
Journal of Environmental Research And Development            Vol. 2 No. 3, January-March 2008

347

GROUNDWATER QUALITY EVALUTION FOR
IRRIGATION PURPOSE IN SOME AREAS OF

BHIND, MADHYA PRADESH  (INDIA)

 Vineesha Singh*1 and M.C. Khare2

   1. School of Studies in Earth Science, Jiwaji University, Gwalior (INDIA)
      2. Institute of Information Technology and Management (IITM), Gwalior (INDIA)

Received August 24, 2007    Accepted December 14, 2007

ABSTRACT
Chemical quality of the surface and groundwater is as important as the quantity.

Groundwater quality in an inevitable factor for the sustainable agriculture as a source at
irrigation water. Therefore the study was conducted is an irrigated alluvial area to evaluate
the groundwater quality for irrigation. Agriculture, mainly through irrigation is the major
user of fresh water resources, accounting for 70% of total global fresh water withdrawals.
For successful irrigated agriculture, the quality of surface and ground water is as important
as the fertility of soil. The physico-chemical analysis of ground water have been studied to
assess the quality of water for irrigation needs. 42 water samples are collected from dug-cum
bored wells tapping shallow to deep aquifers. The quality analysis is made through the
estimation of chloride, Bicarbonate, Sodium, Calcium, Total hardness, Total dissolved solids,
EC, pH, calculation of sodium adsorption ratio and percentage of sodium. The analytical
data are processed and interpreted as per standard laboratory method by APHA. Regarding
the suitability of groundwater for irrigational purposes, TDS, EC and SAR are within the
safe limit except few samples. Total dissolved solids in ground water was ranged between
172.2-1400 mg/l during the investigation period, revealed that irrigation using groundwater
of the study area would not cause salinity hazards.

Key Words : Ground water quality, Irrigation, Total dissolved solids. Sodium adsorption
Ratio, Electrical conductivity, U.S. Salinity.
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INTRODUCTION
Groundwater geochemistry is an

interdisciplinary science concerned with the
human consumption, crop production and
industrial usages. The natural state of ground
water is generally of excellent quality although
harmful concentrations of certain ions such as
iron and sodium, which can occur naturally and

lead to problems. Groundwater quality is the
physical and chemical characterization of
groundwater, which measures its suitability for
human and  animal consumption, irrigation and
other purposes. The chemical comparison of
the water that enters in the ground water
reservoir and reactions with the minerals
present in the rocks and soils that may modify
the water composition. So, groundwater is a
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main source of drinking water and its quality
has made it is well known source of water,
However, the advancement of human
civilization and  agriculture has put serious
question to the safe use of groundwater for
drinking due to production and release of diverse
wastes into the environment, which can
contaminate groundwater ’s. Continued
development and increasing use of groundwater
combined with its reuse, quality suffers unless
consideration is given to protecting it. Any
purpose for which water is required, its quality
is a matter of great importance. The chemical
quality of water is a factor. which is of
paramount importance in its utilization for
drinking, municipal, irrigation and industrial
uses1,2. Suitability of groundwater for irrigational
purposes depends upon the salinity, conductivity
and hardness of water4,5. These parameters
are increasing due to the poor sanitation, release
of waste and sewage. In the recent years, the
concern for groundwater quality in irrigation
water supplies, there must be sound planning
to ensure that the quality of water available is
put to the best use3,5. Groundwater contains a
varying amount of different kinds of ions such
as carbonate, bicarbonate, calcium, magnesium,
sulphate, hardness, etc8. Among them, the
major cations are Calcium, Magnesium
and  sodium (which influence the suitability
of groundwater for human consumption,
agricultural irrigation and  other purposes.
Some of these cations are beneficial to
crop production at expected concentration,
otherwise cause toxicity to plant, affect
properties of soil and management practices13,14

The suitability assessment of shallow ground
water for agriculture in sand dune area of
northwest Honshu Island14. The soil properties,
crop yield and quality will be deteriorate in flow
quality water is used for irrigation16. The
physiochemical analysis of ground water
evaluate of drinking water quality8.  Similar

attempts have been made in the different parts
of country15-20.
Study area

The study area is situated around
Malanpur near Gwalior. It is located in the
neighborhood of Gwalior city at a distance of
20 km north of Gwalior as Bhind road. The
area lies between longitudes 78°15' to 78°20'
E and latitudes 26°15' to 26°25' N.The monthly
mean temperature varies from 28°C to 46°C.
The monitoring network is the study area
consist of 42 wells. Water samples are collected
from these wells and  analysed during pre and
post- monsoon seasons to understand the
behavior of ground water quality.

Geologically, the area comprises of
sandstone, shale, alluvium of recent formation.
The major part of the area covered by the
alluvium deposits of yellowish, brownish- clay,
intercalated with beds of sand, silt and Kankar.
The Kaimur sandstone occur in the western
part of the study area. Hydrogeologically, the
area comes under the dry climate and  seasons
are marked by fluctuating of temperature and
precipitation. Ground water occurs under
unconfined conditions and is mostly tapped by
dug - cum bored wells. The depth of the water
level as observed during the field work varies
widely between 2m to 20 m. The aquifer of
this area are recharged by only precipitation,
irrigation, return, flow from river beds and
surface water bodies of these sources
precipitation, recharge is predominant.

MATERIAL AND METHODS
Sample collection

42 water samples were collected from
various locations covering the entire study area
(Fig. 1) during the pre- monsoon and post-
monsoon periods. Pre washed one and 500 litre
polyethylene bottles were used for sample
collection and preservation. Before using the
samples bottles carefully cleaned with
concentrated HCl then rinsed with tap water
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Fig. 1 : Well location Map of the study area

finally with distilled water. The samples were
kept in a refrigerator and till analysed. pH,
Temperature ,diameter, depth, static water level
of the wells are measured on the sites during
the samples collection. In the laboratory, the
water samples were analysed for the major
anions i.e. bicarbonate, chloride, sulphate,
phosphate etc. and cations i.e. calcium,
magnesium, sodium, potassium etc. The various
instruments and methods were used in the
laboratory for the chemical analysis of water
samples. Sodium and potassium were analysed

by flame emission spectrophotometer, calcium
hardness (Volumetric methods,) total hardness
by standard EDTA method. Chloride,
carbonate, and Bicarbonate were measured  by
standard volumetric methods given by
APHA3.
Ground water quality analysis

The groundwater samples were analysed
for total dissolved solids (TDS), Sodium (Na),
Calcium (Ca), Magnesium (Mg). TDS was
utilization groundwater for irrigational use
depends on many factors, such as texture,
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composition of soil, type of crop, climate,
irrigational practices and chemical quality of
ground water. The ground water samples were
analysed and  to judge their suitability for
irrigational use. Various irrigational parameters
like Sodium Adsorptin Ratio (SAR),
Percentage of Sodium (Na %),. Total dissolved
solids (TDS). Electrical conductivity were
measured in the study area to evaluate the
suitability.

RESULTS AND DISCUSSION
Total dissolved solids (TDS)

Total dissolved solids is the concentration
of a solution as the total weight of dissolved
solids. Salt of calcium, magnesium, sodium,
potassium present in the irrigation water may
prove to be injurious to plants. When present
in excessive quantities, they reduce the osmatic
activities of the plants and may prevent
adequate aeration, causing injuries of plant
growth..According to Robinove et. al. ground
waters in the study area are mainly non- saline
(Table 1).

For this reason 500 mg/l as permissible
limits and 1500 mg/l as the maximum available
limits have been suggested for drinking water.
TDS values less than 1000 mg/l can be grow
semi-tolerent crops  like vegetabled, wheat,
orchards.
Electrical Conductivity (EC)

Electrical conductivity is related to the
total dissolved solids by the equation and its
permissible limit  given in table 2.

         
TDS (in mg / L)

EC 10 (Micro mhos / cm)6    = 0.64

Sodium Adsorption Ratio
Sodium adsorption ratio is the proportion

of sodium to calcium and magnesium, which
effect the availability of the water to the crop.
The groundwater samples are plotted on the
basis of their SAR and specific electrical
conductivity values according to the diagram
published by U.S. Salinity Laboratory Staff
(Fig 2). SAR is computed by the equation and
given in Table 3.

Table 1 : Range of total dissolved solids for irrigation, adopted by
Robinove et al (1958)

Classification Total Dissolved solids 
(Mg/l) 

Total No. of samples 
(Study area) 

Non saline Less than 1000 35 
Slightly Saline 1000-3000 07 
Moderate saline 3000-10000 Nil 
Very saline Greater than 10000 Nil 
 

Richards18 classify the irrigation water
with SAR (in epm) less than 10 as
excellent,between 10-18 as good,18-26 as fair
and greater than 26 as  of poor quality. Based

on the SAR values alone, the ground water
samples in the study area excellent with the
SAR values less than 10 (Fall about 30 samples
in the study area).

The U.S. salinity Laboratory of the
Departmet of Agriculture21 has proposed a
diagram in which EC taken as index of salinity
hazard and SAR as an index of sodium hazard.
The majority of the study water samples fall in
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S.No. Electrical 
Conductivity 
(umhos/cm) 

Type of water Suitability for irrigation Total 
No. of samples 

1. Below 250 Low saline 
water (1) 

Entirely safe – 

2. 250-750 Moderately 
saline (2) 

Safe under practically all conditions 01 

3. 750-2250 Medium to 
high salinity 

water (3) 

Safe only with permeable soil and 
moderate teaching 

27 

4. Above 2250    

i. 2250-4000 High salinity Unfair for irrigation 08 

ii. 4000-6000 Very high 
salinity 

Unfair for irrigation – 

iii. Above 6000 Excessive 
salinity class 

Unfair for irrigation – 

 

Table 2 : Quality of irrigation water in relation to EC, after Richard18 
(1954).

Fig. 2 : Classification of ground water based on SAR and EC  for Irrigation purposes
(After U.S. Salinity Laboratory, 1954)
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Fig. 3 : Classification of water for irrigation purposes based on electrical conductivity and
percent sodium (after Wilcox, 1955)

the category of C3S1 and  C3S2 class indicating
good to medium typed water which can be used
for irrigation to tolerant crops .
Percentage of sodium

Sodium content is computed by the
equation and given in table 4.

% Na = 
(Na +  K)

(Ca +  Mg +  Na +  K)
100

Wilcox 22 proposed a diagram for
irrigation ground water. The percent sodium is
plotted against EC (Fig 3). On the basis of this

diagram most of the water samples fall under
the category of II and III and it is fit for
irrigation purposes. 13 water samples from
alluvium 5 water samples from sandstone and
2 water samples from  laterite lithology fall
into good to permissible category.

CONCLUSION
The SAR values of the study area

samples are to be less than 10 and TDS in less
than 1500 could be utilized for irrigation on the
basis of U.S. Salinity laboratory diagram. The
groundwater samples fall in the class C3S1 and
C3S2  class indicating low sodium hazards near
villages of Hariram Ka Pura, Lekchura,
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Banudurpur, Sohli, etc. Ground water of the
study area contained desirable level of TDS,
percentage Na, SAR value for irrigation,
indicated there would not be any possibility
sodicity hazards from irrigation using ground
water. However, ground water of the study
area was moderately hard.
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Table 3 : Classification of irrigation water based on the SAR and EC values use to
plot in USSL Diagram
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Table 4 : Classification of irrigation water on the basis of EC and present sodium
used to plot in Wilcox Diagram
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