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ABSTRACT 
 

In cotton and cereals production systems, one of the most important causes of soil fertility depletion 
is the inappropriate crop residues management. 
Aims: To improve the productivity and soil fertility, crop residues management (CRM) and 
fertilization effects on soil chemical properties and crops yields were assessed in a cotton-cereals 
rotation. 
Study Design:  The experimental design was simple non-randomized blocks design having 3 
treatments. 
Place and Duration of Study:  This long-term experiment was carried out on station from 1982 to 
2012. 
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Methodology:  The treatments were three crops residues management practices, combined with 
rock phosphate (25% P2 O5 and 35% CaO) application and the use of inorganic fertilizers. 
Extensive CRM consisting in exportation of crop residues was compared to semi-intensive CRM 
(recycling the residues into compost) and intensive CRM (recycling crop residues into farmyard 
manure). Soil samples were collected at 0-20 cm depth and chemical characteristics analysed. 
Cotton, maize and sorghum yields were also evaluated. 
Results:  Continuous cropping during 30 years affected significantly (P =.05), the main chemical 
characteristics of soils under the different crop residues management practices. From 25th to 30th 
year, the decrease of soil carbon, Nitrogen, total P contents was very high as well as that of 
exchangeable bases, particularly Ca2+ and Mg2+ contents. The cation exchange capacity (CEC) 
decrease was 63%, 31% and 26%, respectively in extensive, semi-intensive and intensive CRM. 
Recycling crop residues into compost or farmyard manure did not prevent soil chemical 
degradation and crops yields decrease but reduced them significantly. 
Conclusion: Moreover, integrated management of crop residues, reduction of soil tillage frequency 
and preventing soil erosion are suggested for a sustainable maintenance of soil chemical 
properties. 
 

 
Keywords: Crop residues; soil properties; organic and inorganic fertilizers; yields; crop rotation; 

Burkina Faso. 
 
1. INTRODUCTION 
 
Maintaining and improving soil quality is crucial 
for agricultural productivity and environmental 
quality sustainability for future generations 
[1,2,3]. Most of soils in Africa exhibit low nutrient 
levels with a high propensity towards nutrients 
losses due to their fragile nature [4]. Problems of 
degradation of soil health are due to unbalanced 
inorganic fertilizer use, inadequate use or no use 
of organic manure and crop residues [5,6]. 
Determination of appropriate crop residues 
management practices could give a welcome 
agricultural technology as it will improve and 
sustain crops yields [7,8]. In addition to the main 
nutrients (N, P, and K), crop residues contain 
also substantial amounts of secondary nutrients 
and micronutrients; therefore, returning back 
these residues into the soil may be one of the 
best alternative practices for improving the 
physical, chemical, and biological properties of 
the poor soils [9,10,11]. With expanding 
strategies of direct sowing and conservation 
agriculture often associated to minimum tillage, 
the use of cover plants or crops residues as 
mulch, contributed also to protect and improve 
soil properties [12]. 
 
In the cotton growing zones of Burkina Faso, as 
well as many parts in the tropics, crop residues 
are, in general, burned or removed from the 
fields for various domestic uses [13,7,14] while 
their incorporation increases the soil organic 
matter content [15,8]. These inappropriate 
practices in continuous cropping are unfavorable 
to soil fertility maintenance as they led to low 

organic matter content affecting soil fertility, and 
also crop yields [14]. 
 
A lot of researches have highlighted the interest 
of recycling crops residues in organic manure or 
their incorporation into soil [16,17,18]. Using only 
inorganic fertilizers can compromise the 
intensification of cotton and cereals production 
system without calco-magnesian amendments 
through the application of rock phosphate or 
dolomite which improve the status of cropped 
soils. Long-term experiments were implemented 
and analyzed, in many places in the world, to 
look for sustainable options of cultivated soils 
management and improve productivity [19,20]. 
 
The objective of this study was to evaluate crops 
residues management (CRM) and fertilization 
effects on soil chemical properties and crop 
yields under cotton-maize-sorghum rotation 
systems, through 30 years experimentation. 
These effects are analyzed for better 
recommendation of integrated soil fertility 
management and sustainable crops production 
systems. 
 
2. MATERIALS AND METHODS 
 
2.1 Site Description 
 
This study has been conducted since 1982 at the 
experimental and seed production farm of Boni 
(3°26 ' W Longitude, 11°32 ' N Latitude and 302 
m above sea level) on a lixisol. Climate is of 
South-Sudanese type, with a rainy season 
occurring between May and October, and a dry 
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season, from November to April. In general, the 
annual rainfall distribution was very irregular and 
ranged between 723 and 1353 mm with 40 to 75 
rainy days. 
 
2.2 Experimental Design/Layout and 

Treatment 
 
A non-randomized blocks design was used in 
this experiment covering 6 hectares (ha), 
subdivided in 3 plots of 2 ha, each spaced by 4 
m (Fig. 1). The experimental unit was 0.5 ha (100 
m x 50 m) assigned to each treatment. Every 
year, each plot of 2 ha containing compared 
treatments, was affected to cotton, maize or 
sorghum and cropped according to a cotton-
maize-sorghum rotation system. The treatments 
were three crops residues management 
practices, combined with rock phosphate (25% 
P2 O5 and 35% CaO) application and the use of 
inorganic fertilizers, as defined below:  
 
T1 - Extensive management of crop residues: the 
straws of maize and sorghum are removed from 
the field or grazed, while cotton straws were 
burned. Every three years, on the maize sub-
plots, 300 kg ha-1 of rock phosphate are applied 
after ploughing and harrowing. 
 
T2 - Semi-intensive management of crop 
residues: the maize straws are incorporated into 
the soil by ploughing at the end of the rainy 
season and the cotton straws were burned in the 
field. The total sorghum straws harvested (an 
average of 4 t ha-1) were composted after 45 
days of crushing by 20 cows in a traditional 
cowshed, located near the field. During 
composting process, 300 kg of rock phosphate 
were mixed with the sorghum straws. Every three 
years, the compost obtained by recycling 
sorghum straws, is applied on maize sub-plots at 
the rate of 6 t ha-1. The mean composition of the 
compost produced was: 20.5, 2.2, 1.9, 1.8, 0.3, 
0.64 and 0.15% of C, N, P, K, S, Ca and Mg. 
 
T3 - Intensive management of crop residues: the 
maize straws are incorporated into the soil by 
ploughing at the end of the rainy season and the 
cotton straws were burned in the field. The total 
sorghum straws harvested (an average of 4 t ha-1 
of sorghum straws) are recycled into farmyard 
manure, in a raining season park, under only 
rains watering after 60 days of crushing by 20 
cows [16]. This farmyard manure composition 
was the following: 20.1, 2.2, 1.1, 1.7, 0.3, 2.14 
and 0.19% of C, N, P, K, S, Ca and Mg. Every 3 
years, 6 t ha-1 of farmyard manure combined with 

300 kg ha-1 of rock phosphate, were applied on 
maize sub-plots. 
 

 
 

Fig. 1. Representation of experiment design 
at Boni 

 
2.3 Fertilization, Material Description and 

Study Management 
 
The annual fertilization (inorganic fertilizers and 
rock phosphate), applied per hectare was 46 kg 
N, 25 P, 48 K, 18 S and 1 kg B on cotton; 74 kg 
N, 25 P, 60 kg K on maize and 46 N, 25 kg P, on 
sorghum. 
 
Plant materials used in this study were improved 
varieties of cotton (Gossypium hirsutum L.), 
maize (Zea mays L.) and sorghum (Sorghum 
bicolor (L.) Moench) with potentials yields of 3 to 
4 t ha-1, 4 to 5 t ha-1 and 2 to 3 t ha-1, 
respectively. 
 
Every year, before sowing the crops (between 
May 20 and July 10), each plot was ploughed 
using a tractor drawn plough at 20 to 25 cm soil 
depth, and then harrowed. Cotton was sown in 
rows spaced by 0.80 m and plant distance was 
0.40 m. Fifteen days after emergence, cotton plot 
was thinned to two plants per hill, to obtain a 
theoretical stand of 62 500 plants per hectare. 
Maize and sorghum were sown using a tractor 
and thinned manually. The plots were kept weed 
free by manual weeding combined to herbicides 
application (999 g ha-1 métolachlor + 501 g ha-1 
terbutryne on cotton, 1250 g ha-1 pendimethalin 
on maize and 750 g ha-1 terbutryne + g ha-1 
terbutylazine on sorghum). Cotton pest control 
was ensured by usual insecticides applied 
according to recommended procedure. 
 
A liming of all the plots was carried out in 1989 
with the amount of 1 t ha-1 using lime containing 
53% CaO and 35% MgO. In 1995, a subsoiling at 
30-35 cm soil depth was carried out using chisel, 
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before planting Andropogon gayanus grass 
strips, to prevent soil erosion. 
 
2.4 Sampling and Measurements 
 
Before crops sowing, three composite soil 
samples were randomly collected in each cotton 
sub-plots, in May, at 0-20 cm depth, for chemical 
analysis. All the soil samples for each treatment 
were air-dried, crushed and sieved on 2 mm 
mesh for laboratory analyses. Soil organic 
carbon was measured by the Walkley-Black 
procedure [21]. Total Nitrogen was determined 
by the Micro-Kjeldahl method [22]. Available P 
was determined using Bray I method as 
explained in Fixen and Grove [23]. Soil pH was 
determined using glass electrode pH meter, in a 
suspension of soil to water at the ratio of 1:25 
[24]. Exchangeable cations were determined 
according to the procedure described by Landon 
[25]. 
 
Crop yields (seed cotton, grain yield of maize 
and sorghum) were measured at the end of each 
growing season on the sub-plot. 
 
2.5 Statistical Data Analysis 
 
Analysis of variance of soil data collected at 6 
years frequency corresponding to two cycles of 
triennial rotation were done using GENSTAT 9.2 
software. The test of Student-Newman-Keuls 
was used for means comparison when the 
analysis of variance reveals significant 
differences between treatments at 5% 
probability. 
 
3. RESULTS AND DISCUSSION 
 

3.1 Crops Residues Management Effects 
on Soil Carbon and Nitrogen Contents 

 
The soil C and N contents decreased 
significantly (P = .05) with cropping duration in all 
the three crop residues management (CRM) 
practices (Table 1). After 30 years of continuous 
cultivation in extensive CRM (T1), semi-intensive 
CRM (T2) and intensive CRM (T3) practices, the 
soil organic carbon decline was 43%, 29% and 
23%, respectively, for annual decrease of 1.4%; 
0.9% and 0.8%. The decline of carbon might be 
related to the high mineralization rate of soil 
organic matter [26,5] accentuated by annual 
ploughing and water erosion effects [27,28]. The 
C/N ratio values ranging between 10 and 12 
(Table 1) confirms this mineralization of soil 
organic matter [29] for all the compared CRM 

practices, leading to a decrease of soil nitrogen 
contents, which is important with residues 
exportation [30,31]. Maize straws incorporation 
into the soil and the use of organic and inorganic 
fertilizers in semi-intensive CRM and intensive 
CRM, reduced the degradation of soil fertility, 
particularly, the decline of C and N as these 
nutrients are important in farming under the 
tropic [32,13]. Using inorganic fertilization, 
without any organic restitution, depress soil 
chemical characteristics with the cropping 
duration, indicating the limits of the use of these 
fertilizers, because they lead generally to soil 
nutrients decline and soil acidification [33,34,35]. 
The soil production potential is then affected by 
reduction of the soil carbon stock [2,5] while it 
should be considered as a capital to maintain 
and improve soil quality, for sustainable 
management of cropping systems [11]. Autfray et 
al. [14] reported that increasing the biomass to 
be recycled combined to a better management of 
livestock and avoiding crop residues burning, 
gave a balance in terms of organic fertilization for 
the large majority of south-Mali exploitations. 
 
3.2 Evolution of Soil P Contents 

according to Crop Residues 
Management 

 
In 30 years of continuous cropping, total P (107 
to 340 mg kg-1) and available P (18.5 to 21 mg 
kg-1) contents decreased significantly (P = .05) in 
control plots as well as those with compost and 
farmyard manure application (Table 2). Then, the 
P values are established under the critical level 
contents reported to be 200 and 30 mg kg-1 for 
total P and available P, respectively [16,36]. The 
decline of total P which was 25% in all 
treatments after 25 years [13], reached after 30 
years 47%, 40% and 28%, respectively in 
extensive CRM (T1), semi-intensive CRM (T2) 
and intensive CRM (T3). Available P contents 
varied from 21 to 6.75 mg kg-1, corresponding to 
a loss of 68% in 30 years of extensive CRM 
(Table 2). The available P and total P contents, 
lower than critical level, indicate that these soils 
presented phosphorus deficiency [30]. The rock 
phosphate application combined to the restitution 
of crop residues increased the phosphorus 
solubility and release by micro-organisms [37,8]. 
According to Fabre and Kockman [38], liming 
activates the biological processes and improves 
the assimilability of phosphorus. Crop residues 
contain inorganic and organic P forms, easily 
available for plants and microorganisms [6]. 
Tillage practices can also influence P release 
from crop residues [3]. Vanlauwe et al. [37] 
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showed that mixing crop residue with soil 
particles by moldboard ploughing resulted in 

acceleration of crop residues decomposition and 
subsequently, increased nutrient release. 

 
Table 1. Variation of soil organic carbon and nitro gen contents on 0-20 cm depth at Boni 

 
Treatments  Cropping duration  C N  C/N 

g kg -1   
T1= Extensive CRM* 1 year 9.25 ± 0.02 0.81 ± 0.006  11.50 ± 0.21 

6 years 5.85 ± 0.08 0.55 ± 0.003  10.50 ± 0.78 
12 years 5.55 ± 0.22 0.37 ± 0.003  14.81 ± 2.19 
18 years 5.50 ± 0.04 0.50 ± 0.012  11.21 ± 0.42 
25 years 6.23 ± 0.16 0.49 ± 0.010  12.74 ± 1.58 
30 years 5.25 ± 0.06 0.48 ± 0.006  11.02 ± 0.64 

Cumuleted decrease over 30 years (%) 43 41  4 
T2 = Semi-intensive CRM 1 year 7.90 ± 0.08 0.74 ± 0.008  10.75 ± 0.85 

6 years 7.25 ± 0.01 0.69 ± 0.001  10.37 ± 0.07 
12 years 7.10 ± 0.07 0.53 ± 0.003  13.45 ± 0.71 
18 years 6.88 ± 0.02 0.63 ± 0.002  11.01 ± 0.16 
25 years 6.56 ± 0.16 0.52 ± 0.010  12.53 ± 1.58 
30 years 5.64 ± 0.08 0.44 ± 0.001  12.76 ± 0.80 

Cumuleted decrease over 30 years (%) 29 40  - 
T3= Intensive CRM 1 year 7.45 ± 0.11 0.65 ± 0.005  11.52 ± 1.06 

6 years 5.60 ± 0.16 0.53 ± 0.012  10.49 ± 1.56 
12 years 6.30 ± 0.18 0.50 ± 0.002  12.65 ±1.84 
18 years 7.01 ± 0.01 0.56 ± 0.004  12.51 ±0.13 
25 years 7.14 ± 0.01 0.57 ± 0.002  12.46 ± 0.06 
30 years 5.77 ± 0.08 0.55 ± 0.016  10.81 ± 0.76 

Cumuleted decrease over 30 years (%) 23 16  6 
Probability (0.05) Cropping duration 0.010 0.001  0.045 

Treatments 0.375 0.203  0.946 
Trait. x Cropping duration 0.002 0.003  0.441 

*CRM= Crop residues management. Values after the sign ± represent standard deviation of means 
 

Table 2. Variation of soil contents of available P and total P according to crops residues 
management (0-20 cm depth) at Boni 

 
Treatments  Cropping duration  Available P (Bray 1)  Total P  

mg kg -1 
T1= Extensive CRM* 1 year 21.00 ±1.41 241.50 ± 12.12 

6 years 19.50 ±2.12 279.00 ± 37.98 
12 years 10.07 ± 3.82 232.80 ± 12.45 
18 years 9.00 ± 4.26 107.17 ± 20.03 
25 years 7.69 ± 2.28 190.97 ± 22.96 
30 years 6.75 ± 0.81 127.83 ± 20.55 

T2 = Semi-intensive CRM 1 year 18.50 ± 0.71 279.50 ± 20.51 
6 years 18.00 ± 1.41 296.00 ± 2.83 
12 years 12.63 ± 4.70 330.20 ± 14.42 
18 years 15.28 ± 5.08 221.73 ± 39.21 
25 years 7.87 ± 2.28 199.01 ± 22.96 
30 years 8.16 ± 1.07 167.12 ± 68.77 

T3= Intensive CRM 1 year 19.50 ± 0.71 221.00 ± 5.66 
6 years 18.50 ± 0.71 235.00 ± 14.14 
12 years 16.07 ± 5.71 239.75 ± 15.20 
18 years 10.79 ± 4.44 140.31 ± 66.91 
25 years 6.08 ± 0.11 164.63 ± 12.42 
30 years 7.81 ± 0.91 159.61 ± 46.43 

Probability (0.05) Cropping duration 0.001 <0.0001 
Treatments 0.850 0.001 
Treat. x Cropping duration 0.034 < 0.0001 

*CRM= Crop residues management. Values after the sign ± represent standard deviation of means
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Table 3. Soils bases reserves and cation exchange c apacity according to crops residues 
management (0-20 cm depth) at Boni 

 
Treatments  Cropping duration  Ca++ Mg++ K+ Na+ SBE CEC 

Cmol +kg -1 
T1 = Extensive CRM* 1 year 2.64 1.05 0.37 0.04 4.10 6.50 

6 years 1.91 0.60 0.15 0.04 2.70 3.32 
12 years 1.95 0.43 0.10 0.05 2.65 4.16 
18 years 1.77 0.36 0.19 0.05 2.36 3.68 
25 years 1.51 0.39 0.12 0.03 2.05 3.22 
30 years 1.39 0.29 0.11 0.05 1.84 3.05 

T2 = Semi-intensive CRM 1 year 2.13 0.74 0.35 0.06 3.28 5.42 
6 years 1.95 0.66 0.23 0.05 2.89 3.68 
12 years 2.43 0.62 0.14 0.08 3.37 5.00 
18 years 2.19 0.47 0.19 0.05 2.90 4.46 
25 years 1.50 0.33 0.12 0.03 1.99 3.82 
30 years 1.54 0.45 0.12 0.02 2.12 3.75 

T3 = Intensive CRM 1 year 2.21 0.86 0.34 0.03 3.43 4.81 
6 years 2.16 0.76 0.21 0.04 3.20 3.70 
12 years 2.71 0.77 0.49 0.05 3.72 6.63 
18 years 2.16 0.55 0.19 0.03 2.92 3.94 
25 years 2.07 0.54 0.14 0.03 2.77 3.82 
30 years 2.37 0.37 0.13 0.03 2.90 3.56 

Probability (0.05) Cropping duration 0.034 < 0.0001 0.069 0.816 0.001 0.031 
Treatments 0.039 0.008 0.348 0.758 0.016 0.775 
Treat. x Cropping duration 0.003 < 0.0001 0.244 0.997 0.002 0.035 

*CRM= Crop residues management 
 

3.3 Evolution of Exchangeable Bases and 
CEC of Soil according to CRM 
Practices 

 
The soils used in the study are characterized by 
low reserves in exchangeable bases which 
decreased significantly after 30 years of 
continuous cultivation (Table 3). Decline of Ca2+ 

contents from 2.64 to 1.39 cmol+ kg-1, and those 
of Mg2+ from 1.05 to 0.29 cmol+ kg-1 represents 
cumulated decrease of 47% and 72%, 
respectively, in extensive CRM plots. This trend 
is also observed for soil K + and Na + contents 
(Table 3), which decline significantly in all the 
CRM practices and then, confirm the soil 
degradation [25,3]. During 30 years, gradually 
decline of exchangeable bases, resulted 
primarily from the nutrients uptake by the crops. 
These negative effects of continuous land 
cultivation, accentuated by crop residues 
removal without any organic restitution are 
frequently reported by numerous authors     
[20,30]. Important decrease of soil Ca2+ and 
Mg2+, affect the total exchangeable bases as well 
as the CEC and damaged adsorbing complex, 
making it more sensitive to degradation, 
especially lead to soil acidification [11]. Cation 
exchange capacity, while declining from 4.81 to 
3.56 cmol+ kg-1, decreased by 26% after 30 years 

of intensive CRM (T3) versus 31% in semi-
intensive CRM (T2) and 63% in extensive CRM 
(T1). 
 
The low values of cation exchange capacity 
confers to these soils a poor capacity to maintain 
nutrients coming from soil mineralization or from 
inorganic manure applications [6,12]. It is known 
that CEC declining reveals chemical degradation 
of soil and the decline of both, CEC and soil 
organic matter, confirms the relations between 
these two parameters on lixisol [26,37]. 
Recycling crop residues into compost or 
farmyard manure reduced significantly, the 
losses of these two cations [26]. The effects of 
liming carried out in 1989, seem to be more 
beneficial on soil Ca2+ contents by its 
improvement. Beyond the direct effects on the 
solid phase of soil and the soil solution, liming is 
characterized especially by indirect effects on 
soil properties [38,37]. 
 
3.4 Crop Residues Management Effects 

on Soil pH  
 
Results showed that the variations of soil pH 
water and pH KCl were statically significant after 
30 years of continuous cropping for the three 
CRM treatments (Table 4). 
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Fig. 2. Evolution of crops yields (A, B, C) during 30 years under crop residues management 

practices and fertilization at Boni 
 

After six years, the pH water values highly 
decreased, requiring a liming in 1989 to solve 
this problem [39,40]. After this liming and 
subsoiling in 1995, the effect of CRM showed 
few influence on pH which, after 25 years of 
continuous cropping, presented comparable 
values with those observed at the beginning                    

of the study. However, various authors reported 
an influence of CRM on soil pH [8]. In addition,                   
it was observed �pH values of 1 in average, 
particularly in the first and 30th years of                         
soil exploitation, which represented an 
acidification induced by exchangeable aluminum 
[41,37]. 
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Table 4. Evolution of soils pH depending on croppin g duration and CRM (0-20 cm depth) at 
Boni 

 
Treatments Cropping duration pH Water pH KCl ����pH 
T1 = Extensive CRM* 1 year 6.43 ± 0.11 5.50 ± 0.14 0.92 

6 years 5.95 ± 0.21 4.70 ± 0.28 1.25 
12 years 5.88 ± 0.04 4.93 ± 0.39 0.95 
18 years 5.90 ± 0.42 5.27 ± 0.04 0.63 
25 years 6.33 ± 0.21 5.49 ± 0.01 0.84 
30 years 5.86 ± 0.53 4.69 ± 0.66 1.17 

T2 = Semi-intensive CRM 1 year 6.10 ± 0.00 5.05 ± 0.07 1.05 
6 years 5.93 ± 0.25 5.00 ± 0.14 0.92 
12 years 5.94 ± 0.27 5.34 ± 0.56 0.60 
18 years 5.97 ± 0.48 5.39 ± 0.02 0.58 
25 years 6.27 ±0.21 5.43 ± 0.01 0.84 
30 years 5.56 ± 0.57 4.67 ± 0.93 0.89 

T3 = Intensive CRM 1 year 6.35 ± 0.07 5.01 ± 0.21 1.35 
6 years 6.08 ± 0.32 5.38 ± 0.32 0.70 
12 years 6.17 ± 0.30 5.42 ± 0.10 0.74 
18 years 5.99 ± 0.35 5.25 ± 0.35 0.74 
25 years 6.37 ± 0.06 5.62 ± 0.02 0.75 
30 years 5.74 ± 0.09 4.52 ± 0.27 1.22 

Probability (0.05) Cropping duration 0.021 0.009  
Treatments 0.460 0.781  
Treat. x Cropping duration 0.309 0.108  

*CRM= Crop residues management. Values after the sign ± represent standard deviation of means 
 

3.5 Crop Residues Management and 
Fertilizers Effects on Crops Yields 

 
The continuous cultivation of soil, induced a 
decreasing pattern of crops yields, higher in 
extensive CRM than the other treatments      
(Fig. 2). 
 
The low yields level in extensive CRM plots (T1), 
using mainly inorganic fertilizers, might be 
related to soil fertility decline intensity as well as 
the low efficiency of applied fertilizers [4,15,8]. 
However, recycling of crop residues in compost 
(T2) and farmyard manure (T3) improved soil 
properties, particularly by inducing a better 
availability of water and nutrients [9,15,18] which 
reduced yields decrease due to both the soil 
fertility decline and rainfall irregularity [19,40,12]. 
 

4. CONCLUSION 
 
Continuous cropping led to the decline of soil 
chemical properties involving its degradation 
increase when crop residues are removed. Crop 
residues recycling and the use of compost or 
farmyard manures, reduced yields decrease and 
the degradation of soil fertility, particularly, the 
decline of carbon content, exchangeable bases 
and CEC. The relative stability of pH during 30 
years of continuous cultivation of soil is mainly 

related to the liming effects combined to regular 
application of rock phosphate, which revealed to 
be essential to prevent soil acidification. 
 
In general, the crop residues incorporation 
influences soil biological activities and the 
availability of nutrients which need to be better 
specified. Because of early end of rainfall which 
often compromises incorporation of maize 
straws, a more suitable valorization should be 
considered for these residues as well as cotton 
straws whose burn is not acceptable any more. 
Moreover the crop residues management and 
valorization of rock phosphate, the decline of soil 
fertility observed in this experiment, suggested a 
reduction of the ploughing frequency, for a better 
sustainability of this production system. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Kumar K, Goh KM. Crop residues and 

management practices: Effects on soil 
quality, soil nitrogen dynamics, crop yield, 
and nitrogen recovery. Advances in 
agronomy. 2000;68:197-319. 



 
 
 
 

Koulibaly et al.; JAERI, 10(2): 1-11, 2017; Article no.JAERI.31178 
 
 

 
9 
 

2. Arrouays D, Antoni V, Bardy M, Bispo A, 
Brossard M, Jolivet C, et al. Fertilité des 
sols: Conclusions du rapport sur l’état des 
sols de France. Innovations 
Agronomiques. 2012;21:1-11. French. 

3. Alam MK, Islam MM, Salahin N, 
Hasanuzzaman M. Effect of tillage 
practices on soil properties and crop 
productivity in wheat-mungbean-rice 
cropping system under subtropical climatic 
conditions. The Scientific World Journal. 
2014;1-15. 
Available:http://dx.doi.org/10.1155/2014/43
7283 

4. Omotayo OE, Chukwuka KS. Soil fertility 
restoration techniques in sub-Saharan 
Africa using organic resources. Afr. J. 
Agric Res. 2009;4(3) :144-150. 
Available:http://www.academicjournals.org/
AJAR 

5. Bationo A, Waswa B, Abdou A, Bado BV, 
Bonzi M, Iwuafor E, et al. Overview of long 
term experiments in Africa. In: Bationo A, 
Waswa B, Kihara J, Adolwa I, Vanlauwe B, 
Saidou K, editors. Lessons learned from 
long term soil fertility management 
experiments in Africa. Springer. 2012;1-26. 

6. Babu S, Rana DS, Yadav GS, Singh R, 
Yadav SK. A review on recycling of 
sunflower residue for sustaining soil        
health. International Journal of Agronomy. 
2014;1-7.  
Available:http://dx.doi.org/10.1155/2014/60
1049 

7. Ogbodo EN. Effect of crop residue on soil 
chemical properties and rice yield on an 
Ultisol at Abakaliki, Southeastern Nigeria. 
World J. Agric. Sci. 2011;7(1):13-18. 

8. Lemtiri A, Degrune F, Barbieux S, Hiel MP, 
Chélin M, Parvin N, et al. Crop residue 
management in arable cropping systems 
under temperate climate. Part 1: Soil 
biological and chemical (phosphorus and 
nitrogen) properties. A review. Biotechnol. 
Agron. Soc. Environ. 2016;20(S1):236-
244. 
Available:http://www.pressesagro.be/ojs/in
dex.php/base/article/view/1715 

9. Borie F, Redel Y, Rubio R, Rouanet JL, 
Barea JM. Interactions between crop 
residues application and mycorrhizal 
developments and some soil-root interface 
properties and mineral acquisition by 
plants in an acidic soil. Biol Fertil Soils. 
2002;36:151–160. 
DOI: 10.1007/s00374-002-0508-y 

10. Singh Y, Singh B, Timsina J. Crop residue 
management for nutrient cycling and 
improving soil productivity in rice-based 
cropping systems in the tropics. Advances 
in Agronomy. 2005;85:260-407. 

11. Hiel MP, Chélin M, Parvin N, Barbieux S, 
Degrune F, Lemtiri A, et al. Crop residue 
management in arable cropping systems 
under a temperate climate. Part 2: Soil 
physical properties and crop production. A 
review. Biotechnol. Agron. Soc. Environ. 
2016;20(S1):245-256. 
Available:http://www.pressesagro.be/ojs/in
dex.php/base/article/view/1716 

12. Nascente AS, Stone LF, Costa Crusciol 
CAC. Soil chemical properties affected by 
cover crops under no-tillage system. Rev. 
Ceres, Viçosa. 2015;62(4):401-409. 
Available:http://dx.doi.org/10.1590/0034-
737X201562040010 

13. Koulibaly B, Traoré O, Dakuo D, Zombré 
PN, Bondé D. Effets de la gestion des 
résidus de récolte sur les rendements et 
les bilans culturaux d’une rotation 
cotonnier-maïs-sorgho au Burkina Faso. 
Tropicultura. 2010;28(3):184-189. 
Available:http://www.tropicultura.org/text/v
28n3/184.pdf 

14. Autfray P, Sissoko F, Falconnier G, Ba A, 
Dugue P. Usages des résidus de récolte et 
gestion intégréede la fertilité des sols dans 
les systèmes de polyculture élevage: 
Etude de cas au Mali-Sud. Cah. Agric. 
2012;21:225-234. French 
DOI: 10.1684/agr.2012.0568  

15. Samra JS, Singh B, Kumar K. Managing 
crop residues in the rice-wheat system of 
the Indo-Gangetic plain. In: Ladha JK, Hill 
JE, Duxbury JM, Gupta RK, Buresh RJ, 
editors. Improving the productivity and 
sustainability of rice-wheat systems: Issues 
and impact. ASA, Spec. Publ. 65. Am. Soc. 
Agron. 2003;173–195. 

16. Berger M, Bélem PC, Dakouo D, Hien V. 
Le maintien de la fertilité des sols dans 
l’Ouest du Burkina Faso et la nécessité de 
l’association agriculture-élevage. Cot. Fib. 
Trop. 1987;42(3):201-211. French. 

17. Singh Y, Sidhu HS. Management of cereal 
crop residues for sustainable rice- wheat 
production system in the indo-gangetic 
plains of India. Proc Indian Natn Sci Acad. 
2014;80(1):95-114.  
DOI: 10.16943/ptinsa/2014/v80i1/55089 

18. Ouandaogo N, Ouattara B, Pouya MB, 
Gnankambary Z, Nacro HB, Sedogo PM. 
Effets des fumures organo-minérales et 



 
 
 
 

Koulibaly et al.; JAERI, 10(2): 1-11, 2017; Article no.JAERI.31178 
 
 

 
10 

 

des rotations culturales sur la qualité des 
sols. Int. J. Biol. Chem. Sci. 2016;10(2): 
904-918. 
DOI:http://dx.doi.org/10.4314/ijbcs.v10i2.3
7 

19. Vullioud P, Mercier E, Ryser JP. Bilan de 
40 ans d’essai portant sur différentes 
fumures organiques (Changrin 1963-
2003). Revue Suisse d’agriculture. 
2004;36(2):43-51. 

20. Wei X, Hao M, Shao M, Gale WJ. Change 
in soil properties and availability of soil 
micronutrients after 18 years of cropping 
and fertilization. Soil Till. Res. 2006;             
91(1-2):120-130. 

21. Walkley A, Black JA. An examination of 
the Detjareff method for determining soil 
organic matter and a proposed 
modification of the chromatic acid titration 
method. Soil Science. 1934;37:29-38. 

22. Bremmer JN. Total nitrogen in method of 
soil treatments. Analysis Part 2: Agronomy 
Monograph No. 9, Madison Wisconsin. 
American Society of Agronomy. 1965;599-
622. 

23. Fixen PE, Grove JH. Testing soil for 
phosphorus. In: Westerman RL, editor. 
Soil Testing and Plant Analysis. Soil 
Science Society of America, Madison, WI. 
1990;141–180. 

24. Mclean ED. Soil pH and lime 
requirements. In: Page AL, (editor). 
Methods of soil analysis part 2. Chemical 
and microbiological properties. No. SSA. 
Maidison, Wis. USA. Agronomy Series. 
1982;199-234. 

25. Landon JR. Booker tropical soil manual. A 
handbook for soil survey and agricultural 
and evaluation in the tropics and 
subtropics. Oxon, Booker Tate Limited; 
Harlow, Essex: UK, Longman; 1991. 

26. Pallo FJP, Sawadogo N, Zombré NP, 
Sédogo PM. Statut de la matière 
organique des sols de la zone nord 
soudanienne au Burkina Faso. Biotechnol. 
Agron. Soc. Environ. 2009;13(1):139-142. 
Available:http://www.pressesagro.be/ojs/in
dex.php/base/issue/view/389 

27. Ouattara B, Ouattara K, Serpentié G, 
Mando A, Sédogo MP, Bationo A. Intensity 
cultivation induced effects on soil organic 
carbon dynamic in the western cotton area 
of Burkina Faso. Nutr Cycl Agroecosyst. 
2006;76:331-339. 

28. Obalum SE, Buri MM, Nwite JC, 
Hermansah, Watanabe Y, Igwe CA, 

Wakatsuki T. Soil degradation-induced 
decline in productivity of Sub-Saharan 
African soils: The prospects of looking 
downwards the lowlands with the Sawah 
ecotechnology. Applied and Environmental 
Soil Science. 2012;1-10. 
DOI: 10.1155/2012/673926 

29. Malhi SS, Lemke R, Wang ZH, Baldev SC. 
Tillage, nitrogen and crop residue effects 
on yield, nutrient uptake, soil quality and 
greenhouse gas emissions. Soil Till. Res. 
2006;90(1-2):171-183. 

30. Traoré O, Somé NA, Traoré K, Somda K. 
Effect of land use change on some 
important soil properties in cotton-based 
farming system in Burkina Faso. Int. J. 
Biol. Chem. Sci. 2007;1(1):7-14. 
Available:http://dx.doi.org/10.4314/ijbcs.v1i
1.39692 

31. Chitte H, Chorey A, Tijare B. Influence of 
fertilizer levels and organic nitrification 
inhibitors on yield, uptake of nutrients in 
cotton. International Journal of Current 
Research in Life Sciences. 2016;5(2):541-
544. 
Available:http://www.ijcrls.com/sites/default
/files/issues-pdf/00273.pdf 

32. Amedé T. Opportunities and challenges in 
reversing land degradation: The regional 
experience. In: Amede T, (ed), Natural 
resource degradation and environmental 
concerns in the Amhara National Regional 
State: Impact on Food Security. Ethiopian 
Soils Sci. Soc. 2003;173-183. 

33. Cattan P, Letourmy P, Zagré B, Minougou 
A, Compaoré E. Rendement de l’arachide 
et du sorgho en rotation sous différents 
itinéraires techniques au Burkina Faso. 
Cah. Agric. 2001;10(3):159-172. French 

34. Vanlauwe B, Diels J, Sanginga N, Merckx 
R. Long-term integrated soil fertility 
management in South-western Nigeria: 
Crop performance and impact on the               
soil fertility status. Plant and Soil. 
2005;273(1-2):337-354. 

35. Koulibaly B, Traoré O, Dakuo D, Lalsaga 
R, Lompo F, Zombré PN. Acidification des 
sols ferrugineux et ferrallitiques dans les 
systèmes de production cotonnière au 
Burkina Faso. Int. J. Biol. Chem. Sci. 
2014;8(6):2879-2890. 
DOI:http://dx.doi.org/10.4314/ijbcs.v8i6.44 

36. Lompo F, Segda Z, Gnankambary Z, 
Ouandaogo N. Influence des phosphates 
naturels sur la qualité et la biodégradation 



 
 
 
 

Koulibaly et al.; JAERI, 10(2): 1-11, 2017; Article no.JAERI.31178 
 
 

 
11 

 

d’un compost de pailles de maïs. 
Tropicultura. 2009;27(2):105-109. 
Available:http://www.tropicultura.org/text/v
27n2/105.pdf 

37. Vanlauwe B, Descheemaeker K, Giller KE, 
Huising J, Merckx R, Nziguheba G, et al. 
Integrated soil fertility management in             
Sub-Saharan Africa: Unravelling local 
adaptation. Soil. 2015;1:491–508. 
DOI: 10.5194/soil-1-491-2015 

38. Fabre B, Kockmann F. La pratique du 
chaulage. De la construction du référentiel 
régional à la démarche de conseil en 
exploitation. Étude et Gestion des Sols, 
2002;9(3):213-224. French. 

39. Koulibaly B. Caractérisation de 
l’acidification des sols et gestion de la 
fertilité des agrosystèmes cotonniers au 

Burkina Faso. Thèse de doctorat unique, 
Université de Ouagadougou, UFR/SVT; 
2011. French 

40. Bado BV, Sédogo MP, Lompo F. Long 
term effects of mineral fertilizers, 
phosphate rock, dolomite and manure                  
on the characteristics of an ultisol and 
maize yield in Burkina Faso. In: Bationo A, 
editor. Managing Nutrient Cycles to 
Sustain Soil Fertility in Sub-Saharan    
Africa. Academy Science Publishers. 
2004;77-87. 

41. Richter DBJ, Hofmockel M, Callaham MAJ, 
Powlson DS, Smith P. Long-term soil 
experiments: keys to managing earth’s 
rapidly changing ecosystems. Soil Sci. 
Soc. Am. J. 2007;71:266–279. 
DOI: 10.2136/sssaj2006.0181 

_______________________________________________________________________________ 
© 2017 Koulibaly et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/17529 


