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Abstract
This study aims to assess the physico-chemical quality of irrigation water and
soil in the irrigated area of M’Bahiakro. Seasonal campaigns to measure in situ the physical parameters (pH, temperature, salinity, electrical conductivity
and total dissolved solids) of the N’Zi River were carried out, followed by
sampling (water and soil) for chemical analyses. The physico-chemical quality of irrigation water was assessed on the basis of four (4) parameters, namely
Dry Residue (SR), Osmotic Pressure (π), Kelly’s Coefficient (KC), Sodium
Absorption Rate (SAR) and Wilcox Diagram. In terms of soil quality, the parameters (pH, N, P, P, K, MO, CEC and ESP) were determined. Overall, the
results show a good physical-chemical quality of the irrigation water and soil.
Indeed, the irrigation waters studied show good physico-chemistry and low to
medium salinity depending on the seasons of the year. As for the soils, they
have a clayey-silt texture, a slightly acidic pH, favourable to rice cultivation
and a good organic matter content, which best maintains an active microbial
life. In addition, the major elements (nitrogen, phosphorus and potassium)
present in irrigation water and soils could be enough to optimize the yield of
rice cultivation. These results then lead to the conclusion that the irrigation
water from the N’Zi River and the soils of the irrigated perimeter of
M’Bahiakro are naturally suitable for agricultural use, particularly for rice
cultivation. As a result, an additional supply of fertilizer (NPK) would not
necessarily be necessary during the exploitation phase of the rice area.
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1. Introduction
Irrigated agriculture is of particular importance for the economic development
of developing countries. It represents a strategy to reduce food insecurity as irrigated crops produce about 40% of total agricultural production and their yields
are generally twice as high as those of rainfed crops [1]. In addition, irregular
rainfall patterns and subsequent crop failures make irrigation systems an efficient production tool [2] [3] [4]. In Côte d’Ivoire, where national rice production covers only about 50% of the needs of the Ivorian population [5], the development of irrigation systems has been identified by the State as the channel
through which the country could rapidly increase its domestic production, reduce its imports and ease the population’s demand for rice. Thus, the Ivorian
State, with the support of donors, has built several dams in different localities of
the country such as M’Bahiakro (Centraleast of Côte d’Ivoire) to support the
development of irrigation systems and the management of rice production in the
dry season [6]. However, while the development of rice areas by irrigation systems leads to a substantial improvement in yields, in some cases it leads to a deterioration in water and soil quality [7] due sometimes to the abusive use of inputs by producers. Therefore, a qualitative and quantitative control of agricultural fertilizers is necessary in order to minimize the loss of inputs likely to lead
to soil and water degradation in the vicinity. Thus, knowledge of the initial quality of irrigation water and soils in the rice growing area becomes essential in order to know the nutrients already present in water and soil for irrigation. Preliminary studies have been carried out by authors in this regard [6]. However,
these studies remain summary and do not take soil quality into account. It is
therefore to know the initial quality of the water of the river used for irrigation
as well as the initial soil quality of the M’Bahiakro rice area that the present
study was initiated. It aims to assess the physical and chemical quality of irrigation water and soil fertility in the irrigated area of M’Bahiakro for sustainable
rice cultivation.

2. Site and Methods
2.1. Presentation of the Study Area
The study site is an irrigated perimeter of 450 ha, located 6 km north-east of the
town of M’Bahiakro (Central east of Côte d’Ivoire) (Figure 1). Located between
longitudes 335,000 and 365,000W and latitudes 815,000 and 842,500N, the
M’Bahiakro rice area is home to Côte d’Ivoire’s first inflatable dam. The study
area is influenced by the equatorial climate of attenuated transition with four
DOI: 10.4236/jep.2019.1011091
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distinct seasons: a large rainy season from March to June followed by a small dry
season between July and August. The small rainy season occurs in September
and ends at the beginning of November. The months of November, December,
January and February are the main dry season. Monthly rainfall varies between 0
and 160 mm with an annual rainfall of 1000 mm [6]. The average annual temperature ranges from 25.6˚C to 29.1˚C. The main activity of the inhabitants of
the area is agriculture.

2.2. Water Sampling
Water samples were collected from three (03) monitoring stations (E1: upstream, E2: dam and E3: downstream) (Figure 1). Parameters such as pH, temperature, electrical conductivity and water salinity were measured in situ using a
HANNA 9828 multi-parameter probe. Water samples were also collected in
labelled bottles for analysis in the laboratory. These bottles were washed and
rinsed several times with deionized water and sample before collection. The
samples were transported to the laboratory in a cooler and stored at 4˚C before
analysis. Sampling was carried out according to the hydrological seasons. Thus,
field observations were made in July 2018 (short dry season), September 2018
(short rainy season), December 2018 (long dry season) and June 2019 (long
rainy season). Samples were collected, transported and stored according to the
protocol defined by AFNOR. A total of 12 water samples were analyzed.

Figure 1. Location of the irrigated perimeter of M’Bahiakro.
DOI: 10.4236/jep.2019.1011091
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2.3. Soil Sampling
Twenty-one observation sites (S1 to S21) representative of the study area were
identified from a map (Figure 1). The exact location of the observation sites was
done by GPS. Soil sampling was carried out using a manual auger at the level of
the first 30 centimeters of soil. Soil samples were collected for laboratory analysis. The lack of sampling during the rainy season (September 2018) is due to the
flooding of rainwater in the study area during that season.

2.4. Physico-Chemical Analyses
2.4.1. Water
The physico-chemical analyses of the water samples were carried out according
to the experimental protocol defined by AFNOR, recorded in Table 1. In the laboratory, the water samples were acidified by adding a few drops of sulphuric
acid (H2SO4). For the reliability of the analytical results, the ion balance method
was applied and a minus 5% error was accepted.
2.4.2. Soil
The analysis of mineral elements in soil samples is preceded by extraction and
preparation of these elements. Soil grain size was determined by the dry sieving
method. Table 2 presents the different methods of analysis of soil samples.
Table 1. Methods of analysis of chemical parameters of water samples.
Parameters

Methods

Standards

Ca2+ et Mg2+

Complexometry with EDTA

NFT90-003

Cl−

Mohr method

NFT 90-014

Titrimetric method

NFT 90-036

HCO

−
3

NO

−
3

NO

−
2

SO
PO

NFT 90-013
NFT 90-012

Colorimetry: Spectrophotometry HACH LANGE DR 6000

−
4

NFT 90-040

3−
4

NFT 90-023

Na , K
+

+

NH

Flame atomic absorption spectrophotometer (SAAF) type VARIAN

NFT90-020

Indophenol blue spectrophotometric

NFT 90-015

+
4

Table 2. Methods of analysis of chemical parameters of soil samples.

DOI: 10.4236/jep.2019.1011091

Parameters

Methods

Standards

Soil organic matter (MOS)

Walkey and Black method

NF ISO 10694

Total Nitrogen (NT)

Kjeldahl digestion method

NF ISO 13878

pH

Electrometric method

NF ISO 10390

CEC

Metson method

NF X31-130

Assimilable Phosphorus

OLSEN method

NF ISO 11263

Exchangeable bases (Ca2+, K+, Mg2+, Na+)

Fluoro-nitro-perchloric method

NF X 31-108
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2.5. Data Processing Method
2.5.1. Assessment of the Suitability of Water for Irrigation
For the assessment of the physico-chemical quality of the water, four (4) parameters, namely the Dry Residue (RS = 0.7 × CE (μS/cm)), osmotic pressure (π =
0.00036 × CE), Kelly’s coefficient (RK = Na+/(Ca2+ + Mg2+)), Sodium Absorption
=
Ca 2 + + Mg 2 +
Rate SAR Na +
and Wilcox diagram were retained. These
methods describe the alkalizing power of water and make it possible to assess the
potential risk of soil salinization.

(

(

))

2.5.2. Assessment of the Physico-Chemical Quality of Soils
Soil quality was assessed by analysing the physical (texture, hydraulic conductivity) and chemical parameters of the soil (EC, nitrogen, potassium, phosphorus,
CEC and the exchangeable sodium content (ESP = (Na+ × 100)/(∑Ca2+ + Mg2+ +
K+ + Na+)).
2.5.3. Statistical Processing of Data
Descriptive statistical analysis was performed to calculate the mean, standard
deviation and total range of the variable (maximum, minimum).

3. Results and Discussion
3.1. Water Quality of the N’Zi River
3.1.1. Characterization of the Waters of the N’Zi River
The results of the analyses of the physico-chemical parameters of irrigation water are recorded in Table 3. The analysis of this table shows average values of
temperatures between 25˚C to 28˚C and pH, slightly acidic (pH = 5) in the rainy
season and close to neutrality (pH = 7) in the dry season. These temperatures
within the normal range of seasonal variations in atmospheric temperatures in
Ivory Coast [8] are favourable to the development of rice cultivation. Indeed, in
rice cultivation, the subsequent development of plants below 25˚C induces the
sterility of spikelets with great sensitivity during the swelling stage of panicles in
the seed [9]. Thus, temperature remains the most important factor for rice quality, especially at the grain filling stage [10]. The decrease in pH in the rainy season could be due to the presence of high organic matter levels and the increase
in the dry period, when evaporation is high [11]. However, in term of pH, the
water from the N’Zi River is suitable for plant growth and therefore for rice
production according to FAO irrigation standards [12]. The waters studied have
an average electrical conductivity (EC) (<600 µs/cm) lower than recommended
(3000 µs/cm) [13]. They are also more mineralized in the dry season with a
maximum value of 546 μs/cm compared to 142.1 μs/cm recorded in the rainy
season. Indeed, during the dry season, the rise in temperature favours the evaporation of surface water, which often results in a fairly high concentration of
ions in the sampled waters, while the dilution of the concentrations of ions observed during the rainy season. Since the average EC values are below the WHO
recommended value, the waters of the N’Zi River remain free of irrigation
DOI: 10.4236/jep.2019.1011091
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Table 3. Results of physico-chemical parameters of irrigation water at M’Bahiakro.
July 2018
PHYSICAL
Mini
PARAMETERS

September 2018

December 2018

June 2019

Maxi Mean

SD

Min

Max

Mean

SD

Min

Max

Mean

SD

Min

Max

Mean

SD

Standards

pH

6.50

7.48

7.07

0.51

4.90

5.65

5.38

0.41

6.31

7.17

6.74

0.43

6.74

6.86

6.82

0.07

6.5 - 8.4

T˚C

25.26

26.10

25.66

0.42

26.80

28.06

27.62

0.65

26.80

27.80

27.46

0.51

25.00

26.00

25.60

1.04

35

0.05

0.29

0.13

0.14

0.00

0.01

0.00

0.01

2.40

5.20

3.33

1.62

0.01

0.02

0.01

0.00

Sal (‰)

3.5

EC (µs/cm)

114.00 594.00 278.00 273.70 80.00 170.00 123.30 45.09 397.00 839.00 546.30 253.50 129.20 155.60 142.10 13.21

3000

TDS (mg/L)

57.00 297.00 139.00 136.80 40.00

2000

80.00

6.67

23.09 197.00 427.00 274.00 132.50 134.00 155.00 146.00 10.81

CHEMICAL
Min
PARAMETERS

Max

Mean

SD

Min

Max

Mean

SD

Min

Max

Mean

SD

Min

Max

Mean

SD

Standards

SO 24− (mg/L) 16.40

6.20

31.37

24.98

6.00

10.10

8.03

2.05

13.00

19.00

16.50

3.12

0.65

1.25

0.87

3.12

250

118.00 42.73

NO3− (mg/L)

4.50

65.19

4.40

5.80

5.33

0.81

3.60

3.71

3.65

0.06

0.4

1.20

0.77

0.06

30

NO −2 (mg/L)

0.00

0.01

0.01

0.00

0.00

0.00

0.00

0.00

0.20

0.21

0.20

0.01

0.00

0.00

0.00

0.01

3

+
4

(mg/L)

0.07

0.08

0.08

0.01

0.01

0.03

0.02

0.01

1.01

1.15

1.07

0.07

0.81

2.60

1.57

0.07

0.5

3−
4

(mg/L)

0.03

0.06

0.05

0.02

0.22

0.35

0.31

0.08

0.43

0.46

0.44

0.02

0.11

0.16

0.13

0.02

0.2

Ca2+ (mg/L)

2.50

3.00

2.70

0.27

6.50

8.00

7.17

0.76

13.90

15.80

14.60

1.04

15.40

17.90

16.80

1.04

120

K (mg/L)

7.20

16.40

13.10

5.09

0.84

1.40

1.12

0.28

2.90

4.20

3.70

0.70

5.00

5.80

5.50

0.70

5

Mg (mg/L)

1.40

1.50

1.47

0.05

0.00

0.00

0.00

0.00

0.43

1.23

0.87

0.25

0.26

2.58

1.22

0.25

25

Cl (mg/L)

8.40

30.50

15.90

12.62

3.00

5.00

4.00

1.00

8.90

18.00

11.97

5.23

2.90

4.00

3.40

5.23

140

Na (mg/L)

2.20

9.80

4.77

4.36

1.66

2.76

2.21

0.55

2.40

8.00

4.30

3.21

0.53

0.60

0.56

3.21

30

NH
PO

+

2+

−

+

TDS: Total Dissolved Solid; Mini: Minimum; Maxi: Maximum; Standard-Deviation: SD.

concerns. As for the average values of TDS (139 to 274 mg/L) and salinity
(0.133‰ to 3.33‰), obtained, they followed the similar trend of the EC and
showed a similar variation during the study, i.e. high in the dry season and low
in the rainy season. Based on irrigation standards [13], these average values of
TDS (>2000 mg/L), salinity (>3.5‰) and EC (>3000 μs/cm), confirm that the
waters of the N’Zi River are suitable for irrigation.
Chemical analysis of water parameters shows average magnesium levels lower
than those of calcium throughout the study period (2018 to 2019). This could be
explained by the high solubility of magnesium in water, which is about five times
higher than that of calcium [14]. However, the average calcium and magnesium
levels in the waters of the N’Zi River remain below irrigation standards [15] and
are therefore conducive to irrigation.
As for the average levels of sodium, chloride and sulphate obtained in irrigation water, they also remain below the maximum concentrations recommended
by [15] and reveal that the waters of the N’Zi River do not present any danger
related to irrigation. During the study, ammonia was detected in the N’Zi River
at moderate concentrations (1.077 mg/L in December 2018 and 1.57 mg/L in
June 2019), generally above those recommended (0.5 mg/L) by irrigation standards [15]. This reflects contamination of the waters of the N’Zi River by ammonia, the origin of which could be attributed to a biodegradation process of
organic matter [16] [17] and to the leaching process of the agricultural land surDOI: 10.4236/jep.2019.1011091
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rounding the dam [18]. These high concentrations of ammonia in water can lead
to excessive algal growth that can harm aquatic life [19], while altering the quality of irrigation water [20].
Similarly, the high concentrations of phosphorus (<0.2 mg/L in 2018) and potassium (in July 2018 at 13.07 mg/L and June 2019 at 5.5 mg/L) observed in the
N’Zi River could be attributed to natural alteration of submerged soil and rocks,
the atmosphere (wind, rain), shoreline vegetation and bank erosion [19] [20]
[21] [22] especially when river flow is low. In addition, it should be noted that
the dam’s retention is located in a watershed with a medium vegetation cover
and which, following its erosion by rainfall, mobilizes huge quantities of suspended matter and nutrients towards the reservoir lake [20]. However, according to our observations, the N’Zi River at M’Bahiakro is free of algal blooms,
despite phosphorus concentrations above 0.1 mg/L and ammonia. This situation
usually leads to rapid development of aquatic plants (algae), probably due to the
high flow rate of the river, which would prevent the proliferation of algae. Effect,
since river systems generally flow, there does not appear to be any cumulative
enrichment of specific parameters from one season to the next [2]. Thus, these
high levels of phosphorus, potassium and ammonia do not constitute a danger
to rice irrigation. On the other hand, the low average concentrations of nitrate
(<30 mg/L) and nitrite (<3 mg/L) obtained during the entire study period could
be explained by the fact that no agricultural activity near the N’Zi River was carried out. Indeed, some authors ([2] [23] [24]) attribute high nitrate concentrations in water to the importance of agricultural activities and the application of
nitrogen fertilizers. In addition, these concentrations of nitrites and nitrates in
the waters of the N’Zi River at M’Bahiakro are acceptable for crop irrigation.
3.1.2. Water Suitability of the N’Zi River for Irrigation
The suitability of water for irrigation use is estimated from the sodium absorption ratio (SAR), Kelly’s coefficient (KC), Dry Residue (RS), osmotic pressure
(π) (Table 4) and Wilcox diagram (Figure 2). SAR is an expression of the ability
of sodium ions to exchange with calcium and magnesium ions in the soil, which
measures the suitability of water for irrigation use with respect to sodium risk
([25] [26] [27]). In this study, the average SAR concentrations obtained in irrigation water are less than 10 meq/l for all seasons. Thus, these irrigation waters
fall into the category of “water of excellent quality, with low risk of alkalinization”. These SAR results for the N’Zi River corroborate those obtained by [28].
In addition, by associating the EC with the SAR, the waters of the N’Zi River are
divided into two classes: C1S1 and C2S1 corresponding respectively to water of
low and medium salinity. Class C1S1 water obtained in the rainy season is safe
for most crops and can be used without particular control for irrigation while
class C1S2 water obtained in the dry season is suitable for plants with a low salt
tolerance. Thus, during the dry season, it would be necessary to ensure that
leaching into low-permeability soils is difficult for any permanent use of class
C1S2 water, in the absence or malfunction of a drainage system [29].
DOI: 10.4236/jep.2019.1011091
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Table 4. Results of irrigation water quality parameters.
July 2018

September 2018

December 2018

June 2019

RS

π

SAR

RK

RS

π

SAR

RK

RS

π

SAR

RK

RS

π

SAR

RK

Min

79.80

0.04

0.19

0.38

56.00

0.03

0.11

0.18

277. 90

0.14

0.11

0.12

90.44

0.05

0.02

0.02

Max

415.80

0.21

0.82

1.56

119.00

0.06

0.20

0.48

587.30

0.30

0.87

1.00

108.90

0.06

0.02

0.03

Moy

194.60

0.10

0.40

0.79

86.33

0.04

0.16

0.32

382.40

0.19

0.46

0.53

99.46

0.05

0.02

0.03

SD

191.61

0.09

0.35

0.67

31.56

0.02

0.04

0.15

177.40

0.09

0.38

0.44

9.24

0.01

0.00

0.00

Figure 2. Classification of irrigation water at M’Bahiakro based on Wilcox Diagram [34].

In addition, one of the consequences of salinization is also the modification of
the osmotic potential of the soil solution, when the salt content increases. Indeed, the more salty the soil solution is, the higher the osmotic pressure is and
the more difficult it is for the roots to extract water from the soil reserve. Thus, it
is all the easier for the soil solution to be at a lower osmotic pressure [30] for the
proper development of the plant. In addition, at the N’Zi River, the average osmotic pressure values (π) obtained are less than 0.27 atm (threshold value) and
attest that irrigation water is safe for rice crop development.
Another limiting parameter for determining whether water is suitable for irrigation is Dry Residue (RS). Indeed, Dry Residue (RS) is an indicator of overall
mineralization or electrical conductivity (EC). The more mineralized a water is,
the higher its Dry Residue is and the less “incompatible” it is with irrigation. In
other words, water with a low or medium dry residue content could be used for
irrigation on almost all types of soil, while water with a high dry residue content
represents a considerable risk in some fine-textured soils, particularly in soils
with low leaching. The average dry residue (RS) values obtained (RS < 525
DOI: 10.4236/jep.2019.1011091
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mg/L) during this study indicate that the sampled waters of the N’Zi River are
good for irrigation for almost all types of soil and regardless of seasonal variations.
The Kelly coefficient (KC), on the other hand, is an important parameter that
measures the ease of use of irrigation water [31]. Waters with a KC < 1 are classified as “suitable” for crop irrigation, while waters with a KC > 1 are considered
“unsuitable” [32] [33]. Thus, the KC values calculated at the level of water samples taken from the N’Zi River are all below 1, for all seasons, indicating that the
waters of the N’Zi River are “suitable” for crop irrigation. The KC obtained in
the waters of the N’Zi river, of M’Bahiakro, are in accordance with those obtained by the authors [29] in the groundwater of the Agboville department
(South-East Côte d’Ivoire) for agricultural use.
The Wilcox diagram [34] which expresses the percentage of sodium (% Na) in
relation to electrical conductivity (EC) was also used for the classification of irrigation water quality. Figure 2 shows that the sampled waters of the N’Zi River
are all in the “excellent” category regardless of seasonal variations. Therefore, the
waters of the N’Zi River are “suitable” for irrigation use. It can therefore be assumed that water from the N’Zi River can be used for irrigation without prior
soil management practices before the development of the plots in the irrigated
area.

3.2. Soil Quality of the Rice Area
3.2.1. Physical Characterization of Soils in the Rice Area
The granulometric results of the soils studied show that more than 70% of the
soil samples have a clayey-loam texture, favourable for rice cultivation. The average hydraulic conductivity values obtained at ground level in the study area
range from 10−4 to 10−3 m/s. However, these average hydraulic conductivity values indicate a high infiltration (6%) of the water into the unsaturated zone [35].
This is not suitable for rice cultivation, because in reality, soils suitable for rice
cultivation are soils with very low permeability and high-water retention capacity so as to avoid water loss through underground drainage [36].
3.2.2. Chemical Characterization of Soils in the Rice Area
Table 5 provides information on the results of physico-chemical analyses of soil
samples. The average pH values of the soils studied indicate that they are slightly
acidic (pH = 6.38), thus favourable for rice cultivation [37]. Indeed, the ideal pH
varies according to the nature of the soil and the crop, however, as a general rule,
a slightly acid pH is sought which is then favourable to assimilation [38].
The average assimilable phosphorus values (532.3 ppm) obtained are above
the critical threshold of 179 ppm. This high level of available phosphorus may be
due to the fact that soils, in general, contain a large amount of phosphorus,
which may exceed 15 to 1550 times the need for plants [39]. In addition, excess
phosphorus in the soil could result from the high mineralization of plant residues as a result of microbial activity. In addition, this excess phosphorus (<175
DOI: 10.4236/jep.2019.1011091
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Table 5. Results of physico-chemical parameters of soil samples.
Uncultivated plots (fallow land)

Standards

Physico-chemical
parameters

Mini

Maxi

Mean

SD

pH (Cmol/kg)

5.42

7.02

6.38

0.46

5.5 ≤ pH ≤ 7.5

Ca2+ (Cmol/kg)

1.12

4.64

2.24

1,17

5-8

Mg (Cmol/kg)

3.16

10.53

5.60

2.78

1.5 - 3.0

Na (Cmol/kg)

0.1

1.6

0.50

0.45

0.3 - 0.7

K+ (Cmol/kg)

0.78

1.68

1.17

0.28

0.15 - 0.25

CEC (Cmol/kg)

9.23

18.26

12.93

3.44

10 ≤ CEC ≤ 25

OM (%)

3.89

5.34

4.63

0.48

3.6 - 6.5

TOC (%)

2.26

3.10

2.71

0.29

1.26 - 2.5

Phos A (ppm)

409.00

721.00

532.30

97.48

134 - 179

N (%)

0.05

0.08

0.07

0.01

0.2 - 0.25

2+
+

TOC: Total Organic Carbon; Phos A: Assimilable Phosphorus.

mg/kg) observed in soils without irrigated perimeter cultivation are not inherently toxic to terrestrial and aquatic fauna and flora, quite the contrary, they
may allow a good yield of rice cultivation by increasing resistance to lodging and
disease, thus giving a less stained, beautiful looking paddy [40]. Potential sources
of phosphorus pollution in surface waters are due to anthropogenic activities
such as discharges of plant effluent, sewage, and especially agricultural input
discharges [41]. The high initial phosphorus content of the soil at the
M’Bahiakro irrigated area is enough to cover rice production needs. Therefore,
no additional input would be required at the time of exploitation of the said perimeter, as it could present a latent danger for the contamination of the waters of
the N’Zi River.
The same is true for potassium, where the average levels (1.17 Cmol/kg) are
higher than the standard range (0.15 to 0.25 Cmol/kg). These high potassium
levels can be reported either to the nature of the parent rock, rich in silicate
minerals (potassium feldspar, micas, clays) or soil humus, the content and type
of which determine the potassium potential [42]. Excess potassium in the soil is
essential for the proper development of the plant, as potassium remains among
the three basic nutrients (NPK), the element most absorbed by plants in higher
amounts [43]. Some authors [44] [45] have reported that frequent luxury consumption of potassium has never resulted in measurable toxicity. As a result,
the high potassium levels observed in the irrigated perimeter of M’Bahiakro
indicate that the soils have good potassium fertility. As a result, rice cultivation
at the level of the said area can be carried out without the use of potassium fertilizers, or even without interruption for years, and sometimes even decades.
However, these excessive potassium levels can lead to antagonisms that lead to
other types of deficiencies, such as magnesium or calcium deficiency, even if
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they are present in sufficient quantities in the soil [46] [47]. This seems quite
justified in the case of calcium, where soil levels in the irrigated area are very low
(2.24 < 8 Cmol/kg). On the other hand, magnesium, often considered as a
semi-oligo-element, has a very high content (5.6 > 3 Cmol/kg) suitable for rice
cultivation.
Unlike very high levels of phosphorus and potassium, the average nitrogen
content in soils (0.07%) is much lower than the range of normative values (0.2%
- 25%). This result is similar to the study of fallow soils conducted in Ghana
where nitrogen levels ranged from 0.033% to 0.303% [48]. However, it should be
noted that organic nitrogen is not directly available to plants; it must first be
mineralized. Thus, most plants only use nitrogen combined with other atoms
(such as ammoniums, nitrates, etc.). However, the study of the dynamics of this
mineralization has shown that after a phase of inactivity in the dry season, microbial phenomena are stimulated by the first rains and result in significant mineralization flows [49] [50]. This reflects a low amount of nitrogen in the dry
season compared to the rainy season when the content is higher. This average
nitrogen content obtained at the level of the irrigated perimeter of M’Bahiakro
could be explained by this phenomenon of mineralization in the dry season,
given that soil sampling took place during the main dry season (December
2018). In addition, some studies have shown that nitrogen, the most vital nutrient for rice growth, is present in the soil, but often in insufficient quantities
[51], probably because of soil organisms that use any nitrogen to break down
carbon sources. However, nitrogen deficiency is considered to be the main cause
of agricultural yield losses [52]. Thus, in view of the low average nitrogen content obtained during this study, it would be necessary for an adequate supplement of nitrogen fertilizer to be applied to the soils of the irrigated area during
the exploitation phase to improve the yield of rice cultivation.
The soils studied have an average organic matter (OM) content (4.63%) within the range (3.5% - 6.5%) of the normative values. This good organic matter
content could be explained by the long period of set-aside of the plots in the irrigated area, which favoured significant organic inputs. The presence of organic
matter in the soils of the irrigated area is an indicator of good soil fertility and
good rice crop yield. Indeed, organic matter plays a physical role in the soil for
cohesion, structure, porosity, water retention or storage, etc. [53]. It also plays a
biological role in stimulating biological activity (earthworms, microbial biomass). Finally, it plays a chemical role in plant nutrition through degradation,
mineralization, etc. [54]. This result of organic matter in our study area is contrary to other studies that have shown that the vast majority of soils in West
Africa in general are very poor in organic matter [55].
The soils studied showed no limitations in terms of Total Organic Carbon
(TOC) content, quite the contrary, the levels obtained (2.71%) are above the
normative value range (1.26% - 2.5%). This reflects a much more favourable environment for the development of rice cultivation. This relationship is consistent
with the results of [56], which argue that in the case of unploughed soil, there is
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an increase in the carbon content in the surface layer, which improves the structural stability of the soil.
The cation exchange capacity of a soil represents the amount of cations (calcium, potassium, magnesium, sodium and ammonium) that it can retain on its
clay-humic complex at a given pH. It is also a measure of the number of negatively charged sites in the soil. The good cation exchange capacity (CEC) content
of the soils studied is favourable for rice cultivation, as rice is better in soils with
good nutrient retention capacities. Indeed, the CEC increases the availability of
essential macro and micronutrients positively charged to adsorb on soil particles.
The average sodium content recorded in the soils studied is considered normal because, for reference purposes, the value of 0.5 Cmol/kg obtained is less
than 0.7 Cmol/kg (threshold value). This indicates that soils present low risks of
salinity for plants, and therefore favourable for agricultural soil. Since excess sodium could cause an aggravation of the beat, disruption of plant growth and an
increase in soil pH. In addition, the result of the exchangeable sodium content
(ESP) (8%) at the level of the soils studied is significantly lower than the threshold value (15%). On the other hand, the soils in the irrigated area are of moderate salinity, which means that salinity at the M’Bahiakro area is unlikely to be
an important limiting factor for rice cultivation. Generally, rice resists high doses of sea salt up to 7% sodium chloride (NaCl) [57] because of the presence of a
blade of water maintained almost permanently [58].
It should be noted that for this study, the reference standards for the different
values of soil parameters were extracted from the reviews of some authors [59]
[60] [61] [62].

4. Conclusion
This study assessed the physico-chemical quality of irrigation water and soils in
the irrigated area of M’Bahiakro for sustainable rice production. The analysis of
irrigation water shows good physico-chemistry and low to medium salinity according to the seasons of the year. As for the soils studied, they have a
clayey-loam texture, a slightly acidic pH, favourable to rice cultivation and a
good organic matter content, which best maintains an active microbial life. In
addition, the major elements (phosphorus and potassium) present in irrigation
water and soil are sufficient for rice cultivation. On the other hand, the nitrogen
levels obtained indicate a deficiency of this element in water and soil that can affect rice cultivation. Therefore, it would be important to note that, during the
exploitation phase of the irrigated perimeter of M’Bahiakro through rice cultivation, a complementary supply of phosphorus and potassium (PK) fertilizer
would not necessarily be necessary. However, it would be important that an
adequate supplement of nitrogen (N) fertilizer be provided to the soils of the irrigated area for a good yield from rice cultivation. In addition, for an appropriate diagnosis of irrigation water and soil quality, it would also be important to
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take into account the microbiological and heavy metals component, as water and
soil pollution by heavy metals and microbes can pose a threat to sustainable rice
production.
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