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Our study aims to assess the kinetic of the decomposition and nutrient mineralization process of 
organic manures from pigs’ dejection. A litter bag study was carried out during 12 weeks following 
decomposition and nutrient release process in ferralitic soil in southern Benin (West Africa). 200 g of 
pigs’ manures from four groups of pigs fed with four diets were considered as treatments: T1 
(recommended diet composition, consisted of 15% Azolla pinnata + 55% provender + 5% coconut copra 
+ 5% oil palm + 5% soybean bran + 10% rice bran + 5% kitchen waste), T2 (partially improved diet with 
Azolla pinnata, consisted of 30% Azolla pinnata + 65% rice bran + 5% oil palm), T3 (improved diet with 
Azolla pinnata, consisted of 47.5% Azolla pinnata + 47.5% rice bran + 5% oil palm), and T4 (improved 
diet with cereal bran, consisted of 15% Azolla pinnata + 40% rice bran + 40% wheat bran + 5% oil palm). 
Animals of six months age were fed during three months. A randomized complete block design with 
three replicates was set up for litter bag study. One component exponential decomposition model y = 
y0e

-kt
 was found for all treatments. Nutrient mineralization was slow in the soil. Less than 50% of the 

pigs’ manures were decomposed after 12 weeks. In addition, manure from treatment T1 was richer in K, 
Ca and Mg than manures from treatment T3. High quantity (42.65%) of N was released in treatment T3.  
Pigs fed with diet enriched with Azolla produce manure which has released high N proportion in the 
soil. This is an opportunity to sustain food crop production. 
 
Key words: Pigs’ diet composition, Azolla pinnata, soil fertility, organic manure, decomposition rate. 

 
 
INTRODUCTION 
 
Soil and water pollution due to intensification of livestock 
breeding  is  one  of  the  concerns  in  agricultural  sector 

(Follett and Delgado, 2002; Bokossa et al., 2014a). This 
is attributed to  an  increase  quantity  of  nitrate  released
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from the decomposition and mineralization of the organic 
manures produced (Pilar et al., 2005) which are used to 
improve soil fertility. Better management of these sources 
of nutrient especially during plant growth could avoid 
such situation and improve productivity in the depleted 
soils (Kaleem et al., 2007; Inckel et al., 2007; Bernal et 
al., 2009). It is recognized that, most of the tropical soil 
especially the ferralitic soils are poor in organic matter 
which is relevant to sustain soil fertility (Merckx et al., 
2001). Nutrient deficiency problem in the sub-Saharan 
Africa’s soil is well known and sufficiently documented. 
Also, N release from organic waste mineralization in 
agriculture has been successfully studied (Vasconcelos et 
al., 1999; Cordovil et al., 2007; Amadji et al., 2009). 
Nevertheless as mentioned (Merckx, 2002), emphasis 
must be put in the quality of these organic inputs to 
enhance crop production. 

In Benin (West Africa), the organic manure widely used 
in agricultural sector to enhance crop production is 
poultry manure due to its high quality (Amadji et al., 
2009). Furthermore, pigs’ manure is also an opportunity 
for soil fertility replenishment as pigs breeding is an 
important activity in Benin agricultural sector (Accodji et 
al., 2009) leading to an important quantity of dejection 
produced. Development of strategies to recycle nutrient 
from these organic wastes is a challenge as most of the 
agricultural soils in southern Benin are depleted (Saïdou 
et al., 2003). Furthermore, study of Bokossa et al. 
(2014b) revealed that when pigs are nourished with diet 
of high nutritious ingredient such as Azolla filiculoides, 
the chemical quality of the manures produced are 
improved. 

Nutrients released from organic waste mineralization 
have been of interest (Vasconcelos et al., 1999; Vagstad 
et al., 2001; Evers, 2002; Cordovil et al., 2007; Amadji et 
al., 2009). But no information is available on the amount 
of nutrients recycled in short term in the soil when the 
manures are from pigs nourished with diet enriched with 
Azolla, although such information is essential to quantify 
maximum rates of decomposition and mineralization. 
Therefore, knowledge on the kinetic of the decomposition 
and nutrient release pattern of this organic manure is of 
importance. In fact, knowing the kinetic of the 
mineralization process, one could overlap the amount of 
nutrient released and plant nutrient requirement. It will 
also be used as a tool to integrate current knowledge to 
quantify the amount of organic manure to be applied 
during fertilization or to predict organic matter dynamics 
in the soil to enhance crop production. 

The principle of first-order kinetics (Henin and Dupuis, 
1945) has been widely adopted in modeling organic 
matter mineralization. There are nowadays several 
literatures on litter decomposition. Many studies have 
been carried out under laboratory conditions (Palm and 
Sanchez, 1991; Tian et al., 1992; Lupwayi and Haque, 
1998) or under field conditions but with plant residues 
(Handayanto et al.,  1994;  Mwiinga et al., 1994;  Oglesby  

 
 
 
 
and Fownes, 1992; Wieder et al., 2009; Liu et al., 2009). 
However, in Benin there is no study on the decomposition 
of pigs’ manures in the soil. 

The present study aims to: (i) assess the 
decomposition pattern of different types of pigs’ manure 
in a ferralitic soil, (ii) determine the kinetics of 
mineralization of different types of pigs’ manure in a 
ferralitic soil and finally, (iii) assess the amount of N, P, K, 
Ca and Mg released regarding the types of pigs’ manure. 
 
 

MATERIALS AND METHODS 
 
Experimental site 
 
The experiment was carried out on the site of the Laboratory of 
Research on Wetlands (LRW), Department of Zoology, Faculty of 
Science and Technique, University of Abomey-Calavi, Benin (West 
Africa). It is located at Abomey-Calavi between 6° 24’ 53.3’’ N; 2° 
20’ 18.8’’ E and 6° 24’ 53.4’’ N; 2° 20’ 18.5’’ E and 9 masl.  The area 
is characterized by sub-equatorial climate with two rainy seasons 
(March to end of July and mid-September to November) and two 
dry seasons (August to mid-September and December to March). 
The area is dominated by ferralitic soil presenting the following 
characteristics: pH (water) (6.49 ± 0.04), total-N (0.08 ± 0.00 %), P-
Bray 1 (15.00 ± 0.02 mg/kg) and exchangeable K+ (0.12 ± 0.01 
cmol/kg), Ca2+ (2.33 ± 0.05 cmol/kg) and Mg2+ (0.73 ± 0.03 
cmol/kg). Azolla pinnata an aquatic fern used to enrich pigs’ diet 
was produced during three months (April to end of June, 2014) in a 
pond set up at the experimental site. 
 
 
Pigs feeding and manure collection 
 
Pigs feeding and manures collection according to the types of diet 
served to the animal were carried out on the experimental site 
following the same procedure as in our previous study (Bokossa et 
al., 2014a). The manures were daily collected and mixed according 
to the diet served. They were collected during the feeding 
experiment from April to June, 2014 and air dried at ambient 
temperature. About 50 kg of dejection were collected per type of 
diet. The diets were made based on results from experiments 
carried out by Accodji et al. (2009). The diets consisted of 
recommended diet composition (T1): 15% A. pinnata + 55% 
provender + 5% coconut copra + 5% oil palm + 5% soybean bran + 
10% rice bran + 5% kitchen waste; partially improved diet with A. 
pinnata (T2): 30% A. pinnata + 65% rice bran + 5% oil palm; 
improved diet with A. pinnata (T3) : 47.5% A. pinnata + 47.5% rice 
bran + 5% oil palm; and improved diet with cereal bran (T4): 15% A. 
pinnata + 40% rice bran + 40% wheat bran + 5% oil palm. Four 
white landrace pigs of six months old per type of diet were 
considered leading to 16 animals used in total. Table 1 presents the 
chemical composition of the different types of manure studied. 
 
 

Experimental design and decomposition process 
 

A completely randomized block design with three replications was 
set up. The treatments consisted of different types of dry manure 
collected from the feeding experiment. Manure bag decomposition 
used in this experiment was made of nylon mosquito wire with a 
mesh size of 1 mm due to the powder condition after drying of the 
manures. The nylon was set up in the soil (0 to 15 cm depth where 
biological activities are intense) and also adapted from litter-bag 
techniques (Hartemink and O’sullivan, 2001). For each treatment, 
12 manure nylon bags were filled with 200 g  oven  dried  (at  65°C)
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Table 1. Chemical characteristics of pigs’ manures (composite sample) regarding the composition of 
the diets used to feed the animal. 
 

Treatments 
Nutrient content (g kg

-1
) in the pigs’ manures 

C N P K Ca Mg 

T1 261.87 15.35 5.40 7.25 6.15 5.85 

T2 294.45 14.42 4.78 4.65 5.81 4.99 

T3 375.86 17.02 6.12 4.89 4.58 4.52 

T4 267.24 14.12 4.92 5.11 5.72 5.69 
 

T1 = Pigs nourished with recommended diet composition; T2 = Pigs nourished with diet partially improved 
with Azolla pinnata; T3 = Pigs nourished with diet improved with Azolla pinnata; T4 = Pigs nourished with 
diet improved with cereal bran. 

 
 
 
manure material. Manure nylon bags were randomly placed in the 
soil (6 lots in total) which were sampled each fortnight that is on 15, 
30, 45, 60, 75 and 90 days of decomposition, with one manure 
nylon bag randomly selected from each lot and transported to the 
laboratory for the analysis. During each sampling period, three 
manure nylon bags per treatment were collected. Furthermore, non-
decomposed manures in each nylon bag were carefully put in 
crucible aluminum after removing the nylon bag and oven dried at 
65°C for 72 h to determine manure mass remaining at the 
Laboratory of Wetland Research. The samples were then weighted 
to determine the weight lost. Samples were ground (mesh; 1 mm) 
and sent to the Laboratory of Soil Science Water and Environment 
of Benin National Agricultural Research Institute (LSSEE/INRAB) at 
Agonkanmey (Benin) for nutrient analysis. 

 
 
Manure analyses  

 
Manure analyses were carried out on the non-decomposed pigs’ 
manures. Methods used for the analyses of the non-decomposed 
manures were that described by NF EN 14082 norm used at the 
LSSEE/INRAB’s laboratory. The analyses were performed on: 
organic carbon (dry ashing in a muffle furnace at 550°C for 24 h 
then, organic matter was determined by the difference between the 
treated sample and the mass of ash obtained which was assigned 
an empirical coefficient of 2). The ash obtained was used for the 
determination of Ca, Mg, K and P content. It was gathered in 6 N of 
HCl involving a period of heating at 125°C then the residue was 
dissolved in 1 N of HNO3. Ca, Mg and K were determined by atomic 
absorption spectrophotometry and P was measured colorimetrically 
by ammonium molybdate with ascorbic acid at a wavelength of 660 
nm. 

 
 
Data analysis 

 
Several models (linear, parametric and exponential) were tested 
using EXCEL software. We also consulted studies performed by 
Wieder et al. (2009) and Liu et al. (2009) on litter decomposition at 
different times during the year. It was finally found that the single 
component negative exponential decay model provided good fit for 
the different types of pigs’ manure decomposition pattern in the soil 
over the complete time of observation. The statistical analyses were 
performed using SAS 9.2 package. Analysis of variance was run on 
the decomposition data, nutrient released in the soil considering 
periods of decomposition and treatments (types of manure) as main 
factors, standard errors of the difference in means were calculated. 
Student Newman-Keuls test was performed to compare  differences 

in means among treatments. All significance levels were set at P < 
0.05 and P < 0.05. 

 
 
RESULTS 

 
Decomposition pattern of the different types of pigs’ 
manure in the soil 

 
The decomposition patterns, that is, mass remaining of 
the different types of pigs’ manure are presented in 
Figure 1. After 15 and 30 days of decomposition, the 
graphs show similar and slow decomposition rate pattern. 
In general, at 75 and 90 days of decomposition, almost 
manure from pigs nourished with recommended diet (T1 
with less Azolla) decomposed fast. 76.9 and 61.3% of 
non-decomposed residues were found after 75 and 90 
days of decomposition, respectively. Furthermore, 
manure from pigs nourished with partially improved diet 
with Azolla (T2) presented the highest non-decomposed 
residues. The graph shows that, the decomposition 
process was uncompleted over the period of experiment. 
In total, manure T1 presented the highest decomposition 
rate. No significant differences (P > 0.05) were found 
between manures T3 and T4 during the decomposition 
periods. 

 
 
Kinetic of the decomposition and mineralization of 
the pigs’ manures in the soil 

 
Except for the amount of the remaining P, the one 
component model y=a*e

-*kt
 presented good fit for all 

parameters (coefficient of determination R² over 80%) 
where y (%) is the mass fraction of the remaining manure 
in the litter bag (wi *100/w0) at a specific time (t), k is the 
decomposition constant a is a coefficient and t is the time 
(in days). Table 2 presents the exponential functions 
describing nutrients that remained in the manures during 
the decomposition process in the soil at different periods. 
In   general,   considering     the    types   of   manure  the  
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Figure 1. Decomposition pattern in the soil of manures from pigs nourished with different types of diet. Note: T1 = 
Manure of pigs nourished with recommended diet composition; T2 = Manure of pigs nourished with diet partially 
improved with Azolla pinnata; T3 = manure of pigs nourished with diet improved with Azolla pinnata; T4 = manure of 
pigs nourished with diet improved with cereal bran. 

 
 
 

Table 2. Exponential functions describing mass loss and nutrients remaining after decomposition of the pigs’ manures nourished 
with different diets. 
 

Types of manure Parameter Fitted models
1)

 R
2
 

T1 (Recommended diet composition) 

Mass loss y = 110.48e
-0.069t

 0.86* 

C y = 266.67e
-0.019t

 0.85* 

N y = 15.241e
-0.059t

 0.87* 

P y = 4.9686 e
-0.077t

 0.77ns 

K y = 4.8813e
-0.19t

 0.61ns 

Ca y = 5.4606e
-0.214t

 0.82* 

Mg y = 5.018e
-0.089t

 0.66ns 

    

T2 (Partially improved diet with Azolla pinnata) 

Mass loss y = 101.18e
-0.014t

 0.64ns 

C y = 302.09e
-0.019t

 0.96** 

N y = 14.403e
-0.065t

 0.83* 

P y = 4.7498e
-0.055t

 0.87* 

K y = 4.2837e
-0.152t

 0.85* 

Ca y = 4.868e
-0.124t

 0.69ns 

Mg y = 5.5995e
-0.14t

 0.97ns 

    

T3 (Improved diet with Azolla pinnata) 

Mass loss y = 99.991e
-0.021t

 0.79 ns 

C y = 380.06e
-0.017t

 0.97** 

N y = 16.86e
-0.087t

 0.90* 

P y = 6.018e
-0.079t

 0.88* 

K y = 4.2898e
-0.16t

 0.81* 

Ca y = 4.4464e
-0.133t

 0.86* 

Mg y = 4.4397e
-0.086t

 0.89* 
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Table 2. Contd. 
 

T4 (Improved diet with cereal bran) 

Mass loss y = 101.56e
-0.03t

 0.96** 

C y = 270.36e
-0.027t

 0.95** 

N y = 14.319e
-0.057t

 0.93* 

P y = 5.4557e
-0.091t

 0.95* 

K y = 6.9717e
-0.262t

 0.97** 

Ca y = 4.7782e
-0.164t

 0.76 ns 

Mg y = 5.6245e
-0.137t

 0.91* 
 

ns = not significant; * = P < 0.05; ** = P < 0.01 
1):

 y = Mass fraction of the remaining manure or nutrients (%) after decomposition at a 
specific time (t in day). 

 
 
 
coefficients of determination varied between 0.64 and 
0.96 for the mass losses while it varied from 0.61 to 0.97 
for the remaining nutrients regarding the treatments. 
Therefore, the exponential model was the best way to 
explain the kinetic of the decomposition and 
mineralization process of the studied manures in the soil. 
It was also notice that the initial composition of the diets 
influenced the decay equation. Thus, a, is constant which 
varied from one diet to another and from one nutrient to 
another. 
 
 
Nutrient remains in the pigs’ manures after 
decomposition regarding the different periods of 
measurement 
 
Changes in nutrients concentration in the different types 
of manure during the periods of measurement are 
presented in Figure 2. Carbon content in the manures 
varied significantly (P < 0.05) according to the types of 
pigs’ manure. Manure from diet improved with Azolla (T3) 
showed high carbon content compared with manures 
from recommended diet composition (T1) and that 
improved with cereal bran (T4), respectively. Nitrogen 
content decreased sharply in the different types of 
manure, although no significant (P > 0.05) difference was 
found among treatments. Manure from treatment T3 (rich 
in Azolla) released higher quantity of nitrogen  than 
treatments T1 and T4. The highest amount of Ca and K 
released were found in treatment T4 while the lowest 
were found in the treatment T2. As for the amount of 
phosphorus released, treatment T1 showed the higher 
amount compared to treatment T2. 
 
 
DISCUSSION 
 
Performance of the one component model y = ae

-kt
 

used to predict decomposition and mineralization 
processes 
 
After testing, numbers of model (exponential, linear, 
logarithmic and  polynomial),  exponential  one  (y = ae

-kt
) 

provided good fit for the decomposition of the manures 
studied. Previous studies already focused on exponential 
equation to describe the kinetic of litter decomposition 
(Kortleven, 1963; Godshalk, 1977; Hartemink and 
O’Sullivan, 2001; Kayuki and Wortmann, 2001; Johnson 
et al., 2007; Wieder et al., 2009; Liu et al., 2009; Rivas et 
al., 2014). Our results corroborate those of Kayuki and 
Wortmann (2001). Furthermore, Adair et al. (2008) 
already reported that, several factors must be taken into 
account before a model can give a precise prediction of 
the decomposition process. This is so relevant that 
Hartemink and O’Sullivan (2001) introduced in their 
model abiotic parameters for good prediction of the 
decomposition rate. The model proposed by Hartemink 
and O’Sullivan (2001) is efficient for long term 
decomposition with materials rich in lignin, hemicellulose 
and polyphenol. Therefore, it cannot be a suitable model 
to predict decomposition process with product poor in 
carbon as pig manure. Equation used in the present 
study regarding the types of manure has the merit to 
contribute in better prediction of the decomposition in the 
soil for the improvement of soil property to enhance crop 
production. By managing this model in a better way, one 
can overlap plants nutrient requirement and the amount 
of nutrient released. 
 
 
Nutrient release patterns regarding the quality of 
manures 
 
On the whole, nutrient released after the decomposition 
process are regular over the time, probably due to the 
same microorganism population in the decomposition 
bag. Our results have shown that for N, due to the quality 
of the material in decomposition in all treatments, one 
can predict mineralization to the detriment of 
immobilization. Our results are in agreement with those of 
Smith et al. (1998). These authors found in the earlier 
stage of decomposition a slow decay rate due to bag with 
1 mm mesh size used which had excluded soil 
macrofauna during the decomposition process. 
Furthermore, our results with this nutrient is in 
accordance with study on chicken manure. In  fact,  Chen  



 

78         J. Soil Sci. Environ. Manage. 
 
 
 

 
 
Figure 2. Changes in nutrient concentration (g kg-1) during decomposition process of manures from pigs nourished with different diets  Notes: T1: pigs nourished with recommended 
diet composition; T2: pigs nourished with diet partially improved with Azolla pinnata; T3: pigs nourished with diet improved with Azolla pinnata; T4: pigs nourished with diet improved 
with cereal bran. 

 

 
 
et al. (2015) found a gradual decrease of C/N ratio 
of chicken litter after several months’ storage, 
while N showed some fluctuation. Soil moisture 
content plays an important role in the 
decomposition process of the organic material. As 
a matter of fact, Deressa  (2015)  working  on  soil 

treated with improved cattle slurry manure with 
additive manure found similar carbon and nitrogen 
mineralization patterns. The author concluded that 
both temperature and soil moisture affect carbon 
and nitrogen mineralization. It can be concluded 
that  the  exponential  model  used   in   this  study 

described well the N release pattern as indicated 
by significant (P < 0.05) R² value found. 

The present results with the amount of P 
released are similar to those of Kayuki and 
Wortmann (2001). These authors explained the 
low  amount  of  P  released  by  high   lignin   and  



 

 
 
 
 
polyphenol content in the plant material in decomposition. 
Despite the low P released in the pigs’ manures, the 
exponential model accounted for value > 85% for all 
treatments except manure T1. As all of the diets 
containing Azolla, rice bran and wheat bran, the low 
amount of P released during our experiment could be 
probably due to recalcitrant fraction in the plant material 
such as lignin and polyphenols. 

The patterns of the amount of K released were similar 
in all treatments. At the end of the experiment 70 to 80% 
of the initial K content in all the manures was released 
showing the easiness of K to be released in the pigs’ 
dejection. This result backs up those of Swift et al. 
(1981), Palm and Sanchez (1990), Tian et al. (1992), 
Thomas and Asakawa (1993), and Kayuki and Wortmann 
(2001). Furthermore, the coefficients of determination R² 
varied between 0.61 and 0.97, this shows the 
performance of the exponential model to predict the 
amount of K which will be released during the 
mineralization process. This finding is important in 
agriculture as it allows better estimation of the quantity of 
the pig manure to be applied in order to satisfy plant 
requirement during stage of growth and development. 
Furthermore, knowing the fast leaching of K (Saïdou et 
al., 2003), a good management practice is required as 
farmers could overlap plant requirement to the period that 
sufficient amount of the nutrient will be released. 

Concerning the amount of Ca released, our results are 
almost opposite with those of Swift et al. (1981) who 
studied plant material decomposition. In fact, these 
authors found a slow release of Ca from plant material in 
decomposition even those of leguminous. This could be 
explained by the nature of the manures tested which 
undergo primary transformation in the animal digestive 
tube under the effect of some microorganisms. This 
transformation in the animal stomach could have led to a 
quick Ca release while slow release of Ca is mostly 
observed with plant materials (they are rich in lignin, 
phenol, polyphenol) that decompose slowly in the soil 
due to their high C/N ratio. 

The release of Mg was rapid after the first fortnight. Our 
results are not in agreement with those of Swift et al. 
(1981) who found a slow release of Mg in plant materials. 
However, one could explain this difference by the nature 
of the manures compared with plant materials. 

Finally, the present study apart from its short duration, 
the results showed relatively moderate (N and P) to high 
(K, Ca and Mg) released. Weather condition had probably 
played an important role as the bag mesh sizes were 
small which has probably enhanced microorganism 
activity. However, as mentioned by Salanitro et al. (1977), 
pig slurry contains about 3 to 6 × 10

10
 bacteria per gram 

and these microorganisms play key role in the 
mineralization process. Furthermore, slow release of C, N 
and P was found in the soil compared to K, Ca and Mg. 
This is an interesting result knowing the characteristic of 
N and P in tropical soils especially in ferralitic soil. In  fact, 
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a fast released of N could lead to N leaching and 
volatilization (as NH3) to the detriment of the plant when 
the rooting system is not yet well developed to benefit the 
total amount of N released rapidly. Furthermore, tropical 
ferralitic acid soils were known for their low available P 
content (Mokwunye and Bationo, 2002; Koné et al., 2009, 
2010) due to the fact that major portion of the ion 
exchange complex of the African soils is formed by the 
oxides (and hydroxides) of iron and aluminum 
responsible for the fixation of soluble P. Therefore a slow 
released of this nutrient may be favorable for the plant. 
The fast released of K, Ca and Mg will be in the 
disadvantage of the plants as in 90 days decomposition 
of the manures, more than 50% of the initial content of 
these nutrients will be probably lost through leaching or 
erosion. A good management of pigs’ manure to sustain 
plant production in the ferralitic soil could be a splitting 
supply in order to overlap plant nutrient requirement with 
the amount of nutrient effectively released. 
 
 
Conclusion 
 
The present study has shown that the single component 
exponential decomposition model y = a*e

-kt
 was a good 

function to predict the decomposition and mineralization 
processes of pigs’ manures. This model was also 
accurate to describe the amount of nutrients release 
during the mineralization process. More N was released 
with treatment T3 (manure from pigs nourished with diet 
enriched with Azolla) compared with treatment T4 
(manure from pigs nourished with diet improved with 
cereal bran). The release of P was higher in manure T1 
than in manure T2 after 12 weeks. Potassium release 
was most rapid in manure T1 compared to manures T3 
and T2 after the first two weeks of decomposition. 
Calcium was released slowly than P and easier than N. 
Manure T1 released the highest amount of Ca while, the 
lowest was found in treatment T2. 

In general, for all of the manures studied, C, N and P 
were released slowly in the soil compared with K, Ca and 
Mg. This is an interesting result knowing the low level of 
N and P in ferralitic soil. For a good management of this 
manure, one must split the quantity to be applied due to 
the fast release of certain nutrients. 
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