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Abstract  
The research was carried out during the 2018/2019 dry season to assess and 

map out salts affected soils in Kano River Irrigation Project (KRIP). Random 

sampling technique was adopted where three (3) soil samples from each of 

the forty (40) functional sectors in KRIP were collected at depth 35cm (being 

the active root zone depth of most of the crops grown in the area) using an 

auger and polythene bags. The soil samples were taken to the laboratory and 

solutions were filtered for soil salinity analysis. The soil pH was determined 

using a glass electrode pH meter, the ESP was determined using ammonium 

acetate (NH4OAC) method whereas Electrical Conductivity (EC) of the soil 

extraction by the use of conductivity meter. The textural class was also 

determined using the bouyoucous hydrometer analysis. Using the results 

from the laboratory analysis, geostatistical analysis by interpolation (kriging 

technique) were carried out to produce the spatial variability maps of the soils 

in the entire area. Mapping was done in terms of soil chemical parameters 

including; ECe, SAR, ESP and pH. The maps showed that Ece values spread 

across all the sectors  in both the western and eastern commands with no 

definite pattern of spread, hence, indicating that the soils in KRIP are 

predominantly slightly to moderately saline. There is also an even distribution 

of SAR over the two (2) command areas with pockets of isolated cases.  

Generally, there is a low sodium hazard of the water used in KRIP. In 

addition, there is a moderate to high ESP values which depicts a wide spread 
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Introduction 
Salts are chemical substances that can 

dissolve in soil water (Müller & 

Müller, 2005). All soils contain some 

amount of soluble salts and many of 

these salts act as a source of essential 

nutrients for the healthy growth of 

plants. However, when their quantity 

in the soil exceeds a certain threshold, 

the growth, yield, and/or quality of 

most crops is adversely affected 

(Rengasamy, 2006). The most 

common soluble salts in soils are the 

cations: (Ca2+, K+, Mg2+ and Na+) and 

the anions: (Cl-, SO4
2- , CO3- and 

HCO3-) when they exist as compounds 

(Rath et al., 2016). Sources of soluble 

salts in soils include: commercial 

fertilizers, animal manures, municipal 

sewage sludge, soil organic matter, 

runoff from areas where salt have 

been used and irrigation water that is 

high in dissolved salts. 

Salt-affected soils generally occur in 

arid and semi-arid climates where 

precipitation is not adequate to leach 

salts, causing them to remain in the 

soil profile. The salts will build up 

over time where they cannot be 

leached out of the soil profile. About 

1 to 20% of irrigated land is lost 

annually as a result of salt-related 

problems and most salt-related land 

degradation problems are to a large 

extent, human-induced (Zaman et al., 

2018).   

Excess salts in the rootzone hinders 

plant roots from withdrawing water 

from the surrounding soil. This, in 

turn, lowers the amount of water 

available to the plant, regardless of the 

amount of water actually in the root 

zone (Ezekiel et al., 2016). 

The Kano River Irrigation Project 

(KRIP) consists of two (2) Phases: I 

and II, with the total area of about 

62,000 ha at different levels of 

utilization (Jibrin et al., 2008). In the 

past, several efforts have been 

employed to study the effects of soil 

salts in KRIP including Adamu et.al., 

(2013); Yusuf et al., (2020) etc that 

both worked on soil salinity 

of sodicity problem in the entire area. This situation may have been brought 

as a result of rising water table due to continuous production. Also, the pH 

map of the area showed a wide range of pH values evenly distributed across 

the two (2) command areas. 
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assessment using geostatistical models. However, these studies have not been 

linked to mapping and distribution of soil salts in the scheme. Thus, assessing 

and mapping of soil salts in KRIP will help to monitor and improve crop 

productivity. 

 

MATERIAL AND METHODS 

The Study Area 

The Kano River Irrigation Project (KRIP I) spreads across three (3) Local 

Government Areas (LGA) of Kano State which include: Bunkure, Kura and 

Garun Mallam Local Government Areas. The scheme lies between longitudes 

8°20’E to 8°40’E and latitudes 11°32’N to 11°51’N within the Sudan Savannah 

agro-ecological zone in North Western of Nigeria. The area is characterized by 

a mono-modal rainfall distribution averaging 550 to 1000 mm per annum. The 

length of the growing period is 90 to 165 days (for rainfed crops), with most 

rains occurring between July and September. Air humidity is high during the 

wet season and very low during the dry season. Minimum temperatures occur 

from November to February, and highest temperatures occur in March and 

April. Daily temperature variation is high during the dry season and low in the 

wet season (Oyebode et al., 2014). 

The Kano River Irrigation Project (KRIP) is divided into two (2) phases (KRIP 

I) and KRIP II) and happens to be the largest and the most successful irrigation 

scheme in the country with a development potential of 62,000 ha of irrigable 

land (Oyebode et al.,2014). The study area (KRIP I) takes it source from Tiga 

Dam and has a planned gross irrigable area of 22,000 ha. However, only about 

13,280 ha has been fully developed and utilized for irrigation presently (Jibrin 

et al., 2008). The second phase (KRIP II) is located in Wudil area and is still 

typically undeveloped. 

KRIP I consists basically of forty-four (44) sectors which are divided into KRIP 

I Western and KRIP I Eastern command respectively in which forty (40) sectors 

are functioning at present while the remaining four (4) sectors are still 

undeveloped. KRIP I Western command lies within two (2) L.G.A: Kura and 

Garun Mallam and KRIP I Eastern command lies entirely in Bunkure L.G.A. 

(Nuhudeen & Adamu, 2016). 
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Figure1: Map of the Study Area 

 

Sampling Technique 

Three (3) soil samples from each of the forty (40) functional sectors in KRIP 

were collected at depth 35cm (being the active rooting depth for the crops grown 

in the study area) using an auger with coordinates of each point determined 

using a GPS. The soil samples collected were properly sealed in polythene bags 

and taken to the laboratory for analysis. 

The samples were analysed in the laboratory using standard test procedure to 

determine the presence and concentration of major chemical parameters for 

determining salinity and sodicity which include: pH, EC, Ca2+, Mg2+, Na+, K+, 

H+, Al3+, CO3- and HCO3-. The SAR, ESP and RSC were later calculated using 

the appropriate formulae.  

In addition, geostatistical analysis were applied for spatial variation of the soil 

properties in all the sampling points in the sectors with different degree of soil 

salts variation in order to produce the map of the area.  

 

Laboratory Work 

The laboratory test procedure was in accordance with the USDA standard 

(USDA,1998) laboratory procedure for the determination of soil salts and 

included; sample handling before the analysis and the various equipment used.  
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RESULTS AND DISCUSSION 

Mean values of pH, ECe, SAR, ESP and RSC for the sectors were determined 

and presented on table 1 below: 

 

Table 1: Results of soil chemical parameters 

S/No Sector pH(H2O) ECe(dS/m) SAR  ESP (%) RSC(cmol/kg) 

1 KARFI 7.57 2.79 0.94 10.17 0.55 

2 KOSAWA 7.57 2.76 0.24 5.61 0.78 

3 YAKASAI 8.72 1.46 0.94 12.33 0.49 

4 RUGAR FAKO 8.81 1.42 1.38 16.66 1.19 

5 MAJABO 8.21 3.48 0.17 2.42 1.44 

6 DALILI 8.73 1.57 0.24 3.1 0.85 

7 BUTALAWA 8.59 2.72 0.35 6.16 0.92 

8 GORE NORTH 6.5 3.97 0.84 6.72 0.49 

9 GORE SOUTH 8.62 1.6 0.25 3.76 1.24 

10 AGOLAS 7.61 2.99 0.6 7.35 0.66 

11 KORE 9.04 1.34 0.08 1.73 0.53 

12 RAKAUNA 8.93 1.4 0.11 2.41 0.25 

13 TSAUNI 8.87 1.54 0.09 2.15 0.72 

14 GAFAN 7.24 3.7 0.42 6.95 1.01 

15 AGALAWA 9.54 1.66 0.55 10.18 0.36 

16 RAJE 7.63 2.92 0.72 10.13 0.43 

17 YADAKWARI 8.59 1.54 0.49 7.16 0.72 

18 MAURA 7.83 2.86 0.51 7.14 0.47 

19 SAMAWA 9.18 1.52 0.85 16.57 0.66 

20 AZORE 9.00 1.6 0.68 5.88 0.61 

21 MAKWARO GABAS 8.88 1.39 0.47 5.02 0.31 

22 DORAYI 6.44 3.79 0.77 7.56 0.69 

23 BARNAWA 6.73 3.57 0.56 6.26 0.21 

24 GAYARE 7.83 2.68 0.37 5.58 0.86 

25 WAIRE 8.98 1.58 0.48 8.35 0.68 

26 BANGAZA 7.56 3.08 1.08 11.67 0.52 

27 YANTOMO 8.01 2.79 0.82 10.98 0.77 

28 KADAWA 7.79 3.52 0.65 7.67 0.29 

29 SHIYE 8.92 1.47 0.32 4.2 0.61 

30 CIRIN 8.76 1.37 0.34 4.25 0.26 

31 KODE 8.63 1.62 0.78 7.93 0.66 

32 YURI 8.9 1.18 0.62 5.61 0.28 

33 KULLUWA 8.82 1.4 0.32 3.25 0.2 
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34 TURBA 7.79 3.03 0.67 7.27 0.55 

35 LAUTAYE 6.63 3.86 0.51 5.81 0.1 

36 TSAMBAKI 9.34 1.52 0.64 5.43 0.37 

37 KURUMA 7.88 2.86 0.65 7.06 0.53 

38 ZANGON BUHARI 8.88 1.83 0.51 5.36 0.55 

39 BUNKURE 8.8 1.4 0.44 5.47 0.54 

40 DOGANAWA 9.1 1.56 0.49 5.2 0.59 

 

From the results in the table above, geospatial technique was employed in 

mapping out the salt  prone areas in KRIP. The maps showed soil properties that 

provides a guide for the prioritization of areas for intervention and the choice and 

implementation of soil salt management options. Ordinary kriging wsa employed 

in which the different classes of the parameters analysed were determined. 

Mapping was done in terms of the following soil salt indices; ECe, SAR, ESP and 

pH and are presented below: 

 
       Figure 2: Ece Map of KRIP 

From the ECe map above, it can be clearly seen that eventhough the salinity 

level of KRIP  generally fall below the recommended standard of 4dS/m (USSL, 

2004), yield of very sensitive crops may be restricted in most of the sectors. The 

Ece values spread across all the sectors  in the western and eastern commands 

with no definite pattern of spread.  
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       Figure 3: SAR Map of KRIP 

 

The map above shows clearly the distribution of SAR across the entire project 

area. The SAR values shows even distributed over the two (2) command areas 

with pockets of isolated cases.  Generally, the result shows a low sodium hazard 

of the water used in KRIP.  
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            Figure 4: ESP Map of KRIP 

 

The ESP map of the area shows moderate to high values which depicts a wide 

spread of sodicity problem in the entire area. This situation may have been 

brought as a result of rising water table due to continuous production. This 

probably account for the high occurrence of soil related problems like water 

logging as well as poor plant condition like scanty growth as evident in the 

farmers’ response in the questionnaire. The ESP values been very high in most 

of the sectors will require greater effort in terms of remediation if production is 

to be increased.  
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        Figure 5: pH Map of KRIP 

 

The pH map of the entire area shows a wide range of pH values evenly 

distributed across the two (2) command areas. However, the result shows a 

slight variation when compared to that of the laboratory analysis. It is possible 

to use spatial interpolation to estimate soil properties but this has to be validated 

using laboratory test. The result shows a favourable condition for crop 

production as the desirable pH range for plant production is 5.5 to 7.5. 

 

CONCLUSION  

The research was conducted during the 2018/2019 dry season to assess the level 

of salt built-up and to map out salt prone areas in Kano River Irrigation Project 

(KRIP). Using the results of the laboratory analysis, geostatistical analysis by 

ordinary kriging was used to map out the entire area which shows the variation 

and distribution of salt and other soil properties across the entire project area. 
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The results showed salinity level in KRIP fall below the recommended standard 

of 4dS/m (USSL, 2004). Hence, yield of very sensitive crops may be restricted 

in most of the sectors. The Ece values spread across all the sectors  in the 

western and eastern commands with no definite pattern of spread. The result 

also shows a low sodium hazard of the water used in KRIP. The ESP map of 

the area shows moderate to high values which depicts a wide spread of sodicity 

problem in the entire area. 

 

RECOMMENDATIONS 

1. The contribution of ground water in bringing leached salts to the root 

zone should be investigated so that proper control can be provided if need 

be. 

2. Regular soil testing is recommended to determine long-time trends in soil 

salt occurrence and accumulation. 

3. Primary soil tillage in the form of ploughing should be performed 

frequently to create easy water movement in the soil thereby reducing the 

level of soil sodicity on the farm. 

4. Management practices such as the continuous use of compost manure and 

animal remains to replace excessive application of synthetic fertilizer 

should be encouraged.  

5.  The cultivation of sodium insensitive and tolerant crops should be 

encouraged in the field for effective soil remediation should be practiced. 
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