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Abstract 
Land along the Bomboré River in the rural commune of Mogtédo in Burkina 
Faso is experiencing degradation. The explanatory causes of this degradation 
constitute the subject of this study. To do this, a survey was conducted among 
agricultural producers deployed along the watercourse. Soil profiles were de-
scribed and samples were taken to analyze pH, soil organic carbon, soil or-
ganic matter, total nitrogen, and texture. The RUSLE model approach based 
on landstat8 OLI/TIRS and SRTM satellite images dated December 17, 2021 
with fairly good radiometric, spatial, and spectral resolution was used to cal-
culate the land loss rate. In terms of results, the potentially irrigable areas that 
spread out on both sides of the banks of the river cover 209.23 ha with a pe-
rimeter of 6.16 km. The number of irrigators is 26 producers and they grow 
17.92 ha of vegetables. Soil analyzes indicate the presence of a moderate acid 
on the vertisol with a pH between 5.57 and 5.86. On the depth 0 - 30 cm of 
the horizon, the color of the horizons ranges from 5YR4/2 on the talweg and 
on the right bank to 7.5YR3/2 on the left bank and presents no risk of salinity 
because the electrical conductivity measured is less than 1dS/cm. The diagno-
sis of hydromechanical equipment shows that producers use 46 motor pumps 
for irrigation, of which 15 motor pumps run on gasoline and 31 motor pumps 
on butane gas with a ratio of 1.7 motor pumps per producer. The number of 
Polyvinyl Chloride (PVC) pipes used by producers in combination with a 
motor pump gives an average of 44 per farmer. In terms of mineral fertilization, 
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the gross doses used by producers are 415.53 kg/ha of NPK and 201.55 kg/ha 
of urea, while the quantities of phytosanitary products are 3.99 l/ha of pesti-
cides and 1.42 l/ha of herbicides. Agricultural activities emit about 222,436.66 
kgCO2eq into the atmosphere, whose emissions from motor pumps represent 
84.52% of these total emissions. The land loss estimate gives an average rate 
of 2.30 t/ha/year of land loss. This loss is due to the effects of poor agricultur-
al practices, water erosion, and the drainage channels and gullies created by 
the anarchic installation of dwellings around the edges of the river. This study 
calls for more monitoring actions to sustainably safeguard the soil and water 
resources of this river which contribute to the survival of more than 73,214 
inhabitants. 
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1. Introduction 

A Sahelian country with an essentially semi-arid climate, Burkina Faso is faced 
with relatively difficult agro-ecological conditions due to climatic deterioration 
and increasing anthropogenic pressure. 

Burkinabè agriculture is mainly driven by small family farms of extensive 
types, weakly mechanized [1]. Plant production is dominated by cereals (sorg-
hum, millet, maize, rice, and fonio) which occupy more than 70% of the areas 
sown annually and constitute the staple diet of the majority of the population [2]. 
These plant productions are essentially rainfed and constrained by rainfall varia-
bility. 

Agriculture in Burkina Faso is characterized by two types of production, namely 
rainfed and irrigated agriculture [3]. Agricultural areas are estimated at 4,272,786 
ha for rainfed crops and 11,690 ha for irrigated crops [1]. 

Burkina Faso experienced major droughts in the 1970s which seriously ham-
pered agricultural production and led to recurrent food crises [4]. Drawing les-
sons from these drought waves, delays, and rainfall deficits, the development of 
irrigation through the mobilization of water, and the development and the en-
hancement of irrigated perimeters and lowlands constitute strategic axes for the 
ministry in charge of agriculture [5]. Irrigated agriculture is thus a promising al-
ternative for securing agricultural production and a certain financial windfall for 
irrigators [6]. It is in this context that the Nakanbé-Bomboré sub-watershed, which 
has enormous hydro-agricultural potential and arable land, is the subject of agri-
cultural operations along its Bomboré River. This river has been known for sev-
eral decades as an intensive abstraction of surface water for irrigation. The develop-
ment of irrigated land has led to a change in the balance of agro-hydro systems 
linked to erosion and eutrophication phenomena [7]. The eutrophication phe-
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nomenon is an environmental reaction to an increase in invasive aquatic plants. 
Farms that are located upstream of water reservoirs in the Nakanbé sub-watershed 
are experiencing specific degradation [8]. In the Nakanbé-Bomboré catchment area, 
in recent decades, there has been an increase in the number of producers along the 
river using motor pumps as a means of drainage for vegetables. Bad practices 
(siphoning, exploitation of river banks, over-irrigation, etc.) and applications of 
agricultural inputs (misuse of fertilizers and pesticides) contribute to the silting 
up/siltation of the river, and the decline in soil fertility and water pollution [9].  

The lack of appropriate measures for the development and conservation man-
agement of water and soil in agricultural watersheds remains one of the fun-
damental causes of the dysfunction and decline in agricultural productivity of ir-
rigated perimeters and lowlands [10] [11]. 

In recent years, work on the rate of specific degradation in the water reser-
voirs of Mogtédo [12] and in the sub-watersheds of Burkina Faso [13] in con-
nection with agricultural activities was carried out. Other works have also focused 
on: 1) the evaluation of the technical performance of irrigation in Burkina Faso 
[5]; 2) the characterization and modeling of groundwater [14] [15]; 3) the con-
tribution of geomorphology to the process of designing river restoration projects 
and the use of water resources for agricultural purposes [16] [17] [18]; 4) inte-
grated management of soil [17] fertilization under vegetable production [19]. De-
spite the plurality and diversity of studies carried out, the problem of land de-
gradation along the banks of the rivers under vegetables in general and that of 
the Bomboré River did not receive any particular interest. However, these banks 
of perennial or intermittent watercourses in Burkina Faso constitute ecosystems 
and a continuum of biodiversity conservation rich in flora and fauna which de-
serve an in-depth look due to the impacts of human activities and climate change 
as to their viability. 

This study will help to know which extent agricultural activities destroy the land 
in the Bomboré River area in order to promote the adoption of good agricultural 
practices around water reservoirs. 

It is an essential step in planning actions to safeguard the ecosystems of wa-
tercourses, in order to make it possible to diagnose and suggest appropriate so-
lutions for sustainable land and water resources management. 

2. Material and Methods 
2.1. Study Zone 

The Bomboré River is located in the Nakanbé-Bomboré sub-watershed, one of 
the forty constituent sub-watersheds of the Nakanbé catchment [20]. The study 
area is located in longitude 0˚51.818'W and latitude 12˚16.277'N (Figure 1). 
According to the administrative subdivision of Burkina Faso, the study area falls 
under the Central Plateau region and is located at the rural commune of Mogtédo, 
Ganzourgou province. 
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Figure 1. Location map of the study area. 

 
Climate of the Nakanbé-Bomboré sub-watershed is characterized by a winter 

season from June to September and a dry season from October to May. The av-
erage annual rainfall collected in Mogtédo over the past ten years’ ranges from 
655 mm to 863 mm. 

2.2. Field Investigation 

Data was collected from producers located along the Bomboré River and owners 
of agricultural plots. An elaborate questionnaire was submitted to each producer 
to: 
- Collect quantitative data on their farms: number of motor pumps in posses-

sion, daily operating time of each motor pump, fuel consumption per day, ir-
rigation time, quantity of inputs used (NPK, urea, pesticides, compost, etc.), 
and sown agricultural speculations, etc. 

- Know the area of each farm and validate the information collected by a GPS 
survey. 

2.3. Soil Prospecting 

A pedological survey was carried out following two toposequences going from 
the top of the river banks to the talweg following the line of greatest slope [21]. 
On each site, three pits or soil profiles were opened, one on each bank and one 
in the talweg. The soil profiles were opened to a depth of at least 1.20 m and the 
description was made according to [22], guidelines and classified according to 
the “Commission Pédologique et Cartographique de Sol [23]” of France. 
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Six soil samples were taken from the 0 - 30 cm horizon at the level of the left 
and right banks of the river as well as in the talweg. These samples were the subject 
of physico-chemical analyzes carried out at the National Soil Office (BUNASOLS). 
They concerned: 
- pH: This analysis was carried out using the glass electrode and calomel refer-

ence electrode method with a soil/water ratio of (1/2.5). 
- The soil organic carbon rate was obtained with the Walkey & Black method. 

The carbon is oxidized by potassium dichromate (K2Cr2O7) in sulfuric me-
dium (H2SO4). 

- The rate of organic matter: This rate was deducted from that of the organic 
matter knowing the rate of carbon and according to the formula below: 

%Carbon 100%OM
58

×
=                      (1) 

- Total nitrogen: This measurement was made by the Kjeldhal method. The 
sample, sieved at 0.5 mm, is subjected to the action of sulfuric acid (H2SO4) 
and catalysts (Cu, Se, Na).  

- Assimilable phosphorus: The Bray method was used. This method combines 
the extraction of phosphorus in an acid medium with the complexation, by 
ammonium fluoride (NH4F), of aluminum bound to phosphorus. 

- Available potassium: This measurement was carried out using a flame photo-
meter by comparing the intensities of the radiation emitted by the potassium 
atoms with those of the standard solutions. 

Tthe five-fraction particle size: The international method adapted to the “Ro-
binson Khöln” pipette made it possible to make the measurements.  

It includes the steps of: 
- Destruction of organic matter by peroxide (H2O2). 
- Dispersion of clays with sodium hexametaphosphate (NaPO3)6. 
- Sampling during sedimentation at a precise depth of the non-seeable elements 

using a “Robinson” pipette. 
- Weighing the solid residue of each sample after evaporation. 
- Separation by sieving of fine sands and coarse sands. 

Sedimentation is based on Stockes’ law. According to this law, the speed of a 
spherical particle settling under the influence of gravity in a liquid of known den-
sity and viscosity is proportional to the square of the radius of the particle. 

( ) 2
1 22

9
D D gr

V
p

− ∗
=                        (2) 

where: 
D1 = density of the particle in g/cm3. 
D2 = density of the liquid in g/cm3. 
g = acceleration due to gravity = 9.81 m/s2. 
r = radius of the particle in cm. 
p = viscosity of the liquid in g/cm/s. 
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2.4. Estimation of CO2 Emitted 

Calculation of CO2 emitted quantities by the motor pumps was carried out with 
the tool Ex-Ante Carbon-Blanc Tools (EX-ACT-v9) developed by FAO in 2011 
which follows of IPCC lines for national greenhouse gas inventories (2006, 2014, 
2019). This tool makes it possible to estimate the impacts of projects and pro-
grams in agriculture and forestry according to carbon balance. The CO2 emis-
sion factors of fertilizers and pesticides are proposed in Table 1 and Table 2 
[24]. 

The butane emission factor is 230 kg CO2eq per 01 kg of butane consumed, 
while that of gasoline is 2.29 kg CO2eq per 01 liter [25]. 

To obtain the emissions, the nutrient dose is multiplied by the corresponding 
emission factor. Thus, for binary or ternary fertilizers, a summation of the emis-
sions of each nutrient was made. The formula for calculating CO2 emissions per 
hectare (kg CO2eq/ha) is as follows [26]: 

2 52

2 5

kg P Okg CO eq kg NdoseN 5.29 doseP 0.94
ha ha ha

kg K O
doseK 0.5

ha

  = × + ×      
 + × 
 

      (3) 

2.5. Land Loss Estimate 

The assessment of the risks of physical degradation concerns the first 30 centi-
meters. The risks are assessed using the equation below [27] [28]. The PIERI in-
dex is a ratio between the quantity of organic matter in a soil and its mineral ad-
sorption surface below which the maintenance of the structural structure is no 
longer assured. 
 
Table 1. CO2 emission factor of fertilizers. 

Input Type Nutrient Unit Kg CO2/kg Nutrient 

Ternary Fertilizer 

kg N 5.29 

kg P2O5 0.94 

kg K2O 0.51 

Source: [24]. 
 
Table 2. CO2 emission factor of pesticides. 

Entitled 
Kg CO2/kg of  

Active Ingredient 
Kg CH4/kg of  

Active Ingredient 
Kg N2O/kg of  

Active Ingredient 

Herbicide 8.33 0.0254 0.00022 

Fungicide 5.53 0.018 0.00015 

Insecticide/Pesticide 23.7 0.054 0.00063 

Source: [24]. 
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( )
( )

OM %
100

Clay Silt %tS = ∗
+

                     (4) 

- If St < 5%, unstructured horizon, high sensitivity to erosion. 
- If 5% < St < 7%, unstable horizon with high risk of destruction. 
- If St > 9%, horizon presenting no immediate risk of destruction. 

The surface crusting index (Ic) [28] is determined according to the following 
formula: 

( )
1.5 0.75

100
10 OM

f g
c

L L
I

A
+

= ∗
+ ×

                     (5) 

with, Lf: fine silt (2 - 20 µm) %. 
Lg: coarse silt (20 - 50 µm) %. 
A: clay < 2 µm. 
OM: organic matter. 

- If Ic < 1.5, low risk of deterioration. 
- If 1.5 < Ic < 2.5, risk of average degradation. 
- If Ic > 2.5, high risk of deterioration. 

The revised RUSLE model, which quantifies soil loss, was used to characterize 
annual soil loss rate in the study area. The implementation of the RUSLE model 
requires data on topography, land cover, climatology and pedology. 

The RUSLE model considers erosion as a multiplicative function taking into 
account the erosivity of precipitation (factor R) and the resistance of the envi-
ronment (factors C, K, LS, P). Each factor is a numerical estimate of a specific 
component that affects the severity of soil erosion at a given location [29]. 

The data set created for this study is made up of bibliographic data and a Dig-
ital Elevation Model (DEM) of the area, downloaded from the United States 
Geological Survey (USGS) site, pedological (soil types) and rainfall data acquired 
from BUNASOLS and the National Agency for Aviation and Meteorology (ANAM) 
of Burkina Faso. All the data acquired was used to create a spatially coherent vec-
tor and raster database that can be used in a Geographic Information System (GIS) 
environment, in particular ArcGis 10.2. Digitization, extraction of the study area, 
georeferencing and creation of attribute tables were the main stages of data pre-
processing. The basic equation of the RUSLE model is: 

A R K LS C P= × × × ×                         (6) 

where: 
A is the soil loss rate t/ha/year. 
R is the erosivity of rainfall (MJ·mm/ha·h·year). 
K is the soil erodibility (th/ha·MJ·mm). 
LS is a topographic factor (L in m, S in %). 
C represents the vegetation cover. 
P represents agricultural activities and practices and erosion control projects. 
The R factor was determined from rainfall data for the last thirty years in the 

study area from 1990 to 2020, acquired from ANAM. He corresponds to the eq-
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uation of [30]: 
1.6100.043R P= ×                           (7) 

where P: average annual precipitation in mm. 
The K factor reflecting the erodibility of soils or its susceptibility, and the rate 

of soil erosion was established on the mapping of soil types in the study area and 
determined from the Wischmeier & Smith equation (1978): 

( ) ( ) ( ) ( )4 1.142.1 10 12 3.25 2 2.5 3

100

M a b c
K

−∗ ∗ ∗ − + ∗ − + ∗ −
=      (8) 

where M is calculated by the formula below: 

( ) ( )%fine sand silt 100 %clayM = + × −               (9) 

a is the percentage of organic matter. 
b is the permeability code. 
This is the structure code. 
The LS factor is a function of the length and steepness of the terrain slopes 

[31]. In this study, the formula developed below [32] adopted by several authors 
was used: 

( ( )

( )2

resolutionlength of the Slope 0.065 0.045 Slope %
22.1

0.0065 Slope %

m

LS  = × × + × 
 

+ ×

  (10) 

The parameter “m” is chosen according to the slopes of the watershed studied 
according to the indications below (Table 3). 

The C factor could not be calculated from the line graph proposed [34] be-
cause of the impossibility of determining the percentage of soil covered by the ca-
nopy and the height of the different types of vegetation cover. The C factor was 
determined from the Normalized Deviation of the Vegetation Index (NDVI) as 
recommended by [35], who estimate that this C factor also depends on the na-
ture of the vegetation and the percentage of plant cover. The C factor is a func-
tion of the Normalized Difference Vegetation Index (NDVI) commonly used in 
the analysis of satellite images. It is calculated by: 

NIRNDVI
NIR

R
R

−
=

+
                        (11) 

The C factor varies between 1 for a bare fallow and 0.001 for a completely 
covered ground (Wischmeier & Smith, 1978). It is calculated by: 

1 NDVI
2

C −
=                           (12) 

 
Table 3. Value of m according to slope. 

Settings Slope (%) < 1 1 ≤ Slope (%) < 3 3 ≤ Slope (%) < 5 Slope (%) ≥ 5 

“m” Value 0.2 0.3 0.4 0.5 

L and S factors can be estimated separately from NTMs [33]. 
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The P factor, which reflects agricultural and soil conservation practices (an-
ti-erosion practices, contour plowing, ridging, ridging, etc.), could not be deter-
mined on the Landsat-TM satellite images and therefore the threshold value was 
set to 1 [36]. 

The RUSLE model is implemented by crossing the parameters with each other 
through arithmetic rules and Boolean operators in order to produce a new value 
in the composite layer, here representative for each pixel of soil losses [33]. The 
P factor can be approximated by the equation: 

( )0.2 0.03 Slope %P = + ×                     (13) 

3. Results 

After analyzing the data collected in the field, the results obtained are presented 
according to the main themes relating to the land resources of the study area, the 
means of extracting water for crop irrigation, the inputs used for agricultural pro-
duction, CO2 emitted by agricultural inputs and equipment as well as the rate of 
land loss. 

3.1. Land Resources 

The results obtained from the soil survey show that, along the Bomboré River, 
the soils on the banks are of vertisol type with depths that are greater than 1.20 
m. The texture is clayey-loamy in the horizon of 0 - 30 cm on the whole of the 
two banks and the thalweg. It becomes clayey in the underlying horizons. The 
color of the horizons ranges from 5YR4/2 (black reddish gray) in the thalweg to 
7.5YR3/2 (black brown) on the left bank and 5YR3/2 (reddish gray) on the right 
bank. 

The results of physico-chemical analyze of soil samples over the 0 - 30 cm 
depth are presented in Table 3 and compared with the FAO and BUNASOLS 
standards of 1994 (Table 4). They indicate the presence of three geomorpholog-
ical units which show a low organic matter rate of 0.72% on the left bank and an 
average of 1.64% on the right bank. The material content is high (2.10%) at the 
level of the thalweg. 

The soil on the left bank is highly acidic (pH = 5.57) while the soils on the 
talweg and on the left bank are moderately acidic with a water pH between 5.6 
and 6. Electrical Conductivity (EC) measured shows that the soil along the river 
presents no risk of salinity for the crops grown, it is less than 1000 uS/cm. 

The nitrogen rate is very low in the three morpho-pedological units from the 
left bank to the right bank and in the talweg (Table 5). As for assimilable phos-
phorus (Pa), its value is low (9 mg/kg) on the left bank but it is high (26 mg/kg) 
in the thalweg, and very high (45 mg/kg) on the right bank (Table 5). The avail-
able potassium (Kd) in the soil shows a very low value (22 mg/kg) on the left 
bank, average (61 mg/kg) and high (106 mg/kg) respectively in the talweg and 
on the right bank (Table 5). 
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Table 4. Soil analysis results on depth 0 - 30 cm. 

Parameters 
Analyzed 

N (mg/kg) Pa (mg/kg) Kd (mg/kg) CE (uS/cm) Clay (%) Silts (%) Sands (%) pH VS (%) MO (%) 

Left Bank 6 9 22 131 39.50 46.76 13.74 5.57 0.42 0.72 

Right Bank 33 45 106 636 27.50 65.82 6.68 5.65 0.95 1.64 

Talweg 19 26 61 364 43.75 46.37 9.88 5.86 1.22 2.10 

 
Table 5. Soil fertility class standards. 

Class 
 

Very Low Low AVERAGE Raised Very High 

MO 
Quoting 1 2 3 4 5 

% <0.5 0.5 - 1.0 1.0 - 2.0 2.0 - 3.0 >3 

Total # 
Quoting 1 2 3 4 5 

% <0.02 0.02 - 0.06 0.06 - 0.10 0.10 - 0.14 >0.14 

Pa 
Quoting 2 2.5 3 3.5 4 

ppm <5 05 - 10 10 - 20 20 - 30 >30 

Point 
Quoting 2 2.5 3 3.5 4 

ppm <100 100 - 200 200 - 400 400 - 600 >600 

Kd 
Quoting 2.5 2.75 3 3.25 3.5 

ppm <25 25 - 50 50 - 100 100 - 200 >200 

Kt 
ppm <500 500 - 1000 1000 - 2000 2000 - 4000 >4000 

Quoting 2.5 2.75 3 3.25 3.5 

CEC 
Meq/100g <5 05 - 10 10 - 15 15 - 20 >20 

Quoting 2 2.5 3 3.5 4 

V 
% <20 20 - 40 40 - 60 60 - 80 >80 

Quoting 2 2.5 3 3.5 4 

S 
Meq/100g <1 1 - 6 6 - 11 11 - 16 >16 

Quoting 1 2 3 4 5 

pH 
Value 

>9.0 8.5 - 9.0 7.9 - 8.4 7.4 - 7.8 
6.1 - 7.3 

<4.5 4.6 - 5.0 5.1 - 5.5 5.6 - 6.0 

Quoting 1 2 3 4 5 

Source: [28]. 

3.2. Means of Pumping 

The means of pumping water for irrigation that the study listed on the site 
showed that there were motor pumps fitted with pipes made of Polyvinyl Chlo-
ride (PVC). All of the equipment thus listed is used to exploit the water of the 
Bomboré stream for the irrigation of furrow crops on the banks. The total num-
ber of motor pumps on the site was forty-six including 31 motor pumps between 
1 and 5 years old and sixteen others between 5 and 10 years old. For their opera-
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tion, fifteen motor pumps used regular gasoline (Super 91) while the thirty-one 
others were powered by butane gas. 

The PVC pipes used on the study site vary in size and quantity per operator 
for an estimated total length of approximately 6800 m. A quantity of 10 to 80 
PVC pipes is used by producers working on the site, including an average of 44 
pipes per operator. The vegetable plots closest to the river are less than 5m away 
while the furthest are more than 500 m. 

The operators listed on the site, twenty-six in number, operate a total area of 
approximately 17.92 ha due to an average of 0.7 ha per producer; the minimum 
area per producer being 0.1980 ha and the maximum 2.2985 ha. With regard to 
the total number of operators and motor pumps, a ratio of approximately two 
motor pumps per producer on the site can easily be derived. 

The operators listed mainly come from four surrounding localities and the 
hired workforce by producer varies from 4 to 15 people for the two production 
campaigns of dry and wet season. Not all the plots located along the Bomboré 
River have been developed to facilitate crop irrigation. 

3.3. Inputs Used 

Producers who operate market gardening along the river use huge quantities of 
mineral fertilizers for cropping. Gross input doses of fertilizers used by produc-
ers are summarized in Table 6 below.  

The investigation showed that the mineral fertilizers used on the site are NPK 
of formulation 14-23-14 and urea (46%). In the dry campaign, the raw doses of 
fertilization are 468.5 kg/ha of NPK and 262.15 kg/ha of urea. Referring to the 
doses recommended by popularization in Burkina Faso, which are 300 kg/ha of 
NPK and 150 kg/ha of urea in vegetables, the surplus of fertilizers applied in the 
dry season is 168.52 kg/ha for NPK and 112.15 kg/ha for urea. In the wet cam-
paign, the surplus is 62.54 kg/ha of NPK and 8.96 kg/ha of urea. 

In the dry season, producers use more than 28 liters of herbicides and 91 liters 
of pesticides to treat vegetable crops, i.e. 1.56 l/ha and 5.08 l/ha respectively. In 
the wet campaign, the quantities of herbicides and pesticides used are respec-
tively 23 liters and 52 liters, of which the gross treatment dose is 1.28 l/ha for  
 
Table 6. Situation of gross input doses used by producers. 

Amount NPK (kg) Urea (kg) OF (kg) Herbicide (L) Pesticide (L) 

Dry Countryside 8400 4700 46,930 28 91 

Dosage/ha CS 468.52 262.15 2731.78 1.56 5.08 

Wet Countryside 6500 2850 9490 23 52 

Rate/ha CH 362.54 158.96 529.31 1.28 2.90 

Total 14,900 7550 56,420 51 143 

Gross dose/ha/year 415.53 201.55 1573.43 1.42 3.99 

Source: field survey. 
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herbicides and 2.90 l/ha for pesticides. The phytosanitary products that produc-
ers buy is rarely approved and some, intended for cotton, are used for the pro-
tection of market garden crops with Lamda super (lambda-cyhalothrin 25 g/L) 
which is the most widely used. 

3.4. CO2 Emissions from Inputs and Irrigation Equipment 

The results of calculated CO2 emissions from agricultural inputs and equipment 
show that NPK emits approximately 14734.50 kg CO2eq in a year of production 
along the river. Urea has an emission of 17398.81 kg CO2eq and pesticides 71.99 
kg CO2eq against 8.95 kg CO2eq emitted by herbicides; i.e. a total of 80.94 kg 
CO2eq. 

As for the motor pumps, they emit more than 190222.4 kg CO2eq. The results 
show that more than 222,437 kg CO2eq are emitted by the use of motor pumps 
and inputs (mineral fertilizers and phytosanitary products). The use of inputs puts 
about 14.48% CO2eq against 84.52% CO2eq by the use of motor pumps. 

The results of the variance analysis of emissions (Table 7) show a significant 
difference between the area exploited and the number of motor pumps. The high 
number of motor pumps (46) is the main source of CO2 emissions into the at-
mosphere, especially those that run on butane gas. 

3.5. Land Degradation 

The structural stability (St) established through the Pieri index on the depth 0 - 
30 cm gives a value of 0.98% for the left bank, 1.75% for the right bank and 2.33% 
for the thalweg (Table 8). All these values are less than 5%, indicating a 0 - 30 cm 
unstructured horizon with great sensitivity to erosion.  

 
Table 7. Analysis of variance of CO2 emissions. 

Source SS F MS F Prob > F Meaning 

SE * CO2_emitted_CS 9.16 × 108 15 6.1 × 108 3.30 0.0309 S 

SE * CO2_emitted_CH 1.09 × 109 20 5.45 × 108 24.08 0.0011 HS 

SE * CO2_emitted_motor Pump 1.85 × 108 3 6.17 × 108 1.48 0.2465 NS 

Age * CO2_emitted_motor Pump 41.5 6 6.91 0.38 0.8422 NS 

CO2_emitted_motor Pump * NMP 3.78 × 109 5 7.56 × 109 5734.02 0.0002 HS 

CS: Dry Season. CH: Rainfall Season. SE: Area Exploited. NMPs: Number of Motor Pumps in possession. S: Significant. HS: High-
ly Significant. NS: Not Significant SS: Sum of Squares. DF: Degree of Freedom MS: Mean Square F: statistical variable. 
 
Table 8. Land degradation risk index along the Bomboré River. 

Morphopedological_unit St (%) Observations on St Ic (%) Observations on Ic 

Left Bank 0.98 Unstructured Horizon, Great Sensitivity to Erosion 0.83 Low Risk of Deterioration 

Right Bank 1.75 Unstructured Horizon, Great Sensitivity to Erosion 1.57 Medium Downside Risk 

Talweg 2.33 Unstructured Horizon, Great Sensitivity to Erosion 0.85 Low Risk of Deterioration 
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The crusting index (Ic) of the left bank and the thalweg is 0.83 and 0.85 re-
spectively. This Ic, which is less than 1.5, shows a low risk of deterioration of the 
horizon. The crusting index takes into account the leaching of the horizon, the 
crusting and the level of biological activity in the soil. As for the Ic of the right 
bank, it is 1.57 corresponding to an average risk of deterioration. 

The erosivity (R) of rainfall, calculated on the basis of rainfall data from Mogtédo 
gives a value of 397.22 MJ·mm·ha−1h−1·year−1. The erodibility calculation gives an 
average value of 0.408 th ha/ha·MJ·mm on the vertisol with hydromorphic ex-
ternal drainage.  

The incidence of the slope (LS) length and its inclination of the calculated 
study area varies between 0 and 3.12. Its average value is 0.11. Plant cover (C) of 
the study area is very low with an average cover value of 0.375. The area is not 
developed and the presence of ridges as irrigation networks represents 66.84%. 
The average cultural practices (P) along the river are 0.27. 

The soil loss map is thus established by multiplying the different factors of the 
Revised Universal Soil Loss Equation (RUSLE). In the right-of-way of the study 
site, the annual loss of land is estimated at 481.22 t/ha/year with an average rate 
of 2.30 t/ha/year. On the area of 209.23 ha of the study site, 58.93% of the area 
has a water erosion rate of less than 01 t/ha/year. The highest erosion potential 
(20 - 44.17 t/ha/year) covers an area of 1.90 ha or 0.91% of the study area 
(Figure 2 and Table 9). 

 

 
Figure 2. Potential for soil loss along the Bomboré River. 
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Table 9. Distribution of soil losses along the Bomboré River. 

Soil Erosion Risk Class Land Loss Rate (t/ha/year) Area (ha) Percentage (%) 

Very Weak 0 - 1 123.29 58.93 

Weak 1 - 5 51.63 24.68 

AVERAGE 5 - 10 25.17 12.03 

Moderate 10 - 20 7.24 3.46 

Raised 20 - 44.17 1.90 0.91 

4. Discussions  

This study shows that agricultural production systems using irrigation along the 
Bomboré River present various risks of agricultural land degradation. The lack 
of development of the lowlands coupled with water wastage (watering can and 
furrow irrigation) lead to sheet erosion of the soil on the scale of the irrigated 
plots. This situation was already observed along the Mouhoun Rivers in Burkina 
Faso [37]. 

Lack of knowledge of the technical characteristics of motor pumps (Total 
Manometric Head (HMT), Net Positive Suction Head (NPSHr)) and the inabili-
ty of producers to determine water needs by speculation practiced (tomato, cab-
bage, amaranth, eggplant, etc.) causes an uncontrolled flow of irrigation water 
and therefore accelerates sheet erosion. This poor organization of producers is 
due to the rapid drying up of the river (month of February), from which each 
producer has the ambition to save his production. 

The use of motor pumps for irrigation has led to the deployment of PVC pipes 
on the most distant plots up to those which are almost in the minor bed of the 
river. The cumulative length of the pipelines on either side of the banks of the 
river is 6.8 km. 

The excesses of mineral fertilizers observed for NPK (362.5 kg) and urea 
(158.96 kg) in the plots are detrimental to the quality of surface and groundwa-
ter but also promote the eutrophication of farmland. The excess inputs in mar-
ket gardening lead to dietary imbalances for leafy vegetable consumers [26]. The 
excessive use of mineral fertilizers could also lead to acidification of the soil and 
this justifies the current water pH of vertisols in the study area found to be 
around 5.56. Several studies [38] [39] [40] have come to the same conclusion 
that the use of high doses of mineral fertilizers destabilizes soil structures and 
also contributes to its acidification. The consequence of eutrophication is a 
transfer and deposit of excess nutrients and phytosanitary products in wetlands, 
resulting in an ecological imbalance due to colonization of plants [41]. This jus-
tifies the invasive presence of aquatic plants such as Typha domingensis Pers., 
Eichhornia crassipes (Mart.) Solms or water hyacinth, Cyperus articulatus L., 
Mimosa pigra Linn. and Azolla africa Desv., observed in the Bomboré River bed. 
The phytosanitary products used for market gardening (crotal, Lamda super K, 
etc.) are not approved and unsuitable for sown crops (tomato, onion, lettuce, 
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eggplant, amaranth). The xcessive use of pesticides pollutes soils and water. The 
active ingredient of these phytosanitary products is persistent in the soil with a 
leaching potential that ranges from low to high [42]. Another difficulty related to 
excessive use of pesticides along the Bomboré River would be the resistance that 
insects and weeds could develop [43]. 

The resistance of plants and insects to phytosanitary products is linked to the 
specific nature of the herbicides and/or pesticides but also to the application mod-
es [42]. It would be better to make producers aware of the adoption of good agri-
cultural practices, safe protection measures in the use of pesticides so that they 
change their behaviors [44]. The use of biological pesticides and bio-aggressors 
could constitute an alternative for the implementation of ecological intensifica-
tion models for market gardening. 

Agricultural activities carried out along the Bomboré River emitted more than 
222436.66 kg CO2eq in one agricultural campaign. This could be explained by an 
intensive use of pesticides to deal with the attacks of pests and diseases, hence an 
increase in the active ingredient of phytosanitary products. 

The ratio of 02 motor pumps per producer shows that the motor pumps oper-
ate continuously and would therefore release more CO2 into the atmosphere. 
The use of motor pumps older than 5 years could thus be the basis of the high 
CO2 emission; the latter being assumed to be amortized. To achieve the ambition 
of reducing its CO2 emissions by 29.42%, i.e. 31632.85 Gg CO2eq set by Burkina 
Faso (NDC, 2021), it would be appropriate to popularize clean energy and not 
pollutants pumping equipment. 

The indices of sensitivity to degradation (St and Ic) of the vertisol along the 
Bomboré River reflect the level of stability of the aggregates. They show the level 
of balance between clay, organic matter and silt at a depth of 30 centimeters in 
the ground. The destructuring of the surface horizons of the study area (St be-
tween 0.98% and 2.33%) is favored on the one hand by the formation of settling 
crusts and on the other hand by acidification of the soil. and low organic matter 
content. Acid soils are particularly sensitive to leaching which, carrying away 
Ca2+ and Mg2+ ions, decreases the base saturation rate, and further aggravate aci-
dification [45]. 

The low rate of organic matter would be the basis of the average risk of soil 
degradation on the right bank. The index of hydraulic and pedological functioning 
of the irrigated perimeter of Gouran in the Sourou valley in Burkina has con-
firmed [46]. The destruction of the rupicolous and the banks of the river by the 
operators would have contributed to accentuating soil degradation on the right 
bank. The heavy use of mineral fertilizers weakens the soil structure and exposes 
it to water erosion [40]. 

Excessive use of chemical fertilizers coupled with poor agricultural practices 
would physically degrade soil organic matter resulting in weak interaction between 
soil organic carbon and structural aggregates.  

An input of organic manure up to a maximum of 5 t/ha every 2 years is suffi-
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cient to maintain soil fertility [40]. 
Along the Bomboré River, the average rate of land loss would be linked to 

poor farming practices by producers, such as plowing plots according to water 
flow direction and making irrigation furrows. In addition, the presence of a gold 
panning site in the watershed with discharge of artisanal gold leaching water in-
to the watercourse, contributes to accelerating land erosion; thus excavation and 
carry away of lands into the river. 

The results of soil degradation along the Bomboré River are similar to those of 
the authors which showed a soil loss of 2.32 t/ha/year downstream of small dams 
in the Nakanbé basin [8]. In the commune of Karangasso vigué in Burkina Faso, 
land loss values are between 0 to 1.57 t/ha/year corresponding to 97.92% of the 
communal territory [47]. The average land loss rate is 1.22 t/ha/year in the upper 
Sissili watershed in Burkina Faso using the RUSLE model [29].  

The spontaneous settlements around the study area upstream of the river would 
also be a source of tortuosity in the flow axes contributing to increase runoff speed 
and land erosion in the study area. 

To curb land degradation along the Bomboré River, it would be important to: 
● Develop producers’ capacities in land management using proven methods.  
● Take sustainable actions on river bank restoration with producers’ implica-

tions.  
● As well as promoting ecological agriculture practices on their farmlands. 

5. Conclusions 

This study on agricultural activities along the Bomboré River in the Nakanbé- 
Bomboré sub-watershed is part of a reflection on the analysis of the impact of 
agricultural activities on land degradation. The objective was to assess the level 
of farmlands degradation along the Bomboré River as a result of agricultural ac-
tivities. The study results show that producers excessively use mineral fertilizers 
and phytosanitary products which contribute to accelerating land degradation 
along the river. These excessive uses of fertilizers combined with the use of de-
fective moto pumps are sources of considerable CO2 emissions into the atmos-
phere. Agricultural practices carried out by producers are an additional source of 
soil and water degradation with acidification and eutrophication of the river. Areas 
with low vulnerability to erosion cover 83.61% of the study area, those with medium 
vulnerability represent 15.49% and those with high vulnerability represent 0.91%. 
The results show that lands along the Bomboré River are not subject to intensive 
erosion. 

This study calls for more vigilance and monitoring actions to sustainably sa-
feguard basic production resources (land and water) for food security to 73,214 
inhabitants of the municipality. 
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