autumn

1.39

1.58

0.6

1.72

Figure 1. Seasonal losses of total nitrogen in the
manure of different animal species, g/kg DM
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creates more favorable conditions to reduce N losses compared with
the storage of laying hens and turkey manure and litter on the ground
near the premises. It can be assumed that in our case the additional
moistening (by precipitations) of the stored poultry manure under
open air conditions is also a factor leading to greater reduction of
total N, as the high humidity supports the microbial processes
related to the degradation of nitrogen compounds.
The established losses of total N in dairy manure are in the
range of the results obtained by Clanton (1993) in the same manner
of manure storage (15-35%) and of those, reported by Christozov et
al. (1998) which provide much greater variation of N losses (6-49%).
Regarding pig manure, Clanton (1993) determines much larger
losses of N in manure storage in lagoons (70-80%) than in our case,
where the average losses of total N for the study period are 18.4%.
The losses of total N in poultry manure are close to the data of
Chastain et al. (2002) for storage of poultry manure in open manure
heaps - 21% loss of NH4-N and 30% loss of total N. According to
Nahm (2003), the majority of nitrogen (around 60-70%), which is
excreted in manure is in the form of uric acid and urea, which are
converted into ammonia (creating air pollution), nitrite and nitrate
(penetrating the soil and the groundwater).
The losses of total P in storage manures by seasons vary in the
following ranges: dairy manure - between 10.2% in autumn and
21.0% in summer (the differences are statistically significant for
spring and summer at P <0.001); pig manure - between 13.4% in
winter and 37.2% in summer (the differences are statistically
significant for spring and summer at P <0.05-0.01); laying hens
manure - between 11.5% in summer and 19.6% in winter (the
differences are statistically significant for winter at P <0.05); turkey
manure - between 5.8% in winter and 16.0% in spring (the
differences are not statistically significant) (Table 2, Figure 2).
Average for the period losses were the smallest in turkey manure
(12.8%) followed by dairy cows (14.0%), laying hens (14.4%) and
pig manure (23.5%). The differences are statistically significant for
dairy, pigs and turkey manure at P <0.05–0.001. On this indicator the
tested manures could also be divided into two groups - one group
with very close losses of total N (dairy, laying hens and turkey
manure), the other - with significantly higher losses of total N – pig
manure. In this case, the factor with the greatest impact on losses of
total K in manure is the manner of its storage. Dairy cows, laying
hens and turkey manures are stored outdoors on the ground, while
pig manure is stored in lagoons. This gives reason to assume that
the environmental conditions in lagoons favor to a greater extent
degradation of potassium in stored pig manure.
The results for total K losses in stored manures indicate that this
parameter varies much more widely than the losses of total N and

0%

1.31
1

20%
Winter

1.49
1.01

2.89
0.22
40%
Spring

0.39

1.2
1.1
0.18

60%
80% 100%
Autumn
Summer

Figure 2. Seasonal losses of total phosphorus in
the manure of different animal species, g/kg DM

Total K
turkeys
laying hens

1.9

pigs
cattle

2.34

0.9

0.45

2.13
0.66

1.5

2.1
2.44

0%
Winter

1.09
1.73
0.8

50%
Spring
Summer

0.36
0.43

manure at P <0.01–0.001.
Divergent trends were established for the losses of nutrients
during the storage of the tested manures. For dairy cows manure the
biggest losses are of total K, followed by total N and total P (K→ N →
P); for pig manure – K→ P → N; for laying hens and turkey manure –
N → K→ P, respectively.

1.82
1.17
100%
Autumn

Figure 3. Seasonal losses of total potassium in
the manure of different animal species, g/kg DM

total P, and are in the range as follows: dairy cows manure - from
30.6% in winter to 52.3% in spring (the differences are statistically
significant for all seasons at P <0.01-0.001); pig manure - from
46.4% in summer to 62.1% in winter (the differences are statistically
significant for all seasons at P <0.01-0.001); laying hens manure from 7.6% in spring to 34.5% in winter (the differences are not
statistically significant); turkey manure - from 10.0% in autumn to
39.7% in spring (the differences are not statistically significant)
(Table 2, Figure 3). On average for the period of study the losses of
total K were the smallest in laying hens manure (17.3%) followed by
turkey (25.5%), dairy cows (42.5%) and pig manure (54.8%). The
differences are statistically significant for dairy, pig and turkey

Ratio between total N, total P and total K content (N:P:K) in
fresh and stored manure. The key to avoiding environmental
problems associated with manure application is to apply manure
based on crop nutrient requirements and implementing available
best management practice in the farm. In this regard it is important to
assess the tested manures based on the ratio of biogenic elements
(Table 3).
It is noteworthy that the ratio between the nutrients, both in fresh
and in stored manure from different animal species varies in
relatively wide limits as to the seasons and by average of the studied
period. Another fact that needs to be noted is that on this criterion the
tested manures can be distributed in two groups. In one group can
be included dairy cows manure, where rations between nutrients are
54.4% N: 16.7% P: 28.9% K for fresh manure and 59.8% N: 18.6% P:
21.6% K for stored manure, the other group includes pig, laying hen
and turkey manure, where these ratios are between 46.3% N: 33.9%
P: 19.8% K for fresh pig manure and 48.2% N: 34.4% P: 17.4% K for
fresh turkey manure, and between 42.5% N: 40.2% P: 17.3% K for
stored turkey manure and 52.0% N: 35.7% P: 17.4% K for stored pig
manure. In the second group of manures N and P content is lower,
and the P content is higher as compared with the manure of the first

Table 3. Ratio between total N, total P and total K content (N:P:K) in fresh and stored manure from different farm animals
(in %)

Manure
Season

Winter

Spring

Summer

Autumn

Average
for the
period

Species of animals

dairy cows
pigs
laying hens
turkeys
dairy cows
pigs
laying hens
turkeys
dairy cows
pigs
laying hens
turkeys
dairy cows
pigs
laying hens
turkeys
dairy cows
pigs
laying hens
turkeys

58.9
48.2
52.9
55.5
46.7
47.7
43.7
52.0
56.6
43.3
41.4
40.0
57.1
46.5
52.4
46.4
54.4
46.3
47.8
48.2

Fresh

Stored

N : P : K, %

N : P : K, %

17.2
31.4
29.5
31.1
14.3
31.2
35.3
30.1
18.4
38.3
34.5
37.0
17.4
33.8
31.2
39.0
16.7
33.9
32.7
34.4

23.9
20.4
17.6
13.4
38.9
21.1
21.0
17.9
25.0
18.4
24.1
23.0
25.4
19.7
16.4
14.5
28.9
19.8
19.5
17.4

60.8
53.9
49.1
42.4
57.3
54.5
43.6
45.7
58.8
50.0
41.6
38.8
62.5
50.0
47.8
45.2
59.8
52.0
44.2
42.5

18.7
35.9
34.3
42.2
17.1
33.4
34.3
38.0
18.9
35.5
35.5
39.5
19.8
37.7
33.7
39.3
18.6
35.7
35.3
40.2

20.5
10.2
16.7
15.3
25.6
12.1
22.1
16.3
22.3
14.5
22.9
21.6
17.8
12.3
18.4
15.5
21.6
17.4
20.5
17.3
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group. These differences are highlighted in fresh as well as stored
manures.
FAO (2000) identified as suitable for agriculture mineral and
organic fertilizers in which the ratio between nutrients (N:P:K) is in
the range as follows: 22:22:11, 14:35:14, 19:19:19, 12:24:12,
15:15:15, 11:22:22 and 10:26:26. The ratios between nutrients in all
tested manures (fresh and stored) are included in all of the above
ratios but in many cases the values for N, P and K exceed them,
often considerably. A similar picture is observed for the other ratio –
N:P recommended by FAO (2000) for fertilizers (16:20, 28:28 and
18:46). Therefore, before the use of organic fertilizers, it is
necessary to determine the content of nutrients in them and in the
soil which will be fertilized. The quantities of nutrients necessary for
cultivation of the crops concerned should also be calculated. Only in
this way excessive importation of nutrients in the soil will be avoided,
which will affect the expected yields and will cause pollution of soil
and groundwater. For example, land application of animal manures
to meet crops N needs can lead to an accumulation of P in soil
because the N:P ratio in animal manures (about 2:1 by literature
source, in our study it is between 1.4:1 and 3.3:1 for fresh manure,
and between 1.1:1 and 3.2:1 for stored manure) is less than the N:P
ratio of about 8:1 taken up by more crops and grasses (Sharpley et
al., 2003). Thus, repeated land application of manure based on plant
N needs results in excessive P concentration in the soil and may
saturate the soil's capacity to retain phosphorus.

Conclusion
On the basis of agro-ecological assessment of manure from
different farm animals by content of biogenic elements (N, P, K) it
was found that: a) biogenic elements in fresh and stored manure
decreased in the following gradation by average values for the
studied period: turkeys – total N (13.9 - 9.16 g/kg DM), total P (9.94 8.67 g/kg DM) and total K (5.02 - 3.74 g/kg DM); laying hens – total N
(13.6-9.95 g/kg DM), total P (9.27- 7.94 g/kg DM) and total K (5.56 4.60 g/kg DM); pigs – total N (8.30 -6.77 g/kg DM), total P (6.08-4.65
g/kg DM) and total K (3.56 - 1.61 g/kg DM); dairy cows – total N (5.62
-4.76 g/kg DM), total P (1.72 - 1.48 g/kg DM) and total K (2.99 - 1.72
g/kg DM); b) the change in nutrients content of different types of
manures by seasons both in fresh and in stored manure are
divergent; c) coefficients of variation values determined the
surveyed manures by content of nutrients from minor to significant
variable (Cv = 9.30-37.5%); d) during the storage of the tested
manures nutrient losses are the greatest for potassium (17.354.8%), followed by nitrogen (15.3-34.1%) and phosphorus (12.823.5%); e) the average losses of biogenic elements in manure by
animal species are in varying degrees: dairy cows (total N 15.3%;
total P 14.0%; total K 42.5%); pigs (total N 18.4%; total P 23.5%; total
K 54.8%); laying hens (total N 26.8%; total P 14.3%; total K 17.3%)
and turkeys (total N 34.1%; total P 12.8%; total K 25.5%); f) the ratio
between nutrients (N:P:K), both in fresh and in stored manure from
different animal species vary in relatively wide limits as to the
seasons (12.6%N:18.1%P:56.3%K – 41.5%N:16.0%P:39.7%K)
and by average for the studied period (15.3%N:14.0%P:42.5%K –
34.1%N:12.8%P:25.5%K).
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