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Abstract 

Investigations were carried out in five irrigation schemes in Taita-Taveta County to diagnose the extent 
of soil salinisation to develop effective management strategies for enhanced crop productivity and food 
security in irrigation schemes where crop yields were declining due to soil salinity. The research 
involved sampling irrigation waters from the sources, soil from irrigation schemes and testing 
strategies to minimise soil salinisation and increase maize grain yields. Water analysis showed that 
water from Kasokoni (1119.9 µS/cm and [Na] of 3.92 me/l), Rama springs (1363.75 µS/cm and [Na] of 
5.75 me/l) and Kimala canal (1328.67 µS/cm and [Na] of 4.59 me/l.), which originates from River Lumi, 
were significantly (p≤ 0.05) saline. Water from Njukini (279.2 µS/cm and [Na] of 0.66 me/l), Challa (386 
µS/cm and [Na] of 1.16 me/l), Njoro Kubwa (244.4 µS/cm and [Na] of 0.632 me/l), Grogan springs (377 
µS/cm and [Na] of 0.73 me/l.) and Lumi springs (207 µS/cm and [Na] of 0.387 me/l) before joining 
Kasokoni springs were not saline. Kamleza-Kimoringo soils irrigated with water from Njoro Kubwa, of 
low salinity, were found to be significantly (p≤ 0.05) more saline (Ece 1.66 mS/cm) than other soils from 
other schemes whose Eces were generally below 0.56 mS/cm. These soils were at the lowest part of the 
irrigation schemes near Lake Jipe and had a clay texture and significantly (p≤ 0.05) more soluble salts 
(Ca2+ 20.97 me/100g soil). Soil pH, Ece, [Na+] and [Ca2+] did not vary with soil depth. It was concluded 
that the salts could have been deposited through runoff for most of the irrigation schemes and or left by 
the retreating nearby Lake Jipe for Kamleza-Kimoringo irrigation scheme soils. However, the irrigation 
water has potential for salinisation. Manure application at 20 t ha-1 increased maize grain yield 0.55-4 t 
ha-1 at Kimala scheme. 
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Introduction 

In Kenya, about 13.49 million hectares of land are salt-affected (KSS, 1982) and land degradation due to 
salinity in irrigated areas is about 43 million hectares in the world’s dry areas (Dregne et al., 1991). 
These lands are affected by water-logging, salinisation and sodification. Low rainfall (250-500 mm) 
which is common in the semi-arid lands, is partially responsible for salinisation due to prevailing high 
(2500 mm) evaporation rates in the semi-arid lands (Stromberg and Tisdale, 1979). In Taveta irrigation 
schemes, Soil salinisation is threatening crop production. This is magnified by misuse of irrigation 
water from the available water sources (Itabari and Kizito, 2004). About 15-20% of the once non-saline 
arable land has been rendered waste land due to soil salinisation and about 800 ha of land in Taveta 
irrigation schemes is saline (Sijali et al., 2003) . It is estimated that another 5-10% of the arable land will 
fall under salts if urgent and interventions are not taken. Sijali et al., (2003) reported cases of farmers 
abandoning their farms after realising that the salt contamination effects on their land had pushed it to 
non-economic agricultural production. This implies that unless measures are put in place to mitigate 
the impact of soil salinisation in this district, food production may be unsustainable. In response, the 
Government of Kenya (GoK, 2004-2014) has enacted a National Environmental policy and National 
Environmental Action Plan (NEAP) which addresses environmental issues to mitigate against soil 
degradation aspects like salinity.  
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Soils are saline if they contain large amounts of soluble salts to interfere with plant uptake of water 
from soil and its growth (Ayers and Westcot, 1994; Richards, 1954; Chhabra 1996). If soils have Ece 
˃4ds/m, pHe˂8.2, ESP˂15, then they are saline. The soils are massive, lack structural B horizon and 
contain very little organic matter (OM) (%org. C ˂ 1). The soluble salts mainly consist of chlorides, 
sulphates of sodium, calcium and magnesium. Bicarbonates may be present or not and Ece soil 
increases as exchangeable calcium increase in the soil (Chhabra, 1996). 

Salt-affected soils in Taveta District present a major challenge to agricultural production. This 
contributes to poverty increase to over the 54,000 persons in the District (Census, 1999). Preliminary 
work in Taveta irrigation schemes (Radiro et al., 2003) indicated that salts increased in the soil during 
irrigation with water of low salinity on soils of lower salinity led to soil of very high salinity, hence 
making it difficult to explain whether salts were from irrigation water or from the soil and which water 
sources were responsible for soil salinisation so that sustainable soil salinity mitigation measures could 
be implemented. There was a strong feeling that soil salinisation in Taveta irrigation schemes was due 
to irrigation water that goes through salt containing basement rocks and brings salts to the irrigation 
schemes through irrigation (Radiro et al., 2003). 

Preliminary attempts have determined the source of salinity in Taveta irrigation schemes and extent of 
soil salinisation in five selected representative schemes as not due to irrigation water used except in 
Kimala Blocks A and B where significantly saline water from Lumi springs after joining water from 
significantly saline Kasokoni springs is used for irrigation. All the irrigation schemes have become 
saline from salts deposited on the surface from floods and runoff as revealed by status of soluble salts 
as measured by Calcium concentration, soil pH and electrical conductivity of soil extract in both the top 
and the subsoils. These soil salinity parameters were not significantly different in the top and the 
subsoil samples which involved analysis of 38 top (0-20 cm depth) and 37 subsoil (20-30 cm depth) 
samples taken across five representative schemes in Taveta. 

The objectives of this study were to (a) determine the status of soil salinisation in irrigation schemes in 
Taveta (b) determine the relationship between irrigation water and soil salinisation (c) determine the 
salinity status of irrigation water and establish suitable strategy for management of salt affected soils. 

Materials and methods 

This study was carried out between 2010-2012 and involved five selected irrigation schemes: (Njukini 
(37359755E, 9648353N), Kasokoni (37357567E, 9632097N), Challa (37360554E, 9640124N), Kamleza 
(37354489E, 9614940N)-Kimoringo (37355244E, 9615177N) and Kimala Blocks A and B (37356103E, 
9625179N) in Taveta District. These schemes were chosen based on the area they occupy and how 
involved they were in crop production and severity of salinity reported by farmers. Soils were sampled 
from 10-12 farms in each irrigation scheme. Both topsoil (0-20 cm depth) and subsoil (20-30 cm depth) 
were taken from each farm. Each soil sample was collected from 3-5 sampling points in the farm. These 
samples were mixed and re-sampled to give a single top or subsoil sample. This gave a total of 20-24 
soil samples from each irrigation scheme, giving a total of 82 soil samples taken for analysis from the 
selected irrigation schemes. They were then taken to National Agricultural Research Laboratories 
(NARL) for complete analysis using modified dilute double acid Mehlich-1 method following the 
procedures described by Kathuli et al. (2007) and Hinga et al. (1980). The soils were also analysed for 
texture and its composition. 

Irrigation waters were sampled from all the available water sources used for irrigation. There were 
eight sources of irrigation waters for all the irrigation schemes in the district. These were: Njukini 
springs, Kasokoni springs and connection to river Lumi, Challa springs, Rama springs and shallow 
wells in Njukini, Njoro Kubwa, Lumi Source and Grogan canal. This resulted in eight sources with a 
minimum of two replicates. This was achieved by sampling the source in duplicate or sampling more 
than one spring source for each source as seen from water bubbling up from the ground. This resulted 
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in 24 water samples which were analysed for irrigation quality following the procedures of Hinga et al. 
(1980). 

Site elevation (meters above sea level) was taken at every spot where water samples were collected to 
relate soil salinity to elevation of the soil. 

Strategies for management of salt affected soils 

On-farm experiments were carried out to test effect of 20 t ha-1 manure, 40 t ha-1 trash, 100% gypsum 
requirement and control on maize grain yields in three irrigation schemes with different soil salinity 
levels.  

All the data were analysed by analysis of variance (ANOVA) using SAS software by running general 
linear model due to unbalanced replication. Means were separated using Duncan Multiple Comparison 
tests. Simple and multivariate analyses were carried out on all soil and irrigation water data to 
determine relationship between water sources and soil salinisation. 

Results 

Irrigation waters from various sources for Taveta irrigation schemes are shown in Table 1. Salinity 
levels of water from different sources were significantly (p≤ 0.05) different. Irrigation water from 
Kasokoni springs and its connection point with Lumi river, Rama springs in Njukini and Kimala canal 
and its inlet from Lumi river had significantly (p ≤ 0.05) higher salt concentration indicated by the 
electrical conductivity(Ec µS/cm) than in others water sources. The sodium (Na) concentration from 
these sources showed a similar trend in Na concentration. A simple regression of electrical conductivity 
of the water showed a significant (p≤ 0.05) relationship between irrigation water Ec µS/cm and [Na] in 
mill equivalents per litre of water.  

Table 1. Characteristics of mean electrical conductivity (Ec µs/cm) and sodium concentration of irrigation waters 

from different sources in Taveta- irrigation schemes 

Water sources Ec µS/cm Na+ 
me/l  

SAR SO4
= 

me/l 

Cl- 

me/l 
HCO3

- 

me/l 

Elev. 
masl 

Njukini springs 279.2c 0.66b 0.50b 1.76b 2.72b 3.18 981a 

Kasokoni springs and lumi 
joining point 

1119b 3.92a 2.01a 29.19a 9.42a 7.85a 784de 

Challa springs and farm inlet 
point 

386c 1.16b 0.75b 3.58b 2.95b 3.40b 952b 

Rama springs in Njukini 1363.75a 5.95a 2.32a 29.37a 14.93a 8.07a 922c 

Kimala canal and inlet from 
lumi 

1328.67ab 4.59a 1.79a 32.60a 13.64a 6.76a 788d 

Njoro Kubwa source, 
Kamleza, Kitogito inlets 

244.4c 0.63b 0.39b 1.46b 2.78b 2.95b 763ef 

Lumi source 207c 0.39b 0.24b 0.73b 0.93b 3.88b 983a 

Grogan springs, Grogan canal 377c 0.73b 0.27b 0.51b 1.17b 2.35b 751f 

Lsd (p≤ 0.05) 228.17 2.34 0.97 20.23 9.12 1.47 22.14 

Grand mean 667.5 2.32 1.06 12.6 6.4 4.8 685 

r2 0.97 0.84 0.81 0.76 0.69 0.93 0.99 

CV% 18.99 56 50 89 79 16.8 1.42 

Means in the same column followed by same letter are not significantly (P≤ 0.05) different, according to Duncan 
Multiple Comparison test 

Simple regression of electrical conductivity of water and sodium concentration of water was highly 
significant (Ec irrigation water= 233.11 + 189.65 conc. [Na] r2=0.8173, CV =33.The sodium concentration 
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in irrigation water increased as the electrical conductivity of the water increased showing a significant 
linear relationship.  

Multivariate analysis of electrical conductivity of water from the sources in Taveta irrigation schemes 
showed that Ec water=242+17.8 [Na] +30.5 SAR +12.8 SO4

= +41.4Cl- +12.1HCO3
- -0.2 elevation (r2=0.98, 

CV=10.17). The salinity of the water from the sources was significantly (p≤ 0.05) affected by the 
amounts of sulphates and chlorides in the irrigation waters (Table 1). Sodium adsorption ratio (SAR) of 
the irrigation waters which indicates proportion of sodium in the irrigation water did not significantly 
affect water salinity. The results on soil analysis for investigation on soil salinisation are shown in Table 
2. The irrigation schemes had significantly (p≤ 0.05) different levels of salinisation. All the soil 
characteristic properties that are indicative of high salinity namely; soil electrical conductivity (Ec), 
sodium (Na) and calcium (Ca) concentration were significantly (p≤ 0.05) higher in Kamleza-Kimoringo 
irrigation scheme than in other schemes. This scheme was being irrigated with low Ec water from Njoro 
Kubwa source. The irrigation schemes being irrigated with significantly higher (Ec 1328.67 µS/cm) 
saline irrigation water from down stream Lumi river (Table 2) showed no significant salinisation of the 
soils in Kimala A and B (Table 2). Njukini, Chala and Kamleza-Kimoringo irrigation schemes had 
significantly higher soluble calcium (Ca) salts than Kimala A and B. 

Table 2. Soil salinity and other soil properties in Taveta irrigation schemes 

Irrigation scheme pH Ec 
mS/cm 

Org. C% Na 
me/100g 
soil 

Ca 
me/100g 
soil 

% 
sand 

%silt %clay 

Njukini 8.16bc 0.47b 2.07a 1.38bc 16.8ab 25b 20c 55a 

Challa 8.20bc 0.38b 1.18cd 1.84ab 17.1ab 20b 23c 56a 

Kamleza/Kimorin
go 

8.07c 1.66a 1.51bc 2.13a 19.9a 24b 28b 48b 

Kimala A 8.24b 0.51b 1.77ab 0.85c 9.9bc 26b 41a 33c 

Kimala B 8.42a 0.56b 1.00d 0.24d 8.2c 50a 11d 39c 

LSD(P 0.05) 0.14 0.55 0.36 0.60 8.4 6.13 5.3 6.13 

Grand mean 8.19 0.84 1.58 1.39 15 27.5 27 45 

CV% 2.23 86 29.83 57 74 29.5 26 18 

r2 0.44 0.61 0.58 0.59 0.41 0.68 0.78 0.70 

Means in the same column followed by the same letter are not significantly (p≤ 0.05) different based on Duncan 
Multiple Comparison test 

 

Multiple regression of Ec soil with other soil characteristic properties that affect soil salinisation showed 
that, Ece soil= 20-1.86pH + 0.04%C-0.02[Na]+0.04[Ca]-0.02% Sand-0.03% Silt-0.02% Clay-0.003 elevation 
(r2=0.49, CV=83.7). These results showed that Ec of soil extract was significantly (p = 0.5) affected by 
amounts of soil exchangeable Ca (p≤ 0.0008) and influenced by soil pH and site elevation. This result 
corroborates the observations of Sijali et al. (2003) that soil salinity in Kimala irrigation scheme could be 
attributed to large amount of soluble calcium salts in soils at Kimala irrigation scheme. The Ece soil was 
negatively correlated to soil texture, soil pH and elevation. A soil with a total clay plus silt of about 76% 
and [Na+] greater than 2.0 me/100 g soil implied high saline soils and soils at lowest elevation would be 
more saline than soils at higher elevation. This confirms that poorly drained soils have more than 48% 
clay and 28% silt of fine fraction of the soil (Sijali et al., 2003) and the sodium content could be near 
threshold of 2.0 me/100g soil) (Hinga et al. (1980). 

The variation of soil salinity and other soil characteristic properties are shown in Table 3. Soil pH, 
exchangeable sodium, calcium and percent sand did not vary with soil depth. However, there was 
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significantly (47.34%  more clay in the 20-30 cm soil depth. Percent silt (28.7) was significantly (p = 0.05) 
more in the 0-20 cm depth than in the 20-30 cm soil. 

Table 3. Effect of soil depth on soil salinity and other characteristic properties that influence soil salinisation 

processes in Taveta irrigation schemes 

Soil depth 
 cm 

N pH Ece 
S/cm 

% org. C Na 
me/100 g 
soil 

Ca 
me/100g 
soil 

% 
Sand  

%Silt %Clay 

0-20 38 8.20a 0.83a 1.7a 1.33a 14.42a 28a 28.7a 43.26b 

20-30 37 8.20a 0.70a 1.5b 1.34a 15.45a 27a 24.8b 47.34a 

LSD 
(p≤ 0.05) 

 0.0827 0.297 0.212 0.348 4.86 3.54 3.18 3.6 

Means in the same column followed by same letter were not significantly (p ≤0.05) different  

 

Results of the field experiment testing effect of manure, trash incorporation, gypsum application and 
farmers’ practices for growing maize in salt affected soils irrigated with saline water is shown in Figure 
1. Use of manure at 20 t ha-1 in Kimala irrigation scheme irrigated with saline water from Kimala canal 
increased maize grain yields from 0.55 t ha-1 (farmer practice) to 4 t ha-1. Trash incorporation at 40 t ha-1 
gave a maize grain yield of 2.25 t ha-1.  

 

 

Fig. 1. Maize grain yield from a saline soil irrigated with saline water from Kimala canal in Taveta 
District in 2012 

Discussion 

The analysis of irrigation water from different sources in Taveta irrigation schemes indicated that 
significantly (p = 0.05) saline water sources were those from Rama springs (Ec water 1363.75 µS/cm , 
[Na] 5.75 me/l ) in Njukini near Njukini irrigation scheme, Kimala canal/Kimala inlet point from river 
Lumi (Ec water 1328.67 µS/cm [Na] 4.59) and Kasokoni springs (Ec water 1119 µS/cm and [Na] 3.92 
me/l ) which lets water into Lumi spring which, at downstream, becomes river Lumi conveying, 
irrigation water to Kimala A and B irrigation schemes.  

The salinity of the water from the sources was significantly (p≤ 0.05) affected by the amounts of 
sulphates and chlorides in the irrigation waters (Table 1). Sodium adsorption ration (SAR) of the 
irrigation waters which indicates proportion of sodium in the irrigation water did not significantly 
affect water salinity. Irrigation water is saline and affects crop water availability if it has Ec water greater 
than 4ds/m = 4mmho/cm = 4000µS/cm and sodium adsorption ratio (SAR) greater than five and/or it 
has total dissolved solids (TDS) greater than 2000 mg/l (Ayers and Westcot, 1994; Bloem et al., 2009; 
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Toth et al., 2009). However, levels of Ec water and its SAR gives water quality for irrigation (Ayers and 

Westcot, 1994, Richards, 1954). SAR=[Na]/  and it measures proportion of sodium 

concentration in relation to concentrations of calcium and magnesium in the irrigation water. 
Salinisation by the irrigation water may be on the increase as it was reported to contain lower levels of 
sulphates (6.05 me/l) and chlorides (10.6 me/l) by Sijali et al. (2003) but it is observed to have increased 
to 32.60 me/l sulphates and 13.64 me/l of chlorides in 2011 with general decrease in salinity from 
3ds/m (3000 µS/cm) in 2003 (Sijali et al., 2003) to 1328 µS/cm (1.328 dS/m) in 2011. Elsewhere, it is 
reported that over irrigation adds more salts to the soil (Bloem et al.,2009).  

Soil salinisation in Kimala A and B could be partially due to irrigation water drawn from river Lumi 
which gets salts downstream as it is joined by Kasokoni springs which have a significantly higher Ec 
water of 1119 µS/cm with [Na] of 3.92 me/l. The source of river Lumi is not saline. It has a significantly 
lower Ec water of 207µS/cm and [Na] concentration of 0.387 me/l. The water that irrigated highly salty 
(Ec 1.66 mS/cm) Kamleza-Kimoringo irrigation schemes was of significantly low salinity as indicated 
by Ec of water from Njoro Kubwa source. A water sample taken from the farms indicated significantly 
(p = 0.05) lower salinity (Kitogito water sample had Ec water of 256 µS/cm with [Na] of 0.75 me/l) 
water level. This was water drawn from Njoro Kubwa through Kamleza canal with a mean Ec water of 
244.4 µS/cm and [Na] of 0.632 me/l. Irrigation water will be saline if it has a Ec water of 4000 µS/cm or 
4dS/cm (Toth et al., 2009; Richards, 1954) Although some of the water had low salinity, it has potential 
for soil salinisation if not properly used with strategies to prevent salt accumulation which could lead to 
decline in crop yields (Ahmed et al., 2010). It has been shown that irrigation water with Ec of 500 µS/cm 
can add 3000 kg of salts ha-1 if applied to the field at 10,000 m3ha-1 (3 mm/day) (Bloem et al., 2009). 
These salts would come to the soil surface due to high evaporation rates in the semi-arid lands which is 
as high as 2500 mm per year leading to further soil salinisation. This means irrigation waters from 
Kasokoni springs, Lumi springs after being joined by Kasokoni spring water and Kimala canal water 
from Lumi springs after joining with Kasokoni springs and the shallow well in Njukini have potential 
for soil salinisation. It was further observed that the Ec of water and Na concentration increased as the 
source elevation decreased although not significantly. This indicated a possible salt accumulation in 
soils at lower elevation due to water seeking its level with salts dissolved in it. Multivariate analysis of 
Ec water from the sources indicated that, sulphates and chlorides significantly influenced the salinity of 
waters from the sources and this could be the source of salinity in the water sources found to be saline. 
Sodium concentration as showed by water sodium adsorption ratio (SAR) did not significantly affect 
the water salinity (Table 1) indicating that the water from the sources contained insignificant amounts 
of Na and would not pose a problem when the waters are used for irrigation.Soil analysis showed that, 
Kamleza-Kimoringo scheme was significantly saline because it had significantly (p≤ 0.05) higher Ec soil 
(1.66 mS/cm), exchangeable Na (2.13 me/100 g soil) and higher soluble salts as indicated by 
significantly (p≤ 0.05) high exchangeable Ca (19.9 me/100g soil) (Table 2). This was not corroborated by 
irrigation water being used to irrigate the schemes. If salts were to come only from water from Njoro 
Kubwa, then the soils would not be saline. This means salts were brought to this area by another means 
but not necessarily through the irrigation water being used. Soils are saline if they have Ece ˃ 4dS/cm 
with a pH˃  8.5 and sodic if they have exchangeable sodium percentage (ESP) greater than 15 and non-
saline, non-sodic if Ece ˂ 4dS/cm, ESP˂ 15 and pH˂ 8.5. ESP=[Na]/√ (([Ca]+[Mg])/2). Soils can be 
saline, sodic or both according to risk assessment methods of salinity in USA and Europe (Toth et al., 
2009; Richards, 1954; Bloem et al., 2009).  

Regression of Ec soil with soil properties, indicative of soil salinisation showed that Ec soil was 
significantly (p≤ 0.05) related to exchangeable Na and Ca in the soil. The relationships were positive 
and linear indicating that soil salinity increases as Na and Ca in the soil increases. Calcium salts are 
sparingly soluble and they would tend to be left behind by water as it seeps into lower soil horizons 
and hence its high accumulation in the soil. Again if water moves to its lower level with salts dissolved 
in it, and the Ec water has been shown to increase as elevation decreases, then salts must have moved to 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

7 

this area from another area. Further from this scheme there is Lake Jipe which could have covered this 
area before and as the water moved, salts were left behind. Similar explanations could be extended to 
Kimala irrigation scheme (730 m) with mean temperatures of 24.6-23.5o C and evapotranspiration of 
2167 mm per year compared to Njukini (980 m) with mean temperature of 23.5-22.42o C and ETo of 2079 
mm per year (Jaetzold and Schmidt, 1983; Woodhead, 1968). Njukini irrigation scheme had significantly 
higher organic matter level followed by Kimala. Kamleza- Kimoringo had significantly lower organic 
matter content and the scheme was at the lowest elevation (722-724 m) and a shallow water table (0.3-1 
m) and this could have contributed to high salinity from water rise through capillarity and evaporation 
leaving salts on the soil. The higher (<2.0 % org. C) organic matter content in Njukini could have 
contributed to decline in soil salinity. It has been observed that, presence of organic matter in soils 
reduces soil salinization by modification of the soil physical structure (Ahmed et al., 2010) which either 
allows for improved drainage or provides calcium to replace Na which is responsible for soil 
salinisation. Sand content in the soil was found negatively related to Ec of the soil. More sandy soil 
would have low salinity due to improved drainage. Higher percent (28%) silt and (48%) clay in the soil 
indicated an increase in Ec soil, meaning poor drainage which leads to soil salinization. The higher soil 
pH is caused by bases brought up to the plough layer by capillarity which is higher in wet sandy soils 
due to their large pore spaces or salts hanging up in the upper moist soil through hysteresis. 

It was also observed that, soil pH, Ece, [Na+]] and [Ca2+] did not significantly vary with soil depth from 
0-30 cm. However soil clay significantly increased with soil depth while there were more sand and silt 
in the 0-20 cm depth. This confirms that saline soils are massive and of poor drainage and interventions 
to manage them should include drainage or other interventions to modify the soil structure for 
improved permeability to leach the salts past the plough layer. 

Results on use of 20 t ha-1 manure, 40 t ha-1 trash incorporation, 100% gypsum requirement and control 
for maize planted and irrigated with Kimala canal saline water (Ec water 1328.67 µS/cm [Na] 4.59 
me/l) showed higher maize grain yield on fields where manure was used followed by trash 
incorporation. This results confirms the findings of Choudhary et al. (2011) who observed that, 
application of organic manure at 20 Mg ha-1 or crop residues at 6 Mg ha-1 on a rice-wheat rotation 
cropping system irrigated with sodic water resulted in rice and wheat yield increase and a decline in 
soil pH and exchangeable sodium percent (ESP) and increased infiltration. The rice-wheat rotation 
cropping system that did not receive manure or crop residues resulted in increased soil pH, ESP, poor 
soil physical structure and decline in yields over the 15 year study duration. Manure and crop residue 
incorporation in soil if fully decomposed produces organic acids that have affinity for salts and sodium 
in the soil. These acids react with these cations reducing their hydration power which is responsible for 
soil particle dispersion and hence poor infiltration which increases salts and sodium accumulation in 
the rhizosphere affecting water use by crops leading to decline in yields. In presence of manure or crop 
residues upon decomposition, there is no salt accumulation and hence increase in crop growth and 
yields. 

Conclusions 

The highly saline water sources in Taveta irrigation schemes are Rama springs, shallow wells in 
Njukini, Kimala canal from Lumi River and Kasokoni springs. The salinity in these irrigation waters is 
mainly due to high levels of sulphates and chlorides and not sodium. There is potential for irrigation 
water from Kimala canal to cause soil salinisation particularly in Kimala block A and B irrigation 
schemes. Njukini springs and Njoro Kubwa springs are not saline. Soil salinity in the highly saline 
Kamleza and Kimoringo schemes could have been as a result of saline soil deposition rather than from 
irrigation water. Soil salinisation in Taveta irrigation schemes tend to be highest at lowest elevations, 
and are attributed to soluble calcium salts in the soil. Use of manure or crop residue incorporation 
seems to be the way forward for reduction of soil salinisation for increased crop production in salt 
affected soils irrigated with poor quality irrigation water. 
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Recommendations and way forward 

Salinity in the schemes can be managed through drainage and other interventions that dissolve the salts 
to move further down the irrigation scheme elevation, and other strategies that remove the salts 
provided further external salt water intrusion is managed. The irrigation waters from Njukini springs, 
challa springs, Njoro kubwa springs, Lumi springs before joining Kasokoni springs and Grogan springs 
are suitable for irrigation provided soils are freely drained and strategies to remove possible salts 
accumulated are adopted. Strategies to improve the soil structure in these irrigation schemes would be 
highly required to improve soil drainage and minimise soil salinisation. Strategies for minimising 
effects of sulphates and chlorides added in irrigation water from Kasokoni springs, Rama springs in 
Njukini and Kimala canal from Lumi river on soil should be developed. Use of manure or crop residues 
for soil salinity reduction in irrigation schemes requires further research to confirm results reported 
here. 
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