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Abstract

In Burkina Faso, the low nutrient content of the country's soils has a direct impact on
crop yields. The objective of this study is to evaluate the effects of applying organic
matter (compost, poultry manure.), and mineral fertilizer Nitrogen-Phosphorus-
Potassium (N:14% P:23% K:14%), urea (43% nitrogen) and Burkina Phosphate (BP) on
soil fertility in a legume/cereal cropping system. The study was conducted at the INERA
Farako-Ba experimental station from 2018 to 2021. The experimental design was a 4x4
factorial, corresponding to four rotations and four manures, respectively, used as the
first and second factors. A split-plot design with three replications was employed. The
results obtained indicated that, in comparison to the initial soil, there was an increase
of 33% in soil organic carbon and 36% in total nitrogen in the plots where soya and
fonio were cultivated in rotation. In comparison to the plots with fonio-sorghum rotation,
the plots with mung bean-sorghum and soya-fonio rotations demonstrated increase
in assimilable phosphorus of 17% and 15%, respectively. Furthermore, the fertilizer
combining compost and poultry manure resulted in a 300% increase in assimilable
phosphorus and 28% increase in available potassium compared to the soil without
fertilizer inputs and uncultivated for years. Additionally, the fertilizers of compost
combined with poultry manure and compost combined with poultry manure and BP
resulted in increases in assimilable phosphorus of 131.78% and 116%, respectively.
The positive effects obtained on the chemical parameters (phosphorus, potassium
and carbon) provide the potential for sustainable soil fertilization in cropping systems,
while also valorizing local organic fertilizer.
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Introduction

Agriculture and cattle breeding represent the primary
sources of livelihood for the populations of the West
African Sahel. The challenges associated with these
farming systems include low soil fertility, low soil
organic carbon and clay content, limited resources for
investment in fertilizers, erosion, soil acidity, export
of crop residues for livestock and household needs,
erratic rainfall and frequent droughts." In Burkina
Faso, as in most West African countries, several
fertility management methods have been developed
including the introduction of legumes into cropping
systems.234 |t is well established that nitrogen-
fixing legumes can enhance soil fertility in cropping
systems, thereby facilitating the supply of mineral
nitrogen by legumes.® Studies have demonstrated
that crop rotation, as a nature-based solution, affects
the decomposition and transformation of soil organic
carbon due to the contribution of root residues
and the release of root exudates.®” This process
improves soil organic carbon pools and optimizes
the structure and diversity of the soil microbial
community. In north-eastern Benin same research,
showed that intercropping, crop rotation, crop residue
management, the use of inoculum and non-removal
of soya plants are the practices most perceived by
soya farmers as contributing to sustainable land
management.?

For sustainable land use, the application of organic
or organo-mineral fertilizers represents a strategic
option. Indeed, several studies have shown that
the use of organo-mineral fertilizers contributes to
significant improvements in crop yields, chemical
and biological soil parameters.®'° In addition,
according to a study, using organic inputs such as
manure, compost, or municipal waste increases
soil carbon." Similarly,' have shown that the
combination of organic and mineral fertilizers in the
rotation of millet with legumes allows a significant
improvement in cereal yields, better mobilization of
soil nitrogen and efficient use of nitrogen fertilizer.

Furthermore, the work™ evaluated the effects of
adding three doses of manure to five levels of NPK
applied in micro-doses on fonio biomass and
soil chemical properties. The results of these
experiments indicate that the combined use of
legumes and poultry manure to enhance soil fertility
under the condition of fonio and sorghum-based crop
rotation is worthy of particular attention in Burkina
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Faso. This study participates in this dynamic process
and it was initiated to answer the following research
questions: What are the combined effects of legumes
(mung bean and soya) and poultry manure on soil
chemical properties? In particular, what are the
effects of cereal/legume rotations on soil fertility?
What are the effects of organo-mineral fertilizers on
soil chemical fertility under cereal-based cropping
systems (fonio and sorghum)? Does the interaction
between cereal/legume rotation and organo-mineral
fertilizers influence soil chemical parameters?

The research hypothesis is that cereal/legume
rotation improves soil pH, organic carbon and total
nitrogen.

The overall aim of this work is to increase agricultural
production by intensifying cropping system practices
through the use of manures and rotations with
nitrogen-fixing legumes.

Materials and Methods

Study Site

The study was conducted at the Farako-Ba
experimental station of the Institute for Environment
and Agricultural Research (INERA) situated approxi-
mately ten kilometers south of Bobo-Dioulasso,
onthe Bobo Dioulasso-Banforaroad. The siteis situated
at an altitude of 505 meters, at longitude 04°20" West
and latitude 1° North.

The climate of the area is of the South Sudanian
type, with two alternating seasons: A rainy season
spanning 5 to 6 months (May-October), with rainfall
varying between 900 and 1000 mm, and a dry season
(November to April). The average temperature is
25°C. The majority of precipitation occurs between
June and September, with 50 to 70 days of rain.™

The soils of Farako-Ba are predominantly leached
tropical ferruginous.

The vegetation is characterized by grassy to wooded
savannah, which is relatively dense in certain
locations. The species present are: Gmelina arborea
Roxb., Parkia biglobosa Benth, Adansonia digitata
L., Mangifera indica L., Vitellaria paradoxa Gaerth,
Khaya senegalensis (Desr.) A.Juss. There are also
grassy species such as: Andropogon gayanus
Kunth, Brachariasp, Cynodondactylon (L.) Persda,
Digita riahorizontalis Wild."*
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Experimental Setup

The work was carried out using a split-plot design
with 4 main treatments corresponding to the different
rotations and 4 secondary treatments (manure level)
repeated three (3) times, resulting in a total of 16
elementary plots per block (48 plots in all for the 3
replications). The treatments are shown in the table.

The main plots are 89.25 m?, spaced one meter
apart. The subplots, which received the treatment,
are 20 m? each, spaced 0.5 m apart. The total area
of the experiment is 1237.5 m2.
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Rotations of four (4) species (fonio, soya, mung bean
and sorghum) were conducted over a period of 2
years.

R1: fonio/sorghum; R2: Soya/Fonio; R3: Sorghum/
Mung bean; R4: Mung bean/Fonio.

The main treatments (Table 1) were randomized in
each block. Secondary treatments (Table 2) were
also randomized in each subplot.

Table 1: List of main treatments (rotations)

Rotations Years
2018 2019 2020 2021
R1 Fonio Sorghum Fonio Sorghum
R2 Soya Fonio Soya Fonio
R3 Sorghum Mung bean Sorghum Mung bean
R4 Mung bean Fonio Mung bean Fonio
Table 2: List of secondary treatments
Treatments Description
TO Control(No fertilizer)
T1 Compost + NPK (150 kg ha') + Vulgarized urea (100 kg ha™)
T2 Compost + Poultry manure (7.5 t ha)
T3 Compost + Poultry manure (7.5 t ha') + BP (500 kg ha)

BP : Burkina Phosphate

The present study participates in the effort to improve
soil fertility in a sustainable manner through the
combined effect of cropping systems and local
organic matter. The rational for this approach is that
intensifying soil productivity can be achieved through
the use of fertilizers and rotations with nitrogen-
fixing legumes." This is exemplified by rotations
between cereals (R2=Soya/Fonio; R3=Sorgho/Mung
bean and R4=Mung bean/Sorgho). Specifically,
the objective of the study is to achieve optimal,
sustainable soil fertility management in cropping
systems based on cereals (fonio and sorghum)
and legumes. Regarding the cereal/cereal rotation
(R1=Fonio/Sorgho), its introduction was motivated
by the observation that producers engage in this
rotation for various reasons (lack of legumes).

Given the high cost of chemical fertilizers, this study
aims to evaluate the performance of local fertilizers
and soil improvers (poultry manure, compost and
Burkina phosphate), which are readily available to
farmers at lower cost.

In addition, the study seeks to show the influence
of crop rotation on soil chemical parameters in a
cropping system.

Fertilizers used and Soil Type

Poultry manure (7.5 t ha') was applied in two
phases, with 2/3 or 5 t ha' being applied before
planting and the remaining 1/3 (2.5 t ha-1) applied
45 days later.
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NPK mineral fertiliser with the formulation 14-23-14
(150 kg ha')and urea at a dose of 46% N (100 kg ha™)
were used. The chemical composition of Burkina
phosphate (500 kg ha-1) is : P20 = 25.38%; CaO =
34.45%; MgO = 0.27%; Ferral = 6.5%; Si0,= 26.24%,;
Fluor = 2.5%; K,0 = 0.25%.

The complex fertilizer NPK, poultry manure and
Burkina Phosphate were applied 5 days before
planting. Urea was used only on sorghum and fonio
as a second application (40 days after planting) to
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tropical ferruginous type with a sandy-loamy texture
and clay content of 17.65%, silt content of (19.6%)
and sand content of (62.75%).

The characteristics of the soil, the fertilizers and the
dosages of nutrients are presented in Tables 3, 4
and 5, respectively.

Table 3: Chemical characteristics of the soil
before the trial was set up

match the nitrogen doses recommended for these ~ Parameters Soil
crops. The mineral fertilizers NPK, formulated 14-
23-14 (150 kg ha') and urea at 46% N (100 kg ha-1) ~ PH water 5.43
were used. The chemical composition of Burkina ~ Organic matter (%) 0.95
Phosphate (500 kg ha) is: P20= 25.38%; Ca0  N% 0.05
= 34.45%; MgO = 0.27%; Ferral = 6.5%; Sio2= C:N 10.36
26.24%; Fluor = 2.5%; K20= 0.25%. Total P mg kg™ 95.6
Assimilable P 2.54
With regard to the chemical characteristics of the ~ 10tal K 937.81
soils prior to the implementation of the agronomic ~ Available K 47.8
trial, they were found to be highly acidic (pH = 5.5)  CEC Cmol kg 1.72
and significantly deficient in organic matter and SEB 1.01
nitrogen. The soils of the experimental site are of the ~ Saturation rate (%) 59.03
Table 4: Chemical characteristics of the compost and poultry manure used
Nature pH_H,O C (%) Total N C:N Total P Total K
(%) (mg kg™) (mg kg™)
Poultrymanure 7.04 32.05 2.128 15 9688.53 14684.65
Compost 7.5 15.06 0.887 16 6543.86 7738.80
Initial soil 55 0.3 0.025 2.35 54.3 55

Table 5: Nutrient doses provided by mineral fertilizers, depending on crops

Crop Nutrients (kg ha)
N P K S Mg
Sorghum 67.01 252.3 15.08 265 2.7
Fonio 67.01 252.3 15.08 265 2.7
Soya 14.01 241 1.08 265 2.7
Mung Bean 14.01 241 1.08 265 2.7
Cultivation interruption. Cereal and legume crops are then

The rotation consists of a legume crop and a cereal
crop grown consecutively for two years without

alternated for an effective rotation.
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Fonio was planted in continuous rows with a spacing
of 0.80 m between rows. Sorghum was also planted
with a spacing of 0.80 m between rows and 0.40
m between clusters. Soya and mung beans were
planted with a spacing of 0.4 m between rows and
0.4 m between clusters.

Statistical Analysis

All the data collected were entered into EXCEL
version 2018. The measured parameters were
subjected to analysis of variance (ANOVA) to
compare the means of soil chemical parameters (i)
under the four rotations (R1, R2, R3 and R4) and (ii)
under the four manures. In addition, the combined
effect of rotations and fertilizers on soil chemical
parameters was measured. The Student-Newman-
Keuls (SNK) test was performed at the 5% threshold
using XLSTAT 2016.02.27444 software.

Multivariate statistical analyses were carried out to
detect any possible or close relationships between
soil chemical parameters, crop rotations and
fertilizers applied. The multidimensional statistical
method used was Principal Component Analysis
(PCA) with XLSTAT 2016.02.27444 software on
centred-reduced data.

Results

Interaction between Rotation System and Manure
The results presented in Table 5 show that the
interactions between rotation and fertilization are
highly significant for the assimilable phosphorus
and total nitrogen treatments. Nevertheless, no
significant differences were observed between
rotation and manure interactions for pH, carbon and
available potassium. The interaction between the
sorghum/mung bean cropping system and poultry
manure exhibited the highest levels of total nitrogen
and available phosphorus, with values of 0.35% and
28.868 mg kg' respectively.

Effect of Rotations on Soil Chemical Properties
The effects of rotations on soil chemical properties
are presented in Table 5. The soya/fonio rotation
exhibited the highest total nitrogen content, enhanced
total soil carbon and facilitated phosphorus and
potassium availability. The utilization of this rotation
led to a 454% increase in available phosphorus
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and an 80% increase in available potassium in
comparison to the initial soil. In comparison to the
fonio/sorghum rotation, the mung bean/sorghum
and soya/fonio rotations resulted in increases in total
phosphorus of 17% and 15%, respectively. However,
the use of these cropping systems resulted in a
4.26% reduction in soil organic carbon compared to
the initial soil. In comparison to the Sorghum/Fonio
system, the Soya/Fonio rotation resulted in a 1.52%
increase in organic carbon.

Effect of Fertilization on Soil Chemical Properties
Table 6 presents the effect of manure on soil chemical
parameters. The statistical analysis revealed no
significant differences between treatments with
regard to total carbon and total nitrogen. The
application of the manures increased soil pH by more
than 4% compared to the initial soil. In comparison
to the initial soil pH, the Compost+PM+BP and
Compost+PM treatments resulted in soil pH
increases of 0.3 and 0.28 pH units respectively.
In comparison to the control, the Compost+PM
treatment increased assimilable phosphorus and
available potassium by 300% and 28%, respectively.
In comparison to the Compost+NPK+Urea treatment,
Compost+PM and Compost+PM+BP resulted in
increases in assimilable phosphorus of 131.78%
and 116%, respectively.

Relationship between Soil-Rotation Parameters
and Fertilizers

The examination of the correlation circle between
variables (soil chemical parameters) and individuals
(treatments) in the main plane 1-2 (Figure 1) reveals
relationships between the different soil chemical
parameters and cropping system and fertilizer
combinations. Some relationships are close. This is
the case for treatments R2T3 and R1T2, which are
related to pH, organic carbon and total nitrogen. The
R1T3 and R2T2 treatments are quite similar and are
related to the assimilable phosphorus and available
potassium parameters. Treatments R4T2, R4T1
and R4T3 are strongly related and weakly related
to treatments R1T3 and R2T2. No parameters are
related to treatments R4T0, R3T0, R3T1 and R3T3.
These treatments are strongly opposed to R4T2,
R4T1, R1T3 and R2T2.
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Table 6: Effects of cropping systems on soil, after three years of cultivation (2019-2021).
Treatments pH_water C(%) Total N Ass_P Aiv_K
(%) (mg kg')  (mg kg")
Soya/Fonio 5.871+0.132  0.399° 0.034+0.01° 13.370+132 83.767+212
Rotation ~ Sorghum/Fonio 5.921+0.27¢  0.393° 0.034+0.01®  13.843+132 81.149+18°
Mung-bean/Fonio 5.609+0.22°>  0.3792 0.033+0.01®*  11.562+10° 78.862+18°
Mung-Bean/ 5.611+£0.14>  0.3582° 0.031+0.01®*  13.360+122 78.533+18°
Sorghum
Pr. > F *% *% *% *kkk *kk
Manures Cpost +PM+BP 5.808+0.46  0.395+0.1 0.034+0.008  18.684+142 84.658+14%
Cpost +PM 5.79910.42 0.391+0.06 0.034+0.005 20.054+12@ 88.331+182
Cpost+NPK+ 5.710+0.43  0.379+0.07 0.033+0.007  8.652+8° 80.588+15%
Urea
Positive control 5.69410.42 0.364+0.07 0.032+0.006  4.746+2° 68.733+20°°
Pr. > F * * * *kkk *kk
Rotation*Manure * * i i *

PM : poultry manure, BP : Burkina Phosphate, Total N: Total nitrogen ; Ass_P: assimilable phosphorus ;

Avai_ K: available potassium. Cpost : Compost

Treatments with the same letter in the same column are not significantly different.
Not significant (*); ** significant (**); highly significant (***)

Biplot (axes F1 and F2 : 89.08 %)
1,5
® R3T2
1 -
/} P_Ass
= 05 ° T3 :
33 ) ﬁs{? < R K-dispo
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°
o R3T0 \ R2T3
5 pHwater
= 05 ® R2T1 C O
§ ® RIT1 N-total — &
| ® RITO
-1 -
°
-1,5
-1,5 -1 0,5 0 0,5 2k 1,5
-- axis F1 (70.98 %) -->

Fig. 1: Circle of correlations between parameters - soils - cropping
systems interaction and fertilizers in the main plane.

C: Carbon, N-Total: Total nitrogen ;P_ass :assimilableP ; K-dispo : Potassium available.
R1: Sorghum/Fonio; R2: Soya/Fonio; R3: Mung bean/Sorghum; R4: Mung bean/Fonio.T0O: Control,
T1: Compost+NPK+Urea, T3: Compost+Poultry Manure, T4: Compost+Poultry Manure+Burkina Phosphate.
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Discussion

Effect of Rotations on Soil Chemical Properties
The results of the study showed that, in general,
legume rotation (mung bean and soya) improved
soil fertility to a lesser extent with respect to the
parameters studied. These two legumes have the
potential to restore soil fertility. Indeed, the Fabaceae
and Mimosaceae families of these legumes are
known for their high production of plant biomass,
which, when buried in the soil, produces organic
matter. Following a three-year cultivation period,
the soil in the Soya/Fonio system exhibited an
organic carbon content of over 1.52% higher than
that observed in the Fonio-Sorghum system. Thus,
the organic matter provided by the plant biomass
plays a role in the nitrogen release mechanisms.
This availability of nutrients may be due to the
accelerated decomposition of the lignin contained
in the litter of herbaceous legumes, due to their
very low C/N ratio. According to,'® these legumes
are better able to maintain organic carbon status.
The buried plant biomass (mung bean and soya) is
a reservoir of a wide range of mineral elements for
the subsequent crop. This could explain the effect
of legumes on potassium (K) and phosphorus (P).
In fact, the root exudates of these legumes are
capable of solubilizing calcium and occluded
phosphorus, thereby increasing the availability of
assimilable phosphorus and its absorption by the
main crop." Organic carbon decrease following
tillage is a commonly observed phenomenon. On the
contrary, the results of short-term experiments
show that legumes do not prevent either organic
carbon or total soil nitrogen from decreasing.
This could be explained by the presence of crop
residues in the plots, which certainly helped to
limit soil carbon decrease. The present study
confirms that of,* who observed that the increase
of vegetation cover on the Sahel soils is associated
with an increase in total soil carbon, with this trend
being more pronounced on sandy soils. It has
been shown that agricultural activity without restitution
generally leads to a decrease in organic carbon.’
Several authors'® have demonstrated that environ-
mental perturbations cause the system to evolve
towards a new equilibrium, resulting in a decrease
in organic matter relative to the stock. The
results of this study are not consistent with
the aforementioned findings. The observed
decrease in soil carbon is likely to depends on
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the type of legume and the duration of the cropping
system. The decrease may also be related to
the type of interaction (fertilizer and cropping
system) employed. This discrepancy in results
may be explained by the fact that the work of,® for
example, did not focus on a specific soil type and
diversified legume type, and only used crop residues
and nitrogen fertilizers. The results show a slightly
significant contribution of cropping systems to soil
carbon accumulation. The presence of a cropping
system effect could be explained by the short duration
of the system and the use of organic resources in
these cropping systems, which contribute to soil
organic carbon enhancement. These results are
consistent with those of,"® who showed that over
time, winter cropping increased soil organic carbon
by 21% and total soil nitrogen by 7% compared
to winter fallow. According to,% the elimination of
ploughing contributes to slowing the mineralization of
organic matter, resulting in the redistribution of carbon
and thus increasing soil carbon stocks. This is
made possible by the large amount of crop residues
returned and the cover crops.

Effect of Fertilization on Soil Chemical Properties
The results on soil fertility indicated that there
was an increase in the pH value of water, carbon
organic and total nitrogen. The Ca content of poultry
manure, compost and Burkina phosphate is probably
responsible for the increase in pH in soils fertilized
with compost and chicken manure.?'?? Poultry are
generally fed with dietary supplements such as
limestone, mineral salts and trace elements which
results in poultry manures having a high calcium
bicarbonate content. Same study® demonstrated
that poultry manure contains a higher concentration
of nutrients, including basic cations (Ca, Mg and Na).
The mineralization of compost and manure by micro-
organisms firstly increased the amount of humus
in the soil, and secondly increased the number
of cations (Ca?" and M¢*) on the CEC, thereby
raising the pH from its initial state. Some authors
have concluded that poultry manure is a potential
alternative for correcting soil acidity for small-scale,
resource-limited farmers who are unable to afford
lime due to its high cost.

The application of organic fertilizers, such as poultry
manure, has helped to improve total soil nitrogen.
Poultry manure is recognized as the most remarkable
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natural fertilizer due to its high nitrogen content.
According to,?* this fertilizer contains nitrogen in two
main forms: ammoniacal nitrogen, which functions
similarly to a conventional mineral fertilizer, and
organic nitrogen, which must be degraded by soll
microorganisms in order to be mineralized.

These results confirm those of other authors,?>2¢ who
showed that organo-mineral fertilization with poultry
manure leads to an increase in pH and improves
soil nitrogen. According to other studies,?"?® the
high organic matter and magnesium content and
the pH (acidic) are favorable for the solubilization
of natural phosphates. The acidic nature of the
soil at the site certainly favoured the solubilization
of Burkina phosphate. Those authors?*3° showed
that treatments combining half doses of chemical
fertilizers with poultry manure led to an increase
in assimilable phosphorus due to an increase in
biological activity. This may explain the solubilization
of rock phosphate under the conditions of the present
experiment. It should be noted that the poultry
manure applied had a moderately acid pH and a high
organic matter content. The agronomic efficacy of
mineral fertilizers used alone has shown their positive
short-term effect, but also their negative long-term
effect on soil chemical degradation (lower pH and
higher exchangeable Al in particular), leading to a
reduction in yield.'??% These results demonstrate that
carbon content can be maintained in a sustainable
manner through the use of organic inputs. According
to,®" in tropical soils with high carbon saturation
deficits, the quality and quantity of applied organic
inputs influence soil carbon accumulation.

Interaction between Cropping Systems and
Fertilization

Given the limited effects of organic and mineral
fertilizers applied separately, it is more appropriate
to combine them in order to improve soil fertility.

The results showed relationships between treatments
R2T3, R1T2 which are related to pH, organic carbon
and total nitrogen. This shows that Soya/Fonio
rotation and Poultry Manure +BP interactions provide
more carbon and improve total soil nitrogen. This
leads to an increase in soil pH. The advantage of
this system is that it reduces acidity and promotes
nutrient mobilization by the plant.® Furthermore, the
interactions between "R1T3" and "R2T2" result in
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phosphorus release and potassium availability. This
shows that under Sorghum/Fonio rotation conditions
with the application of compost + poultry manure
and Burkina Phosphate, there is a high probability
of enhancing the soil in assimilable phosphorus and
available potassium. According to,"'? in cropping
systems, legume residues enrich the soil in nitrogen.
The interactions observed here between mineral
fertilizers and organic matter were not statistically
significant for pH, organic carbon and total nitrogen,
indicating that these factors influence these
parameters in a similar manner. However, there was
a significant increase in pH with the poultry manure
and legume combinations. An increase in pHwater
of about 4.69% was obtained with the combination of
residues (legumes/cereals) and poultry manure, but
this increase was less significant than that obtained
with the combination of Sorghum/Fonio rotation
or poultry manure. The increase in soil water-
holding capacity with poultry manure and legumes
contributed to improved nutrient availability.>*233 In
fact, the joint application of mineral fertilizer and
organic amendments often results in synergistic
effects that increase the long-term nutrient holding
capacity of the soil and, in some cases, the recovery
rate of mineral fertilizer.?' It should be noted that
nitrogen is a highly mobile element with complex
dynamics. The measurement of total nitrogen in the
soil at a given time cannot account for the availability
of this element in the soil. In line with these results
and those obtained in other studies,?*3% mineral
nitrogen is a very good indicator for assessing the
nitrogen contribution of legumes.

In fact, the positive correlation between carbon and
pH and nitrogen indicates a certain relationship
between these parameters. This shows that soil
carbon levels are among the soil variables that
best explain the increase in total nitrogen and the
improvement in pH. This is probably a consequence
of the mineralization of legume residues coupled with
that of organic matter from poultry manure, since the
interactions of legumes and poultry manure systems
are the best suppliers of total nitrogen.

Conclusion

This study relates to the issue of the sustainable
management of soil fertility through the combined
use of cropping systems and poultry manure on acid
pH soils with low organic matter content in Burkina
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Faso. In a context where the cost of mineral fertilizers
is too high, this study makes sense in the search
for palliative solutions. The results of this study
show that the mung bean/fonio and Soya/Fonio
rotations resulted in a greater increase in assimilable
phosphorus and total nitrogen. The results also
show that the Compost+PM+BP and Compost+PM
manures improved soil pH and increased available
phosphorus and potassium in the cropping system.
The present results confirm the role of legumes
and poultry manure in improving soil chemical
parameters. The Soya/Fonio-Compost-poultry
manure rotation combination improved soil pH,
organic carbon, total nitrogen, available phosphorus,
and potassium.

The results obtained can be used to draw agronomic
conclusions. Legume/cereal rotations should be
encouraged and even promoted in the country's
agricultural systems. Similarly, the use of organic
fertilizers should be popularized and integrated into
soil fertilization programs in order to maintain the
sustainability of farms.

To consolidate these initial results, it is necessary to
continue research in the long term to gain a better
understanding of the effects of combinations of cropping
systems and organic or organo-mineral fertilizers
on mineral nitrogen. This will provide guidelines for
optimizing the productivity of cereal-based cropping
systems, especially fonio and sorghum.
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