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Abstract 

A study was carried out to examine distribution of salt affected soils by types and extent in the Ndungu 

Agricultural Development Project (NADP) area of Tanzania. The objective was to generate information to guide 

salt-affected soil management for sustainable rice production. Conventional methods including use of mini-pits 

and profile pits, coupled with farmers’ experiences were used to characterise soil. A total of seven randomly 

selected soil profile pits located in major soils were dug and described. Soil was sampled from natural horizons 

for laboratory analysis. In addition a total of 158 topsoil (0 – 20 cm depth) composites soil samples were 

randomly collected from 90 sites of NADP project area for laboratory analysis. Results showed that a few blocks 

(block is a piece of farm of 6 to 12 acres) had high exchangeable sodium percentage and high levels of 

bicarbonates, indicating salt-affected soils. Soil pH, exchangeable sodium percentage (ESP), and electrical 

conductivity of soil paste extract (ECe) values as high as 9.06, 28.7 cmol(+)Na kg-1, and 14d Sm-1 were measured. 

Out of 90 blocks, 10 blocks (11%) showed slight to strong salt effects. Two blocks (2%) have been abandoned, 

and in some cultivated blocks zero yields were recorded due to salt content. The different levels of salinity 

development in the project area suggest site-specific remediation and appropriate management options be 

developed to improve crop production. These include rehabilitation of the irrigation infrastructure, use of 

farmyard manure as a soil amendment and growing salt-tolerant rice varieties. Furthermore, it is important to 

create awareness among farmers of the problem of salt-affected soil on rice productivity. 

Key words: saline-sodic, high pH soils, salinity, sodicity, soil degradation 

1. Introduction 

Salt-affected soils, where salts concentrate on the soil surface causing severe decline of crop yields, are a 

worldwide problem (Metternicht & Zunk, 2003; Yadava et al., 2011; Shahid & Al-Shankiti, 2013). Such soils are 

found in diverse climates but they are dominant in arid and semi-arid climates (FAO, 2000; Graaff & Patterson, 

2001; Robert & Ulery, 2011; Qadir et al., 2015). Global projections show that salt-affected soils are increasing. 

The extent of salt affected soils particularly in irrigated areas has increased in the last two decades from 45 

million hectares to 62 million hectares between 1990 through 2013 (Ghassemi et al., 1995; Metternicht & Zinck, 

2003; Qadir et al., 2014). These figures suggest that at global scale every day an area of about 2,000 ha of 

irrigated cropland is affected by varying levels of salinity (Qadir et al., 2014). The consequences of salinity and 

sodicity are harmful effects on plant growth and food production, reduction of water quality for uses other than 

agriculture, sedimentation and soil erosion. The consequences impact severely developing countries. According 
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to Keshavarzi & Sarmadian (2012) soluble salts affect the productivity of soils by changing the osmotic potential 

of soil solution and by increasing the content of exchangeable sodium.  

Salt-affected soils are categorized into three groups which are (i) saline soils characterized by high electrical 

conductivity of paste extract (ECe > 4 dSm-1); (ii) sodic soils with higher exchangeable sodium percentage (ESP > 

15%) but low ECe; and (iii) saline-sodic soils are a combination of saline and sodic soils characterized by high 

electrical conductivity (ECe) which is > 4 dSm-1and ESP is > 15 % (Eynard et al., 2005). Criteria for assessment 

and categorization of salt affected soils into saline, sodic, and saline-sodic is usually done using the sodium 

adsorption ratio (SAR) and the exchangeable sodium percentage (ESP) (US Salinity Laboratory Staff, 1954; 

Charman & Murphy, 2007; Brady & Weil, 2008; Seilsepour et al., 2009) which are defined by equations 1 and 2: 

                                 (1) 

where: 

S.A.R. = sodium adsorption ratio, 

Na+, Ca2+ and Mg2+ are concentrations of soluble cations meqL-1 

(Exchangeable Na+/CEC) x 100                              (2) 

where: 

ESP = exchangeable sodium percent, %. 

Na+ = measured exchangeable Na+, meq/100g. 

CEC = cation exchange capacity, meq/100g. 

Literature shows that of the three salt affected soil categories, salinity is dominant (Rengasamy, 2006; Qureshi, et 

al., 2007; Thomas, 2010). 

In Tanzania, salt-affected soils are a major constraint to production that contributes to low yields in most rice 

producing irrigation schemes (Kashenge-Killenga et al., 2012a; Makoi & Ndakidemi, 2007). Salt-affected soils 

are found in most semi-arid irrigated and non-irrigated, and even in lowland areas with high rainfall, which are 

characterised by high water tables (Kanyeka et al., 1995; FAO, 2001; Makoi & Ndakidemi, 2007). 

Although there are a few scattered research reports on salt-affected soils in Tanzania (Mnkeni, 1996; Makoi & 

Ndakidemi, 2007; Kashenge_Killenga et al., 2012a), the extent of salt-affected soils in Tanzania is not well 

established. Mnkeni (1996) estimated that there were more than 2.9 million ha affected by salinity while 700 000 

ha had high sodicity. On the other hand FAO (2000) estimated over 1.7 million ha are saline and 300,000 ha are 

sodic. Furthermore, FAO (2003) increased the estimated extent of salt affected soils to be over 3.5 million ha 

with proportions of 16% and 84% for sodicity and salinity, respectively. The disparity of these figures by FAO 

(2000, 2003) and Mnkeni (1996) suggest that the extent of salt-affected soils in the country is not well known. 

As a consequence, salt affected soils are not mentioned in research agendas and in policy formulation addressing 

agricultural problems in the nation. In reality, it is a serious problem that is turning agricultural land to barren, 

salty lands. In addition, several small rice irrigation schemes (classified as traditional irrigation schemes that are 

community managed) are experiencing reduced yields due to salt (salinity and sodicity) problems 

(Kashenge-Killenga et al., 2012b). Apart from the fact that the problem of salt-affected soils in rice production 

systems is increasing, information of type of salts and their extent is scanty or lacking (Kashenge-Killenga et al., 

2012a). 

Effective management of salt-affected soils requires correct diagnosis of the problem (Robbins & Gavalak, 1989; 

Eynard et al., 2005). Understanding the salinization processes and the limitations they cause to crop production 

is of significant importance for improvement of crop productivity with regards to constrains attributed to salinity 

and sodicity (Robbins & Gavalak, 1989). In the Ndungu Agricultural Development Project (NADP) area there is 

inadequate understanding of the prevailing salinization processes and the aerial extent affected and 

environmental factors attributed to salts build up the fact which limits the basis for recommendations for 

sustainable management options needed to mitigate the problem. This is the case also in most of the other 

existing irrigation schemes in Tanzania (Kashenge_Killenga et al., 2012a). 

The NADP area that is located in Same District in the Kilimanjaro Region is among several projects launched by 

the Tanzanian Government, geared towards improving agricultural sector, particularly irrigated rice (Oryza 

sativa) production, which is the second staple after maize (Zea mays) to address food self-sufficiency and 

poverty reduction. The 680 ha NADP irrigation area was initiated in 1988, and it has developed into an important 
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rice production area for the Kilimanjaro Region. However, yield reductions due to salt-affected soil is rapidly 

increasing to the extent that some farmers have had to quit severely affected soils because they were no longer 

productive (Kiangi, 2005). The genesis and fast spread of the sodicity and salinity problems may be accelerated 

by the prevailing climatic condition and geographical setting of the area which is characterised by high 

evapotranspiration that exceeds precipitation. However, information on distribution and identification of soil salt 

types and their extent in the NADP area is inadequate. 

The objective of the study was to examine distribution and extent of salt-affected soils by their types in the 

NADP area so as to provide information that will guide development of salt affected soil management options. 

We hypothesize that a clear understanding of the distribution of salt affected soils by their types will enable the 

development of best management packages to help overcome the salinity and sodicity problems. Adoption of 

these practices should not only limit further development of salt problems, but also reverse the detrimental 

effects of salinity and result in sustained rice production in the NADP area. 

2. Materials and Methods 

2.1 Description of Survey Areas 

NADP is located in the Same District, Kilimanjaro Region in the Pangani water catchment at the foot slope of 

South Pare Mountains. The alluvial/colluvial plain extends into Mkomazi Plain where the Mkomazi National 

Park is located. The geographic location is latitude -4022′0.34′′ S and longitude 3804′28.06′′ E, at an elevation of 

510 m above seas level, and with a slope gradient ranging from 0.5 to 1%. Soil parent materials are mainly the 

neogene alluvium of diverse origin, forming mainly heavy clay soils that during dry season crack like Vertisols. 

Soils near river channels are Fluvisols. The Yongoma River that traverses the project area has been harnessed 

through a diversion and canal infrastructure for gravity irrigation. 

Temperatures in the area are generally high during December-January with daily average temperatures over 300C, 

and lowest in July-August at 220C.Mean annual rainfall is 660 mm, most it falling during the rainy season. There 

are two rainfall seasons which are short and long rain-seasons which start on March through April and late 

October through December, respectively (Figure 1). Rainfall fluctuation and evapotranspiration influence the 

extent of the seasonal growing period (Figure 2). The unreliable, short rainfall locally known as ‘Vuli’ is used for 

crop cultivation. Masika (local name) for a long rainy season often is of short duration lasting for one month 

between March and April. This is a shorter period for most traditional crops grown for example a crop like maize 

(Zea mays) which stay in the field for 4 to 6 months. The shorter growing periods experienced in the NADP area 

has been a cause to frequent crop failures. The NADP area experiences long dry season, which starts from June 

through October.  

 

Figure1. Annual rainfall distribution in the NADP area, Same District, Tanzania 

 

Figure 2. Dependable growing period for the NADP area, Same District, Tanzania 
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2.2 Soil Sampling 

Fieldwork started by doing reconnaissance in the NADP area for familiarisation. Differences between soils were 

examined and delineated based upon digging of mini-pits (50 cm deep pits), profile pits, and farmers’ experience. 

Auguring was not done because of soil hardness, attributed to both farm operations and soil properties (heavy 

clays). A total of seven soil profile pits randomly located in representative major soils were dug, described, and 

soil was sampled from natural horizons for laboratory analysis according to Soil Profile Description Guidelines 

by FAO (2006a). The soil samples were collected from natural soil profile horizons for laboratory analysis. Soil 

colours were named according to the Munsell Colour Notation (Munsell Colour Charts Inc., 1992). The scheme 

has 90 blocks of varied sizes in acres. Topsoil samples were collected from all 90 blocks, at a depth 0-20cm at 

randomly selected sites by a field team that included researchers, farmers, key informants, and NADP farm staff. 

Typically, soil composites was done by collecting 8 sub-samples randomly from three plots within a single block, 

mixed well, and by quarterly, it was reduced to 1 kg that formed a composite representing a block for laboratory 

analysis. A total of 158 composite soil samples were collected for laboratory analysis. 

2.3 Laboratory Analysis 

Soil pH was measured potentiometrically in water and in 1M KCl at the ratio of 1:2.5 soil-water and soil-KCl, 

respectively. ECe was determined using a paste extract where the leachate was used to take readings with an EC 

meter (Moberg, 2000). Organic carbon (SOC) was determined by the wet digestion method of Walkley and 

Black (Nelson & Sommers, 1982). Total nitrogen was determined by the Kjeldahl method (Bremner & Mulvaney, 

1982). Phosphorus was extracted by the Bray and Kurtz-1 method and determined spectrophotometrically (Olsen 

& Sommers, 1982). The cations exchange capacity (CEC) and exchangeable bases were extracted by saturating 

soils with neutral 1M NH4OAc (Thomas, 1982) and the adsorbed NH4+ was displaced by K+ using 1M KCl and 

then determined by Kjeldahl distillation method for the estimation of CEC of soil. The bases Ca2+, Mg2+, K+ and 

Na+ displaced by NH4+ were measured by atomic absorption spectrophotometry. Soil texture was determined by 

the pipette method after dispersing soil with sodium hexametaphosphate (Klute, 1986). 

2.4 Data Analysis and Soil Classification 

Assessment of soil soluble salts was done by measuring electrical conductivity and by calculating the sodium 

adsorption ratio (SAR) and the exchangeable sodium percentage (ESP) (Graaff & Patterson, 2001; Brady & Weil, 

2008; Seilsepour et al., 2009). These were rated using established thresholds (FAO, 1999a&b). Descriptive 

statistics were used to derive tables and graphs depicting patterns of studied parameters and the results were used 

to compare severity of soil salt between different locations (soil profiles) in different blocks in the NADP area. 

Using both field and laboratory data the identified soil types were classified up to level-2 soil unit names 

according to the World References Base for soil resources 2014 (FAO, 2015). 

3. Results and Discussion 

3.1 Soil Texture 

Figure 3 and Table 1 present particle size distribution of soils collected from the NADP area, indicating that 

texture is dominated by clay. Figure 3 shows individual textural separates with depth whereby sand, clay and silt 

particles are significantly different (P<= 0.05) in the upper part of the profile, but not significantly different for 

sand and clay in the subsoil (>100 cm from the surface). The subsoils are sandier that might negatively influence 

both the amount of water that can be stored and the crop vigour that is typically poor in sandy soils. This 

situation was observed randomly distributed in the NADP area, but generally the detrimental effects were not 

evident because sands are buried in the sub-surface layers (Figure 3). Some of these sandier spots noted to have 

poor crop stands were in the old riverbed, which had changed its course in past history. Other areas were affected 

by land levelling during the establishment of the scheme. Table 1 shows a tendency of clay declining with depth 

in some blocks, as indicated with a minimum value of 36% in topsoils but declines to 6% and 18% respectively, 

in subsoils (20-60cm and 60-200cm). 

Soil texture is an important soil characteristic, particularly for irrigation and rice production. It influences water 

holding capacity, rootability, and retention of plant nutrients in soils (Hillel, 1982). In the NADP area, texture 

variability actually influences land use and field operations like tillage, and watering regime. The sites within the 

NADP area with sandy clay and sandy clay loam soils are used for maize growing during the dry season while 

areas with heavy clay soils are rarely used due to poor workability and poor drainage. 
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Figure 3. Distribution of soil particle size with depth, in soils from farms in the NADP area, in Same district, 

Tanzania 

 

Table 1. Soil particle size distribution of the NADP area, Same District, Tanzania 

 

Top soils (0-20cm) Subsoils (20-60 cm) Subsoils (20-60 cm) 

Statistic Sand (%) Clay (%) Silt (%) Sand (%) Clay (%) Silt (%) Sand (%) Clay (%) Silt (%) 

Mean 35.4 46.6 18.0 48.5 35.0 16.5 41.8 42.6 15.6 

SE 4.1 4.8 2.0 10.2 11.8 3.3 5.1 4.8 1.7 

Median 40.0 40.0 14.0 47.0 35.0 16.0 39.0 41.0 16.0 

SD 10.8 12.7 5.3 20.5 23.7 6.6 16.1 15.1 5.4 

Range 28.0 30.0 12.0 48.0 58.0 14.0 56.0 50.0 18.0 

Minimum 20.0 36.0 14.0 26.0 6.0 10.0 20.0 18.0 6.0 

Maximum 48.0 66.0 26.0 74.0 64.0 24.0 76.0 68.0 24.0 

n 158 158 158 158 158 158 158 158 158 

 

3.2 Chemical Properties 

3.2.1 Soil Reaction 

Table 2 and Figure 4 present a summary of chemical properties of soils collected from sites within the NADP 

area. Table 2 shows variations of parameters between blocks and within soils. Figure 4 shows results of soil 

reactions, a measure of hydrogen ion concentration in the soil suspension as the pH values (Moberg, 2000). The 

results of soil pH indicate that it is predominantly alkaline, with pH values ranging from mildly alkaline (pH 

value 7.5) to strongly alkaline (pH value 8.5). Results show that the median pH value is 7.45, which implies that 

over 50% of soils are mildly alkaline. However, the minimum and maximum pH values range from moderately 

acid to strongly alkaline, with pH values of 5.7 and 9.06, respectively (Hazelton & Murphy, 2007). 

Some profiles show pH declining with depth, while others have a pH increase with depth (Figure 4). The 

observed results imply that pH values at sites within the NADP area varies between and within soils. This could 

be attributed to the high concentration of exchangeable sodium as well as variations in calcium and magnesium 

concentrations (Table 3). The high pH values may also be attributed to the presence of bicarbonates. Most plants, 

including rice, grow well in soils of pH between 6.5 and 7.5 (Baize, 1993; Brady & Weil, 2008). This suggests 

that some of the NADP area soils are slightly to severely limiting to crop nutrients, particularly phosphorus and 

most micronutrients.  

As the soil pH increases, the solubility of many nutrients is reduced because the nutrients are precipitated to solid 

materials that plants cannot use (Fernandez & Hoeft, 2009). It has been observed, for example, that the solubility 

of iron at pH 4.0 is 100 mgFe/kg soil but when the pH is increased to 6.0, the solubility drops to 0.01 mgFe/kg 

soil. At pH values above 7.5, the amount of iron in solution is often too low to sustain healthy plant growth. 

Furthermore, at high soil pH values, phosphorus, manganese, zinc, copper and boron also become minimally 

soluble, hence deficient. Many alkaline soils also contain low amounts of magnesium (Marschner, 2011; 

Fernandez & Hoeft, 2009). Thus, close to 50% of Ndungu soils in the NADP area may be experiencing macro 

and micronutrient deficiencies as influenced by high soil pH. 

3.2.2 Soil Organic and Total Nitrogen 

Table 3 and Figure 5 show results of both soil organic carbon (SOC) and total nitrogen percent in NADP soils. 
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According to Landon (1991) and Baize (1993), the mean and median values for organic carbon are rated as 

medium (> 1.26 %). More than 50% of the NADP soils had organic carbon levels in the medium level (Table 2), 

that is an amount common for tropical soils (Landon, 1991). However, exceptionally low soil organic carbon 

levels were recorded for sites LTB2 and RTB1. This means that some NADP soils had soil organic carbon 

concentrations that would be considered minimum for sustainable crop production. Some research works have 

indicated that most of the productive agricultural soils have organic matter levels between 3% and 6% (Fenton, 

Alber, & Ketterings, 2008). The variability of soil organic carbon levels in the NADP area is attributed to 

farming practices which in the NADP area involves grazing and residual removal by burning. Turnover of soil 

organic carbon which is converted to soil organic matter by multiplying by a factor 1.72 depends on composition 

of the organic matter and cropping system, its use and tillage methods (Szajdak, Jezierski & Cabrera, 2003; 

Helfrich, Ludwig, Buurman & Flessa, 2006). The organic carbon serves as a reserve for many essential nutrients, 

especially nitrogen. During the growing season, part of the SOC reserve is turned into mineral nitrogen through 

bacterial activity and made available to plants (Korsaeth, Henriksen, & Bakken, 2002).  

Table 3 also presents result for total nitrogen describing, the mean, median, minimum and maximum values. The 

minimum value is rated to be very low (<0.1%), while the mean and maximum values are rated as low to 

medium (Landon, 1991; Baize, 1993). The low levels of total nitrogen observed in Table 3 could be attributed to 

the inherent soil properties and management practices prevailing in the irrigation scheme. Total nitrogen and 

available nitrogen in the soil are affected by such factor as soil texture, drainage, slope steepness, rainfall, 

temperature, soil aeration and salt content (electrical conductivity/EC) that in turn, affect the rate of N 

mineralization from organic matter decomposition, nitrogen cycling, and nitrogen losses through leaching, runoff, 

or denitrification (Korsaeth, Henriksen, & Bakken, 2002; Meysner, Szajdak & Ku, 2006). Although nitrogen is 

required N in largest amounts compared to all other macronutrients, it is also the most often deficient because of 

the dynamic nature of its cycle in the soil and many pathways of loss (Marschner, 2011; Brady & Weil, 2008). 

Nitrogen is an essential component of proteins such as chlorophyll, (the green pigment in leaves) responsible for 

the dark green colour of leaves, stem and is an essential constituent of all proteins hence responsible for vigorous 

growth, branching/tillering, leaf production, size enlargement and yield formation of plants (Roy, Fink, Blair & 

Tandon, 2006; Brady & Weil, 2008). 

 

Table 2. Soil chemical properties of composites samples from 90 rice fields of NADP farm, Same District, 

Tanzania 

Statistic 
pH 

(extract) 
ECe(dSm-1) TN (%) OC(%) 

P(mg/ 

kg soil) 

Na+(cmo1l(+)/ 

kg soil) 

K+(cmol(+)/
 

kg soil) 

Mg2+ (cmol(+)/ 

kg soil) 

Ca2+ 

(cmol(+)/kg soil) 

CEC(cmol(+)/ 

kg soil) 
BS(%) 

Mean 7.45 1.04 0.14 1.68 5.09 1.42 0.66 5.85 11.46 26.77 70.85 

SE 0.06 0.18 0.01 0.08 1.25 0.44 0.15 0.48 0.98 2.20 0.90 

Median 7.60 0.60 0.13 1.59 2.01 0.63 0.29 4.82 8.57 20.32 71.82 

St Dev 0.52 1.52 0.05 0.64 10.37 3.66 1.24 3.98 8.18 18.24 7.46 

Variance 0.27 2.32 0.00 0.42 107.56 13.40 1.53 15.85 66.87 332.65 55.64 

Kurtosis 1.65 17.12 1.79 -0.39 9.57 47.35 16.50 3.69 0.46 4.48 6.33 

Skewness -1.33 4.06 0.96 0.24 3.35 6.63 4.09 1.82 1.21 1.94 -1.51 

Range 2.40 8.38 0.27 3.04 41.72 28.41 6.29 18.90 33.62 94.40 49.65 

Minimum 5.70 0.25 0.03 0.27 1.56 0.25 0.08 1.41 1.78 7.52 35.22 

Maximum 9.06 8.63 0.30 3.31 43.29 28.66 6.38 20.31 35.40 101.92 100.0 

n 158 158 158 158 158 158 158 158 158 158 158 

CI (95.0%) 0.13 0.37 0.01 0.15 2.49 0.88 0.30 0.96 1.96 4.38 1.79 

                                                        
1 TN = Total nitrogen; OC = soil organic carbon; cmol(+) = centimol-charge; dSm-1= decisiemen per metre; SE = 

Standard error; St Dev = Standard deviation; CI = Confidence interval 
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Key: Ap, B1, B2… and Ap1, Ap2…C4 are different profile horizons 

Figure 4. Distribution and variation of soil pH and total nitrogen (%) between and within profiles in NADP farm, 

in Same District, Tanzania 

Soils represented by the two of the selected profiles indicate that total nitrogen declines with soil depth (NDPF3 

LTB1-2 and NDPF1-LTB 1-9) while in NDPF1 RTB1-3, soil nitrogen increases with soil depth (Figure. 4). 

Heavy clay cracking soils that is commonly observed in Vertisols soils, and that is represented by profile NDPF1 

RTB1-3, had higher total nitrogen levels in subsoils as compared to the light sandy clay loam soil (Cambisols) 

represented by profile NDPF3 LTB1-2. The observed nitrogen levels could be explained that in heavy clay soils 

that crack, materials from topsoils composed of organic matter fall in wide cracks and get trapped. This material 

then decomposes and through microbial decomposition adds to the soil nitrogen in subsoils. However, soil 

nitrogen according to Brady & Weil (2008) is a dynamic plant nutrient, which in most cases needs replenishment, 

either as organic manure or as mineral fertilizer. In the NADP area, some sites had total nitrogen values that were 

generally considered very low, i.e. total soil nitrogen values ranged between 0.1% and 0.2% (Landon, 1991; 

Baize, 1993). Generally, the results imply that NADP soils require nitrogen fertilisers for sustained optimal rice 

production. 

3.2.3 Available Phosphorus 

The median value of 2.0 mg P/kg soil (Table 2) indicates that over 50% of NADP samples had very low levels of 

available phosphorus, well below the critical minimum value of <7 mg P/kg soil (Baize, 1993) where deficiency 

is usually observed. Phosphorus is important in plants because it plays a critical role in physiological and 

biochemical processes such as photosynthesis, respiration, N fixation, root development, maturation, flowering, 

fruiting, and seed production (Johnston & Steen, 2000). Phosphorus deficiency can restrain plant growth, delay 

maturity, and reduce crop yield. The P deficiency symptoms are expressed in the older leaves because of its poor 

immobility in the plants (Ketterings, Czymmek, Albrecht, & Barney, 2014). In the NADP area, exceptionally 

low P-values were observed throughout. The low available P levels can be attributed to high soil pH and 

presence of carbonates that precipitates P and render it unavailable for plant uptake (Johnston & Steen, 2000; 

Fernandez & Hoeft, 2009). These results imply that NADP area soils are mainly deficient in phosphorus, 

suggesting that application of P fertilisers is essential for sustained and optimal rice yield production. 

3.2.4 Cations Exchange Capacity (CEC) 

The CEC represents the total amount of negative charges available to attract positively charged ions (cations) in 

soil solution. Results (Table 2) show that CEC levels ranged from low (minimum value of 7.5 cmol(+)/kg soil) to 

very high (maximum value of 101.9 cmol(+)/kg soil). Over 50% of samples had CEC levels in the acceptable 

medium rate (Baize, 1993; Landon, 1991). These results also show that there is variation of CEC between soils. 

CEC was also studied in the profile pits from sites within the NADP area to establish CEC status with soil depth. 
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Profile NDPF1-RTB1-3 had very high CEC levels in the topsoil, particularly the first two natural horizons with 

clay contents of 66% and 64%, respectively (Figure 5). There was a clear relation between high CEC and clay 

content. As clay content declined with soil depth to 48%, there was a corresponding low CEC, regardless of an 

increase of soil organic carbon. Profile NDPF1-RTB1-3 was from soil disturbed during levelling and the original 

topsoil was buried. This could be the reason that the typical decline of soil organic carbon with depth was not 

observed. The CEC at many of the NADP area sites is mainly determined by the clay content of the soil. 

Although some profiles indicate irregular increases of organic carbon with depth, this also could be attributed to 

changes in soil characteristics attributed to levelling. The soil represented by Profile NDPF1_RTB1-3 exhibit the 

vertic characteristics because of high clay contents and they have wide and deep cracks whereby topsoil falls into 

cracks, resulting in a mixing of top and subsoils.  

 
Figure 5. Variation of CEC between representative soil profiles and with depth at NADP area farms, Same District, 

Tanzania. The observed difference between NDPF1 RTB1-3 and the other two profiles may be attributed to 

levelling and soil texture 

The CEC of NADP soils is dependent upon the amounts and types of clay minerals and organic matter present, 

as observed in NDPF1 RTB 1-3. Soils withhigh CEC were mainly characterised by high levels of clay content 

and organic carbon percentage. It is important to note that, although high CEC soils can hold more nutrients, a 

good soil management program is still required if these soils are to be sustanably productive over a long term 

period. 

3.2.5 Exchangeable Bases (Ca2+, Mg2+, K+ And Na+) 

Descriptive statistical results show wide variations between soils that can only be explained by different 

management of the various sites and the effects of land levelling when the project was being constructed. 

Exchangeable calcium levels in the NADP area soils are variable, ranging from medium (5-10 cmol(+)/kg soil) to 

very high, with levels above 20 cmol(+)Ca/kg soil (Table 2). Fifty of 90 studied sites had very high calcium levels 

according to the rating by Baize (1993), Landon (1991), and EUROCONSULT (1989) for tropical clayey soils. 

In addition, exchangeable calcium of < 2.0 cmol(+)/kg soil was observed in some NADP sites.  



http://sar.ccsenet.org Sustainable Agriculture Research Vol. 6, No. 1; 2017 

32 

 

 

Figure 6. Distribution of calcium levels among selected soil profiles and with soil depth in studied NADP area 

farms, Same District, Tanzania 

Profiles NDPF1 RTB-3 and RTB1-4 have excessively high levels of exchangeable calcium in topsoils but 

decline with soil depth (Figure 6). Profiles NDPF4-LTB1-9 and LTB2-2 show high calcium levels in the subsoils. 

The high levels are indicators of salt development. Magnesium in NADP soils had a median value of 4.8 

cmol(+)Mg/kg soil and over 50% of soils have high magnesium levels (Landon, 1991). There were variations, as 

indicated by minimum and maximum values of 1.41 and 20.3 cmol(+)Mg/kg soil, rated to be medium to 

extremely high (Table 2) (Baize, 1993; Landon, 1991; EUROCONSULT, 1989) for tropical clayey soils. The 

high levels were localised in sub-soils at few sites represented by profile NDPF4 LTB1-9. These high Mg levels 

suggest the presence of localised salt-affected soils, which are present in some sites within the NADP area. In 

general the distribution of exchangeable magnesium between soils and with soil depth resembles that of calcium. 

The minimum and median potassium levels in the composite soil samples were 0.08 and 0.29 cmol(+)/kg soil, 

respectively. These levels are considered to be very low to low (Baize, 1993). However, there ware spots with 

extremely high values (6.4 cmol(+)/kg soil)which are located in salt-affected sites. Representative profiles show 

large variations among soils (Figure 7). 

 

Figure 7. Distribution of exchangeable potassium among selected soil profiles and with soil depth in NADP farm, 

Same District, Tanzania 
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Composites soils samples show exchangeable sodium levels in NADP soils range from low to very high (0.25 to 

above 2 cmol(+)Na/kg soil) (Table 2). The median exchangeable sodium value was 0.63 cmol(+)/kg soil, which is 

rated as medium (Landon, 1991; Baize, 1993). However, the maximum value of 28.7 cmol(+)Na/kg soil was 

extremely high (Landon, 1991; Baize, 1993). High exchangeable Na levels were also observed in profilesNDPF4 

LTB1-9 and RTB1-4,and these sodium levels were significantly higher in the subsoils. In contrast, NDPF1 

RTB1-3 had high sodium levels in topsoils. These and other are salt affected spots in the NADP area need to be 

identified and managed properly before the fields become unproductive. These results on exchangeable bases at 

sites with high levels of Na, Mg, K and Ca coincide with areas where complaints of salt problems were put forth 

by farmers. These soluble salts accumulate and become concentrated to high levels, thus leading to salinity 

and/or sodicity problems 

 
Figure 8. Distribution of exchangeable sodium between soil profiles and with soil depth in NADP farm, Same 

District, Tanzania 

3.2.6 Base Saturation 

The percent base saturation (BS) levels ranges from low with values of 20-30% to very high with values >80% 

(Table 2) (Hazelton & Murphy, 2007). The dominant soils in the NADP area farm have high BS as indicated by 

the median BS value of 71.8%. The percent BS refers to the proportion of the soil CEC occupied by the basic 

cations (Ca2+, Mg2+, K+, and Na+). It is important to note that BS is influenced by the relative proportion of acid 

and basic cations. The acidic cations are H+ and Al3+. The two types, basic and acidc derive their names from the 

way they influence the soils’ pH. As the concentration of Ca2+ and Mg2+ions increase, as is the case for most of 

the NADP area soils,and the number of H+ and Al3+ions decrease. Base saturation is relatively high in 

moderately weathered soils formed from basic igneous rocks, such as the basalts. The pH of soil increases as BS 

increases, while in contrast, highly weathered and/or acidic soils tend to have low BS (Brady & Weil, 2008).The 

higher BS in NADP area farms may be reflecting high concentrations of bicarbonates and basic cations to 

hazardous levels, particularly sodium. 

3.3 Salt Indicators in NADP Farm 

Several sites (approximately10 representing 11% of affected areas), have high levels of exchangeable sodium, 

high exchangeable sodium percent (ESP), and high levels of bicarbonates (Tabl 3 and Figure 9). These are 

indicators of salt-affected soils, mostly saline-sodic, sodic, and saline in few blocks (Table 3). The cause of salts 

build-up in soils is due to changes in the local water balance, commonly brought about by mismanagement of 

irrigation and the lack of adequate drainage. The farm has irrigation supply canals but few drainage ditches. 

Therefore, irrigation water (which contains salts flushed from the soil) is not removed from the system. It may be 

re-used at downstream sites or may be allowed to evaporate in the field. This poor irrigation practice adds salts 

to the water table, which further exacerbates the problem by increasing subsurface salts. Rice (Oryza sativa) 

typically can only grow in soils with ECe of 3dSm-1 or less (Kashenge-Killenga et al., 2012b). It cannot grow 

well at the RTB1-3 and RTB1-4 sites, which have high ECe unless a salt-tolerant variety is used which a 

threshold of ECe not more than 9 dSm-1. When the ECe value is above 3 dSm-1, the plant fail to set seeds. If 

proper reclamation measures and good management practices are not put in place, rice growing will also fail in 

the LTB2-2 and LTB1-9 sites, which have very high ECe in subsoils (Table 3 and Figure 9). 
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Table 3.Soil salt indicators in the selected sites within the NADP area farm, Same District, Tanzania 

Block pH (H2O) ECe dSm-1 Exch. Na+ SAR ESP HCO-
3 MgL-1 Salt status 

LTB2-1 8.03 1.71 4.85 1.43 29.22 54.9 Slightly saline 

LTB2-2 5.68 0.51 0.83 0.26 7.36 - Normal 

LTB1-5 6.06 0.34 1.10 0.28 6.38 - Normal 

RTB2-1 6.85 0.12 0.48 0.12 2.77 79.3 Normal 

RTB1-1 7.63 0.11 0.95 0.16 2.45 140.0 Normal 

LTB 2-2 9.06 0.96 16.88 2.94 33.43 115.9 Sodic 

RTB1-4 8.02 13.08 16.96 2.41 23.85 78.2 Saline-Sodic 

RTB1-4 8.11 8.31 13.87 3.1 48.25 73.2 Saline-Sodic 

RTB1-3 7.41 28.66 28.66 7.69 28.12 30.5 Saline-Sodic 

RTB 1-5 5.8 0.14 0.62 0.40 9.57 - Normal 

Slightly = just at the start /beginning of salinity 

 

Also, when exchangeable Na levels exceed 15% of the CEC, physical and chemical soil properties are negatively 

affected. Under these conditions, water and air infiltration into the soil may be reduced and poor growing 

conditions may result (Ondrasek, Rengel, & Veres, 2011). To overcome this problem, Ca2+ is added to replace 

the Na+on the CEC sites (Horneck, Ellsworth, Hopkins, Sullivan & Stevens, 2007; Syers, Johnston & Curtin, 

2008). Sodium in the soil water is then leached out of the rootzone by excess irrigation water or rainfall. The 

amount of Ca2+ needed to replace the Na+ is based on the amount of exchangeable Na+ as well as Na+ saturation. 

 

Figure 9. Distribution of exchangeable sodium percentage (ESP) among selected soil profiles in NADP area farms, 

Same District, Tanzania 

The results of this work show that the NADP area definitely has a salinity problem that needs to be addressed 

before additional areas become unproductive and abandoned. Out of over 90 sites within the NADP area, 10 

show slight to strong salt effects, representing 11% of the whole irrigation scheme. Similar effects have been 

reported on fields located outside the NADP area. Farmers have already abandoned the RTB 1-3 and RTB 1-4 

sites. According to farmers, the value and yield of soils with high contents of salts are reduced to zero. This has 

caused severe socioeconomic problems, one being exodus of men to town and abandoning families. The low soil 

productivity has also prompted farmers to resort to clearing natural forests by illegal timbering and charcoal 

burning in order to support their families.  

The symptoms of soil erosion are everywhere and some houses were being threatened by gully erosion. This 

phenomenon has been observed not only in Ndungu but also in the nearby villages. The consequences of low 

production and abandoned farmland in these areas are enormous, since farmers depend on the rice crop for both 

food and cash for their families. Salts accumulation in farms have been attributed primarily to poor irrigation 

water management. Other contributing factors include lack of maintenance and repairs of irrigation infrastructure, 

inadequate knowledge about salinity and its effects by farmers, water managers, government leaders, and 

inadequate resources to address the problem. The problem encountered in the NADP area has been reported as a 

serious problem worldwide. For example, it has been reported that the global cost of irrigation-induced 

salinity/sodicity is equivalent to an estimated US$11 billion per year (FAO, 2006b).  
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4. Conclusions and Recommendations 

A study was carried out in the Ndungu Agricultural Development Project region to determine the causes of 

farmer’s complaints concerning reduced rice yields, which in some locations were to the extent that some fields 

were abandoned. Yield losses will continue to occur if management practices and remediation measures are not 

taken to address the problem. Based on our study results, soils were classified as salt-affected when the pH 

values was > 7.5; the electrical conductivity (ECe) was > 3 dSm-1, and exchangeable sodium percentage (ESP) 

was > 15%. The salt affected soils are categorised into three types: saline, sodic, and saline-sodic. The soils of 

the NADP region are mainly saline-sodic and, to a lesser extent, sodic. Salinity was also noted in few spots. 

Social and ecological factors have contributed to the development of the salt affected soils. The parent material 

from which the soil in the area developed is rich with bases. This, combined with inadequate precipitation, 

resulted in limited leaching of bases during soil formation. The problem has been intensified through poor 

irrigation practices, a broken irrigation system (which increases seepage), as well the as lack of knowledge of the 

impact of salt-affected soils and their management on rice yields. In addition, soil fertility is quite variable 

between and within soils. Some of this can be attributed to levelling done during establishment of the project 

area, where cutting of topsoils in some places and filling in others was done. Other on-going soils and farm 

management practices such as grazing of animals, burning, and collection of grasses have contributed to soil 

organic matter decline and general soil degradation. As a result, the major nutrients are at very low to deficient 

levels in many of the salt-affected soils. 

To minimize productivity losses due to salt accumulation, the use of soil and water best management practices 

are strongly recommended as follows: 

1. Renovate and close supervision of water inlet and outlet canals to prevent leakage of water between blocks. 

2. Affected fields require reclamation by the use of gypsum, farm-yard manure, good drainage and flushing 

using good quality water. It is essential that drainage water, with its salt load from the affected soil, be 

removed from scheme. 

3. The use of farmyard manure at a rate of 3 to 8 tons/ha is recommended to boost soil organic matter and 

improved soil infiltration to facilitate washing of salts to minimize the effect of salts. The farmyard manure 

will also supply some nutrients (N, P and K) that were limiting in some soils and therefore need to be added 

to improve rice productivity. 

4. Soil reclamation will probably need to be a continuing practice in the most affected areas. The most 

economical solution to maintain productivity will probably be a combination of salt tolerant variety selection 

and soil amelioration practices. 

Acknowledgment 

There are not enough good words that can express our gratitude to the “Innovative Agricultural Research 

Initiative (iAGRI) for giving us funds to carry out this work. We are also indebted to our collaborators from USA 

Prof. Brian Boman and Prof. Warren Dick who were very instrumental making the work successful. We very 

much appreciate the efforts and devotion of our main collaborators the farmers in NADP and the Same District 

management for providing us enabling environment and their participation. 

References 

Baize, D. (1993). Soil Science Analyses. A Guide to Current Use. John Wiley & Sons Ltd. West Sussex. 

Brady, N. C., & Weil, R. R. (2008). The Nature and Properties of Soils. (14th.ed.). Upper Saddle River: Prentice 

Hall. 

Bremner, J. M., & Mulvaney, C. S. (1982). Total nitrogen. In: A.L. Page, R.H. Miller & D.R. Keeney (Eds.). 

Methods of Soil Analysis, Part 2. (2nded.) (pp. 595-624). ASA, SSSA Monograph no. 9, Madison, 

Wisconsin. 

Charman, P. E. V., & Murphy, B. W. (eds.). (2007). Soils-Their Properties and Management, (3rd ed.). Oxford 

University Press in Association with Department of Natural Resources. 

EUROCONSULT. (1989). Agricultural Compendium for Rural Development in the Tropics and Subtropics. 

Elsevier Science Publishers, Amsterdam. 

Eynard, A., Lal, R., & Wiebe, K. (2005). Crop response in salt affected soils. Research reviews, practices policy 

and technology. Journal of Sustainable Agriculture. Jan 2005. Doi: 10.1300/J064V27no1_03.source OA1. 

pp 5-50. 

FAO. (1991). Soil salinity assessment methods and interpretation of electric conductivity measurements. FAO, 



http://sar.ccsenet.org Sustainable Agriculture Research Vol. 6, No. 1; 2017 

36 

 

Rome, Italy. 

FAO. (1999b). Integrated soil management for sustainable agriculture and food security in southern and east 

African. Proceedings of the Expert Consultation . Harare, Zimbabwe 8-12th December, 1997. FAO, AGL 

Misc/23/99. 

FAO. (2000). Agriculture - Land - Water - WAICENT - FAO Search. http://www.fao.org. 

FAO. (2001). Food and Agriculture Organization. Annual report. FAO, Rome. Online publication. 

http://www.fao.org. 

FAO. (2003). Food and Agricultural Organization Database. FAO, Rome. Online publication. 

http://www.fao.org. 

FAO. (2006a). World Reference Base for Soil Resources 2006. A framework for International classification, 

correlation and communication. World Soil Resources Reports No.103. FAO, Rome, Italy. 

http://www.fao.org. 

FAO. (2006b). Management of irrigation-induced-salt affected soils. SPUSH, CISEAU Project, Food and 

Agriculture Organization of the United Nations. Rome, Italy. http://www.fao.org. 

FAO. (2015). World reference base for soil resources 2014. International soil classification system for naming 

soils and creating legends for soil maps, update 2015. World Soil Resources Reports No.106. FAO, Rome, 

Italy. http://www.fao.org. 

Fenton, M., Alber, C., & Ketterings, Q. (2008). Soil organic matter. Agronomy Fact Sheet. Fact Sheet 41. Cornell 

University Cooperative Extension. 

Fernández, F. G., & Hoeft, R. G. (2009). Managing soil pH and crop nutrients. In E.D. Nafziger (ed.) (pp. 91–

112). Illinois agronomy handbook. 24th ed. Univ. of Illinois, Urbana. 

Ghassemi, F., Jakeman, A. J., & Nix, H. A. (1995). Salinisation of land and water resources: human causes, 

extent, management and case studies. Wallingford: CABI Publishing. 

Graaff, R., & Patterson, R. A. (2001). Explaining the Mysteries of Salinity, Sodicity, SAR and ESP in On-site. 

Practice in Proceedings of On-site ‘01 Conference: Advancing On-site Wastewater Systems, Lanfax 

Laboratories, Armidale, 361-368. 

Hazelton, P., & Murphy, B. (2007). Interpreting soil test results. What do all the numbers mean? CSIRO 

Publishing, 150 Oxford Street, P.O. Box 1139; Collingwood VIC 3066 Australia. 

Helfrich, M., Ludwig, B., Buurman, P., & Flessa, H. (2006). Effect of land use on the composition of soil organic 

matter density and aggregate fractions revealed by solid state 13C NMR spectroscopy. Geoderma, 136(1-2), 

331-341. http://dx.doi.org/10.1016/j.geoderma.2006.03.048 

Hillel, D. (1982). Introduction to Soil Physics. Academic Press Inc. New York. 

Horneck, D. A., Ellsworth, J. W., Hopkins, B. G., Sullivan, D. M., & Stevens, R. G. (2007). Managing salt 

affected soils for crop production. A Pacific Northwest Extension publication Oregon State University, 

University of Idaho, and Washington State University. 

Johnston, A. E., & Steén, I. (2000). Understanding Phosphorus and its use in Agriculture. European Fertilizer 

Manufacturers Association. Avenue E. van Nieuwenhuyse 4 B-1160 Brussels Belgium. 

Kanyeka, Z. L., Msomba, S., Penza, M. S. F., & Alluri, K. (1995). Rice ecosystems in Tanzania. IRRI Notes, 20, 

1, 

Kashenge-Killenga, S., Tongoona, P., Derera, J., Kanyeka, Z., & Meliyo, J. L. (2012a). Soil characterisation for 

salt problems in selected rice irrigation schemes: A key aspect towards improvement of salt Tolerance Rice 

Genotypes in North Eastern Tanzania. Journal of Advances in Developmental Research, 3(1). 

Kashenge-Killenga, S., Tongoona, P., Derera, J., & Kanyeka, Z. (2012b). Irrigated rice-based farm characteristics 

and production constraints in selected salt affected areas of North-eastern Tanzania. Journal of Advances in 

Developmental Research, 3(1). 

Keshavarzi, A., & Sarmadian, F. (2012). Mapping of Spatial Distribution of Soil Salinity and Alkalinity in a 

Semi-arid Region, Annals of Warsaw University of Life Sciences. Land Reclamation. 44(1), 3-14. 

Ketterings, Q., Czymmek, K. L., Albrecht, G., & Barney, P. (2014). Starter Phosphorus Fertilizer for Corn. 

Agronomy Fact Sheet Series. Fact Sheet 8. Cornell University, Cooperative, Extension 



http://sar.ccsenet.org Sustainable Agriculture Research Vol. 6, No. 1; 2017 

37 

 

Kiangi, M. F. (2005). Environmental conservation using rice by-products and reafforestation ndungu village. 

(Unpublished master’s thesis). Open University of Tanzania and Southern New Hampshire University, UK. 

Korsaeth, A., Henriksen, T. M., & Bakken, L. R. (2002). Temperal changes in mineralization and immobilization 

of N during degradation of plant materials: Implication to plant N supply and nitrogen losses. Soil Biology 

and Biochemistry, 34, 789-799. http://dx.doi.org/10.1016/S0038-0717(02)00008-1 

Klute, A. (Ed.).(1986). Methods of soil analysis, part 1, physical and mineralogical methods (2nd Edition). 

American Society of Agronomy, Agronomy Monographs, 9(1), Madison, Wisconsin. 

Landon, J. R. (Ed). (1991). Booker Tropical Soil Manual. A handbook for soil survey and agricultural land 

evaluation in the tropics and subtropics. Longman Scientific & Technical Publishers, Essex. 

Makoi, J., & Ndakidemi, P. (2007). Reclamation of sodic soils in northern Tanzania, using locally available 

organic and inorganic resources. African Journal of Biotechnology, 16, 1926-1931 

Marschner, P. (Ed) (2011). Marschner’s Mineral nutrition of higher plant. (3rded). Academic Press. ISBN 

9780123849052.  

Metternicht, G. I., & Zinck, J. A. (2003). Remote sensing of soil salinity: Potentials and constraints. Remote 

Sensing of Environment, 85, 1-20. http://dx.doi.org/10.1016/S0034-4257(02)00188-8 

Meysner, T., Szajdak, L., & Ku, J. (2006). Impact of the farming systems on the contents of biological active 

substances and forms of nitrogen in the soils. Agronomy Research, 4(2), 531-542. 

Mnkeni, P. N. (1996). Salt affected soils: Their Origin, Identification, Reclamation and Management. Inter Press. 

Ltd. 

Moberg, J. R. (2000). Soil and plant analysis Manual. The Royal Veterinary and Agricultural University, 

Chemistry Department, Copenhagen, Denmark. 

Munsell Color Company. (1992). Munsell Soil Color Charts. Munsell Color Co. Inc. Baltimore. 

Nelson, D. W., & Sommers, L. E. (1982). Total carbon, organic carbon and organic matter. In: A.L. Page, R.H. 

Miller & D.R. Keeney (Eds). Methods of Soil Analysis, part 2, 2nd edit. (pp. 539-579). ASA, SSSA 

Monograph no. 9, Madison, Wisconsin. 

Ondrasek, G., Rengel, Z., & Veres, S. (2011). Soil salinisation and salt stress in crop production. In: Shanker, 

A.K. & Venkateswarlu, B. (Eds). Abiotic Stress in Plants: Mechanisms and Adaptations, 171-190. 

http://dx.doi.org/10.5772/22248 

Olsen, S. R., & L. E. Sommers. (1982). Phosphorus. In: A.L. Page, R.H. Miller, and D.R. Keeney (Eds). Methods 

of Soil Analysis, part 2. Agronomy monograph No. 9. (pp. 403-430.). American Society of Agronomy. 

Madison, Wisconsin. 

Qadir, M., Quillérou, E., Nangia, V., Murtaza, G., Singh, M., Thomas, R. J., ... Noble, A. D. (2014). Economics 

of salt-induced land degradation and restoration. Natural Resources Forum, 38, 282-295.  

http://dx.doi.org/10.1111/1477-8947.12054 

Qadir, M., Noble, A. D., Karajeh, F., & George, B. (2015). Potential business opportunities from saline water 

and salt-affected land resources. Colombo, Sri Lanka: International Water Management Institute (IWMI). 

CGIAR Research Program on Water, Land and Ecosystems (WLE). 29p. (Resource Recovery and Reuse 

Series 5). http://dx.doi.org/10.5337/2015.206 

Qureshi, A. S., Qadir, M., Heydri, N., Turral, H., & Javadi, A. (2007). A review of management for salt prone 

land and water resources in Iran. Colombo, Sri Lanka. International Water Resources Institute. IWMI 

Working paper 125. 

Rengasamy, P. (2006). World salinization with emphasis on Australia. Journal of Experimental Botany, 57(5), 

1017-1023. http://dx.doi.org/10.1093/jxb/erj108 

Robbins, C. W., & Gavlak, R. G. (1989). Salts- and Sodium affected soils. Bulletin No. 703. Cooperative 

Extension Services University of Idaho, College of Agric. 

Robert, F., & Ulery, A. (2011). An Introduction to Soil Salinity and Sodium Issues in New Mexico. Las Cruces, 

Circular, 656, 1- 6. 

Roy, R. N., Fink, A., & Blair, G. J. (2006). Plant Nutrition for Food Security: A guide for Integrated Nutrient 

Management. FAO Fertilizer and Plant Bulletin 16. Rome, Italy. 



http://sar.ccsenet.org Sustainable Agriculture Research Vol. 6, No. 1; 2017 

38 

 

Seilsepour, M., Rashidi, M., & Khabbaz, B. G. (2009). Prediction of Soil Exchangeable Sodium Percentage 

Based on Soil Sodium Adsorption Ratio. American-Eurasian Journal of Agriculture & Environment Science, 

5(1), 1-4. 

Shahid, S. A., & Al-Shankiti, A. (2013). Food production in marginal lands – case of GDLA member countries. 

International Soil and Water Conservation Research, 1(1), 24-38.  

http://dx.doi.org/10.1016/S2095-6339(15)30047-2 

Syers, J. K., Johnston, A. E. & Curtin, D. (2008). Efficiency of soil and fertilizer phosphorus use. Reconciling 

changing concepts of soil phosphorus behaviour with agronomic information. FAO Fertilizer and Plant 

Nutrition Bulletin 18. Food And Agriculture Organization of the United Nations, Rome. 

Thomas, G. W. (1982). Exchangeable cations. In: A.L. Page, R.H. Miller and R.D. Keeney (Eds.).Methods of 

Soil Analysis part 2, 159-165. ASA, SSSA Monograph no. 9, Madison, Wisconsin. 

Thomas, R. P. (2010). Proceedings of the Global forum on Salinization and Climate Change. (GFSCC2010) 

Valencia, 25-29. 

US Salinity Staff Laboratory. (1954). Diagnosis and Improvement of Saline and Alkaline Soils. Agric. Handbook 

No. 60. USDA, Washington, DC.  

Yadav, S., Irfan, M., Ahmad, A., & Hayat, S. (2011). Causes of salinity and plant manifestations to salt stress: A 

review. Journal of Environmental Biology, 32, 667-685. 

 

Copyrights 

Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 

license (http://creativecommons.org/licenses/by/3.0/). 


