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Abstract
Purpose Due to the pressures of conforming to environmental quality standards and the increased costs of mineral fertilizer 
importation, there is growing interest in the use of organic residues as fertilizers. To test the hypothesis that indicates the 
quantity of animal manure (AM) depends on the phosphorus (P) needs of the crops, an experiment was run using three organic 
animal manures (chicken—CM, turkey—TM, and cow manure—CoM), enriched with limestone, gypsum, and phosphorus.
Methods A greenhouse experiment was run using AM incorporated in a clayey soil, at a rate that equates to the P needs of 
Brachiaria sp. Contents of phosphorus, potassium  (K+), calcium  (Ca+2), magnesium  (Mg+2), sodium  (Na+), organic mat-
ter (OM), and values of pH and cation exchange capacity (CEC) were monitored during 120 days. Plants were collected to 
determine the dry matter.
Results Application of enriched AM increased the contents of Ca, Mg, and K over time, while P and OM presented a 
decrease. Soil fertilized with CoM resulted in the greatest contents of P and OM, while soil with TM presented the highest 
production of dry matter with the lowest contents of P in soil. There was an increase in Na content in soil with the applica-
tion of AM.
Conclusion Fertilization with AM presents the potential to supply P, Ca, Mg and K for plants. Enriched CoM appears to be 
the most viable option to improve the phosphorus and organic matter in soil because of high C/N. However, farmers may 
need to pay attention to the quantity of Na.
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Introduction

Farmers have used animal manure (AM) for several years as 
a primary source of nutrients to fertilize agricultural soils. 
With the development of mineral fertilizers, interest in this 
type of fertilizer has decreased (Muraishi et al. 2011). How-
ever, due to the growing pressures of conforming to envi-
ronmental quality standards (Carvajal-Muñoz and Carmona-
Garcia 2012), and increase in the costs of importing mineral 
fertilizers (ANDA 2016), there is an interest in the use of 

organic residues as a source of nutrients in agriculture lead-
ing to an expansion of research in this area.

The AM is a by-product of poultry and livestock produc-
tion. The quality of AM as soil fertilizer can vary greatly 
depending on the kind of manures, treatments, and decom-
positions. Manure from livestock production (cow manure) 
contains high concentrations of available nutrients (Hariadi 
et al. 2016), mainly nitrogen (N), phosphorus (P) and sulfur 
(S), (Muraishi et al. 2011), while the manure from poultry 
production (chicken and turkey manure) contains high con-
centrations of potassium (K) and P (Pinto et al. 2012).

The process of organic composting is a technique that 
reduces problems with pathogens and enhances nutrient 
availability to plants. Composting of manures with limestone 
and gypsum is an alternative of enrichment, considered a 
viable alternative for increasing nutrient availability (Ramos 
et al. 2013). However, this technique needs to be more thor-
oughly studied because of the possible increase of P adsorp-
tion in soil and a subsequent imbalance between the bases 
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(magnesium—Mg, calcium—Ca, potassium—K) with the 
formation of percolating sulfates in soil (Ramos et al. 2013).

In addition, farmers should pay attention to the quality 
and quantity of animal manure used as a source of nutrients 
in the soil. Both quality and quantity can cause an excessive 
input of nutrients in the soil leading to soil pollution and 
groundwater contamination, and soil disuse for agricultural 
purposes (Min et al. 2012).

To test the hypothesis that the quantity of AM depends on 
the phosphorus needs of crops, an experiment was run with 
the aim of testing three organic animal manures (chicken, 
turkey, and cow manure), enriched with limestone, gypsum, 
and phosphorus.

Materials and methods

Soil and manure characteristics

The experiment was conducted in a greenhouse located at the 
University of Uberlândia (UFU), Uberlândia campus, Brazil 
(18°54′41″S and 48° 15′44″W). The experimental design 
was arranged as a complete randomized block using three 
kinds of organic animal manure (chicken manure—CM, tur-
key manure—TM, and cow manure—CoM), enriched with 
limestone (L), gypsum (G) and L +G + P, with three repli-
cates. Two control plots were also run using natural manure 
(Natural) and mineral fertilizer without manure (P mineral).

The soil was collected at depths ranging from 0 to 0.2 m, 
from six positions (replicated in 1 hectare), in an area cul-
tivated with pasture (Brachiaria sp.), located in Uberlândia 
(18°45′50.74″S and 48°17′15.36″W). Soil samples were 
homogenized and subjected to chemical and physical analy-
sis according to Embrapa (2013). The soil was classified as a 
Latossolo Vermelho-Amarelo Distrófico típico according to 
the Brazilian system of Soil Classification (Embrapa 2013), 
corresponding to an Oxysol according to soil taxonomy (Soil 
Survey Staff 2014).

Chemical analysis of soil samples before the implemen-
tation of experiment showed the following contents: P: 
1.7 mg dm−3 (Mehlich I); K: 15.6 mg dm−3; Ca: 1.6  cmolc 
 dm−3; Mg: 0.4  cmolc  dm−3; hydrogen + aluminum—H + Al: 
1.2  cmolc  dm−3; aluminum:  Al3+: 0.0  cmolc  dm−3; organic 
matter—OM: 1.3 g dm−3; organic carbon—OC: 0.8 g dm−3; 
and total nitrogen—TN: 0.7 g kg−1. Soil presented a clay 
texture with 664, 265 and 71 g kg−1 of clay, silt, and sand, 
respectively. Clayey soil was used in this study because of 
the significant correlation with most metals and nutrients 
in the tropical soil with the predominance of kaolinite and 
iron and aluminum oxides in clay (Nascimento et al. 2018), 
as well as a direct relation to P adsorption on clay surface 
(Fischer et al. 2018).

The manures were collected from rural properties 
and handled in the laboratory. For natural manure plots, 
the manures were maintained under ambient condi-
tions with good ventilation for drying. Contrastingly, the 
enriched manure treatments with limestone  (CaCO3; Rate: 
5 Mg ha−1), gypsum  (CaSO4; Rate: 2 Mg ha−1) and simple 
superphosphate (18% of P; Rate: 600 kg ha−1) were treated 
following the guidelines of (Embrapa 2001). After the mat-
uration process was completed, the manure samples were 
homogenized and subjected to chemical analysis (Embrapa 
2011), Table 1.

Installation of sets

Soil (2.5 kg  pot−1) was added in pots (height: 20 cm, total 
volume of 2.5 L, subdivided into two parts), and manure 
was incorporated using the rates of 6.9, 5.9, 5.4, 6.9 g to 
CM; 4.9, 7.0, 5.6, 7.2 g to TM and 16.8, 26.0, 28.9, 31.0 g 
to CoM, respectively, using L, G, L+G+P and the natural 
control (Fig. 1). The manure rates were calculated based on 
mineral control (mineral fertilizer without manure), with a 
similar rate of 126 kg  P2O5  ha−1 to all treatments in this 
study.

The Brachiaria sp. seeds were sowed using a density of 
30 seeds  pot−1, and after germination a density of 10 plants 
 pot−1 was maintained. Irrigation was performed every day 
to maintain the water retention capacity at 60%. This study 
was performed with Brachiaria to show a sustainable alter-
native of soil fertilization in pasture areas. 27% of Brazil’s 
territory is being used for agriculture or as pastures. Pastures 
occupy most of these areas with 76% of the total agricultural 
land, with high susceptibility to soil degradation due to the 
absence of adequate technologies such as the application of 
nutrients (Sparovek et al. 2007).

Variables analyzed and statistical analysis

Contents of  K+,  Ca+2,  Mg+2, P, OM and sodium  (Na+), and 
values of cation exchange capacity (CEC) and pH were ana-
lyzed at the 40th, 90th and 120th day after implantation of 
the experiment, by removing soil samples from the top 0.1 m 
layer of pots (surface). The third evaluation was performed 
at 0.0–0.1 m (surface) and 0.1–0.2 m (subsurface) layers at 
the 120th day after the implantation of the experiment. At 
the same time, plants were collected, dried and weighed to 
obtain the dry matter per pot. Contents of nutrients in soil 
samples were analyzed according to Embrapa (2011).

Data were evaluated by descriptive statistics, assumptions 
of normality (Shapiro–Wilk test) and homogeneity of vari-
ance (Bartlett test). The difference among treatments was 
assessed using analysis of variance (ANOVA), based on the 
F test when significant and a post hoc test was run using the 
Tukey test (P < 0.5).
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The temporal dynamics were tested using principal com-
ponent analysis (PCA). To obtain zero mean and constant 
variance, the data were standardized and the Euclidean dis-
tance between data points was calculated using the Ward 
algorithm. The principal components (PCs) that presented 
eigenvalues greater than 1 were used, and the PCA was pre-
sented graphically to identify and evaluate time groupings.

Results and discussion

Temporal dynamics

The PCs highlighted differences in the temporal dynam-
ics through the formation of two distinct groups. The first 
and second period presented similar patterns with insertion 
at group 1. Both periods presented a significant difference 

in the third period, which was inserted in group 2 (Fig. 2). 
Study of Behera et al. (2018) and Coletto et al. (2015) also 
used PCs to show nutrient dynamics over time in soil. 
Applications of animal manure take 90 days to increase the 
content of nutrients in the soil, with the first 30 days show-
ing a greater release rate and a subsequent decline (Silva 
et al. 2014). The remaining nutrients in animal manure take 
more time to be released in the soil as long as 2.5 years 
(Hoffmann et al. 2001), but this will depend greatly on the 
quality of animal manure (Azeez and Averbeke 2010; Silva 
et al. 2014). According to Tripetchkul et al. (2012), greater 
decomposition of organic matter occurs within the first 
2 weeks of the thermophilic phase in organic residues with 
a low C/N ratio.

Three PCs were necessary to explain the temporal 
dynamics, with the variance concentrated along PC1, which 
explained 47% of the variation in data, followed by PC2 

Table 1  Manure chemical 
analysis (chicken, turkey and 
cow manure) in natural manure 
and manure enriched with 
limestone (L), gypsum (G) and 
phosphorus (P)

pH in  H2O, carbon and nitrogen ratio (C/N), carbon (C), phosphorus  (P2O5), potassium  (K2O), calcium 
 (Ca2+), sulfur (S), magnesium  (Mg2+), boron (B), copper (Cu), iron (Fe), manganese (Mn), zinc (Zn), and 
sodium (Na)
a CM (10.4%), TM (12.5%) and CoM moisture (13.8%)

Animal manure pH C/N C P2O5 K2O Ca S Mg B Cu Fe Mn Zn Na
 (%) (mg kg−1)

Chicken manure (CM)a

 In natural 8.1 14/1 50.6 2.1 2.6 2.9 0.3 0.5 38.1 156 5603 603 440 1675
 Limestone 8.7 14/1 24.9 1.7 1.6 2.1 0.2 0.4 27.3 107 3880 434 356 1965
 Gypsum 8.7 14/1 24.0 1.7 1.6 2.0 0.4 0.2 27.2 106 3750 475 325 1945
 L + G + P 8.6 13/1 26.0 1.5 1.7 2.2 0.4 0.3 26.1 109 4012 415 345 2269

Turkey manure (TM)a

 In natural 7.8 9/1 69.3 2.9 2.6 3.2 0.3 0.4 39.5 428 1745 458 396 1754
 Limestone 8.3 11/1 28.7 1.3 1.3 1.3 0.1 0.2 20.3 208 1359 239 185 1700
 Gypsum 8.2 11/1 27.0 1.3 1.3 1.4 1.4 0.2 21.2 210 1458 237 180 1740
 L + G + P 8.0 10/1 29.4 1.3 1.3 1.5 0.3 0.2 21.0 223 2759 233 195 1864

Cow manure (CoM)a

 In natural 8.3 22/1 43.6 0.8 1.4 1.4 0.1 0.3 16.3 62.4 5524 438 239 748
 Limestone 8.6 21/1 18.9 0.3 0.6 0.6 0.1 0.1 8.0 28.2 3242 204 105 343
 Gypsum 8.5 21/1 17.8 0.2 0.5 0.7 0.2 0.1 8.2 20.3 3250 200 1.3 350
 L + G + P 8.3 17/1 15.6 0.3 0.5 0.7 0.1 0.1 7.2 28.1 2086 202 109 338

Fig. 1  Experiment at the green-
house
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and PC3 with 19% and 16%, respectively (Fig. 2). These 
PCs together accounted for 89% of the total variance and 
conformed to the criteria of at least 70%, as demonstrated 
in the study of Faria et al. (2019).

Nutrients release in the periods

With respect, PC1,  Ca+2 (r = − 0.84),  Mg+2 (r = − 0.60) 
and CEC (r = − 0.93) were negatively correlated, while P 
(r = 0.93), OM (r = 0.77) were positively correlated in the 
principal component analysis (Table 2; Fig. 2).

There was a small difference, without significant distinc-
tion in contents of  Ca+2,  Mg+2 and P in the first and second 
period. Such minimal variation is likely to reflect the fact 
that these animal manures are enriched with lime which pre-
sented Ca and Mg in their compositions and require almost 
60 days to release the nutrients into the soil solution. It can 
be observed in Fig. 3, where  Ca+2 and  Mg+2 increased in the 
surface layer in the third period, which can be explained by 
the strong affinity of  Ca+2 and  Mg+2 with soil colloids lead-
ing to low rates of leaching, as well as the low reactivity of 
lime (Maggi et al. 2011).

The significant decrease in P after the second period 
(90% lower; Fig. 3) is explained by the dynamics of P which 
can be readily adsorbed on the clay surface. This kind of 
adsorption reaction is a characteristic of soils with a high 
presence of the minerals: kaolinite, iron and aluminum 
oxides, which are typically evident in tropical soils with a 
clay texture (Nascimento et al. 2018; Campos et al. 2016). 
As expected, organic matter also presented a decrease over 
time (53% less) due to higher soil microbial activities. The 
distinct results demonstrated by PC1 are reaffirmed by the 
positive correlation between P and OM (decrease over time) 
and the negative relationship between  Ca+2,  Mg+2 and CEC 
(an increase over time), Table 2.

At PC2,  K+ (r = − 0.6) presented a decrease occurring 
since the first period and reaching a total decline of 78% 
in the third period (Table 2; Fig. 3). This can be explained 
by the fact that  K+ demonstrates high mobility in soil pro-
file with vertical and horizontal movements, and thus  K+ 

Fig. 2  Principal component 
analysis (PCA) for the variables: 
pH, phosphorus (P), potassium 
 (K+), calcium  (Ca+2), magne-
sium  (Mg+2), cation exchange 
capacity (CEC), sodium  (Na+) 
and organic matter (OM) in the 
first, second and third period 
(surface and subsurface)

Table 2  Principal component (PC) values for the variables: pH, phos-
phorus (P), potassium  (K+), calcium  (Ca+2), magnesium  (Mg+2), 
sodium  (Na+), organic matter (OM) and cation exchange capacity 
(CEC)

Bold correlations are considered significant (r > 0.5 in absolute val-
ues)

Variables PC1 (47%) PC2 (19%) PC3 (16%)

pH 0.26 − 0.75 − 0.10
K+ 0.32 − 0.67 0.00
Ca2+ − 0.84 − 0.45 0.07
Mg2+ − 0.60 − 0.66 0.12
Na+ − 0.22 0.05 0.94
OM 0.77 − 0.15 − 0.15
P 0.93 0.01 0.18
CEC − 0.93 0.13 − 0.16
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is considered as a soluble ion that can be percolated in soil 
solution, especially in sandy soils (Ramos et al. 2013).

At PC3,  Na+ was alone (r = 0.94) and presented a result 
that was distinct from the other nutrients (Table 2). This 
finding is associated with the  Na+ increase of 33% (mean 
of animal manure) when compared to mineral P. There was 
no difference in the content of  Na+ with the application of 
animal manures representing a difference of 0.5  cmolc  dm3 
across treatments (Fig. 4). This is not a great result because 
the increase in  Na+ content in the soil increases the electrical 
conductivity and decreases osmotic potential, creating dis-
turbance and compromising the development of plants (Silva 

et al. 2010). In addition, an excess of  Na+ during root growth 
promotes competition for absorption sites, especially for  K+, 
 Ca2+, and  Mg2+, leading to nutrient deficiencies of these 
nutrients in plants (Trannin et al. 2005). Study of Oliveira 
et al. (2014) demonstrated the toxic effects of  Na+ on lettuce 
in soil with the application of animal manure. While Sharma 
et al. (2019) testing domestic residues as a source of nutrient 
in agriculture verified low fertilizing potential due to heavy 
metal concentration. In this study, we did not monitor the 
dynamic of heavy metal but in the future study of animal 
manure application, we recommend heavy metal monitoring 
to avoid soil contamination.

Fig. 3  Calcium  (Ca+2), potassium  (K+), phosphorus (P), magnesium  (Mg+2), organic matter (OM) and cation exchange capacity (CEC) in the 
first, second and third period (surface and subsurface)
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Nutrients released from animal manures

The TM and mineral P presented lower contents of P in 
soil when compared to CoM and CM (Table 3). This can 
be explained by greater biological activity in TM, which 
yielded the lowest C/N values and provided the highest dry 
matter of Brachiaria due to high P availability to plants 
(Tables 1 and 3). According to Boitt (2014), the addi-
tion of organic residues with low C/N in soil provides an 

increase in microbial biomass that drives low P adsorption 
in soil, as demonstrated by a negative correlation between 
OM and P in the study of Moura et al. (2015). Probably, 
manures can alter biological activity in soil influencing the 
nutrients’ dynamics. Future studies using this perspective 
are recommended to understand the influence of animal 
manure on biological activity in the soil.

On the other hand, because the CoM showed the high-
est C/N, it appears to be the best option to improve OM in 

Fig. 4  Sodium  (Na+) in soil with application of animal manure (turkey: TM, chicken: CM, and cow manure: CoM) enriched with limestone (L), 
gypsum (G) and phosphorus (P), check treatment (No-Manure: No-M; and No-enrichment: IN-N) in the first, second and third period

Table 3  Dry matter of brachiaria (DM), values of pH and contents 
of phosphorus (P), calcium  (Ca+2), magnesium  (Mg+2), potassium 
 (K+) and organic matter (OM) in soil with application of animal 

manure (turkey: TM, chicken: CM and cow manure: CoM) enriched 
with limestone (L), gypsum (G) and phosphorus (P), check plot (No-
Manure: P mineral, and No-enrichment: in natural)

ns : no difference between the treatments
* mean followed by distinct letters are considered significant by the Tukey’ test (P < 0.05)

Animal manure DM (g  pot−1) OM (g  dm−3) pH P mg  dm−3 K+ Mg+2 Ca+2

cmolc dm−3

Animal  manures*

 P mineral 3.15c 2.68b 5.60b 1.70b 0.03b 0.13a 0.32a
 Turkey 

manure 
(TM)

8.71a 2.76ab 5.71a 2.04b 0.05a 0.11Ab 0.27a

 Chicken 
manure 
(CM)

7.55b 2.69ab 5.56b 2.40a 0.04a 0.10b 0.31a

 Cow manure 
(CoM)

7.21b 2.82a 5.77a 2.40a 0.05a 0.10b 0.29a

Enrichment  techniquens

 In natural 8.62a 2.70 5.75 2.30 0.04 0.10 0.30
 Limestone 

(L)
6.97b 2.72 5.64 2.14 0.05 0.11 0.29

 L + gypsum 
(G)

6.97ab 2.77 5.64 2.36 0.05 0.10 0.28

 L + G + phos-
phorus

8.10ab 2.78 5.64 2.36 0.05 0.10 0.30

 CV (%) 1.00 0.7 1.64 0.23 0.05 0.01 0.04
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soils, but even that presents a low content of K (Tables 1, 
3). The results of CoM characterized it as a manure of slow 
decomposition with 28% of the material decomposed within 
90 days. Slow decomposition of CoM in soil was presented 
by the study of Azeez and Averbeke (2010) and Silva et al. 
(2014).

The increase in organic matter temporally promotes an 
adsorption of P in soil (Muraishi et al. 2011; Maciel et al. 
2015; Abreu et al. 2016), with a lower nutrient loss by run 
off and leaching while maintaining an optimal condition 
of pH, soil moisture and soil biological activity (Moreti 
et al. 2007). The increase in pH observed for all manures is 
directly related to higher micronutrient availability (B, Cu, 
Fe, Mn, and Zn) in the soil which is probably transferred 
from manure to soil. The pH increase in soil incorporated 
with animal manure has also been shown by Abreu et al. 
(2016) and Damatto Junior et al. (2006).

The differences in response to manure types were 
expected, because the nutrient release from materials 
depends on the feedstock and nutrient dynamics (Freitas 
et al. 2012). However, with respect to K, there was no appar-
ent difference among manure types (Table 1). The effect of 
TM and CM on K described in this test has also been shown 
by Pinto et al. (2012) with high leaching of K in soil.

There was no difference between the enriched manure and 
the natural manure in terms of nutrients. However, the dry 
matter presented a significant difference with an increase 
in natural manure (Table 3). This means that farms can use 
the animal manure naturally (dry) without enrichment with 
limestone, gypsum, and phosphorus, since the rates were 
adequate enough to supply the P needs of pasture in clay 
soil.

Conclusions

Application of enriched animal manure in a clayey soil alter 
nutrient dynamics which can be represented by two distinct 
groups: similar nutrient dynamics up until 60 days (group 
1, first and second period), and a distinct trend from 61 to 
120 days (group 2, third period).

Cow manure appears to be the most viable option to 
improve the contents of phosphorus and organic matter 
in soil due to the high C/N ratio, without any difference 
between the natural manure and manure enriched with lime-
stone, gypsum, and phosphorus. In contrast, turkey manure 
presents the highest pasture dry matter production with a 
high availability of nutrients to plant. Farmers may need 
to pay attention to the quality of manure, especially for the 
quantity of sodium in areas where there is continuous ferti-
lization using animal manures.

Overall, animal manure is a sustainable alternative of 
the source of nutrient to plant when applied according to P 

needs of plants. Technologies to improve the efficiency of 
animal manure as fertilizer are requested to achieve envi-
ronmental quality standards and decrease the dependence of 
mineral fertilizer. Based on this, organo-mineral fertilizers 
formulated from different animal manures (Mota et al. 2019) 
enriched with rock phosphates (Unuofin and Siswana 2019) 
or treated as biochar (Sikder and Joardar 2019) demonstrate 
to be an alternative that can make tropical agriculture more 
efficient and sustainable.
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