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ABSTRACT: The salt affected soils in Middle Awash Valley have been a challenge to agricultural production.  From five to eight years after the irrigation project was commenced salinity became very severe.  Many productive agricultural lands were abandoned and sterile. In order to understand the nature and extent of these salt affected soils, salinity study was carried out on four thousand hectares. The result showed that the main cause of salinity was poor irrigation water management, shallow saline ground water table.  However, there are several natural saline seeps in the region, which can contribute to salinization.  Accumulation of salts was high on the surface soil due to capillary rise during fallow season, which resulted in secondary salinization. High free evaporation of water from the surface aggravated the salinization process in Middle Awash Valley.  Saline and saline-sodic soils were the major salt-affected soils in the region.  Most of these salts are easily soluble. While sodium was in excess in saline-sodic, calcium was in excess in saline soils.  Chloride was the dominant anion in salt-affected soils.  Ground water depth was shallower during the rainy months (July-September) and its salinity was lower than dry months. Irrigation water salinity was also low from July to September. The borehole salinity showed no significant relationships with the depth of the borehole.    

INTRODUCTION

The Amibara Irrigation Project is located in East Central Ethiopia between 90N and 9.50N latitude and 400E and 40.50E longitude (Figure 1). The project was internationally funded project to develop the Middle Awash Valley of Ethiopia for irrigated agriculture.  About 10,285 ha of land were brought under gravity irrigation by the end of 1982. The project planed to grow cotton was grown as a cash crop and maize for local consumption. The 10,285 ha under gravity included 1,462 ha have the banana farm (MAESCO) and 300 ha of Melka Werer Research Center (IAR). The farm development did not include construction of drainage systems (7, 10). As a result of this the productive land was abandoned due to salinity very soon. Poor drainage and lack of appropriate irrigation water management were the main causes, which facilitated secondary salinization. From five to eight years after the scheme development, about 33% of the total area became saline.  At present some 40% of the total area is out of production due to salinity. The current soil salinity study was carried out on 4000 ha on banana and cotton fields of the Melka Sadi State Farm.   


The aim of this study was: 

· To identify the nature and extent of salinity problem of the area. 

· Produce a salinity map for reclamation purposes and classify the area into various salinity extents for the purpose of irrigation and water management.          
GENERAL FEATURE OF THE STUDY AREA

Climate 
The mean annual rainfall is around 562 mm, accumulated with the long and short rains. However, significant variations occur from year to year. The mean maximum temperature is 350C and means minimum falls up to 190C. The mean annual free water evaporation as recorded by the class a pan is around 3000 mm.  As a result of this, the soil is dry for a longer period. This hinders any great leaching of soluble salts or complete leaching of the salts (Table 1).  

Geomorphology, Soil and Parent Material
The main geo-morphological unit may be recognized as the recent alluvial plain, which resulted from the Awash River basin.   Flooding and sedimentation have only been reduced, since Koka Dam and Awash River embankment have been built. However, below the dam still high sedimentation, flooding and erosion is going on. The parent material of the soils may be grouped as volcanic materials, general skeletal soils of ancient alluvial and colluviums, varying in phase: fine, saline, sodic and recently deposited alluvium at the Rift Valley depressions adjacent to Awash River (6, 7). The soil of the study area is predominantly Eutric Fluvents, order Fluvisols. Vertisols are the second dominant soil order that occupies about 30 % of the total area.

Land Use and Vegetation
Banana, pasture and some orchards mainly characterized the land use pattern of the study area. Vegetation of the study area varies according to soil salinity level and soil moisture. In most of the saline fields, Tamarix sp. Salvadora persica, which forms round thickets with other species grow very well.  Acacia Longispinia or Acacia tortolis var. Spirocarba and cyperus sp., perform well in low saline fields. The presence of Cyprus sp., Arundo sp., phragmites sp., is noted in a place where the water ponds.  New introduced tree species such as Azadrachata Indica (neem), Eucalyptus camaldulences, Casuarinas Equisitifolia, prosopis sp., are seen at every edge of the fields.

Drainage
The recent data on the rate of salinization showed that increasingly large areas were out of cultivation.  This has been attributed to the rising saline water table above critical level (1.5 m) and related salt problems resulting from poor water management practices. In effect, upsetting the balance in the water-bearing horizon and bringing soluble salts up to the root zone. Due to variable textural distribution of the soil in the soil horizon matrix coherent internal soil drainage problem is also common. It was reported by Amibara Irrigation Project (AIP) water management unit that the ground water rise at Melka-Sadi was almost at the rate of 0.50 cm per year (8, 9). 

MATERIALS AND METHODS
The study was carried out on 4000 ha at Melka Sadi Farm. Representative sampling points were marked on map 4 in the scale of 1: 20,000. Soil samples were taken from 0-30, 30-60 and 60-90 cm soil depths. More than 2000 soil samples were augured on grid basis. Bore hole water samples were collected after 24 hours from specific fields for quality analysis and hydraulic conductivity were measured by auger hole method. Six representative soil profile pits at 2 m depth were examined.  Each profile was described in a field sheet according to the standard procedure of the FAO guidelines for soil profile description (3). Sodium adsorption ratio (SAR) and Exchangeable Sodium Percentage (ESP) were calculated by the procedure set forth in Hand Book No.60 (12).
                             Na+
           SAR =    _____________________                   (1)

                     ((Ca2+ + Mg2+)/2)1/2


              (1.00(-0.0126 + 0.01475(SAR))

           ESP =  _____________________________             (2)

                   1 + (-0.0126 + 0.01475(SAR))

Additionally, Adj.RNa for calcium precipitation of the ground and irrigation water quality was calculated by using FAO Irrigation and Drainage paper No. 29(2). Particle size was determined by hydrometer and bulk density was determined by core method.  Organic matter was determined by the modified procedure of Walkley and Black (4). Cation exchange capacity (CEC) and exchangeable cations were determined from neutral 1N ammonium acetate extracts. Sodium (Na) and K were determined by flame photometry. Magnesium (Mg) and Ca were determined by titration method.  Calcium carbonate (CaCO3) was determined by acid neutralization method using HCl. Gypsum (CaSO4) was analyzed by precipitation. The soil pH was determined from saturated soil paste extract using WG PYE model 290pH meter. Electrical conductivity was measured from a soil saturation extract by conductivity meter.  Soluble cations and anions were determined by the procedure set in Handbook No. 60(12). Data presented in all figures are mean value.

Classification methods of salt affected soils
Classification of salt affected soils was made according to the standard guidelines (1, 2, 11).

Table 1. Classification of salt affected soils.
   Soil Types                 ECe                  ESP

                             (dS/m)

   Non-saline                <4                    <15

   Saline                    >4                    <15

   Saline-sodic              >4                    >15

   Sodic                     <4                    >15               

RESULTS AND DISCUSSION

Physical Characteristics 
The study indicated that, about 43% are non-saline, 40% saline, 16.98% saline-sodic and 0.02% sodic soils. The dominant soil colors were gray, brown, reddish brown and yellow (Table 2).  Fine mottles of different color combinations were also common at different horizons.  These were caused by internal soil drainage problem & parent material. However, the soil color tends to be sequential with profile/depth trend. Climate, drainage conditions and alluvial process were the main agents for soil color development.

The dominant soil texture of the investigated area is silty clay loam as compared to other particle sizes.  However, the distribution of silt, clay and sand did not remain constant in all soil matrixes. This was due to the continuous translocation process of silt, clay and sand. Further more, deposits of buried massive clay were frequently found at deep soil layer which was the result of alluvial and erosion processes in the near past.

Bulk density of the study area varied from 1.2 to 1.56 g/cm3. However, due to soil textural stratification of the profile, it is not uniform with profile/depth trend (Table 2). The relationship between ECe and soil texture showed that as silt content increases salinity directly increases also.  Most of the salt-affected soils in Middle Awash Valley have high silt content.

Chemical Characteristics
Soil organic matter, CEC and Exchangeable Cations
The soil organic matter varied from 0.46 to 2.08 %. High Organic matter content was observed in the surface soil (0-30 cm). However, organic matter was not much closely related to salinity in the investigated area (Table 3). The cation exchange capacity (CEC) varied also from 15-50 me/100 g of soil. Exchangeable Na value was higher than both Mg and K contents of the soil. 

Soil pH, CaCO3 and CaSO4
In general, the soil pH ranged from 7.1 to 8.6. Neutral salts of sodium, potassium, calcium and magnesium influenced the soil pH in saline and saline-sodic soil. Where, neutral salts of calcium and magnesium cations were dominant, the pH tends to be lower in saline soils in the Middle Awash Valley. Calcium and Mg buffers the soil reaction.  As pH increases, CaCO3 increases. This was due to the higher solubility of CaCO3 and the greater potential of its hydrolysis. However, CaSO4 concentration decreases as the pH increases. Because, CaSO4 accumulates somewhat between 7 and 8.5 pH values and it may react against pH rises in the soil by forming H2SO4 .  

Salinity     

The origin of soil salinity in Middle Awash Valley could be one or a combination of the following circumstances:

1. Capillary rise of saline ground water table from shallow water tables to the soil surface.

2. Salt accumulations in plough layer, where subsoil leaching is insufficient to remove the salt.

3. Poor water management and in adequate drainage system subjected to periodic flooding and high evaporation.

The development of shallow ground water table usually was the result of one or more of the following conditions:  1. Seepage from supply canals.  2. Use of excessive water for irrigation.  3. Clay or hardpan layers which impeded the downward movement of waters. Plants respond to the total dissolved salts (TDS) in soil water, which in turn depends on the TDS in the irrigation water and on irrigation practices. A common way to estimate TDS is to measure the electrical conductivity (EC) of the water (6).  Electrical conductivity and other parameters were highly correlated to saline and saline sodic soils (Table 4).

The electrical conductivity decreases uniformly from top to bottom soil layers in abandoned fields. However, the EC in broom sorghum and stunted banana fields was low as compared to abandoned fields. This was due to the positive effect of broom sorghum plantation it had on re-structuring of the topsoil layer and desalinization or gradual leaching of salts from the root zone. High concentration of CaCO3 and CaSO4 were observed at the lower ECe Value. In such cases, CaSO4 may directly supply Ca for the replacement of exchangeable sodium or Ca2SO4 for the formation of Na2SO4, which could be easily leached down with water from plant root zone. Apart from that, soil paste extract (ECe) was highly correlated to different soil-water suspension extracts of 1:1, 1:2, 1:2.5 and 1:5(Table 5).

Soluble cations  

As the amount of exchangeable sodium exceeds 10 to 20 percent, deterioration of soil physical properties becomes increasingly pronounced in the investigated area. Plant growth could adversely be affected, because of both the poor physical conditions and with the high value of exchangeable sodium percentage (ESP). Sodium content in saline soils was lesser than calcium plus magnesium in all the soil depths.  Calcium plus magnesium content in saline soils was higher than sodium content in all soil matrixes.  Soluble sodium content was more excessive in the saline-sodic soils than calcium plus magnesium in all soil depths. Calcium plus magnesium content was higher than sodium content above 60 cm soil depth in non-saline soils.  But, at lower depth sodium content tends to increase.

Excess calcium is usually associated with excess calcium chloride and sulphate in the soils of the Middle Awash Valley. Excess calcium was prevalent in saline soils; in which excessive amounts of gypsum (CaSO4.2H2O), calcium chloride (CaCl2.6H2O) or soluble calcium salt have accumulated through capillary rise from the ground water.    

Soluble anions 

The dominant anion in saline as well as in saline-sodic soils was chloride (Table 3).  Excessive chloride was accumulated in the shallower depth in both soils.  Accumulation of chloride in these soils was the result of failure to use enough water to leach the root zone, lack of a good soil permeability or drainage conditions which permit adequate leaching rates and high water table and capillary movement of chloride into the root zone. In addition to this, hydrological conditions and seasonal fluctuations of shallow saline ground water table enhanced chloride accumulation at plough layer.
   

The study indicated that, soluble carbonate was trace in non-saline, saline and saline-sodic soils.  Distribution of soluble bicarbonate in saline and saline-sodic soils was low in the lower soil depth than upper soil layer. Soluble bicarbonate content in saline and saline-sodic soils was lower than non-saline soils in all soil depths.

Sulphate exists in soils as free or adsorbed sulfate in soil solution and in many organic compounds. High sulphur concentrations are encountered in gypsiferous soils and sulphate is always a constituent in irrigation waters. Soluble sulphate distribution through the soil profiles was heterogeneous. Sulphate was the second anion, which dominated the soil solution next to chloride (Table 3). 

Sodium adsorption ratio (SAR)

The replacement of exchangeable calcium and magnesium by sodium proceeds apace with salt accumulation under many circumstances. The degree to which this reaction takes place may depend on the properties of calcium and magnesium to sodium in the soil solution that comes in contact with the colloidal soil particles, as well as with the total concentration of these elements.  SAR value tends to be higher at lower depths in saline and saline-sodic soils. However, its value decreases at lower depth of the non-saline soils. 

Exchangeable sodium percentage  

The distribution of ESP below 60 cm soil depth was in an increasing order in saline and saline-sodic soils. Exchangeable sodium percentage (ESP) value in saline-sodic soils was higher than saline and non-saline soils in all soil matrixes. 

4.  Ground water bore hole and Irrigation water salinity
The ground water depth during the rainy and main irrigation season was shallower than the dry months and it salinity was low. This was due to the dilution effect of the rainfall and applied irrigation water. Though, the borehole salinity was not much related to the soil salinity. In some bore holes sodicity was higher than perched water.  Borehole salinity was extremely high in saline soils (Table 6). 

The water salinity of the Awash River was higher during the dry months than the rainy months or dry seasons. The salinity of the Awash River is low when the river flow was maximum discharge.  The electrical conductivity and other parameters were well correlated to each other for different sampling sites (Table 7). In general, irrigation water from Awash River could not cause severe salinity problem in upper or lower stream, if appropriate water management is practiced.

CONCLUSION
The distribution of silt, clay, sand, bulk density and organic matter was not uniform with profile/depth wise trend in the alluvial soils. Very high value of electrical conductivity, soluble cations and chloride was recorded at the surface layer in saline and saline sodic soils. Water-soluble sodium accumulation at the surface soil in saline-sodic soils was high compared to that of calcium.  Concentration of water-soluble carbonate was nil in all investigated soils. Bicarbonate and sulfate distribution in the soil matrix was heterogeneous. Water-soluble sodium and chloride ions were dominant on the surface soil in saline and saline-sodic soils. Sodicity was high in saline-sodic soils. Salinity of the ground water and irrigation water was low from July-September months.  July to September is the rainy months in Ethiopia. The salinity of the borehole was not uniformly related to the salinity of the soil.

Table 1. Meteorological data of Melka Werer Research Center (Middle Awash Valley).

Month     Rain     Temperature       Relative        Evaporation

         fall(mm)     (0C)            Humidity(%)        (mm)   

                     Min.       Max.

Jan      15.1       15.5       31.4       52              6.07

Feb      55.6       17.4       32.0       55              6.53

Mar      63.1       19.0       34.3       51              7.15

Apr      65.0       20.1       35.1       52              7.30

May      28.4       20.7       35.5       44              8.30

Jun      23.5       24.5       38.0       38              9.48

Jul     105.4       21.8       35.2       50              7.65 

Auj     118.9       20.7       34.0       58              6.41

Sep      46.2       20.8       35.0       53              7.01

Oct      20.8       17.5       34.5       46              7.21

Nov      16.4       15.2       32.5       48              6.82

Dec       2.8       14.2       31.3       51              6.04

Table 2.  Soil bulk density, color and texture of salt-affected soil. 

Pro  Field  Depth         Bulk     C o l o u r    T e x t u r e(%)  

file    No.  (cm)         dens-         ___________________________________

No.                       ity       Dry         Moist      Clay    Silt  Sand 

                          g/cm3
 A    4-c-12   0-28        1-36    5YR 5/4      5YR 4/3      36    58    6.0

              28-52        1.30    7.5YR 7/2    7.5YR ¾      10    52   38.0

              52-80        1.35    5 YR 4/3     5 YR 4/4     42    44
14.0



       80-145
1.45
5 YR 4/2
5 YR 2/1
54
42
 4.0

 B
4-B-7   0-58
1.56
7.5YR 3/2
7.5YR 2/2
10
84
 6.0



        58-128
1.46
10 YR 4/6
10 YR 2/1
 8
78
14.0


              128-166
1.45
10 YR 5/6
10 YR 4/6
15.5
75
11.5

 C
2-A-7
0-40
1.22
7.5YR 3/2
7.5YR 2/2
38
57
 5.0



         40-120
1.22
7.5YR 2/2
7.5YR 3/2
20
72
 8.0

 D
3-B-3
 0-70
1.19
7.5YR 4/2
7.5YR 3/1
32
64
 4.0



         70-140
1.20
10 YR 5/3
10 YR 5/3
24
60
 8.0


              140-200
1.21
10 YR 5/3
10 YR 5/3
16
78
 6.0

 E
2-B-12   0-67
1.22
 5 YR 3/1
 5 YR 2/1
56
38
 6.0



        67-110
1.20
7.5YR 4/2
7.5YR 3/2
30
48
22.0

 F
1-B-11
 0-9
1.52
5 YR 5/4
7.5YR 3/3
16
78
 6.0



         9-50
1.48
7.5YR 3/2
5 YR ¾
14
80
 6.0



        50-110
1.52
10 YR 3/2
7.5YR ¾
18
74
 8.0

Table 3.  Chemical properties of the investigated soils.

-----------------------------------------------------------------------------------------------------  

                                                           Soluble cations & soluble anions 

Profile   Soil    Organic    PHe       ECe                                  (me/l)                         

No.     horizon   matter                       _________________________________________________________

        depth      %                  (dS/m)     Na+     K+       Ca2+     Mg2+     HCO-3    Cl-       SO2-4               

         (cm)                                               

_____________________________________________________________________________________________________

A      0-28        1.34       7.9     1.87     5.58    0.80    32.78    11.11    2.00    48.29     17.00

      28-52        0.46       7.9     2.53     2.13    0.38    20.44    11.28    1.78    20.00      9.20 

      52-80        0.88       7.8     2.69     3.24    0.41    70.45    11.37    1.48    65.91     20.00

      80-145       1.20       7.6     2.74     1.39    0.36    37.21     1.40    3.02    20.93     16.00

B      0-58        1.20       7.7    90.50   122.53    4.50   581.82   118.18    3.64   672.72     26.86

      58-128       1.07       7.7    79.60   140.87    3.59   420.00    90.00    7.50   930.00     40.60

C      0-40        1.45       7.3    53.90   110.87    2.99   130.00    45.00    2.75   505.50     54.40

      40-120       1.31       7.7    10.30    17.29    0.45    40.00     2.2     2.44   242.22     48.80  

D      0-70        1.34       7.7     8.08     6.32    0.73    58.33    10.42    1.67    64.58     22.60

      70-140       0.95       7.6    11.22    16.65    0.41    88.64     9.09    1.48   100.00     26.00

     140-200       0.88       7.7    11.46    10.69    0.68    90.96     2.84    2.39    93.95     24.89

E      0-67        1.94       7.9     0.79     1.37    0.40     5.41     1.08    3.11    10.81     27.00

      67-110       0.81       7.4     5.44     3.84    0.69    44.00     1.60    3.60    46.00     10.00

F      0-9         2.08       7.2    69.30    78.62   16.54   256.67   134.98    6.25   825.00     25.60

       9-50        0.86       7.7     8.96    14.31    1.78    36.36     7.28    2.50    59.10     27.70

      50-110       0.95       7.7     8.06    13.28    0.75    26.96     5.21    3.70    36.96     45.60
Table 4.  Regression and correlation between different 

      Parameters of salt affected soils in Middle Awash Valley.

Soil Type            Formula                        r

Saline-sodic        ESP =   3.91+  3.86SAR         0.99

Saline-sodic        ECe = -36.53 + 8Na             0.86

Saline-sodic        ECe =   7.19 + 2.86Ca          0.50

Saline-sodic        ECe =   7.19 + 8.9Cl           0.97

Saline              SAR =   0.68 + 1.28ESP         0.99

Saline              ECe = -32.32 + 8.39Ca          0.94

Saline               Ca = -13.52 + 1.28Cl          0.93

Note:

ESP = Exchangeable sodium percentage.

SAR = Sodium adsorption ratio.

ECe = Electrical conductivity (dS/m) of saturated paste extract.

Na  = Soluble Sodium (me/l).

Ca  = Soluble Calcium (me/l).

Cl  = Soluble Chloride (me/l).      

Table 5. Regression between EC of different soil water suspension and soil paste extraction (ECe).

Soil:Water                Formulas                 r

1:1                     YECe =  0.46 + 1.30X      0.99

1:2                     YECe = -1.10 + 3X         0.98

1:2.5                   YECe = -0.38 + 2.78x      0.99

1.5                     YECe = -0.48 + 5.68X      1.00

YECe(dS/m) = Saturation paste extracts of 

 and X =Soil/ water suspension extract(dS/m).                                      

Table 6. Bore hole salinity.

Field     Depth    pH     ECw     Soluble cations & anions(me/l)              Adj.Rna    Hydraulic 

No        (m)            (dS/m)                                                          (m/day)

                                 Ca++  Mg++   K+   Na+    Cl-  HCO3-  CO3--                  

2-A-2    1.8      7.6    19.0    20.0  10.0  0.33  27.61  35.0  1.3   0.2       7.38        na

1-C-10   1.4      7.4    67.7   220.0  90.0  1.96 369.57 670.0  1.0   0.1        ar        0.625 

2-D-20   1.5      8.0     0.8     1.0   1.5  0.68  10.13   0.8  5.4   1.4       9.65       0.275

4-B-1    2.1      8.4     3.1     1.5   0.8  0.44  50.70   7.5 13.0   4.2      64.17       0.670

2-A-1    1.8      7.6    19.0   150.0  60.0  4.1  265.20 125.0  1.1   0.3       ex         0.395 

4-A-9    4.5      7.1    20.16  100.0  38.5  1.36 124.17 230.0  3.0   0.8       ex         0.030

3-B-11   **       7.9     3.30   15.0  10.0  0.78  24.24  15.6  6.3   1.2       1.20       0.110

NB : *  = Perched water 

     ex = Excess value

     na = Data was not available      

     ar = above range                                                                     
Table 7.  Regression relationship between major irrigation water quality components at different sites.

 Site                      Regression                   r

 Methara          Na  = 9.1ECw - 0.85                 0.88

                  Na  = 1.5Adj.RNa - 0.31             0.99

                  Ca  = ECw - 1.14                    0.52

Melka Sadi        Na  = 7.7ECw - 0.48                 0.82

                  Na  = 1.2Adj.RNa + 0.2              0.98

                  Ca  = 1.8 ECw + 0.79                0.50

Melka Werer       Na  = 9.9ECw - 1.2                  0.90

                  Na  = 1.17Adj.RNa - 0.23            0.96

                  Ca  = 0.84ECw + 1.01                0.98

                  Ca  = 0.65ECw + 0.99                0.69

Ambash            Na  = 9.3ECw  - 0.71                0.83

                  Na  = 1.2Adj.RNa - 0.2              0.63

                  Ca  = 0.65ECw + 0.99                0.69

Note: 

ECw     = Electrical conductivity of water (dS/m).

Adj.RNa = Adjusted sodium adsorption ratio.

Na      = Water soluble sodium (me/l).

Ca      = Water soluble calcium (me/l).
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Figure 1.  Awash Valley (The study area is Middle Awash Valley, Meleka Werer,

Meleka Sadi, Amibara and Methara area).
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