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Abstract 
 
The mineralization rate of ruminant manure may influence the fertilization management of pastures. This study aimed to evaluate 
feces decomposition of heifers grazing signalgrass (Brachiaria decumbens Stapf.) fertilized or not with N, or intercropped with 
legumes in the dry forest region. Two experiments were conducted; the first one was a CRD that evaluated the evolution of CO2 
from a mixture of soil and feces (10:1) during 22 days of incubation in a hermetically sealed bucket with a solution of NaOH 0.5 mol 
L

-1
. The second one was a RCBD that evaluated the in situ decomposition of feces in nylon bags in time periods 4, 8, 16, 32, 64, 128 

and 256 days after incubation above ground. The single negative exponential mathematical model was adequate (P ≤ 0.0001) to 
quantify the CO2 evolution of the mixture of soil and feces, indicating that 78% of CO2 was released at the beginning of the 
incubation, especially for the feces collected in the signalgrass pastures intercropped with Gliricidia sepium (Jacq.) Kunth ex Walp. 
(gliricídia). After the first 5 days, CO2 evolution was more stable. Remaining biomass in the litterbag along decomposition fitted the 
single negative exponential model (P < 0.001). Greater relative decomposition rate (k) of bovine fecal biomass occurred for the N-
fertilized signalgrass treatment (k = 0.0031 g g

-1
 day

-1
) and a lesser rate for the treatment intercropped with Mimosa caesalpiniifolia 

Benth. (sabiá) (k = 0.0018 g g
-1

 day
-1

). Nitrogen fertilization in signalgrass pasture favored the decomposition of bovine feces at the 
end of 256 days of incubation. 
 
Keywords: Mimosa caesalpiniifolia, Gliricidia sepium, basal respiration, nutrient cycling, disappearance. 
Abbreviations: Lignin (LIG), Basal Respiration of Soil and Feces Mixtures (BRSF). 
 
Introduction 
 
Cattle dung and plant litter deposition are considered the 
most important factors on pasture nutrient cycling, either by 
the available quantity or by distribution in the pasture (Braz 
et al., 2003). Nonetheless, quantity and distribution of these 
sources of nutrients may vary according to pasture 
management and utilization. In hay fields, for example, most 
of the nutrients are exported via forage biomass (Mathews 
et al., 1994), and the roots are the main pool of nutrients 
that can cycle back into the system. However, in grazing 
systems, these nutrients will be recycled (Dubeux et al., 
2009), with partial loss via animal product exportation. The 
nutrient availability from these residues is driven by the 
decomposition process, which can be affected by the quality 
of these components (Silva et al., 2012). 
Animal excreta mineralization is a process that occurs rapidly 
and is affected by microbial diversity and decomposition 
turnover, increasing nutrient availability (Archer and Smeins, 
1991). Nutrients are returned to pastures via animal excreta, 

however, they can be lost to the environment by leaching, 
volatilization, erosion, denitrification, and runoff (Dubeux et 
al., 2014). Alternatively, these nutrients can also be 
immobilized by soil microorganisms and become unavailable 
to plants (Johnson et al., 2000). 
Decomposing organisms, like earthworms and dung beetles, 
affect the decomposition rate of feces and plant litter 
(Follett and Wilkinson, 1995). In addition, the physical 
degradation of the feces is also affected by the weather, 
with rainfall and temperature being considered the most 
important weather factors (Souto et al., 2005).  
Grazing animals remove plant fractions, which are reduced 
to smaller particles through chewing and rumination 
(Dubeux et al., 2009; Carvalho et al., 2010). Thus, among 
other factors, fecal composition varies with animal nutrient 
requirement, water ingestion, feeding parameters, and feed 
efficiency (Azeez et al., 2009). The amount of nutrient 
returned to the soil via feces and urine can be estimated by 
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knowing the forage type that the animal has consumed and 
its nutritional requirement (Haynes and Williams, 1993). 
Introduction of legumes into warm-season grass pastures 
improves animal diet and biological N2 fixation (Russelle, 
2008), as well as enhances plant litter quality (Silva et al., 
2012). Legume crude protein and in vitro dry matter 
digestibility are usually greater than the ones observed in 
warm-season grasses, yet legumes present lower C:N and 
lignin:N ratios (Bacellos et al., 2008; Aroeira et al., 2005), 
which favors micro-organism activity in the mineralization of 
plant residues and animal feces. 
From the importance of nutrient cycling in pasture 
ecosystems via ruminant excreta, as well as the 
decomposition rate of these residues, this study aimed to 
evaluate the decomposition of feces from heifers grazing 
mixed grass-tree legume pastures and grass-only pastures in 
the Pernambuco’s rainforest region. 
 
Results and Discussions 
 
Chemical composition of feces prior the incubation 
 
There was a significant difference in the feces chemical 
composition before the incubation for P and K 
concentrations (Table 1). The feces of the animals that were 
grazing the mixed pasture of leucaena or sabia combined 
with signalgrass had lower P concentration (4.8 and 3.4 g kg

-

1
, respectively) when compared with the animals that were 

grazing N-fertilized signalgrass or signalgrass-mororó (6.8 
and 6.4 g kg

-1
, respectively). The N-fertilized signalgrass K 

concentration (20.3 g kg
-1

) was not statistically different 
from the mixture signalgrass-leucaena (15.0 g kg

-1
), 

however, it was greater than all the other treatments (13.5 g 
kg

-1
, average). There was no difference among treatments 

before the incubation time for N, Ca, Mg concentrations, 
C:N, and lignin:N ratio. The fibrous portion of the feces may 
comprise 47 to 68% of the total biomass (Haynes & Williams, 
1993), and it can vary in composition according to the animal 
diet. 
It was estimated, in a separated behavioral study, the 
preference for each component of the pasture (legume or 
grass) by recording the time cattle spent browsing on each 
species. The percent of the time that animals spent browsing 
legumes ranged from 9.1-7.6%, 14.0-3.6%, 3.8-0.8%, and 
1.8-1.3%, for the mixtures with sabia, leucaena, gliricídia, 
and mororo, respectively (Santos et al., 2011). 
Cattle are grazers and that might explain the reduced time 
spent browsing the tree legumes. Celaya et al. (2007) 
observed 75-99% of herbaceous components (mostly 
grasses) in bovine diet, while its participation on small 
ruminants ranged from 15 to 64%. Benefits of adding 
legumes to grass pastures in the animal diet do not only 
occur via ingestion of legumes; there is also an increase of 
crude protein in the associated grass due to greater 
availability of soil N (Suter et al., 2015). 
 
Parameters observed in the basal respiration of soil and 
feces 
 
The basal respiration is defined as the sum of all metabolic 
functions where CO2 is produced, representing the total 
decomposition rate, once CO2 is released during aerobic 
biodegradation of most organic compounds (Silva et al., 

2007). The microbial respiration evaluation estimates soil 
microorganism activity, which mimics the soil OM 
decomposition rate (Figueiredo et al., 2012). The single 
negative exponential mathematical model was fitted to the 
basal respiration of soil and feces (BRSF) curve for the 
different incubation times. 
The CO2 evolution is an indicator of the microbial activity in 
the decomposition of the native OM or the OM added to the 
soil (Heal et al., 1997, Wagner and Wolf, 1999). All 
treatments presented an elevated CO2 production at the 
beginning of the incubation (Fig. 1), however, after the 5

th
 

incubation day, there was a reduction on CO2 emission. 
Greater CO2 emission at the beginning of the incubation 
time occurred because of faster decomposition of the labile 
material by the microorganisms. After 5 days, 78.6% of the 
material of the signalgrass-leucaena mixture was 
decomposed, with a posterior reduction in the 
decomposition rate. During the same time, CO2 emission 
from unfertilized signalgrass was 54.3% and it was 
significantly different from signalgrass-leucaena, however, 
no difference among treatments was found after the initial 
phase (Fig. 1). Among the factors that may have contributed 
to faster decomposition rate at the beginning (first 24 h), the 
C:N and lignin:N ratios before the incubation time may have 
the greatest effect, once these parameters dictate 
decomposition rates. At the beginning of the incubation, 
there was a greater amount of N, which results in faster 
decomposition. After some of this N is decomposed, the 
more recalcitrant material is left, resulting in reduced 
decomposition. 
The chemical composition of the residue may alter the 
biomass microbial community structure and affect its soil C 
use efficiency, resulting in different C mineralization from 
varied organic sources (Silva et al., 2010). Commonly, 
residues with C:N ratio lower than 20:1 present a faster 
decomposition rate than materials with values above this 
ratio. According to Nicolardot et al. (2001), the C:N ratio is 
the most used feature to predict N soil availability during the 
decomposition of organic materials. 
 
Biomass disappearance and nutrient release of cattle dung 
during decomposition 
 
There was a treatment × decomposition time interaction (P < 
0.001) for the fecal OM disappearance of the samples 
incubated on the soil surface. The single negative 
exponential mathematical model was fitted to explain the 
curve of the remaining biomass according to the incubation 
times (Fig. 2). 
Besides the biomass values at beginning of the incubation 
time being close (8% of disappearance in the first 32 days), 
the N-fertilized signalgrass presented greater biomass 
relative decomposition rate (k = 0.0031 g g

-1
 dia

-1
), with 55% 

of OM decomposition in 256 incubation days, where the 
average for all treatments was 48 ±7%. Brady and Weill 
(2002) suggested that disappearance and degradation may 
vary according to environmental conditions, ranging from 30 
d to 17 mo (Weeda, 1967), and it can possibly take 2.5 y 
until complete decomposition (Hoffmann et al., 2001). 
The lowest relative decomposition rate was observed for the 
signalgrass-sabiá mixture (k = 0.0018 g g

-1
 d

-1
), with 37% of 

the material decomposed during the same time.  
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Table 1. Element composition (N, P, K, Ca, Mg), C:N ratio, and LIG:N ratio of feces from heifers grazing signalgrass monocultures or 
mixed with legumes before the incubation time 

Treatment     N P K Ca Mg C:N LIG:N 

 g kg
-1

   

Signalgrass  16.7a 5.2ab 14.0 b 6.4a 3.9a 22.5a 3.6a 
N-Fertilized 16.9a 6.8a 20.3a 8.5a 4.5a 23.4a 4.3a 

Gliricídia  18.5a 5.6ab 14.9 b 7.1a 4.0a 19.3a 4.1a 

Leucaena 17.9a 4.8 b 15.0ab 6.3a 5.1a 19.8a 2.8a 

Mororó 16.3a 6.4a 14.6 b 7.9a 5.0a 22.3a 3.1a 

Sabiá 17.8a 3.4 b 10.5 b 8.4a 4.6a 20.4a 5.9a 

SE 1.35 0.77 1.74 1.30 0.49 0.79 1.25 
Different letters in the same column indicate significant difference according to Tukey’s test (P ≤ 0.05). LIG = lignin; N-Fertilized = N-Ferilized signalgrass; gliricídia = signalgrass-gliricídia; leucaena = signalgrass-leucaena; mororó = 
signalgrass-mororó; sabiá = signalgrass- sabiá. 
 
 

 
Fig 1. Basal Respiration of Soil and Feces Mixtures (BRSF) from heifers grazing signalgrass monocultures or signalgrass-legume 
mixed pastures. Y Signalgrass = 1.23 

-0.0936t
 (P < 0.0001), Y N-Fertilized signalgrass = 1.49 

-0.1563 
(P < 0.0001),  Y Gliricídia = 2.21 

-0.2325t 

(P < 0.0001), Y Leucaena = 3.39
 -0.3307t 

(P < 0.0001), Y Mororó = 2.02 
-2.2391t

 (P < 0.0001), Y Sabiá = 1.89 
-0.1984t

 (P < 0.0001). N-
Fertilized = N-Ferilized signalgrass; gliricídia = signalgrass-gliricídia; leucaena = signalgrass-leucaena; mororó = signalgrass-mororó; 
sabiá = signalgrass- sabiá. 
 
 

 
Fig 2. Remaining biomass (%) from feces of heifers grazing signalgrass monocultures or signalgrass-legume mixed pastures during 
264 incubation days. N-Fertilized = N-Ferilized signalgrass; gliricídia = signalgrass-gliricídia; leucaena = signalgrass-leucaena; mororó 
= signalgrass-mororó; sabiá = signalgrass- sabiá. 
 
 

 
Fig 3. Rainfall and average monthly temperature during the experimental time, Itambe-PE, Brazil. 
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Fig 4. Remaining N, P, and K in feces of heifers grazing signalgrass monocultures or signalgrass-legume mixed pastures during 264 
incubation days. Y (remaining N) = 97.94 

-0.000439t
 (P < 0.0001); Y (remaining P) = 92.429 

-0.004t
 (P < 0.0001); Y (remaining K) = 87.357 

-

0.022t
 (P < 0.0001). 

 
The biomass relative decomposition rate (k) is affected by 
factors as residue quality, temperature, soil humidity, and 
existing microbiota (Heal et al., 1997; Wagner and Wolf, 
1999). Thus, rainfall distribution (Fig. 3) during the 
incubation time may have affected the feces decomposition, 
mainly for the 64 and 128 incubation days, when the 
average rainfall was 16.67 mm and the accumulated was 
66.17 mm. According to Silva et al. (2010), the dung CO2 
emission, when submitted to the decomposition process, is 
significantly reduced when exposed to hydric stress, because 
of the reduction in microbial activity. 
Souto et al. (2005) evaluating dung decomposition of four 
species (asinine, bovine, caprine, and ovine) at the soil 
surface or at 10- cm depth in the Paraiba’s (a state located in 
the Brazilian northeast) semi-arid region, reported 5% of 
decomposition after 30-d incubation, and posterior gradual 
increase, reaching 28% at day 90. These results were 
affected by the low rainfall at the initial incubation times 
(January and February 2011), with precipitation of 37.6 and 
2.9 mm, respectively. In March (90 d after incubation), the 
precipitation was ≈ 195 mm, which resulted in greater 
decomposition rate for the incubated material. In addition, 
the greater decomposition occurred when the feces were at 
10-cm depth; this was related to greater soil moisture 
variation in the soil surface, which retains less humidity, as a 
function of evapotranspiration loss, resulting in less 
microbial activity and OM decomposition (Freitas et al., 
2012). 
Lower legume preference by the animals when compared to 
the grasses, may not have affected the fecal C:N ratio, once 
no difference among treatments was observed (P = 0.4737) 
before the incubation. Lignin:N ratio explains better long-
term decomposition than other ratios (Dubeux et al., 2006).  
Thus, lignin:N ratio can be a determinant factor for the 
biomass decomposition, especially with longer incubation 
times. Nonetheless, no difference among treatments before 
the incubation (P = 0.5857) or during the decomposition 
times (P = 0.6863) was observed for lignin:N ratio. 
There was a decomposition time difference (P < 0.001) for N, 
P, and K concentrations following the single negative 
exponential model (Fig. 4), however, there was no difference 
among treatments. The relative decomposition rate (k) for 
the remaining N was 0.00043 g g

-1
 d

-1
, resulting in a net 

mineralization of 16% after 256 d of incubation when 
compared to the initial value in the samples. Hirata et al. 
(2009) developed a study in Japan with a 17°C average 
temperature and observed the N disappearance rate ranging 
from 0.0005 to 0.0016 g g

-1
 d

-1
. Silva et al. (2012) observed a 

disappearance of 0.00029 g g
-1

 d
-1

 for signalgrass plant litter. 
This value was inferior to the values found for the plant litter 
of the leguminous forage Calopogonium mucunoides 
(calopo; k = 0.0013 g g

-1
 d

-1
) and the mixture of signalgrass 

with calopo (k = 0.0024 g g
-1

 d
-1

). Nitrogen mineralization 
occurs slower in feces than in plant material; this is caused 
by greater C:N ratio and C concentration in the feces than in 
the plant material (Haynes and Williams, 1993). Considering 
that the decomposition of the residues is affected by the 
rainfall, the low precipitation may have affected the N 
disappearance rate. In addition, this nutrient (N) may have 
been immobilized during the incubation time. 
After 256 d of incubation, 60% of the P was released (k = 
0.004 g g

-1
 d

-1
). On the other hand, 99.6% of the K was 

released at the end of the incubation time, with a k = 0.0022 
g g

-1
 d

-1
. This indicates that this mineral is not related to 

more complex organic materials and is easily released by 
leaching, in contrast to N and P, which are more depended 
on microbial activity, converting into inorganic forms (Braz 
et al., 2002). 
 
Materials and Methods 
 
Experimental site 
 
The experiment was conducted at the Instituto Agronômico 
de Pernambuco (IPA), at Itambe’s Experimental Station, 
located at 07°25’S and 35°06’W, physiographic microregion 
of the dry forest zone, at 190 m above sea level, with an 
annual rainfall of 1300 mm and average annual temperature 
of 25°C (CPRH, 2003; ITEP, 2010). Annual rainfall and 
average monthly temperature during the experimental time 
(from March 2010 to March 2011) were 73 mm and 26.4 °C, 
respectively (Fig. 3). 
 
Tree legume establishment, treatments, and field 
experimental design 
 
The experimental area was allocated in a randomized 
complete block design with six treatments and four 
replicates, with each paddock measuring 660 m

2
 (33 x 20-m). 

We analyzed feces decomposition from heifers that were 
grazing signalgrass (Brachiaria decumbens Stapf.) 
monocultures or mixtures of signalgrass with tree legumes; 
sabiá (Mimosa caesalpiniifolia Benth.), leucaena (Leucaena 
leucocephala Lam.), mororó [Bauhinia cheilantha (Bong) 
Steud] or gliricídia [Gliricidia sepium (Jacq.) Kunthe], hence, 
feces from heifers grazing each one of the two monocultures 
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or one the four grass-legume combinations composed the 
six treatments. Legume seedlings were transplanted in July 
2008 to already established signalgrass pastures. They were 
planted in 10-m long double strips, with 1 m between strips 
and 0.5 m between plants in the same line; each mixed 
paddock had three double strips of tree legumes. In addition 
to the four grass-legume pastures, there were two 
signalgrass monoculture treatments; one of them did not 
have N fertilization (unfertilized signalgrass) and the other 
one received 60 kg N ha

-1
 yr

-1
 (N-fertilized signalgrass). The 

fertilization was applied two times (30 kg N ha
-1

 each 
application) as urea-N, with the first was application 
occurring at the beginning of the raining season (March 
2010) and the second one 56 days after the first. 
Six crossbred heifers (Holstein-Bos indicus); with an average 
weight of 255 ± 50.5 and an average age of 22 ± 6.4 months 
were used. The stocking rate was one animal unit (450 kg of 
body weight) per paddock with a grazing cycle of 28 days 
(seven grazing days and 21 days of regrowth interval). In all 
the paddocks, heifers had access to water and mineral salt. 
Each animal was assigned to the same treatment across 
blocks, in such a way that after seven grazing days in one 
block, they would move to the next one, coming back to the 
first block they grazed 21 days after they left the paddock. 
Using this approach, cattle had access to similar treatment 
across paddocks. 
 
Sampling of the fecal patches 
 
 
The sampling took place in March 2010, in the morning, 
during the second grazing day. Three patches were collected 
per paddock, right after each defecation event. Samples 
were collected carefully in order to not contaminate them 
with soil. The feces were placed into aluminum plates, the 
fresh weight was recorded, and then the samples were dried 
in a forced air-drying oven at 55 °C for 72 h. Thereafter, a 
composite sample of the three patches (for each paddock) 
was made. A subsample was used for the decomposition 
trial, which evaluated the organic matter disappearance and 
nutrient release in different incubation times, and another 
subsample was ground to pass in a 2-mm screen mill to 
determine the chemical composition and CO2 evolution, 
which was determined by the basal respiration of soil and 
feces mixtures. 
 
Determination of basal respiration of soil and feces 
mixtures 
 
Soil at the Experimental station was collected from 0- to 20-
cm depth, sieved to pass in a 2-mm screen, in order to 
remove fragments from animal and plant depositions. 
Thereafter, a 400-mL beaker was used to mix 300 g of soil 
with 30 g of feces ground to pass into a 2-mm sieve. The 
mixture humidity was elevated to 80% of the field capacity, 
which was kept with water reposition after five days of 
evaluation. Each beaker containing the mixture was placed 
inside a 3- L capacity bucket, together with a 50-mL beaker 
with 20 mL with a solution of NaOH 0.5 mol L

-1
. The bucket 

was then hermetically sealed to avoid the entrance of 
external CO2 or leakage of the produced internal CO2. 
The NaOH 0.5 mol L

-1
 solution was responsible to capture 

the CO2 that evolved through the respiration process, caused 

by the micro-organisms decomposition process. At each 
evaluation time, this solution was replaced for a new 
incubation. The quantification of the evolved CO2 was made 
by titration, as described by Silva et al. (2007). The trial was 
composed of 24 buckets (experimental units) in order to 
allocate six treatments with four replicates in a complete 
randomized design. Three additional buckets were used as 
blanks; they were used to determine the CO2 evolution 
standard. Treatments were the same described above in the 
sampling of the fecal patches. The incubation time was 22 d, 
with a replacement of the solution in the first seven days 
occurring each 24 h. From 7

th
 to 12

th
 day, from the 12

th
 to 

17
th

 day, and from the 17
th

 to the 22
nd

 day, the solution was 
replaced every 48, 72, and 96 h, respectively (Silva et al., 
2007).  Data were analyzed using the PROC MIXED from SAS 
(SAS Inst., 2001), and the days were considered repeated 
measures. After the ANOVA procedure, the negative simple 
exponential model was applied for the mineralized carbon in 
the mixture of soil and feces (Wagner and Wolf, 1999) using 
proc nlin from SAS. 
 
In situ cattle dung decomposition 
 
Nylon bags were used for in situ incubation of the cattle 
dung on the soil surface. The trial was performed from June 
23, 2010, to February 26, 2011, in an area located close to 
the paddocks where the samples were collected. The 
incubation times corresponded to the number of days the 
bags were incubated before their removal from the soil 
surface, and they were 0, 4, 8, 16, 32, 64, 128, and 256 days, 
with four replications per incubation time, and were 
organized in a randomized complete block design with four 
replicates. 
The nylon bags used in the trial measured 15 x 30 cm, with a 

porous space of 75 m. The bags were placed in a drying 
oven at 65 °C for 72 h and weighted thereafter. The feces 
were broken into smaller fractions (approximately 5 cm in 
diameter), and then 30 g were placed inside the nylon bags. 
The feces were not ground in order to maintain its original 
contact surface for micro-organisms activity (Dubeux et al., 
2006). 
Nylon bags with the feces were then placed above the soil 
surface, together with some empty nylon bags that were 
used as blanks for each incubation time. The blanks were 
used in order to estimate the time effect on the bag 
decomposition, and utilize this information as a correction 
factor for the other incubated materials. At the end of each 
incubation time, a brush was used to clean the nylon bags 
after they were removed from the soil, in order to clean the 
outside material on the bag surface. After that, the bags 
were dried again at 65 °C for 72 h, and once again the bags 
were weighted. The samples were analyzed for dry matter 
and ash, in order to estimate the liquid mineralization that 
occurred along the times. 
Dry matter, organic matter, and N concentration were 
determined according to the methods described by Silva and 
Queiroz (2002). Carbon concentration was determined by 
the method described by Bezerra Neto and Barreto (2004), 
and lignin was analyzed following the method described by 
Van Soest et al. (1991) in an autoclave, as described by Pell 
and Schofield (1993). The samples were submitted to 
nitroperchloric digestion (Bezerra Neto and Barreto, 2004) in 
order to determine P, K, Ca, and Mg. Phosphorous and K 
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Mehlich-1 extractable were quantified by colorimetry and 
flame photometry, respectively (Embrapa, 1979). 
Exchangeable Ca and Mg were extracted with KCl 1 mol L

-1
 

and quantified by atomic absorption spectrophotometry 
(Embrapa, 1979). 
The means for the decomposition times were analyzed using 
the PROC MIXED from SAS (SAS Inst., 2001). After the 
ANOVA, a single exponential model was used to determine 
the percentage of biomass disappearance, on OM basis, 
remaining N, C:N, C:P, and lignin:N ration, which was 
described by the equation:  

𝑌 = 𝐵0𝑒−𝑘𝑡 
Where: Y in the proportion of remaining biomass (or 
nutrient) at the days t, B0 is the disappearance constant and 
the k is the relative decomposition rate.  
 
Conclusions 
 
Decomposition of feces from heifers grazing N-fertilized 
signalgrass pastures was greater than feces from heifers 
grazing on signalgrass-tree legume pastures after 256 d of 
incubation. In the beginning, the feces decomposition was 
accelerated by the presence of legumes in the pastures, 
resulting in a greater CO2 emission. The microbial activity 
was reduced along the incubation time, resulting in a more 
stable decomposition. 
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