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ABSTRACT 
In the past years, India’s agricultural development is as a  result of rapid expansion of the 
irrigation and drainage infrastructure. But the low water use efficiency, in addition with soil 
characteristics, geology of the area, topography and bed rock types leads to soil salinity and 
alkalinity problems. Therefore in the present study timely and accurate detection and spatial 
distribution of alkaline areas and soil structural stability  with their characterization and 
severity classification has been done to determine the suitability of irrigated production 
systems in three major and twelve medium irrigation command areas of Jalgaon district 
Maharashtra, (India). The current levels of soil alkalinity are measured as exchangeable 
sodium percentage (ESP). The sodic soils should have an ESP more than 5%. The soil 
structural stability(soil dispersion) is assessed by electrochemical stability index. The 
potentially dispersive soil should have an ESI value less than 0.05. Geographical information 
system and geostatistical technique (ordinary krigging) is used to spatially predict the soil 
sodicity and soil structural stability. The highest Exchangeable Sodium Percentage (37.41) is 
found in Girna Command Area at Vavada Village. According to the severity classification, 
out of three Major Irrigation Projects, Girna command area is found very high sodic whereas 
Hatnur command area is medium sodic. The study shows 50 % of the irrigation command 
areas of Jalgaon district are sodic affecting approximately 1219 Km2 area, approximately 
2527 Km2 area is under degraded soil and the area under high risk zones of soil structural 
breakdown is approximately 5596 Km2, so utmost care have to be taken to ameliorate these 
areas and to avoid further development of sodicity and soil mechanical dispersion. 

Key Words : Alkalinity, Exchangeable Sodium Percentage, Electrochemical Stability   
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INTRODUCTION 
In India agriculture is the primary source of 
lively hood in rural areas, which account for 
75% of India’s population and 80% of its 
poor. About 28% of India’s Gross Domestic 
Product (GDP) and 67% of employment is 
based on agriculture. The major achievement 
towards India’s agricultural development is 
the rapid   expansion of irrigation and 
drainage infrastructure.1 
The area under irrigation increased at the rate 
of 0.7 million ha per year during the first plan 
period, and the growth rate was accelerated to 
1.6 million ha per year during the fifth and 
sixth plan years respectively.1 
However, the water use efficiency in most 
irrigated systems is low in the range of 30 – 
40%. Low water use efficiency in addition 
with soil characteristics (poor drainability of 
soil) geology of the area, topography and 
bedrock types, leads to land degradation2, the 
low level of attention given to drainage in the 
past may well have been justified in view of 
the low level of agricultural developments but, 
that in some of the more advanced developing 
countries, further agricultural development if 
no timely investments in improve drainage are 
made.3 

Land degradation has recently become a 
global, urgent issue and is now being 
considered with high priority, especially in 
the developing countries, to meet food and 
fiber demands of increased population 
pressure with the limited available 
resources.4 Secure balance in the global 
supply and demand for food has forced to 
develop agriculture in semi arid to arid 
lands, which are generally less suitable to  

agriculture and sensitive to environmental 
challenges like secondary salinity exacerbated 
by the development of soil sodicity associated 
with the use of irrigation water containing 
high concentration of sodium carbonate and 
bicarbonate.5 

According to a recent report by, saline soils 
are prevalent in Gujrat and Rajasthan while 
sodic soils are dominant in Maharashtra and 
Madhya Pradesh.6 These are distributed 
primarily in the Arid (B) plain of Rajasthan, 
Alluvial (A) and Coastal (D) plains of Gujrat 
and Penninsular plains (F) of Maharashtra and 
Madhya Pradesh. It occupied 2,596,942 ha 
(78%) in the western (Rajasthan and Gujrat) 
and 733,608 ha (22%) in the coastal (Madhya 
Pradesh and Maharashtra) regions. The SAS 
occupied 3.3 million ha in the western and 
central regions constituting 50% of the total 
SAS in India. The saline and sodic soils 
occupies 2,069,285 ha (62%) and 1,261,266 
ha (38%) respectively.    

Sodic soils on the other hand are more difficult to 
reclaim as simple leaching is not effective to 
ameliorate such soils. Exchangeable sodium in soil 
complex disperses the system resulting in 
destruction of soil structure leading to impeded 
drainage, unfavorable air- water ratio and lack of 
supply of oxygen needed for root functioning.7,8 
Many studies have documented the tendency for 
soil dispersion to increase as salinity declines in the 
presence of large exchangeable sodium.9-11 As the 
soil exchangeable sodium increases it requires 
higher amount of soluble salts to stabilize the soil.  

Many studies have been done by various 
researchers, on the identification/ monitoring/ 
mapping/ delineation of the saline/ alkaline  
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affected areas in different irrigation 
command areas  Studies on salt affected 
lands in Pariej village of Kheda district 
(Gujrat).12 few researchers worked on 
characterization, distribution and genesis of 
Salt affected soils in Punjab.13 Some 
scientists14 has done spatial modeling of the 
soil alkalinity in the alluvial gangetic plains 
near Kanpur, India. Prediction of spatial 
variation of soil alkalinity influencing on 
soil structural stability and the risk of soil 
erosion and degradation is playing vital role 
in salt affected soil managemen.GIS 
application in prediction of spatial variation 
plays crucial role in the management of soil 
resources. Since last twenty years or so, 
geostatistical techniques of spatial 
distribution and interpolation are 
increasingly becoming essential components 
of any GIS to produce continuous digital 
maps of the spatial distribution and potential 
risk of soil alkalinity and soil structural 
breakdown.  

Therefore in the present study timely and 
accurate detection of saline/ alkaline area 
and potential soil structural degradation 
zones, along with their characterization and 
severity classification, in GIS environment, 
has been done to determine the suitability of 
irrigated production system in the Jalgaon 
district, Maharashtra. 

MATERIAL AND METHODS 
Study area 
The study area i.e. Jalgaon, is located on the 
northwest region of the state of Maharashtra, 
India and bounded by longitude 7445” – 
7628” East and Latitude 20–21 North. It is 

situated in the Tapi River basin stretching 
nearly in breadth from 128 km to 144 km. 
The total area under irrigation is 97000 ha. 
Out of this area, surface irrigation accounted 
for 96000 ha. and well irrigation for 1000 ha. 
Three major irrigation projects, 11 medium 
irrigation projects, 62 minor projects and 315 
percolation tanks are completed in  

 
 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

Fig. 1 :  The map of major and medium irrigation 
command areas within Jalgaon district 
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Fig. 2 : The map showing soil sample locations in 
the irrigation command areas of Jalgaon district 
 
Jalgaon District Table 1. As per 2001 
census the total population of the district is 
36,79,936. The annual rainfall is less than 
500 mm. The maximum summer 
temperature varies between 39C and 43C 
and minimum winter temperature is found 
to be 12C to 15C. Relative humidity 
varies between 12% and 87% 
The present study is concentrated only to 
major and medium command areas of the 
Jalgaon district listed in the Table 1 and 
shown in Fig.1.      
Field survey 
The sampling locations Fig 2 and their  
number were pre decided as per the 
sampling frequency requirements for  
non-problematic and salt affected 
soils The sampling frequency is one 
sample per 5 sq km in salt affected 
areas whereas one sample per  20 sq 
km in rest of the areas. Extensive  and 

Table 1 : List of the major and medium 
Irrigation projects 

uniform fields falling under the sampling 
points were chosen and then the samples 
were collected from four corners and center, 
mixed altogether to make one representative 
sample.The samples were reduced by 
quartering method. The sampling depth was 
0-30 cm, as surface salinity is a function of 
this depth. Each composite sample was air 
dried, grinded in mortal and pestle and 
passed through 2mm sieve 
Laboratory analysis  
 pH  and Electrical Conductivity of the soil 
samples were analyzed from 1:2 soil extract 
from pH meter and Conductivity meter 

Name of the 
Project 

Type Cca.(Ha). 

Upper Tapi 
/Hatnur 

Major 54254.87 

Waghur project Major 43828.11 

Girna project Major 132423.10 

Abhora project Medium 1808.94 

Agnavati project Medium 1127.15 

Anjani project Medium 17066.56 

Bahula project Medium 7296.63 

Bhokar project Medium 2819.29 

Bhokarbari project Medium 2893.55 

Bori project Medium 10948.18 

Gul project Medium 5299.07 

Hivra project Medium 3417.08 

Mor river project Medium 2478.56 

Tondapur project 
Suki river project 

Medium 
Medium 

2290.24 
13937.45 
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respectively. Electrical conductivity (EC) 
was measured after calibration with a KCl 
reference solution at 25� C. The EC values 
are a measure of concentration of soluble 
salts in the soil, which predominantly are 
made up of the cations: Na+, Ca++ and 
Mg++ ; and the anions: Cl-, SO4

2- and 
HCO3-. For the determination of 
Exchangeable sodium percentage (ESP), 
Exchangeable Na+, Exchangeable Ca++ 
and Exchangeable Mg++ was calculated 
and then a linear model was used to 
convert its value into Exchangeable 
Sodium Percentage. Sodium concentration 
was determined by Flame photometer 
(Systronic make). 

SAR= Exchangeable Na+ / [(Exchangeable 
Ca++ + Exchangeable Mg++/2)] X 100 
The linear equation used for converting SAR 
into ESP is 
ESP = 100(-0.0126 + 0.01475 SAR)/ 1+       
(-0.0126 + 0.01475 SAR) 
The salt affected soils are classified as per 
the USDA system Table 2. These 
classifications are based on pH, electrical 
conductivity and exchangeable sodium 
percentage of saturated paste of soil. In 
the present study the criteria used for the 
classification of the severity classes of 
Salt Affected Soils is specific to 
Maharashtra only Table 3. 

It is well understood that as the EC 
increases, the potential for the soil to 
disperse decreases. Hence this interaction 
can be usedas an indicator for the soil 
structural stability ie; Electrochemical 
Stability Index (ESI) 

Table 2 : Classification of salt affected   
                 soils (USDA system) 

Source : CSSRI, 200415 

Table 3 : Criteria for severity classes  of 
salt affected soils(*specific  to Mahar-
ashtra only) 

Level I Level II Vertisols 
 

Non Vertisols 

pH 
 

EC
 

ESP 
 

pH 
 

EC 
 

ESP 
 

 
Saline 

Medium<8.52-4 <5 <8.5 4-8 <15 
High <8.54-8 <5 <8.5 8-

16 
<15 

Very 
High 

<8.5 >8 <5 <8.5 >16 <15 

Sodic/ 
Alkaline 

Medium 8.5-
9.0 

<2 5-10 8.5-
9.0 

<4 15-40 

High 9.0-
10 

<2 10-
20 

9.0-
10 

<4 40-60 

Very 
High 

>10 <2 >20 >10.0 <4 >60 

Saline - 
Sodic 

Medium 8.5-
9.0 

2-4 5-10 8.5 –
9.0 

4-8 15-40 

High 9.0-
10 

4-8 10-
20 

9.0-
10 

8-
16 

40-60 

Very 
High 

>10 >8 >20 >10 >16 >60 

Source : Central Water Commission, TR, 
2006.1 

Type of Soil ECe 

(ds/m) 

ESP pHs 

Saline > 4.0 <15 <8.5 

Sodic <4.0 >15 >8.5 

Saline- 

Sodic 

>4.0 >15 <8.5 
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which is computed as: 
ESI = EC/ ESP 

The potentially dispersive soil should have 
an ESI value  less than  0.05.16 

Spatial analysis of soil attributes in gis 
environment 
Kriging is a moderately quick interpolator 
that can be exact or smoothed depending 
on the measurement error model. Kriging 
uses statistical models that allow a variety 
of map outputs including predictions, 
prediction standard errors, probability, etc. 
The flexibility of kriging can require a lot 
of decision-making. Kriging assumes the 
data come from a stationary stochastic 
process, and some methods assume 
normally-distributed data.17 In this study 
the ordinary krigging is used on the pH, 
EC, ESP and ESI values of the soil sample 
locations of the study area in order to 
reveal the very high sodic zones and 
potential soil degradation area and also 
their spatial distribution pattern. The 
results of which were displayed and 
mapped using GIS. 
GIS have been used for preparing digital 
maps for soil attributes. ArcGIS / ArcInfo 
package (ESRI) is used for representing, 
visualizing, synthesizing, and integrating 
spatial and thematic data. District 
Boundaries and Irrigation Command Areas 
were obtained by digitizing the irrigation 
command area maps procured by Tapi 
irrigation development corporation, 
Jalgaon and IRS LISS III P-6  Image . 

RESULTS AND DISCUSSION 
Physical and chemical characteristics 
The summary statistics of the top soil 
variables are given in Table 4.  The severely  

salt affected soils are characterized by high 
content of soluble salts and exchangeable 
sodium. Saturation paste pH varies from 5.67 
to as high as 10.2 and tends to decrease with 
depth. The Electrical conductivity is below 2 
dS/m indicates that the soil in all the Major 
and Medium Irrigation projects is alkaline 
and sodic in nature Table 4. The mean of pH 
and EC of all the samples taken together are 
8.39 and 0.26 dS/m respectively. 
Sodium being the most dominant cation in 
the saturation extract followed by calcium 
and magnesium, found highest 8 mg/gm 
Fig.3 in Dahigaon pick up weir of Girna 
command area. The concentration of sodium 
varies from 0.53 mg/g to 8 mg/g resulting in 
the deterioration of the soil quality. Sodium 
has the opposite effect of salinity on soils. 
The primarily physical processes associated 
with high sodium concentration are soil 
dispersion and clay platelet and aggregate 
swelling.  

Table 4 : Statistics of the soil variables 

 
EC - Electrical conductivity (1:2 Soil/Water, dS 
m-1), ESP –Exchangeable Sodium Percentage 
(%),ESI - Electrochemical Stability Index 

The forces that bind clay particles together 
are disrupted when too many large sodium 
ions come between them when this 
separation occurs, the clay particles expand, 
and  causing  swelling  and  soil  dispersion,  

Variable Mini-
mum 

Maxi-
mum 

Mean Standard 
Deviation 

pH 5.67 10.2 8.39 0.495 

EC 0.04 3.76 0.26 0.439 

ESP 0.24 35.29 4.12 5.02 

ESI 0.01 2.01 0.13 0.24 
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soil dispersion causes clay particles to plug 
soil pores, resulting in reduced soil 
permeability. When soil is repeatedly 
wetted and dried and clay dispersion occurs, 
it then reforms and solidifies in to almost 
cement like soil with little or no structure. 
The three main problems caused by sodium-
induced dispersion are reduced infiltration, 
reduced hydraulic conductivity and surface 
crusting. The mean value for ESI is 0.13 
Table 4. Approximately  more than 45% of 
the soil sample locations, were found ESI 
less than 0.05 which seems very alarming 
situation as below critical value of 0.05 soil 
can potentially be dispersive.  
The concentration of calcium and 
magnesium, which also contribute to salinity, 
varies from Table 4 0.27 mg/g to 6 mg/g of 
soil, do not have the deteriorating effects of 
soil because they are smaller and tend to 
cluster closer to clay particles. Calcium and 
magnesium will generally keep soil 
flocculated because they compete for the 
same spaces as sodium to bind to clay 
particles. Increase amount of calcium and 
magnesium can reduce the amount of 
sodium-induced dispersion (Pearson and 
Bauder.18 That is why being the same sodium 
concentration of Vavada village and Girna 
canal Dahigaon, Pachora i.e. 7.4 mg/g as 
shown in Fig. 3, the Exchangeable sodium 
percentage of the Vavada village is higher 
(37.41) than the Girna canal Dahigaon, 
Pachora (27.33). Because the Calcium and 
Magnesium concentration of the Girna canal 
Dahigaon is more than the Vavada village so 
as to reduce the sodium induced dispersion. 
As shown in Fig.3, with the increased 
concentration of calcium and magnesium the 

exchangeable sodium percentage is 
decreased which in turn improves the soil 
quality. 

Concentration of Sodium (Na) Calcium (Ca) 
and Magnesium (Mg) in mg/g of soil; 
Exchangeable Sodium Percentage (ESP) in 
%.  
The Exchangeable sodium percentage of the 
soil of all the major and medium irrigation 
projects varies from 0.24 to 35.29 %      
Table 4. Three samples from   Girna   
command areas  i.e.  Vavada  village, 

 

 
 
 
 
 
 

 
 
 
 
Fig. 3 : Chemical characteristics of soil in Girna 
Irrigation command area 

Concentration of sodium (Na) calcium (Ca) and 
magnesium (Mg) in mg/g of soil; Exchangeable 
Sodium Percentage (ESP) in %.  
Dahigaon pickup weir and Dahigaon village 
is having Exchangeable sodium percentage 
values more than 20% and it decreases with 
depth Fig.3. 
from the above discussion, it is obvious and 
clear that in salt affected soils highest 
concentration of soluble salts and 
exchangeable sodium is observed at soil 
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surface and decreases with depth. This is due 
to capillary rise of brackish ground water to 
the soil surface followed by evaporation 
(potential evaporation is greater than 
precipitation in arid area) leaving behind 
salts that often accumulate in the form of salt 
afflorescence on soil surface. Because of 
high content of exchangeable sodium 
percentage as shown in Table 4 at or more 
than 15 and electrical conductivity 1ds/m a 
severe reduction in infiltration will occur 
resulting in ESI less than 0.05, leads to 
severe soil dispersion and destruction. 
Hence, the soil gets dispersed when water is 
received at soil surface through 
rain/irrigation. When this water with 
suspended clay particles percolates 
downwards, the clay particles are deposited 
along the walls of pores. Repetition of this 
process resulting in clogging of pores and 
extremely low infiltration rates. Thus the 
crops grown on severely salt affected soils 
(sodic) often suffer from poor aeration when 
water stagnates on soil surface due to low 
intake rates. 
Spatial analysis of soil variables 
Spatial analysis is done on the soil variables 
to assume the spatial distribution pattern of 
the soil sodicity and soil degradation ranging 
from very high to almost nil. The 
interpolation by ordinary krigging method 
was done on the soil variables. Different krig 
maps were prepared displaying the fuzzy 
distribution pattern of the pH, EC, ESP and 
ESI. 
the map of pH by ordinary krigging is shown 
in Fig. 4, it is clear that the pH ranges from 
8.61 to 10.2 is distributed in the central part 
of the study region extended towards 

southern parts. The pH values 8.6- 8.9 which 
is the indicator of high to moderate sodicity 
is located in submergence area of many 
Irrigation projects like Girna, Hatnur, 
Waghur and Tondapur. While normal range 
of the pH ie; 8.0-8.6 is distributed in the 80% 
parts of the study region. 
 
 
 
 
 
 
 
 
 
 

 

 
Fig. 4 : Map of top soil pH produced by ordinary 
krigging 
somewhere in the Suki command area 
located in the north east side and Bori 
command area located in the western parts in 
showing pH ranges from 6.8 – 8.0 which is 
the indicator of saline soils in  the study 
region. 

Fig. 5 shows the map of EC distribution 
pattern in the study region produced by 
ordinary krigging which clearly shows the 
large patches of lands showing EC less than 
2dS/m which is highly prone to high soil 
sodicity and potential soil degradation 
affecting soil stability. When compared with 
the sample EC (range0.04-3.76 dS/m) there 
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is a slight underestimation by ordinary 
krigging technique (range 0.11 – 0.78 dS/m) 
specially in the upper north west regions. As 
shown in the Fig. 5 there are no signs of soil 
salinity (EC> 2 dS/m) except some north 
west regions which comes under Suki and 
Mor irrigation command areas. The northern 
parts of the low saline patch to the northwest 
of the study area is largely occupied by the 
hilly regions of Satpura forest . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.  5 : Map of top soil EC produced by ordinary 
krigging 

Fig. 6 shows the spatial patterns of ESP 
produced by ordinary kriggging is apparent 
throughout the study area . The map shows 
large patches of land with ESP above the 
threshold value of 5%(Fig.6) specially in the 
central and south east regions of the study 
area and some parts of northern and western 
regions. This has some management 

implications  for soil physical processes 
such as infiltration rate and hydraulic 
conductivity both of which decrease with 
increasing sodicity.19 On the other hand, 
about 60% of northern and western regions 
of study area is characterized by ESP 
values less than  5% ,which supports the 
fact that about 80% of the irrigated 
agricultural fields are located in this 
region. 
 

 

 

 

 

 

 

 

 

 

 

Fig. 6 : Map of top soil exchangeable sodium 
percentage produced by ordinary krigging 

The map Fig. 7 showing spatial distribution 
patterns of ESI, as produced by ordinary 
krigging, at threshold values of 0.025 and 
0.05, ESI a combined index of EC and ESP 
can be used as more specific and useful 
method of measuring the soil structural 
stability or in other way soil degradation 
potential . As suggested by McKenzie, soil 
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can be degraded or potentially more 
dispersive below 0.05 ESI. Hence, measured 
in the present study also, can be apparently 
seen in the Fig.7 in which some parts of 
central, southwest and northern regions are 
characterized by very low ESI 0.02- 
0.05.Significantly 40% of the study area is 
found highly degraded soil structure and 
unstable soil with potentially high soil 
dispersion. While 45 % of the study area 
except northeast and northwest is found with 
low probability of soil structural stability. 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 :  Map showing top soil Electrochemical 
stability index (ESI) produced by ordinary 
krigging 
 

Severity Classification 
On the basis of pH, EC and ESP of the 
soil samples collected from different 
Irrigation Command Areas the soil is 
characterized Table 5 according to the 
criteria for severity classes of salt 
affected soils (specific to Maharashtra 
only) given in Table 3. 

As shown in Table 5, Girna command 
Area is very high sodic because some of 
the samples taken  Girna Canal Dahigaon 
Pachora, Dahigaon Pick up weir and 
Girna command area Vavadda village are 
very high sodic having more than 10 pH 
value, less than 2 ds/m Electrical 
conductivity and more than 20 
Exchangeable sodium percentage. Girna 
canal Pimpri, Dharangaon, Girna canal 
system Pachora and Waghur catchment 
area Khadgaon  and  Raipur are high 
sodic with pH  varies from 9.0 to 10.0, 
Electrical conductivity less than 2ds/m 
and Exchangeable sodium percentage 
ranges between 10-20%. Whereas 
medium sodic command areas are Bhokar 
(Mangrul) Project, Bhokarbari Project, 
Waghur catchment area Dohari and 
Shingayat are having 8.5 to 9.0 pH 
values, less than 2 dS/m Electrical 
conductivity and ESP ranges from         
5-10%. 

Out of all 14 Irrigation projects only Suki 
pick up weir of Suki Command area were 
found to be saline having 5.69 pH values 
and 3.48 ds/m Electrical conductivity(as 
shown in Table 5. 
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Table  5 :  Severity classification salt 
affected soils 

 
Magnitude of salt affected command areas 
Distribution of Salt Affected Areas in different 
commands  areas  varies  widely.  In   seven 
 

Irrigation Command Areas, out of 15, there 
is no salt affected area  present. As shown in 
Table 6, the magnitude of very high sodic 
soil with more than 20% ESP and high sodic 
soil having 10-20% ESP is 406 km2  in total. 
The medium sodic soils in irrigation 
command areas  is 813 km2 whereas that of 
saline area is found only in traces. 
Very high risk zones of structural 
degradation are estimated as 462 km2  

whereas high and medium soil degradation 
zones are spread in 2065 km2 area.  
As shown in Table 6 approximately 5596 
km2  of the study area is under risk of 
degradation. Hence 50% of the Irrigation 
projects are severely affected from sodicity. 
Due to the low lying topography of Jalgaon 
district as compared with adjacent areas the 
surface runoff water accumulates in these 
relatively low lying areas during wet season. 
During the dry periods, the stagnant water 
evaporates leading to increase in salt 
concentration and SAR of water and surface 
soil resulting in a high level of exchangeable 
sodium and alkalinity.20 
Table  6 : Statistics of problem soil under    
  study area (in  Km2) 
 
Type of 
Soil 

Very 
High 

High Medium 

Sodic Soil  78 328 813 

Degraded 
Soil  

462 1,027 1,038 

Soil at the 
risk of 
degradation 

5596 

 

Severity 
classes 

Major and medium 
command areas 

Very High 
Sodic 

Girna Command Area  
(Major) 

High Sodic Girna Command Area(Major) 
Waghur Catchment Area 
(Major)  

Medium 
Sodic 

Bhokar Command Area 
(Mangrul) (Medium) 
Bhokar bari Command Area 
(Medium) 
Bahula Command Area 
(Medium) 
Hatnur Command Area  
(Major) 
Waghur Command Area 
(Major) 

Saline Suki Command Area  
Normal Abhora Command Area 

(Medium) 
Agnavati Command Area 
(Medium) 
Anjani, Command Area 
(Medium) 
Mor Command Area 
(Medium) 
Hivra Command Area 
(Medium) 
Gul Command Area  
(Medium) 
Bori  Command Area 
(Medium) 
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CONCLUSION 
In the present study, physicochemical 
analysis indicates that, the soil in all the 
major and medium irrigation projects is 
sodic in nature and approximately 45% of 
the total soil samples of the study area  
were found structurally unstable or 
potentially dispersive. Out of the total 
sampling locations, Vavadda village, 
Dhigaon pickup weir and Dahigaon village 
is having more than 20% Exchangeable 
sodium percentage. Spatial distribution 
pattern of the soil sodicity and soil 
degradation shows that large patches of 
land with high soil sodicity is found in 
central parts extended towards southern 
parts of the study region,  in which 
submergence area and command areas of 
many irrigation projects like Girna, Hatnur, 
Waghur and Tondapur are located. Present 
study shows that some parts of central, 
southwest and northern regions of the study 
area are found with  highly degraded soil.  
As sodic soils create more problem than 
saline soils by destruction of soil structure, 
utmost care should be taken to ameliorate 
these areas and to stop further development 
of sodicity. Risk zones of structural 
degradation could be identified as having 
probability of exhibiting soil dispersion. 
The identified zones may draw the attention 
of immediate management with greater 
monitoring and amelioration techniques. 
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