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Abstract 
In today’s environment where agriculture needs to produce sustainably, lo-
cal fertilizer resources must be encouraged to achieve multiple crop per-
formance and environmental goals. The purpose of this study was to inves-
tigate the effects of combined inputs of biowaste and inorganic fertilisers on 
the mineralization of carbon and nitrogen of a Lixisol under continuous 
upland rice growing conditions. To this end, agronomic trials were set up in 
2018 and 2019, using a Fisher randomized complete block design with 6 
treatments and four replications at Farako-bâ research station. The treat-
ments were: T1 (Control), T2 (NPK + Urea), T3 (7500 kgha of Chicken 
droppings); T4 (7500 kg/ha of chicken droppings + 100 kg/ha of urea); T5 
(7500 kg/ha of chicken droppings + 500 kg/ha of Burkina Phosphate); T6 
(7500 kg/ha of chicken droppings + 500 kg/ha of Burkina Phosphate + 100 
kg/ha of urea). Highest respirometry was observed in treatments T3, T4 and 
T6 and treatment T4 significantly increased the mineralization coefficient 
by 15% after 21 days of incubation. T4 and T6 resulted in increases in am-
monium ion of 74.15% and 100%, respectively, compared to the control. 
Likewise, treatments T4 and T6 resulted in a significant increase in nitrate 
ion of 104.83 and 103.25%, respectively. Biowaste combined with inorganic 
fertilizers may have a capacity to improve the availability of leachate nu-
trients under upland rice conditions. 
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1. Introduction 

In Burkina Faso, the decline in cereal crop yields is a reflection of declining soil 
fertility and unstable climatic conditions [1]. Chemical and physical poverty 
leading to loss of nutrients and organic matter reserves is the major cause of re-
duced agricultural production [2]. Soil organic matter content (SOM) is the 
main indicator of fertility, due to its impact on soil chemical, physical and bio-
logical properties [2]. SOM increases aeration and water holding capacity, pro-
vides habitat for soil organisms that feed the nutrient cycle, conserves and pro-
vides essential nutrients for crop productivity [3]. Organic matter inputs main-
tain or replenish soil organic matter reserves [4] [5] and improve the phys-
ico-chemical properties of soils, which results in direct and indirect effects on 
crop growth and yield [6]. Thus, ensuring more stable and sustainable soil pro-
ductivity helps to reduce producers’ dependence on external inputs such as 
mineral fertilizers [7]. Often, farmers use mineral fertilisers to compensate the 
lack of organic matter such as manures in their farms [8]. However, those min-
eral fertilisers are not always accessible due to the price or availability [9]. Pre-
vious studies showed that the effects of organic manures on soils in Sub-Saharan 
Africa do not last for long due to rapid decomposition [10]. In addition, the use 
of inorganic fertilisers also has its own downside, including soil acidity, leaching 
of nutrients, weakening of soil structure [11]. Therefore, there is a need to im-
prove approaches of sustainable soil fertility management in Sub-Saharan Africa 
in general and Burkina Faso in particular. 

In this context, the use of integrated crop-livestock systems should be en-
couraged, as they have been shown to improve the cyclical uptake of nutrients in 
pasture, cropland and fattened livestock in the barn [12]. Crop-livestock integra-
tion contributes to improving the economic performance of farms while main-
taining soil fertility and reducing their exposure to risks such as feed shortage 
[13]. However, most of the studies on crop-livestock integration have focused on 
large animals that can provide not only farm labour (ploughing, transport) but 
also a lot of manure at the level of barns and improved pastures [14]. Poultry, for 
example, has not been sufficiently taken into account in the research on 
crop-livestock integration. Yet, poultry droppings account for between 26.46% 
and 35.72% of organic manure production, and contribute to fertilising nearly 
4.50% of the total cultivated area of farms in Burkina Faso [15]. Furthermore, 
studies by [16] showed that poultry manure was particularly rich in nitrogen (N 
= 2.58%) and total phosphorus (P = 2.73%), compared to cattle dung (N = 1.96% 
and P = 0.96%), goat dung (N = 1.61% and P = 1.06%) and sheep dung (N = 2% 
and P = 0.90%). According to [17], poultry manure releases nitrogen faster than 
livestock manure when applied to soil. What are effects of bio-waste on the car-
bon mineralisation coefficient and nitrogen mineralisation are scarce in Burkina 
Faso. The objective of this study is twofold: firstly, to study the synergistic influ-
ence of bio-waste and mineral fertilisers on carbon mineralisation and the car-
bon coefficient, and secondly, to study the effect of this combination on the ni-
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trogen mineralisation of a leachate under upland rice growing conditions in the 
south Sudan zone of Burkina Faso. The importance of this work is to contribute 
to the valorisation of locally available bio-waste and Burkina phosphate in order 
to improve the yield of upland rice while reducing production costs. 

2. Material and Methods 

Plant material and fertilisers 
The rice variety used was FKR59 (WAB 99-84), originating from the Campi-

nas Agricultural Institute in Sao Paulo (Brazil). It has 95 - 100 days duration 
from sowing to maturity with a potential yield of 5000 kg/ha [18]. The seeds 
used for the study were offered by the rice breeding Programme at Farako-ba 
Research Station. Chicken droppings were obtained from poultry farms located 
in the peri-urban area of Bobo Dioulasso. Compost was produced at the experi-
mental station. Burkina Phosphate was obtained from the Regional Directorate 
of Agriculture of the Hauts-Bassins region, and mineral fertilisers (NPK = 
14-23-14 and Urea = 46% N) were purchased locally from retailers. Chicken 
manure with N = 3.09%; total Phosphore = 2.56 mg∙kg−1 of soil; total Potassium 
= 1.43 mg∙kg−1; C/N = 12.33); Compost (N = 2.18%; total Phosphore = 0.026 
mg∙kg−1; total Potassium = 1.8 mg∙kg−1; C/N = 10.79); Burkina Phosphate with: 
P2O5 = 25.38%; CaO = 34.45%; MgO = 0.27% Ferral = 6.5%; SiO2 26.24%. 

Experimental design and trial implementation 
The trial was set up in a Fisher randomised complete block design with 6 

treatments (Table 1) and 4 replications. The fertilisation treatments were each 
applied to 9 m2 plot. The recommended mineral fertilisation of 200 kg/ha of 
NPK (14-23-14) was applied 14 days after sowing, and 100 kg/ha of urea (46% 
N) applied in two instalments: 35% of the dose (35 kg/ha) at 30 days after sowing 
and 65% of the dose (65 kg/ha) at 45 days after sowing. Rice straw compost 
(5000 kg/ha) and Burkina Phosphate (500 kg/ha) were applied 5 days before 
sowing. Chicken droppings at a rate of 7500 kg/ha were split, with two-thirds of 
the rate (5000 kg/ha) applied 5 days before sowing and one-third of the rate 
(2500 kg/ha) applied 45 days after sowing. Rice seeds were sown at 0.20 m × 0.20 
m spacing. The same operation was repeated each year. Land preparation con-
sisted of clearing and flat ploughing. At the time of ploughing, the straws were 
buried and harrowing was carried out immediately afterwards. Table 2 shows 
the chemical content of the soil and chicken droppings. Carbon Mineralisation 
For carbon mineralisation, the respirometric test was used. The purpose of this 
test is to assess the biodegradation and mineralisation capacity of soils. We used 
the design described by [19] and adapted by [20]. This method makes it possible 
to measure the mineralisation of organic matter incorporated into the soil on a 
daily basis during an incubation period by measuring the carbon of the released 
carbon dioxide (C_CO2). The major innovation in this study was the use this 
method under upland rice production with chicken droppings. To do this, soil 
samples were taken before sowing. Carbon dioxide dosage was performed  
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Table 1. List of treatments applied during the trial. 

T1: Control without manure: N-P-K (0-0-0) 

T2: NPK + Urea: N-P-K (74-46-28) 

T3: Chicken droppings: N-P-K (231.75-192-107.25) 

T4: Chicken droppings + Urea: N-P-K (277.75-192-107.25) 

T5: Chicken droppings + Burkina Phosphate: N-P-K (231.75-318.9-107.25) 

T6: Chicken droppings + Burkina Phosphate + Urea: N-P-K (277.75-318.9-107.25) 

 
Table 2. Soil particles and chemical content of the soil, poultry manure and compost. 

 
Parameters Soil Chicken Droppings 

Granulometry (%) 

Clay 11.55 - 

Silt 14.84 - 

Sands 73.6 - 

Chemical Parameters 

pH_H2O 5.43 6.91 

OM (%) 0.95 37.6 

N_total (%) 0.053 3.09 

C/N 10.36 12.33 

P_total (mg∙kg−1) 95.6 2.56 

P_ass (mg∙kg−1) 2.54  

K_total (mg∙kg−1) 937.81 1.43 

K_dispo (mg∙kg−1) 47.80 - 

CEC (Cmol.kg−1) 1.72 - 

SBE (Cmol.kg−1) 1.01 - 

Saturation rate (%) 59.03 - 

N_Total: Total Nitrogen; C/N: Carbon/Nitrogen ratio; P_Total: Total Phosphorus, 
K_Total: Total Potassium; OM: Organic Matter; SBE: exchangeable bases; CEC: Cation 
Exchange Capacity. 

 
according to the technique recommended by [21] with minor modifications. Soil 
samples were dried under shelter (shade) and sieved to 2 mm. Subsequently 100 
g of soil moisturised with two-thirds field capacity was placed in hermetically 
sealed one-litre jars containing a C-CO2 trap, consisting of 10 ml of 0.1 N caustic 
soda and a flacon of water to moisten the ambient environment. A control was 
used per replicate, consisting of one flacon containing only soda and another 
containing only distilled water. Controls were placed under the same conditions 
to account for the initial carbonisation of the soda in the jar and blocking errors. 
To maintain the same temperature for the duration of the incubation, the jars 
were kept in an oven at 31.5˚C. The C-CO2 released is determined daily by col-
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orimetry for three weeks, using 0.1 N hydrochloric acid and phenol phthalein 
(colour indicator) [22]. At the time of dosing, barium chloride (BaCl2) is used to 
avoid the fixation of atmospheric CCO2 by the soda exposed in the beaker. If Q1 
represents the quantity of HC1 (ml), N/10 used for the control jars and Q2 the 
quantity of HC1 N/10 used for the jars containing the moistened soil, the weight 
P in mg of CO2 released per 100 g of soil is given by the formula of [22]: 

( )P Q1 Q2 2.2= − ×                        (1) 

As 2.2 g of CO2 corresponds to 1 ml of HCI N/10. 
Carbon mineralisation Coefficient 
The soil carbon mineralisation coefficient is defined as the percentage of car-

bon that can be mineralised as CO2 under certain conditions. 
The carbon mineralisation coefficient is that proposed by [22]: 

2 2C_CO C_CO
100

C C_Total
= ×                      (2) 

where C_CO2 represents the quantity expressed in mg of carbon of carbon diox-
ide released in seven days for a 100 g sample of soil under the defined experi-
mental conditions; C-total represents the total carbon determined by the method 
of [23] and is also expressed in mg per 100 g of soil. 

In situ mineralisation of nitrogen 
We used the in situ neat nitrogen mineralisation method adapted from [24], 

which consisted of in situ soil incubation followed immediately by mineral ni-
trogen extraction. The principle of which is as follows: a soil sample was rein-
corporated in a polyvinyl chloride cylinder, fitted with a lid at the top and a very 
fine mesh at the bottom to prevent leaching and disturbance by soil fauna. The 
sample was then placed back into the sample hole in situ and left in place for a 
fortnight. The results of in situ nitrogen mineralisation enable an approximate 
quantification of neat mineralisation and neat ammonification during a crop cy-
cle. It is hypothesised that this net mineralisation represents the main source of 
plant available nitrogen that is likely to be lost. The evolution of mineral N dur-
ing the period considered (a complete crop cycle of rice under upland rice con-
ditions) was studied. The monitoring was carried out in six situations with a 
15-days interval. Mineral nitrogen was monitored over a 5-weeks (75-day) in-
cubation period with 2 dosages every two weeks. The mineral nitrogen was ex-
tracted by 1 M potassium chloride (KCl) solution before and after two weeks of 
incubation. In each of the six elementary plots (Control, NPK + Urea, CD, CD + 
Urea, CD + BP, CD + BP + Urea) two incubation cylinders were placed in order 
to obtain a better coverage. This design enables the description of the “dynamics” 
of +

4N _ NH ; 3NO−  in the soil from the results of the mineral nitrogen dosage 
in the successive samples, the measurement of the ammonification rate and, as 
consequence, the net ammonification in situ. Thus, the following parameters can 
be calculated 1) the mineralization of organic matter in the soil under upland 
rice, disregarding nitrogen inputs by rain, symbiotic fixation and losses by vola-
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tilization, leaching, erosion and denitrification, 2) the mineralization in the 
presence of mineral fertilizer, 3) the mineralisation in the presence of Chicken 
droppings alone, 4) the mineralization in the presence of Chicken droppings, 
Natural Phosphate (Burkina phosphate) and Urea. Three samples were taken from 
the time of planting to maturity: 45, 60 and 70 days after sowing, respectively. 

Statistical analyses 
Data arrangement and calculation of averages were conducted in Excel 2013 

(Microsoft Office). Then, the different variables measured were further analysed, 
to assess the significance of the effect of combined inputs of bio-wastes and in-
organic fertilisers on these parameters. An analysis of variance was performed 
using Gentstat Discovery version 11.1. The Fisher test (LSD) was used for com-
parison of means when the ANOVA revealed significant differences between 
treatments at the 5% probability level [25]. 

3. Results 

Induced effects of bio-waste and mineral fertilizers on carbon minerali-
zation 

Table 3 shows the respired C_CO2 relative to the treatments during incuba-
tion. The analysis of variance shows a significant difference between treatments 
for carbon mineralisation (C_CO2 breathed). In 2018, on day 1, day 7, day 14 
and day 21, the highest respirometry was observed in treatments CD + BP + 
Urea, CD and CD + Urea, which were significantly higher than the other treat-
ments. In 2019, the respirometry was identical for treatments CD, CD + Urea 
and CD + BP. The highest respirometry was recorded with treatment CD + BP + 
Urea. Treatments control and NPK + Urea presented the lowest respirometry on 
day 1, day 7, day 14 and day 21 of incubation. The coefficients of carbon miner-
alisation before sowing showed significant differences between treatments at 
days 1, 7, 14 and 21 of incubation, respectively (Table 4). In 2018, a decrease in 
carbon coefficient was noticed for all treatments. The mineralization coefficient 
in treatment NPK + Urea decreased from 1.029 on the 1st day of incubation to 
0.03 on the 21st day, i.e. a reduction rate of 96%. The carbon mineralisation coef-
ficient decreased from 0.066 on the first day of incubation to 0.043 on the 21st 
day of incubation, i.e. a reduction of 62% in the treatment CD + BP + Urea. In 
2019, the T4 treatment CD + Urea recorded the best carbon mineralisation coef-
ficients regardless of the incubation time. At 21 days of incubation, treatment 
CD + Urea resulted in an increase in carbon mineralisation coefficient of 15%, 
compared with treatment T1 (Control). The carbon mineralisation coefficients 
were significantly higher than those recorded for the NPK + Urea treated soils. 
Treatment-induced effects on soil nitrogen mineralisation. 

Treatment-induced effects on ammonium ( +
4NH ) 

The statistical analysis showed significant differences between treatments for 
ammonium content at 45 and 60 days (Figure 1). On the other hand, at 75 days, 
there were highly significant differences between treatments for ammonium  
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Table 3. C_CO2 respired (mg C 100∙g−1∙sol) of treatments during incubation before sowing. 

Treatments 

Years 

2018 2019 

1st day 7th day 14th day 21st day 1st day 7th day 14th day 21st day 

Control 4.4 ± 1.18a,b 14.14 ± 3.82a 17.49 ± 4.06a,b 19.58 ± 4.36a 7.625 ± 0.28a,b 62.55 ± 0.23a,b 99.83 ± 0.54 127.95 ± 0.62 

NPK + Urea 2.84 ± 0.37c,d 10.87 ± 4.3ab 14.69 ± 6.7a,b 18.51 ± 8.74a,b 7.450 ± 0.26b 61.92 ± 0.33b 99.2 ± 0.75 127.72 ± 1.28 

CD 4.099 ± 0.2b,c 12.77 ± 0.7a 17.7 ± 0.8a,b 20.57 ± 0.92a 7.825 ± 0.21a,b 62.82 ± 0.8a,b 100.28 ± 0.84 128.82 ± 0.67 

CD + Urea 5.64 ± 0.4a 14.71 ± 1.43a 19.64 ± 1.81a 24.4 ± 0.48a 7.675 ± 0.4a,b 62.8 ± 0.73a,b 100.28 ± 1.25 128.15 ± 0.87 

CD + BP 2.09 ± 0.8d 7.27 ± 1.32b 9.14 ± 0.84b 11.3 ± 2.21b 7.800 ± 0.26ab 62.95 ± 0.9a 99.75 ± 1.42 128.07 ± 1.45 

CD + BP  
+ Urea 

4.83 ± 0.27a,b 14.07 ± 1.81a 20.44 ± 2.58a 23.22 ± 2.81a 7.97 ± 0.17a 63.22 ± 0.53a 100.3 ± 0.71 128.6 ± 1.08 

F pr. <0.0001 0.03 0.01 0.03 0.01 0.01 0.55 0.7 

Significance **** * * * * * NS NS 

CD: Chicken Droppings; BP: Burkina Phosphate; F pr.: F Probability; NB: treatments with the same letter in the same column are 
not significantly different; NS: Non Significant; * = significant at 5%; **** = significant at 0.01%.  
 
Table 4. Carbon mineralisation coefficients before sowing per incubation period. 

Traitements 

Years 

2018 2019 

1st day 7th day 14th day 21st day 1st day 7th day 14th day 21st day 

Témoin 1.038 ± 0.07a 0.03411 ± 0.00247a 0.043 ± 0.021 0.04724 ± 0.00341a 0.015 ± 0 0.12 ± 0.03 0.22 ± 0.05 0.25 ± 0.05 

NPK + Urea 1.029 ± 0.03a 0.02235 ± 0.00147b 0.029 ± 0.009 0.03806 ± 0.00251b 0.016 ± 0 0.13 ± 0.03 0.27 ± 0.02 0.27 ± 0.07 

CD 0.922 ± 0.05a,b 0.02704 ± 0.00227b 0.034 ± 0.01 0.04355 ± 0.00365a 0.016 ± 0.01 0.13 ± 0.05 0.21 ± 0.05 0.26 ± 0.09 

CD + Urea 0.898 ± 0.07b 0.02773 ± 0.00144b 0.033 ± 0.01 0.04601 ± 0.00240a 0.017 ± 0.01 0.13 ± 0.05 0.21 ± 0.05 0.28 ± 0.1 

CD + BP 0.863 ± 0.055b 0.02668 ± 0.00289b 0.037 ± 0.005 0.04475 ± 0.00485a 0.015 ± 0 0.12 ± 0.03 0.22 ± 0.04 0.25 ± 0.05 

CD + BP + 
Urea 

0.662 ± 0.01c 0.02641 ± 0.00164b 0.028 ± 0.01 0.04360 ± 0.00271a 0.015 ± 0.01 0.11 ± 0.05 0.2 ± 0.05 0.23 ± 0.1 

F pr. <0.001 <0.001 0.73 0.008 0.678 0.97 0.45 0.97 

Significance *** *** NS ** NS NS NS NS 

CD: Chicken Droppings; BP: Burkina Phosphate; F pr.: F Probability; NB: treatments with the same letter in the same column are 
not significantly different; NS: Non-significant; * = significant at 5%; ** = significant at 1%; *** = significant at 0.1%. 

 
content. In 2018, treatment CD had the highest ammonium content. Compared 
with the control, 10 treatment CD resulted in 74.15% increase in ammonium 
ion. However, in 2019, the ammonium-nitrogen value remained constant. On 
the other hand, in 2019, on the 75th day after sowing, treatment CD + BP + Urea 
had the highest ammonium-nitrogen value. Treatment CD + BP + Urea led to 
an increase in ammonium-nitrogen of 100% and 60% compared to treatment 
Control and treatment NPK + Urea, respectively. 
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Treatment-induced effects on nitric nitrogen (NH3
 + ) 

Statistical analysis showed significant differences between treatments for ni-
trate ion at 45 and 60 DAS, respectively. However, at 75 DAS, there were highly 
significant differences (P < 0.001) between treatments for nitrate ion content 
(Figure 2). In 2018, at 45 DAS, treatment CD resulted in 46.72% increase in ni-
trate ion compared with treatment NPK + Urea. At 60 days, treatment NPK + 
Urea presented the best nitrate ion content followed by treatments CD and CD + 
Urea. During this stage, treatment NPK + Urea resulted in 112.24% increase in 
nitrate ion relative to treatment T1 (control) and 29.01% relative to treatment 
CD + Urea. However, at 75 DAS, the control had the lowest nitrate ion content. 
Treatment T5 (CD + BP) caused the highest nitrate ion values and resulted in an 
increase in nitrate ion levels of 104.83% relative to the control. Treatment (CD + 
BP was followed by treatment CD + BP + Urea which resulted in 103.25%  

 

 
CD: Chicken Droppings; BP: Burkina Phosphate. 

Figure 1. Evolution of ammonium nitrogen over the treatments’ incubation time in 2018 and 2019.  
 

 
CD: Chicken Droppings; BP: Burkina Phosphate. 

Figure 2. Evolution of nitric nitrogen over the treatments’ incubation period (2018-2019). 
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increase in nitrate ion compared to the control. In 2019, it was observed that the 
four fertiliser treatments NPK + Urea, CD, CD + BP and CD + BP + Urea, pro-
duced similar nitric nitrogen over time, and the maximum value was reached at 
60 DAS with 20 the CD treatment. In 2019, nitrification due to treatment CD + 
Urea reached a maximum at 45 DAS before decreasing steadily from 60 days. 
Conversely, treatment Control experienced a drop in nitrate nitrogen at 60 days 
before increasing at a constant rate from 75 days. 

4. Discussion 

Treatment-induced effects on carbon mineralisation 
The results obtained in carbon mineralisation have enabled a better under-

standing of some mechanisms governing the dynamics of organic matter in soils 
under upland rice cultivation subjected to different levels of organic and mineral 
fertilisers. Throughout the incubation period of the samples, the labile carbon 
mineralisation rate remained positive. At 21 days of incubation, the increase in 
the carbon mineralisation coefficient due to treatment Chicken droppings + 
Urea was comparable to those obtained previously on Ferralsols and Areinosols 
located in the western part of the south sudan zone [26] and Lixetsols and Cam-
bisols in the northern Sudanian zone [27]. The low rates of carbon mineralisa-
tion in Lixisols and clayey soils resulted from a better protection of organic frac-
tions by clays [27]. The mineralization rate is significantly lower than those ob-
tained (92%) by [28] on a silty-clay soil amended with a minimal amount of crop 
residues (soil + rape). Our results are in line with those of [22] who showed that 
fallow and worm fertilizer slow down the carbon mineralization coefficient. Ac-
cording to this author, figures below 0.5 are found in very pronounced hydro-
morphic soils, which explains the accumulation of organic matter, and between 
these two extremes are the non-leached ferruginous soils. The work of [29] 
showed that the CO2 flux increases with the increase in the dose of organic mat-
ter applied to soils with a sandy-loam texture, which is poor in organic matter. 
According to the work of [30], poultry manure enhances C-CO2. This is due to 
the increase in labile carbon resulting from exogenous organic matter serving as 
the main energy carrier for microorganisms. However, the treatments with 
chicken manure plus Burkina Phosphate stopped the rate of C-CO2 emission, 
indicating that the contribution of CD + BP to C-CO2 emission is negligible 
compared to soils amended with Chicken droppings and NPK + urea. Further-
more, textural characteristics and temperature play an important role on the 
C-CO2 accumulation and carbon mineralisation coefficient [30]. From these au-
thors it appears that the higher the sand/clay ratios, the lower the values of 
C-CO2. This situation explains the low values of Coefficient of mineralisation 
obtained, as the granulometric analysis of the soils in the trial had a sand/clay 
ratio equal to 8.40. These results show that during a crop cycle, the level of total 
organic carbon in the soil increases with time. This carbon storage would take 
place through the increase in root biomass on the one hand, and through the 
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percolation of above-ground organic matter on the other. This study thus con-
firms the existence of pools of organic matter in lixisols that have different func-
tions and dynamics depending on their size and degree of decomposition [26]. 
These results indicate a good availability of nitrogen. Similar results were ob-
served by [31]. Cultivation causes mineralisation of soil organic matter. This ex-
plains the rapid mineralisation of organic manure treatments. According to [28], 
organic inputs influence the mineralising power of soils, assessed by the miner-
alisation of carbon and nitrogen and reflecting the biological activity in the soil. 
Therefore, mineralisation of organic carbon is proportional to the organic mat-
ter content of the soil. It has been shown that the fine soil fraction is prone to the 
mineralisation processes [32]. Similar observations were made in Farako-ba un-
der upland rice growing condition, with sandy silty texture soil. This elucidates 
the high mineralization observed in this soil Treatment-induced effect on the 
mineralisation of soil nitrogen. The results of in situ nitrogen mineralisation 
showed that ammonification occurs during the crop cycle of upland rice. The 
study of in situ nitrogen mineralisation indicates that +

4N _ NH  dynamics is 
characterised by five phases in irrigated rice [33]. The differences between the 
situations are rather related to the quantities of ammonium that vary according 
to the sampling date and treatments. In upland rice with chicken droppings, 
similar results were observed with three phases. Compared to the control, treat-
ments Chicken droppings + Urea and Chicken droppings + Phosphate Burkina 
+ Urea resulted in an increase in nitrate ion of 107 and 103% respectively. This 
increase in nitric nitrogen is attributable to the mineralisation of organic matter 
following exogenous inputs of organic substrates. Similar observations were 
made by [31] using biochard. The best effect of nitrogen mineralisation was ob-
served with soil treatments with chicken manure (low C/N), due to its relative 
richness in nitrogen and elements that are easily broken down. At maximum 
tillering (60 DAS), mineral nitrogen production of 91 and 68 mg/100g soil was 
observed under chicken manure for +

4NH  and 3NO−  respectively. These val-
ues are significantly higher than those obtained by [34], who reported, after 56 
days of incubation, a production of mineral nitrogen ( +

4NH  and 3NO− ) of 12.66 
and 7.85 mg/100g of soil respectively for non-saline sandy soil and saline sandy 
soil amended with poultry manure. This reveals the beneficial effect of organic 
input to the sandy soils where the nitrification process is otherwise low. After 75 
days of incubation, the higher amount of mineralised nitrogen obtained with 
chicken droppings. This is due to the fact that organic residues with a low C/N 
ratio are easily mineralised by the soil microflora and release significant amounts 
of mineral nitrogen [35]. Nitrogen mineralisation is more important in sandy 
texture than in fine texture. The results of the work of [35] showed that sandy 
and silty soils have higher specific respiration and mineralisation rates than 
clayey soils and that the higher the sand/silt ratio (S/L), the higher the specific 
respiration. This ratio showed a value of 5 for the site under investigation. This 
shows that there are other factors that influence the intensity of nitrogen miner-
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alisation; since the soil in the present study had the highest mineralisation rates. 
According to [36] experimentally showed that some calcareous soils in Morocco 
mineralise significant amounts of nitrogen compared to Fersiallitic and Isohu-
mic Vertisols. The low mineralisation rate recorded under the conditions of this 
trial may then be due to the presence of limestone in the soil, leading to a stimu-
lation of the mineralisation of soil organic nitrogen. 

The results showed that biowaste and inorganic fertilizers contributions had 
allowed an improvement in the chemical characteristics of the soil. Indeed, the 
increases by compared to unmanured soil are on average + 0.32 units for 
pH_water. The results obtained have shown that the Chicken Droppings + urea 
lead to a significant increase in OM by 0.94%, resulting in a positive modifica-
tion of microbiological activity 

5. Conclusion 

This work is a contribution to soil fertility improvement by adding biowaste to 
soils lacking organic matter, as mineral fertilisers are not always affordable. The 
study showed that on 60 DAS, mineral fertilizers (NPK + Urea) provided higher 
nitrate ion ( 3NO− ) and ammonium ( +

4NH ) compared to the control by 112.24% 
and 32.58%, respectively. At 75 DAS, relative to the control, treatment Chicken 
droppings resulted in an increase of ammonium ion ( +

4NH ) of 74.15% and 
treatment Chicken droppings + Urea resulted in an increase of nitrate ion 
( 3NO− ) of 104.83%. These results indicated that the T4 treatment Chicken drop-
pings + Urea caused an increase of the mineralization coefficient by 15% after 21 
days of incubation. The combination of mineral fertilizer with chicken drop-
pings would improve soil fertility. This study paves the way for the valorisation 
of locally available bio-waste, which can reduce the costs of rice production. 
Studies on the use of these materials in field crops and their mixing with mineral 
fertilisers (Phosphate of Burkina and urea) are necessary before the dissemina-
tion of this technology to farmers. 
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