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Irrigation suitability and ionic toxicity of Houet River water used at the Dogona market garden site in Bobo-Dioulasso, Burkina Faso


ABSTRACT
Aims: To assess the suitability for irrigation and ionic toxicity of Houet River water used at the Dogona market gardening site in Bobo-Dioulasso.
Study design: This was a prospective longitudinal field study conducted along the Houet River, based on monthly sampling
Place and Duration of Study: The study was conducted from March 2023 to February 2024 along the Houet River, with four georeferenced sampling sites located upstream (P1–P2) and downstream (P3–P4) of the Dogona wastewater treatment plant discharge point, covering three hydrological seasons (dry season, rainy season, and cool season).
Methodology: Water was sampled monthly and analyzed for electrical conductivity (EC), total dissolved solids (TDS), and major ions (including Na⁺ and Cl⁻). Major-ion concentrations were converted to meq/L to compute irrigation-suitability indices (SAR, %Na, PI, MAR, and Kelly’s ratio). Irrigation water quality was then classified using the Wilcox (%Na versus EC) and USSL/Riverside (SAR versus EC) diagrams.
Results: The EC ranged from 398.60 ± 59.55 to 1441.75 ± 458.79 µS/cm and the STDs from 103.50 ± 19.53 to 392.50 ± 71.62 mg/L; the SAR from 1.20 to 6.18; %Na from 37.40 to 85.09; IP from 7.17 to 18.50; RAM from 5.88 to 26.01; and RK from 0.43 to 3.86. The differences were significant for most parameters (p < 0.05), except for Na⁺. The waters were classified as excellent to good according to Wilcox and C2S1 to C3S1 according to Riverside, with degradation immediately downstream of the discharge (P3), followed by partial dilution at P4.
Conclusion: Overall, the waters showed acceptable to moderate suitability for irrigation. However, their use requires precautions, including adequate drainage, leaching management, sodium control, and appropriate crop selection, especially in the immediate downstream area after mixing with the WWTP effluent.
Keywords: Irrigation suitability; Wilcox diagram; Riverside diagram (USSL); Houet River; Dogona.
1. INTRODUCTION 
Water scarcity and increasing rainfall variability in Sudanian–Sahelian tropical zones are intensifying pressure on dry-season irrigation. As a result, market-gardening farms are increasingly turning to non-conventional water resources such as urban surface waters and diluted or partially treated wastewater to secure production and maintain market supply (UN-WATER, 2021). In sub-Saharan Africa, where urban growth often outpaces sanitation infrastructure, the agricultural reuse of waters influenced by urban discharges is an increasingly observed adaptation strategy, but one that needs to be supported by water-quality diagnostics and risk-management measures (Drechsel, 2022; FAO, 2023).
While these urban waters can support incomes and stabilise the supply of fresh vegetables, they may also pose agronomic risks that are sometimes underestimated, in particular increased salinity, sodicity, and reduced infiltration. These processes can degrade soil structure, increase clay dispersion, reduce permeability and complicate crop choice, especially in sensitive soils (Obijianya et al., 2025; Aldughaishi et al., 2024, Helmecke et al., 2020; Jones et al., 2021). Recent studies further indicate that indicators focused on structural stability can usefully complement conventional approaches based on SAR (Aldughaishi et al., 2024; Kramer & Mau, 2023).
The evaluation of a water source for irrigation suitability is classically based on salinity, infiltration performance, and the toxicity of specific ions. Water classification is commonly performed using combined reference frameworks, notably the USSL/Riverside and Wilcox diagrams. Assessment is also made by comparing measured values with international guidelines and standards in force for the agricultural reuse of wastewater, including those from the WHO, FAO, and the United States Environmental Protection Agency (US EPA) (Ayers & Westcot, 1985; Wilcox, 1955; Drechsel et al., 2023; Shokri et al., 2024).
However, two recurring limitations are found in studies on the agricultural use of urban waters in West Africa: first, a focus on contamination (microbiology, trace elements, nutrients) with an incomplete assessment of irrigation suitability using standardized indices and reference diagrams (Kpoda et al., 2015; Zongo et al., 2021); and second, an insufficient translation of water-quality classes into operational recommendations, even though these factors determine the long-term sustainability of irrigated soils (Drechsel et al., 2022; FAO, 2023; Obijianya et al., 2025; Purwar et al., 2020).
In Bobo-Dioulasso, Burkina Faso, the Dogona market-gardening site relies heavily on Houet River water in a context of urban discharges, including effluents from a wastewater treatment plant, with potentially stronger impacts during low-flow periods (Sauret et al., 2023; Dabré et al., 2025). Available assessments of the Houet River report a deterioration in water quality downstream of these inputs and highlight the need for targeted monitoring of the key parameters governing irrigation suitability-EC, sodium, major ions, and related indices, to better characterize agronomic constraints at the level of market-gardening schemes (Sauret et al., 2023).
Within this context, the present study aims to assess the irrigation suitability and ionic toxicity of Houet River water used at the Dogona market-gardening site in Bobo-Dioulasso, Burkina Faso.
2. METHODOLOGY 
2.1 Study Area
The study was conducted in the Dogona market-gardening area in Bobo-Dioulasso, Burkina Faso, along the banks of the Houet River, whose waters are widely used for irrigation. The site is in the north-eastern part of the city (Sector 13), at 11°12′6″ N and 4°27′25″ W (Ouédraogo et al., 2020). To characterize the influence of the Dogona wastewater treatment plant (WWTP) discharge on the quality of irrigation water and the downstream dilution dynamics, four georeferenced sampling points were selected along the river: P1J1 (upstream, before the confluence), P2J1 (upstream, near the discharge point), P3J2 (immediately downstream, after mixing with the WWTP effluent), and P4J2 (further downstream).
The observation period covered March 2023 to February 2024 and included three seasons: dry (S1), rainy (S2), and cool (S3), to account for hydrological variability and seasonal fluctuations in pollutant loads. The location of the study area and the sampling points are present (Fig 1).
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Fig 1. Geographic location of the city of Bobo-Dioulasso and the Dogona market-gardening area (Dabré et al., 2025).
2.2 Water sampling and in situ measurements
Water samples were collected monthly from March 2023 to February 2024, covering the three seasons (S1, S2, S3), at four sites located upstream (J1) and downstream (J2) of the Dogona wastewater treatment plant (WWTP) discharge. Samples intended for physico-chemical analyses were collected in polyethylene bottles pre-rinsed with site water, then kept refrigerated (−4 °C) and transported to the laboratory as quickly as possible. In situ measurements included electrical conductivity (EC) and total dissolved solids (TDS), determined using a multiparameter probe previously calibrated in accordance with the laboratory’s internal procedures.
2.3 Laboratory measurement of parameters
Analyses were performed in the laboratory in accordance with traceable internal standard operating procedures, using standardized reagents (HACH/AFNOR), within a quality-control framework consistent with the requirements of ISO 17025. Na⁺ and K⁺ ions were determined by flame photometry after sample nebulization, based on the characteristic emission of excited atoms at specific wavelengths. Cl⁻, HCO₃⁻, Ca²⁺, and Mg²⁺ ions were quantified by titrimetry according to the laboratory’s reference procedures.
2.4 Assessment of irrigation suitability
Irrigation suitability was evaluated considering three complementary dimensions: (i) salinity hazard, (ii) specific ion toxicity, and (iii) the risk of infiltration/permeability deterioration related to sodicity. Salinity was assessed using electrical conductivity (EC) and total dissolved solids (TDS). Specific ionic toxicity was evaluated based on Na⁺ and Cl⁻ concentrations. Finally, infiltration/sodicity risk was assessed using the following indices: SAR, %Na, PI, MAR, and KR. These indices were calculated from major ions expressed in meq/L (after converting concentrations) and then used for water-quality classification. The calculations were performed using the following index equations (meq/L):
· SAR (sodium adsorption ratio) = Na⁺ / √[(Ca²⁺ + Mg²⁺)/2]
· %Na (soluble sodium percentage) = [(Na⁺ + K⁺) / (Ca²⁺ + Mg²⁺ + Na⁺ + K⁺)] × 100
· PI (permeability index) = [(Na⁺ + √HCO₃⁻) / (Ca²⁺ + Mg²⁺ + Na⁺)] × 100
· MAR (magnesium adsorption ratio) = [Mg²⁺ / (Ca²⁺ + Mg²⁺)] × 100
· KR (Kelly’s ratio) = Na⁺ / (Ca²⁺ + Mg²⁺)
Overall water classification was performed using the Wilcox diagram (%Na versus EC) to evaluate irrigation-water quality and the USSL/Riverside diagram (SAR versus EC) to characterize the combined salinity–sodicity hazard. The resulting values were interpreted by comparison with international guidelines and benchmarks (WHO, US EPA, FAO) related to water quality and agricultural reuse (WHO, 2012; Salauddin et al., 2018; Cadilhac et al., 2003). The water-classification scheme according to the U.S. Salinity Laboratory (USSL) (Bouselsal et al., 2014) is indicated (Fig 2).
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Fig 2. Classification of irrigation suitability in the USA   Salinity hazard CE (µS/cm

2.5 Data processing and analysis
Physico-chemical data were entered using Excel 2016 and summarized using descriptive statistics (mean ± standard deviation). Irrigation-suitability indices were computed from major ions after converting concentrations to meq/L based on chemical equivalents. Water classification was performed using the Riverside/USSL and Wilcox diagrams, produced with Diagramme software (v8.6, 2019). R software (version 4.5.2) was used for statistical analysis of the physico-chemical data. A one-way ANOVA, followed by a multiple mean-comparison test, at a significance level of α = 0.05 (95% confidence level), was performed to assess the significance of differences observed between sampling points.
3. RESULTS
3.1 Salinity and ionic toxicity
The results for salinity- and toxicity-related parameters and their variability are presented (Table 1). Electrical conductivity (EC) ranged from 398.60 ± 59.55 µS/cm (P2J1S3) to 1441.75 ± 458.79 µS/cm (P3J2S1), with a significant difference (Pr>(F) = 0.00004; p < 0.05). Total dissolved solids (TDS) ranged from 103.50 ± 19.53 mg/L (P1J1S3) to 392.50 ± 71.62 mg/L (P3J2S2), with a highly significant difference (Pr>(F) = 0.0000003).
Regarding specific ionic toxicity, chloride (Cl⁻) concentrations varied from 27.25 ± 5.85 mg/L (P1J1S3) to 62.00 ± 7.83 mg/L (P3J2S3), with a significant difference (Pr>(F) = 0.003; p < 0.05). In contrast, sodium (Na⁺) concentrations, ranging from 35.66 ± 3.73 mg/L (P1J1S3) to 120.36 ± 102.03 mg/L (P2J1S2), did not show a statistically significant difference (Pr>(F) = 0.118).
3.2 Infiltration rate
The ions K⁺, HCO₃⁻, Ca²⁺, and Mg²⁺, which are involved in assessing infiltration/permeability behavior and sodicity, showed significant spatial variability among sampling points (Table II). Potassium (K⁺) ranged from 9.44 ± 10.26 to 85.63 ± 40.49 mg/L and differed significantly (Pr>(F) = 0.000005). Bicarbonate (HCO₃⁻), calcium (Ca²⁺), and magnesium (Mg²⁺) concentrations also differed highly significantly among stations. HCO₃⁻ values ranged from 1.735 ± 0.06 to 15.175 ± 4.30 mg/L (Pr>(F) = 2.54 × 10⁻¹²), whereas Ca²⁺ ranged from 0.6050 ± 0.17 to 1.2800 ± 0.22 mg/L (Pr>(F) = 0.01) and Mg²⁺ from 0.3200 ± 0.32 to 0.9275 ± 0.26 mg/L (Pr>(F) = 0.007).
The agronomic indices used to assess infiltration risk and sodicity are presented (Table 3). Mean SAR values ranged from 1.20 to 6.18. %Na varied from 37.40% to 85.09%. The permeability index (PI) ranged from 7.17 to 18.50, while MAR ranged from 5.88 to 26.01 and Kelly’s ratio (KR) from 0.43 to 3.86.







Table 1. Values of salinity- and toxicity-related water parameters and their variability.
	Sampling points
	EC
	DTS
	Na+
	Cl-

	P1J1S1
	531± 31.50ab
	156.25±81.23a
	53.1225±7,13a 
	30.50±8.06ab

	P1J1S2
	522.75±22.33b
	147.75±28.66a
	58.575±82,476a
	29.00±4.96b

	P1J1S3
	562.10±165.03ab
	103.50±19.53a
	35.6550±3,73a
	27.25±5.85b

	P2J1S1
	449.25±44.69b
	144.50±52.77a
	49.0950±7,19a
	36.75±15.77ab

	P2J1S2
	434.75±25.39b
	128.00±52.16a
	120.3600±102,03a
	31.50±6.81ab

	P2J1S3
	398.60±59.55b
	162.25±66.12a
	53.0650±30,21a
	33.75±11.73ab

	P3J2S1
	1441.75±458.79c
	351.25±46.42bc
	38.2875±4,62a
	51.50±21.99ab

	P3J2S2
	788.25±159.96bc
	392.50±71.62c
	60.6700±21,68a
	59.00±9.89ab

	P3J2S3
	1117.25±687.71bc
	336.00±68.87bc
	43.6150±19,77a
	62.00±7.83a

	P4J2S1
	1289.50±502.21ac
	202.50±82.21ab
	84.8750±14,78a
	42.50±11.59ab

	P4J2S2
	701.50±244.031bc
	162.75±98.59a
	63.0575±32,0a    
	39.50±10.25ab

	P4J2S3
	1053.25±304.00bc
	249.75±82.17ac
	46.4125±20,09a 
	50.50±25.94ab

	Pr>(F)
	0.00004
	0.0000003
	0.118
	0.003

	Significance
	S
	S
	NS
	S


Legend: P1: first sampling point; P2: second sampling point; P3: third sampling point; P4: fourth sampling point. J1: confluence point upstream of the WWTP treated wastewater discharge; J2: confluence point downstream of the WWTP treated wastewater discharge. S1: dry season; S2: cool season; S3: hot season. NS: not significant; S: significant.








Table 2. Values of the parameters used to calculate the infiltration-related indices of the water.
	Sampling points
	K+
	HCO3-
	Ca2+
	Mg2+

	P1J1S1
	27.9900±11.63a
	1.735±0.06a
	0.6575±0.29a
	0.5875 0.10ab

	P1J1S2
	85.6325±40.49b
	3.840±0.59ab
	1.1850±0.27ab
	0.3200 0.32a

	P1J1S3
	26.2675±3.20a
	3.825±0.77ab
	1.2800±0.22b
	0.5650 0.14ab

	P2J1S1
	17.9925±11.65a
	15.175±4.30c
	1.0400±0.23ab
	0.4175 0.22ab

	P2J1S2
	9.4350±10.26a
	3.665±0.23ab
	0.7250±0.27ab
	0.6700 0.38ab

	P2J1S3
	24.2125±6.67a
	2.910±0.35ad
	0.8900±0.19ab
	0.8550 0.31ab

	P3J2S1
	24.7325±5.46a
	5.805±1.07bd
	0.9950±0.36ab
	0.3800 0.09ab

	P3J2S2
	29.3525±4.46a
	6.625±0.99b
	0.6050±0.17a
	0.9275 0.26b

	P3J2S3
	28.4100±9.20a
	6.6551±0.28b
	0.9250±0.22ab
	0.7650 0.17ab

	P4J2S1
	27.6650±8.96a
	5.175±0.84ab
	0.8900±0.17ab
	0.4600 0.05ab

	P4J2S2
	27.9250±4.28a
	6.700±1.67b
	0.7400±0.31ab
	0.8500 0.27ab

	P4J2S3
	26.4600±3.59a
	4.680±0.53ab
	1.0450±0.18ab
	0.5750 0.24ab

	Pr>(F)
	0.000005
	2.54E-12
	0.01
	0.007

	Significance
	S
	S
	S
	S


Legend: P1: first sampling point; P2: second sampling point; P3: third sampling point; P4: fourth sampling point. J1: confluence point upstream of the WWTP treated wastewater discharge; J2: confluence point downstream of the WWTP treated wastewater discharge. S1: dry season; S2: cool season; S3: hot season. S: significant


Table 3. Mean values of infiltration-related indices and irrigation suitability indices of the water.
	Sampling points
	SAR
	%Na
	PI
	MAR (%)
	KR

	P1J1S1
	2,08
	55,21
	11,50
	20,36
	0,94

	P1J1S2
	1,95
	51,93
	11,17
	11,97
	0,89

	P1J1S3
	1,20
	37,40
	7,17
	5,91
	0,43

	P2J1S1
	2,85
	56,77
	12,26
	7,46
	1,10

	P2J1S2
	5,96
	85,09
	18,50
	22,38
	3,86

	P2J1S3
	6,18
	81,92
	18,25
	10,45
	3,65

	P3J2S1
	2,17
	53,43
	11,09
	14,38
	0,89

	P3J2S2
	2,10
	50,42
	10,47
	5,88
	0,81

	P3J2S3
	2,36
	72,00
	15,30
	26,01
	1,79

	P4J2S1
	2,76
	67,73
	14,70
	25,09
	1,65

	P4J2S2
	2,22
	64,28
	13,38
	14,29
	1,30

	P4J2S3
	1,92
	55,07
	11,33
	21,59
	0,92


Legend: P1: first sampling point; P2: second sampling point; P3: third sampling point; P4: fourth sampling point. J1: confluence point upstream of the WWTP treated wastewater discharge; J2: confluence point downstream of the WWTP treated wastewater discharge. S1: dry season; S2: cool season; S3: hot season; SAR: sodium adsorption ratio; PI: permeability index; MAR: magnesium adsorption ratio; KR: Kelly’s ratio
3.3 Water classification using the Wilcox and Riverside diagrams
The irrigation-water quality of the Houet River was summarized using the Wilcox and Riverside/USSL diagrams, which combine salinity (EC) with the sodium fraction (%Na) and sodicity (SAR), respectively. According to the Wilcox diagram (Fig 3), water from stations P1, P2, and P4 was classified as “excellent”, whereas station P3 (immediately downstream of the discharge) was classified as “good.” According to the Riverside/USSL diagram (Fig 4), the waters fell into two classes: C2S1, indicating medium salinity and low sodicity, corresponding to an EC between 250 and 750 µS/cm; and C3S1, indicating high salinity and low sodicity, corresponding to an EC between 750 and 2250 µS/cm. All sampling points remained within class S1 (low sodicity).
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                  Fig 3. Classification of Houet River water according to the Wilcox diagram.
                         [image: ]
                Fig 4. Classification of Houet River water according to the Riverside/USSL diagram.
4. DISCUSSION 
The results show marked spatial and seasonal variability in the mineralization of Houet River water. Electrical conductivity (EC) ranged from 398.60 ± 59.55 µS/cm (P2, upstream of the confluence, cool season) to 1441.75 ± 458.79 µS/cm (P3, downstream of the confluence, dry season), and total dissolved solids (TDS) ranged from 103.50 ± 19.53 mg/L (P1) to 392.50 ± 71.62 mg/L (P3), with significant to highly significant differences. This pattern indicates overall low to moderate mineralization, with a clear increase at P3 immediately downstream of the wastewater treatment plant discharge, followed by a relative decrease at P4, consistent with a mixing–dilution effect. This dynamic confirms the influence of wastewater treatment plant discharges on the physico-chemical quality of the Houet River, as previously reported locally by Dende (2022), and consistent with the observations of Soumbougma et al. (2020) regarding variability in WWTP effluents. According to FAO guidelines, these EC/TDS levels correspond to moderately saline waters that are generally suitable for irrigation but require management precautions depending on crop sensitivity and soil characteristics (FAO, 2003; Ayers & Westcot, 1985). As highlighted by Kacmaz (2021) and Lingaswamy & Saxena (2015), even moderate salinity can become constraining when irrigation is repeated, particularly in poorly drained soils.
Regarding specific ionic toxicity, chloride (Cl⁻) concentrations showed a significant increase downstream of the discharge, whereas sodium (Na⁺) levels were less statistically consistent. This pattern suggests that the discharge footprint is expressed mainly through an increase in dissolved load and chlorides, with local sodium peaks, rather than through a uniform rise in Na⁺. Overall, the observed Cl⁻ concentrations remained within a no-to-low toxicity range, while sodium indicated moderate toxicity in some cases, in line with the interpretation of the U.S. Salinity Laboratory and the caution thresholds reported by FAO (2003). These findings are consistent with Dende (2022), who also concluded that Houet River water showed no major toxicity for these ions. From an agronomic perspective, this situation does not preclude the use of this water for irrigation, but it calls for increased vigilance for salt-sensitive vegetable crops (e.g., lettuce, mint), particularly when sprinkler irrigation is used, as it is more conducive to foliar toxicity than localized irrigation (Ayers & Westcot, 1985).
The analysis of infiltration risk and structural degradation confirms that interpretation cannot rely on a single indicator. SAR values (1.20–6.18) generally indicate low to moderate sodicity, consistent with the S1 classes of the USSL/Riverside diagram. However, the %Na (37.40–85.09) and KR (0.43–3.86) values, together with the deterioration observed for some indices (PI, MAR) after the confluence, show that at P3–P4 sodium becomes relatively more dominant compared with Ca²⁺ and Mg²⁺. This may affect soil structural stability over the medium term, especially under repeated irrigation on heavy, poorly drained soils. This finding is consistent with the principle established by the US Salinity Laboratory Staff (1954) and reiterated by Ayers and Westcot (1985): infiltration hazard depends on the EC–SAR combination, not on SAR alone. In other words, more saline water can temporarily maintain clay flocculation, whereas low-salinity but sodic water is more dispersive. The occurrence of KR > 1 in some station–season combinations reinforce this warning signal, in accordance with Kelly’s (1940) criterion.
This nuanced interpretation is supported by the Wilcox diagram, which classifies waters from P1, P2, and P4 as excellent and those from P3 as good. This indicates overall suitability for irrigation, with a more pronounced constraint in the immediate vicinity of the discharge. The shift back to a better class at P4 suggests a downstream dilution and relative self-purification effect. This observation is consistent with Dende (2022) but differs from the conclusions of Senou et al. (2023), who reported a more general unsuitability of Houet River water for irrigation at the same site. This discrepancy may be explained, at least in part, by differences in the sampling period: in the present study, the inclusion of the rainy season likely enhanced dilution, temporarily lowering salinity and some dissolved ions, whereas monitoring focused on the low-flow period would highlight salinity constraints more strongly. This hypothesis is consistent with the seasonal dynamics of tropical urban rivers receiving point-source discharges (Dende, 2022; Soumbougma et al., 2020).
The USSL/Riverside diagram further refines the diagnosis by distinguishing waters in classes C2S1 to C3S1: P1, P2, and P4 fall within a medium-quality category (moderate salinity), whereas P3 reaches a more restrictive quality class (higher salinity), requiring cautious management. In practical terms, these classes indicate that the water remains usable for irrigation, but under specific conditions, including functional drainage, appropriate leaching, and the selection of more salt-tolerant crops in the most exposed areas. This interpretation is consistent with the reference frameworks of FAO (2003), Wilcox (1955), and the US Salinity Laboratory Staff (1954), as well as with salinity-management recommendations reported by Kacmaz (2021) and Lingaswamy & Saxena (2015). It is also in line with recent studies on the agricultural reuse of treated wastewater, which emphasize that agronomic suitability can be maintained if salinity and sodicity parameters are closely monitored and practices are adapted accordingly (Ebissa et al., 2023; Darko et al., 2025).
5. CONCLUSION 
The integrated assessment of irrigation suitability and ionic toxicity of reused waters at the Dogona market-gardening site indicates overall low to moderate salinity and ionic toxicity compatible with agricultural use but conditioned by sodicity and its potential effects on soil infiltrability. The observed SAR levels place the perimeter in a vigilance zone regarding permeability and structural stability, particularly immediately downstream of the discharge point (P3), where constraints were most pronounced. The Wilcox and USSL/Riverside diagrams confirm this diagnosis, showing excellent-quality water at points farther from the discharge and a local deterioration toward class C3S1 near the impact point (P3). Overall, Houet River water shows acceptable suitability for irrigation, but only under precautionary conditions. For operational implementation, it is necessary to maintain functional drainage, adjust the cropping pattern by selecting more salt-tolerant crops near P3, and prioritize surface (non-sprinkler) irrigation to limit foliar toxicity, while ensuring seasonal monitoring of key indicators to support the safe and sustainable reuse of river water.
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With:

C1S1: Good-quality water. Use caution with
salt-sensitive crops.

C182; €281: Moderate to good quality. Use
with caution on heavy, poorly drained soils and
for salt-sensitive crops (e.g.. fruit trees).

€282; C183; €3S1: Moderate to poor quality.
Use with caution. Drainage is required, with a
leaching fraction and/or gypsum application.

C184; €283; €352; C4S1: Poor to very poor
quality. Exclude salt-sensitive crops and heavy
soils. Use with great caution on light, well-
drained soils with a leaching fraction and/or
eypsum application.

C284; C482; €383: Very poor quality. Use only
with great caution on light, well-drained soils
and with salt-tolerant crops. High risk. Leaching
and gypsum applications are essential.

(C354; C4S3: Extremely poor quality. Use only
under exceptional circumstances.





