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

the prevalence of soil salinity and sodicity in Kano River Irrigation Project 

(KRIP) and the remediation techniques adopted by farmers in the study 

area. 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. 

Standard laboratory tests were employed in determining soil chemical 

parameters which include: soil pH, Exchangeable Sodium Percentage 

(ESP), Sodium Adsorpton Ratio (SAR) and soil Electrical Conductivity 

(EC). The textural class was also determined using the bouyoucous 

hydrometer analysis. The results of the laboratory analysis revealed the 

prevalence of soil salinity/sodicity in 24 sectors in KRIP. Hence, Three 

Hundred and Eighty-Five (385) questionnaires were administered to 

farmers in the affected sectors. The results of the laboratory analysis also 

show an average pH range of 6.44 to 9.54 which indicates moderately 

alkaline to slightly alkaline soil reaction. The mean values of ECe and SAR 

were rated low i.e., 1.18 dS/m to 3.97 dS/m and 0.08 to 1.38 respectively 

according to FAO and USSL Staff standard, while ESP was rated low to 
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high i.e. 1.73% to 16.66% indicating sodicity problem in many of the 

affected sectors. This can cause very poor physical properties of soil with a 

commensurate decrease in nutrient solubility and availability. The result of 

the questionnaire analysis showed a significant relationship between soil 

condition and salinity and sodicity at 5% error level. Also, the result 

indicates that majority of the farmers adopt the local remediation technique 

with different remediation materials used by the farmers in curbing 

salinity/sodicity problems on their farms to include: the use of cattle 

manure, millet chaff, rice bran ash, rice husk ash and rice straw in different 

combination.  

 

Keywords: Salinity, Sodicity, Prevalence, Standards, Questionnaire 

 

 

 

Introduction 

Lands in arid and semi-arid regions of 

the world are irrigated to sustain 

agriculture, lawns and other 

vegetation. Such irrigation practices 

without efficient drainage 

management can trigger the 

accumulation of salts in the root zone, 

which can in turn negatively affect 

several soil properties and crop 

productivity (Zhao et al., 2013). 

Whatever may be the source of 

irrigation water (river, canal, tank, 

tube or open well), some soluble salts 

are dissolved in it and when their 

concentration becomes high, they 

impact negatively on the soil and 

plants (Asmamaw et al., 2018). 

Excess salts in the root zone 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). 

Salts are chemical substances that can 

dissolve in soil water (Müller & 

Müller, 2005).They are usually mobile 

in the soil and potentially most 

damaging to crops when they occur in 

significant quantity (Van de Graaff & 

Patterson, 2001). Salts are a huge 

concern in arid and semi-arid soils. 

They accumulate from irrigation 

water, but they concentrate due to 

evapotranspiration (ET). Where 

precipitation significantly exceeds 

evapotranspiration, salts are not a 

concern (Allbed & Kumar, 2013).  

All irrigation water contain dissolved 

salts, but the concentration and 
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composition of the salts may vary depending on the water source (Shahid, 

2018). Over time, salts can build up in the crop root zone and without removal 

by leaching, can reduce crop productivity. Historically, salt problems are 

associated with irrigation (Xu et al., 2016). Understanding how salt-affected 

soils develop and determining their nature and characteristics is crucial to 

managing areas with salt problems. Also, monitoring of soil and soil water 

condition is an important strategy that should be adopted to maintain and 

improve the salt status in irrigation schemes (Adamu, 2013). The necessity for 

regular investigation of soil in order to evaluate its quality is essential due to the 

fact that land use and management can change the capacity of the soil to 

function properly (Phontusang et al., 2014). It can also trigger fertility depletion 

and soil salt effects etc (Aliyu et al., 2016) 

The Kano River Irrigation Project (KRIP) has been under continuous cultivation 

for a very long time with a tendency of salt build-up in the area (Jibrin et al., 

2008). Hence, assessment of soils in KRIP in order to monitor the rate of salt 

build up is necessary so that management practices can be put in place to curb 

deterioration.  

Although there have been numerous studies in Kano River Irrigation Project 

(KRIP) including: Maina et al., (2012); Adamu et.al., (2013); Yusuf et al., 

(2020) and Mohammed et al., (2019) which evaluated the impact of soil salinity 

on productivity in the project, these studies have not evaluated the remediation 

methods adopted by farmers and their impact in curbing the effects of soil salts. 

Thus, the study was embarked upon to assess the nature, extent and intensity of 

salt buildup of the soils in KRIP as well as the type, material use and 

effectiveness of the remediation techniques adopted by the farmers in the salt 

affected areas. This is necessary to ensure good yield and maximum income for 

the farmers. Thus, the outcome and recommendations from this study will 

provide very good documentations on the salt status of soils in KRIP and the 

type, materials and effectiveness of the remediation measures used by the 

farmers. Hence, the research will be beneficial to farmers, irrigation managers 

as well as state and federal governments as it will form the bases for further 

studies on monitoring and evaluation in issues of soil quality management in 

the project area.  

 

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 
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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). 

 
Figure1: Map of the Study Area 
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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, a well-structured questionnaire was designed and administered to 

the target respondents. 

 According to the National Bureau of statistics (NBS), 2010, the population of 

Bunkure, Garun Mallam and Kura were: 199,086, 135,361 and 163,286 

respectively. This gives a total population of 497,733 for the three (3) Local 

Government Areas. From Krejcie and morgan (1970) table of sample size 

determination, the total sample size from the population is 384 questionnaires.  

Purposive sampling technique was adopted in selecting the 385 target 

respondents from the total population of 497,733 as only farmers in the sectors 

that exhibited salinity and sodicity problems were considered. The 

questionnaires were administered in collaboration with a well-trained facilitator 

with the assistance of the water use authority (WUA) leaders in the affected 

sectors. 

 

Laboratory Procedure 

The laboratory test procedure was in accordance with the USDA standard 

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

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

 

RESULTS AND DISCUSSION 

Results of soil chemical parameters 

Mean values of pH, ECe, SAR, ESP and RSC were determined and compared 

with standards (FAO & USSL) to determine the degree of saltiness. The result 

indicates that twenty-four (24) sectors were affected as been either saline, sodic 

or saline-sodic as indicated in table 2. 
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Table 2: Salt Status of Sectors in KRIP 

S/No L.G.A SECTOR 

NAME 

SALT 

STATUS 

        LEVEL 

1 Kura Karfi Sodic         Moderate 

2 ,, Yakasai Sodic ,, 

3 ,, Rugar Fako Sodic         Highly 

4 ,, Butalawa Saline-Sodic ,, 

5 ,, Gore North Saline-Sodic ,, 

6 ,, Agolas Sodic          Low 

7 Garun 

Mallam 

Gafan Saline-Sodic               ,, 

8 ,, Agalawa                         Sodic          Moderate 

9 ,, Raje Sodic ,, 

10 ,, Yadakwari Saline          Slightly 

11 ,, Maura Sodic           Low 

12 ,, Samawa Sodic           High 

13 ,, Azore                               Saline           Slightly 

14 ,, Dorayi Saline-Sodic ,, 

15 ,, Barnawa Saline           Very 

Slightly 

16 ,,  Waire Sodic            Low 

17 ,, Bangaza Sodic            Moderate 

18 ,, Yantomo Sodic ,, 

19 ,, Kadawa Saline             Slightly 

20 ,, Kode Sodic             Low 

21 ,, Yuri Sodic ,, 

22 ,, Turba Saline-Sodic ,, 

23 ,, Lautaye Saline              Slightly 

24 ,, Kuruma Saline-Sodic ,, 

 

3.2 Results of questionnaire responses 

Table 3: Demographic Data of the Respondents 

   Variables                                       Categories Fre

q. 

            % 

Respondent’s Age Less than 20 years 110 28.6% 

20-29 133 34.5% 

30-39 85 22.1% 

40-49 37 9.6% 

50-59 17 4.4% 

60 and above 3 0.8% 
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Total 385 100.0% 

Gender Male 347 90.1% 

Female 38 9.9% 

Total 385 100.0% 

Marital status Married 243 63.1% 

Single 119 30.9% 

Divorced 22 5.7% 

Widowed 1 0.3% 

Total 385 100.0% 

Major occupation Crop farming 319 82.9% 

Animal husbandry 66 17.1% 

Others 0 0.0% 

Total 385 100.0% 

Highest level of 

education 

No formal school 63 16.4% 

Islamic school level 106 27.5% 

Primary school level 112 29.1% 

Secondary school 

level 

100 26.0% 

Higher school level 4 1.0% 

Other levels 0 0.0% 

Total 385 100.0% 

How long have you been 

farming in this project 

scheme? 

1-5 years 117 30.4% 

6-10 years 143 37.1% 

11-15 years 78 20.3% 

Over 15 years 47 12.2% 

Total 385 100.0% 

Source: Field Survey 

 

Table 3 shows the demographic data of the respondents. It revealed that 

majority 133 (34.5%) of the respondents are within the age range (20-29) years. 

Also 347 (90.1%) of the respondents are male. Furthermore, findings from table 

3 depicts the major occupation of the respondents in which more than average 

319 (82.9%) of the respondents engaged in crop farming. Meanwhile, 112 

(29.1%) of the respondent’s highest level of education is primary school 

certificate. Correspondingly 143 (37.1%) of the respondents have been farming 

for 6-10years.   
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Table 4: Farmers Response to Information on Soil Condition 

 S/N                                      Items Mean Std. 

Deviatio

n 

Remark 

1. Farm size affect crop production 3.08 .496 Agreed 

2. Nature of soil affects crop yield 3.62 .491 Agreed 

3. A change in soil condition reduces crop yield 3.54 .520 Agreed 

4. Changes in soil fertility can increase or reduce 

crop yield 

3.71 .464 Agreed 

Source: Field Survey 

 

Table 4 revealed that majority of the respondents all agreed on the 

aforementioned statement above concerning the information on soil condition. 

(all mean greater than 2.5). 

 

Table 5: Farmers Response to Information on Input of Crop Production  

 S/N                                 Items Mean Std. 

Deviati

on 

Remark 

1. Nature of seed and seedlings can lower crop 

yield on the farm 

3.08 .268 Agreed 

2. Planting improved variety of seed increases 

yield 

3.74 .446 Agreed 

3. I use organic manure on my farm 3.56 .502 Agreed 

4. I use fertilizer on my farm 3.91 .289 Agreed 

5. I use agrochemicals on my farm 3.75 .436 Agreed 

Source: Field Survey 

 

The result obtained from table 5 revealed that majority of the respondents all 

agreed on the aforementioned statement above concerning the information on 

input of crop production. (all mean greater than 2.5). 
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Table 6: Farmers Response to Soil Salinity  

 S/N                                 Items Mean Std. 

Deviation 

Remark 

1. Irrigation boost food production 

in the country 

3.52 .500 Agreed 

2. Long period of irrigation has 

environmental impact to include 

soil salinity 

3.05 .223 Agreed 

3. I have knowledge of such 

environmental impact to include 

soil salinity 

3.24 .430 Agreed 

4. I belong to the water use 

association (WUA) 

3.46 .505 Agreed 

5. I have the of the knowledge of the 

differences between soil salinity 

and soil sodicity  

3.28 .460 Agreed 

6. Over the years, i have noticed soil 

salinity on the farm 

2.95 .986 Agreed 

7. I have noticed poor and non-

uniform germination of seed in 

the farm 

2.98 .973 Agreed 

8. Poor germination of seed in my 

farm can be attributed to soil 

salinity 

2.98 .988 Agreed 

9. Soil nutrients and crop yield 

reduces as a result of salinity 

problem 

3.05 .223 Agreed 

10. I have knowledge and techniques 

for remediating soil salinity. 

3.78 .420 Agreed 

11. Local amendment materials like: 

animal manure, millet chaff, rice 

straw, rice bran and rice husk can 

be used as remediation for soil 

salinity. 

3.96 .206 Agreed 

12. Ploughing, sprinkling and 

broadcasting are approximate 

3.54 .509 Agreed 
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methods of applying local 

amendment materials for soil 

salinity. 

13. These amendment materials are 

relatively available, cheap easy to 

apply and expose soil as well as 

reduce the hazard of soil salinity. 

3.54 .510 Agreed 

Source: Field Survey 

 

Findings from table 6 revealed that majority of the respondents all agreed on 

the aforementioned statement above concerning farmers’ response to soil 

salinity. (all mean greater than 2.5). 

 

Table 7: Farmers Response to Soil Sodicity  

 S/N                                    Items Mean Std. 

Deviation 

Remark 

1. Irrigation boost food production 

in the country 

3.52 .500 Agreed 

2. Long period of irrigation has 

environmental impact on soil and 

plant 

3.05 .223 Agreed 

3. I have knowledge of such 

environmental impact to include 

soil sodicity 

3.24 .430 Agreed 

4. I belong to the water use 

association (WUA) 

3.46 .505 Agreed 

5. I have the of the differences 

between soil salinity and sodicity 

3.28 .460 Agreed 

6. Over the years, i have noticed soil 

sodicity on the farm 

3.58 .777 Agreed 

7. I have noticed changes in soil 

characteristics such as colour, 

hardness and waterlogging 

3.44 1.135 Agreed 

8. Waterlogging, hardness and 

colour change can be attributed 

soil sodicity 

3.61 .756 Agreed 

9. Soil nutrients and crop yield 

reduces as a result of salinity and 

sodicity problem 

3.05 .223 Agreed 

10. I have knowledge and techniques 

for remediating soil sodicity 

3.78 .420 Agreed 
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11. Local amendment materials like: 

animal manure, millet chaff, rice 

stra, rice bran and rice husk can 

be used as remediation for soil 

sodicity 

3.96 .206 Agreed 

12. Ploughing, sprinkling and 

broadcasting are approximate 

methods of applying local 

amendment materials for soil 

sodicity 

3.54 .509 Agreed 

13. These amendment materials are 

relatively available, cheap easy to 

apply and expose soil as well as 

reduce the hazard for soil sodicity 

3.54 .510 Agreed 

Source: Field Survey 

 

Based on the analysis carried out, table 7 revealed that majority of the 

respondents all agreed on the aforementioned statement above concerning 

farmers’ response to soil sodicity. (all mean greater than 2.5). 

 

Inferential Analysis 

HO: There is no significant relationship between soil condition and crop 

production.  

Table 4.6       Correlations I 

 Soil condition Crop production 

Soil condition Pearson Correlation 1 .479** 

Sig. (2-tailed)  .000 

N 385 385 

Crop production Pearson Correlation .479** 1 

Sig. (2-tailed) .000  

N 385 385 

 

The correlation table above shows that the correlation between soil condition 

and crop production is 0.479 (weak positive relationship), the p-value (0.000) 

is less than the level of significance i.e 0.000<0.05, we therefore fail to accept 

the null hypothesis and conclude that there is significant relationship between 

soil condition and crop production at 5% level of significance. 

HO: There is no significant relationship between soil salinity and crop 

production.  
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Table 4.7                   Correlations II 

 Soil salinity Crop production 

Soil salinity Pearson Correlation 1 -.471** 

Sig. (2-tailed)  .000 

N 385 385 

Crop production Pearson Correlation -.471** 1 

Sig. (2-tailed) .000  

N 385 385 

 

The correlation table above shows the correlation between soil salinity and crop 

production is -0.479 (weak negative relationship), the p-value (0.000) is less 

than level of significant i.e 0.000<0.05, we therefore conclude that the 

relationship between soil salinity and crop production is significant at 5% level 

of significant. This implies as soil salinity increases crop production decreases. 

 

HO: There is no significant relationship between soil sodicity and crop 

production.  

Table 4.8         Correlations III 

 Soil sodicity Crop production 

Soil sodicity Pearson Correlation 1 .467** 

Sig. (2-tailed)  .000 

N 385 385 

Crop production Pearson Correlation .467** 1 

Sig. (2-tailed) .000  

N 385 385 

 

The correlation table above shows the correlation between soil sodicity and crop 

production is 0.467 (weak positive relationship), the p-value (0.000) is less than 

level of significant i.e 0.000<0.05, we therefore conclude that the relationship 

between soil sodicity and crop production is significant at 5% level of 

significant. 

HO: There is no significant relationship between soil condition and soil sodicity.  

 

Table 4.9           Correlations IV 

 Soil condition Soil sodicity 

Soil condition Pearson Correlation 1 .258** 

Sig. (2-tailed)  .000 

N 385 385 

Soil sodicity Pearson Correlation .258** 1 

Sig. (2-tailed) .000  
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N 385 385 

 

The correlation table above shows the correlation between soil condition and 

soil sodicity is 0.258 (weak positive relationship), the p-value (0.000) is less 

than level of significant i.e 0.000<0.05, we therefore conclude that the 

relationship between soil condition and soil sodicity is significant at 5% level 

of significant. 

 

CONCLUSION  

The research was able to discover the existence of salinity and sodicity 

problems in twenty-four (24) sectors across the two (2) command areas. Also, 

the questionnaire analysis showed a significant relationship between soil 

condition and salinity and sodicity at 5% error level. Also, the result indicates 

that majority of the farmers adopt the local remediation technique with different 

remediation materials used by the farmers in curbing salinity/sodicity problems 

on their farms to include: the use of cattle manure, millet chaff, rice bran ash, 

rice husk ash and rice straw in different combination.  

RECOMMENDATION 

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

soil      salinity/sodicity occurrence and accumulation. 

2. 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.  

3. The use of sodium-sensitive crops on the field should be cautioned as it 

may affect yield. 

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

and animal remains to replace excessive application of synthetic 

fertilizer should be encouraged.   
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