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8 Delineation and characterization of waterlogging and salt affected areas

in a canal irrigated semiarid region of north west India
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Haryana 132001, India

(Received 6 January 2007; in final form 10 January 2007)

Indian Remote Sensing (IRS) Linear Imaging Self Scanning (LISS II) data are
interpreted, followed by ground verification facilitated identification of

waterlogged areas (ponded water), salt affected soils (salt efflorescence) and
high water table zones (potential waterlogging zones) in the Indira Gandhi
Nahar Pariyojona (IGNP) command area (India). The false colour composites

(bands 4, 3, 2) for February 1996, November 1996 and June 1998 on 1:50 000
scale revealed occurrence and seasonal dynamics of permanent waterlogging in
low-lying flats and depressions. The extent of waterlogging was higher in
February 1996 due to less evaporation and more agricultural operation during

the period. Salt accumulation was higher in November 1996 due to freshly
precipitated seasonal salts. Seepage and accumulation of excess irrigation water
through coarse sandy mass was primarily responsible for the development of

waterlogging in the irrigated zone. The capillary rise of soluble salts with a
rising water table and high evaporative demand caused secondary soil
salinization. A ground truth study found areas with a high water table

(51.5 m) with patchy crop stands and a potentially sensitive zone with a
fluctuating (1.5–6.0 m) water table with poor vegetative growth. The soil
characteristics showed moderate to high soil salinity in the control section of

soil profiles. These were characterized by medium to coarse texture, weak to
moderately strong structure, weak consistency, low organic matter content and
the presence of abundant CaCO3 nodules. The composition of saturated soil
paste showed a preponderance of chlorides and sulphates of sodium, calcium

and magnesium. The presence of fine texture and calcium carbonate layers at a
depth below the surface caused the development of a perched water table
indicating unsuitability for traditional irrigated agriculture. The quality of

pond water was extremely poor and unfit for reuse. The ground water was
saline in some areas but normally lies within the prescribed limit. The quality
of drainage water was poor in saline depressions and unsuitable for reuse but

moderate in other areas suggesting its safe reuse when mixed with good quality
water. Suitable soil and water management practices were necessary for
sustainable crop production in the command area.
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1. Introduction

Soil and water are the basic natural resources for agriculture and economic
development of the nation. Canal irrigation was introduced in the north west part of
Rajasthan State, commissioning Indira Gandhi Nahar Pariyojona (IGNP) to irrigate
nearly 2.2 million ha of arid lands. Although irrigation has enhanced considerable
food production, it also brought problems, namely waterlogging and secondary
salinization. Indiscriminate use of irrigation water, canal seepage, sandy texture and
absence of natural surface drainage are considered to be the main reasons for soil
degradation (Shankarnarayana and Gupta 1991). Fluctuations of the water table
during wet and dry cycles initiated the development of secondary salinization
(Sharma and Mathur 1991; Hooja et al. 1995). Indian Remote Sensing (IRS) data
emerged as a potential tool for monitoring salt affected soils (Mougenot et al. 1993,
Dwivedi and Sreenivas 1998, 2002, Dwivedi et al. 1999, Khan et al. 2005). Visual
interpretation of the IRS data was used to delineate salt affected and waterlogged
soils (Sharma and Bhargava 1988, Sharma et al. 2000, Sujatha et al. 2000). Spectral
classification of salt affected and waterlogged areas was done using computerized
analysis of digital data (Chaube 1998, Dwivedi and Sreenivas 1998). Permanently
and seasonally waterlogged areas were successfully mapped with remote sensing data
(Kaluberme et al. 1983, Mandal and Sharma 2001). However, the areas with high
water tables are still in the realm of research. An attempt was made to evaluate the
waterlogging and soil salinity condition in the IGNP (Stage I) command area
integrating remote sensing and a ground survey.

2. Site characteristics

The area lies between 298000N and 298350N latitude and 748000E and 748400E
longitude (figure 1) irrigated by the IGNP main canal (Indira Gandhi Mukhya
Nahar) and its branches. Pearl millet, sorghum, cluster bean and sesamum are
mainly grown in the summer (kharif) season, wheat and gram in the winter (rabi)
season. Paddy, sugarcane, cotton, mustard are also cultivated. The climatic
parameters categorize the soils in Ustic and Hyperthermic soil moisture and
temperature regimes (figure 2). The soils are subject to wind erosion of moderate to
severe intensity and are situated above 180–200 m above mean sea level (msl). Sandy
plains, sand dunes, flood plains, depressions, interdunal flats are the common
landforms of the area (Singh and Kar 1991). According to a FAO/UNDP (1971)
survey report, out of 2.2 m ha, 59% of the land is non-irrigable and about 80% of
the irrigable land is sandy in nature. The water table depth is reported to be rising by
1–2 m per year (Hooja et al. 1995, Government of Rajasthan 1999). Flood irrigation
practice, canal seepage, sandy soil texture and absence of natural surface drainage
are some of the major limitations for sustained irrigated agriculture.

3. Material and methods

3.1 Data and software used

Preprocessed (atmospheric and radiometric corrections) IRS LISS II geocoded
imageries (FCC, bands 432) for February 1996, November 1996 and June 1998 on
1:50 000 scale, the Survey of India topomaps and other ancillary information were

182 A. K. Mandal and R. C. Sharma
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used for the identification of waterlogged and salt affected areas (table 1). The digital
data for February 1996 were used for detailed analysis and classification. The
software Integrated Land and Water Information System, version 3.3 (ILWIS) was
used for image processing, digitization, map calculations and overlaying multiple
data layers for image interpretation and output generation.

3.2 Georeferencing, image processing and basemap preparation

The Survey of India topomaps on 1:50 000 scale were georeferenced and digitized to
generate thematic layers of administrative and political boundaries (State/district);
irrigation and drainage; infrastructure (roads, railways) and settlements (State/
district HQs) then overlaid to prepare a base map of the study area. IRS (digital)
imageries were georeferenced using the Survey of India topomaps and resampled for
geocoding using ILWIS software. The false colour composites were used for visual
interpretation and seasonal dynamics of waterlogged areas and salt affected soils
(figures 3–6). The interpreted units were digitized and polygonized using ILWIS
software (figure 7). A flow-chart describing the methodology for identification and
delineation of waterlogging and salt affected soils was prepared (figure 8).

3.3 Field survey and characterization of soil samples

A field check was carried out during the post-monsoon season for spot identification
and image correlation. The interpreted units were verified in the field for
waterlogging and soil salinity conditions and other land uses (table 2). The sampling
sites for soil profiles (excavated pit to a depth of 1.5 m) were selected and studied for

Figure 1. Location of Indira Gandhi Canal Command, Rajasthan, India.

Delineation and characterization of waterlogging 183
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morphological characteristics (Soil Survey Staff 1995). The soil samples were
collected from the master horizons of the soil profile for laboratory determination of
physico-chemical characteristics of soils. The water samples were collected from the
accumulated seepage lakes (Tal), auger bore and profile pits. The water table depths
were recorded at some selected locations during the auger bore and profile studies.
Standard methods were followed for determining mechanical composition, calcium
carbonate, cation exchange capacity (CEC), and exchangeable sodium percentage
(ESP) (Jackson 1967). Saturation extracts of soils samples were prepared and

Figure 2. Mean monthly precipitation, potential evaporation and evapotranspiration in
Indira Gandhi Nahar Pariyojona (IGNP).

Table 1. Particulars of satellite imageries.

Sensor Spectral resolution
Spatial
resolution

Image/SOI topomap
no. and scale Period

IRS- IB
LISS II

B1 0.45–0.52 (Blue)
B2 0.52–0.59 (Green)
B3 0.62–0.68 (Red)
B4 0.77–0.86 (NIR)

36.25 m
Swath 148 km
No. of
pixel/ha 7.61

44 K03, K07,
K10, K11,
K12, G15, G16

Scale 1: 50 000 scale

FCC:
February 1996
November 1996
June 1998
Digital data:
February 1996

184 A. K. Mandal and R. C. Sharma
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analysed for pHs, electrical conductance of saturation extract (ECe), soluble cations
and anions (Richards 1954). Water samples were analysed for pH, ECiw, Naþ, Kþ,
Ca2þ, Mg2þ, Cl7, SO4

2-, CO3
27, HCO3

7, and SAR [Sodium Adsorption
Ratio¼Naþ/(Ca2þþMg2þ/2)1/2] for quality appraisal (table 4) using standard
methodology (Richards 1954).

4. Results and discussion

4.1 Image interpretation and ground truth

The interpretation of IRS data revealed prominent waterlogging as a dark blue to
black tone for surface ponding (pond water) in low-lying flats and depressions.

Figure 3. Imagery showing waterlogged and salt affected areas in February 1996.

Delineation and characterization of waterlogging 185



D
ow

nl
oa

de
d 

B
y:

 [B
la

ck
m

or
e,

 R
ob

er
t] 

A
t: 

11
:0

1 
2 

Ju
ly

 2
00

8 

Permanent waterlogging was found in the buried paleochannel of river Saraswati
(interdunal seepage lake) and natural depressions (Ghaggar depression) due to
seepage and accumulation of irrigation water and diversion of flood water from the
river Ghaggar (figures 3–5). Salt efflorescence was identified as a grey to yellowish
white tone in (Kalra and Joshi 1996) irregular patches around the waterlogged areas
(figure 5). The areas appearing in variable tones and textures (light grey to dark grey
and red mottling) indicated the presence of a high water table or a potential
waterlogging zone. The ground survey also identified critical areas with shallow
water table depth (0–1.5 m) and a potentially sensitive zone with a fluctuating water
table depth (1.5–6.0 m). Due to a close spectral signature and spatial association,
these two categories were merged in the final classification (Mandal and Sharma
2001). The data from pre-monsoon (February 1996), post-monsoon (November

Figure 4. Imagery showing waterlogged and salt affected areas in June 1998.

186 A. K. Mandal and R. C. Sharma
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1996) and summer (June 1998) seasons revealed seasonal dynamics of waterlogging
in irrigated areas, interdunal flats and depressions areas (figure 6). Due to close
spectral signatures, higher atmospheric influences over the incident and reflected
radiations, and strong aeolian activity, the intermixture of sand and salt was difficult
to separate during visual interpretation (Mandal and Sharma 2001). Surface
salinization was higher in November due to freshly precipitated salts and higher
evapotranspiration (Mandal and Sharma 1997). The aerial extent of waterlogging
was higher during February, probably due to less evaporation and higher irrigation
frequencies for agricultural operations during the period. The area statistics showed
that the waterlogged areas significantly occupied 22 268 ha (5.4%) while salt
efflorescence and the potential waterlogging zone covered 3342 ha (0.82%) and

Figure 5. Imagery showing waterlogged and salt affected areas in November 1996.
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18 029 ha (4.41%), respectively (table 3). Features appearing as dark reddish and
whitish grey tones were identified as normal cropped and sand dunes.

4.2 Soil characteristics

The salient characteristics of five representative pedons were presented to show salt
composition and related characteristics (table 4). Morphological characteristics
showed variable texture, weak to moderately strong structure, weak consistence and
few to abundant CaCO3 nodules. A few iron and manganese mottling/concretions

Figure 6. Seasonal dynamics of waterlogging in depression areas.

Figure 7. Distribution of waterlogged areas in Indira Gandhi Nahar Pariyojona (IGNP).

188 A. K. Mandal and R. C. Sharma
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were found around the micro-pores in the subsoil horizons. The presence of a kankar
layer was observed at places below the surface horizon. The soil profile was generally
moist at the surface and wet within the control section. Poor horizon development
and mixing of soil particles showed the presence of alluvial parent material. The
accumulation of finer soil particles below the surface layer caused restricted
permeability. The physico-chemical characteristics data showed that pH values
ranged between nearly neutral to slight alkalinity (7.9 to 8.8). The ECe values ranged
from moderate (9.3 dS m71) to very high/severe (40.3 dS m71). The composition of
saturation extract showed a dominance of chlorides (15453 me l71) and sulphates
(10 to 44 me l71) of sodium (25 to 454 me l71) and calcium and magnesium (8–to
62 me l71). A significant amount of calcium carbonate was found in Pedons 1 and 2,
located on the old alluvial plains, while lower values in other pedons were due to
their recent origin. The particle size analysis data showed silty clay loam and sandy
clay loam texture in Pedons 1 and 2, while other pedons showed a loamy sand to
sandy loam texture. The organic matter content was generally low. The CEC values
were low, possibly due to coarse textures and the presence of non-expanding
minerals or mixed mineralogy. The ESP values ranged from 3 to 19, related to pH
values (Khan et al. 1999; Mathur et al. 1996). Based on the physico-chemical
characteristics data, Pedon 1, characterized as highly saline with a fine loamy texture,
could be treated for salt leaching and installation of subsurface drainage before use
for agricultural purposes. Pedons 2, 4 and 5, characterized as moderately saline with
a sandy loam texture and increasing clay content in the subsoil layers, could be used
for growing salt tolerant varieties following salt leaching. Pedon 3, with a loamy
sand texture, could be used for arable cropping with proper soil and water
management practices.

4.3 Water quality

As a result of surface irrigation, a considerable amount of seepage occurred in the
irrigated areas, which brought about the formation of lakes (Tal) inundating good
agricultural lands. The chemical characteristics of water samples collected from
various sources were presented to show the salt content and composition for quality
appraisal (table 5). A wide range of ECiw values were found in the water samples
collected from different sources (table 5). High to very high ECiw values (93.4–
102.6 dS m71) were found in severely affected areas of Masitanwali and Bhairusari
villages, apparently due to prolonged salt accumulation. The ECe of water samples
collected from profile pits and the auger bore ranged from 1.7 to 22.0, suggesting its
safe reuse. The higher ECe of water samples (22.2 dS m71) from the profile pit in

Table 3. Extent of area for waterlogged and salt affected soils in Indira Gandhi Nahar
Pariyojona (IGNP).

Land use classes Area (ha) % geographical area

Ponded water 3 866 0.94
Potential waterlogging zone 18 029 4.41
Salt efflorescence 3 342 0.82
Interdunal seepage lake 7 702 1.88
Ghaggar depression 10 700 2.61
Total 43 639 10.68

Delineation and characterization of waterlogging 191
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Dabli Kalan village was due to the presence of a highly saline (46.3 dS m71) Tal
close to the profile pit. The ECe of drainage water varies widely from 3.2 dS m71 to
30.6 dS m71 in alluvial plains and saline depressions and may be used for
agricultural purposes when mixed with good quality of water. The ionic composition
of water samples showed a significant contribution of sodium (8.2–1935 me l71),
calcium and magnesium (2.0–370 me l71) for the development of high to very high
salinity. Among the anions a significant presence of chloride (20.0–2110 me l71) and
sulphate (5–450 me l71) and moderate quantities of carbonate and bicarbonate (2.5–
28.5 me l71) were observed (table 4). The transportation of salts from a higher to a
lower elevation through the coarse sandy mass facilitate the development of poor
water quality in Tals and interdunal seepage lakes.

5. Conclusion

The visual interpretation of Indian Remote Sensing data on a 1:50 000 scale,
authenticated by ground truthing, was used for the identification of waterlogging
and salt infestation in IGNP command, India. The pre-monsoon (February 1996),
post-monsoon (November 1996) and summer (June 1998) data revealed the
dynamics of waterlogging. The extent of waterlogging was higher during February
and lower in June. Soil salinization, commonly found around the irrigated areas, was
higher in November (post-monsoon) due to freshly precipitated salts at the surface.
The ground survey identified the presence of a high water table, secondary
salinization and potential waterlogging zones. Soils were moderate to very highly
saline, dominated by neutral salts of sodium, calcium and magnesium. These were
variable in texture, weak to moderately strong in structure and lacking adequate
natural surface drainage. The presence of high to very high quantities of soluble salts
in water samples from the seepage lakes (Tals) restricted its reuse.
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