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ABSTRACT
Construction of several dams and weirs on Pravara river, drains Sangamner area located in the
northern part of Ahmednagar district of Maharashtra, India, results into rapid development of
agro-industries. Effect of large agro-industrial development leads to overuse of irrigation,
resulted into deterioration of quality of groundwater and soil of the study area.  In the present
study, attempt was made to assess the groundwater quality by analyzing 84 groundwater samples
collected along the recharge to discharge zone of Pravara river basin. All the samples were
analyzed for pH, EC, TDS, Na+, K+, Ca2+, Mg2+, Cl-, HCO3

-, SO4
2-, NO3

-, PO4
3-, SiO2 and

Boron. Chemical characteristics of groundwater was dominated by Ca+Mg > Na+K-HCO3+CO3
hydro-chemical types followed by Na+K-HCO3+CO3 and Na+K-SO4+Cl+NO3, indicating
dominance of cation and anion exchange process on both spatial as well as temporal scales.
Diverse hydro-chemical characteristics were studied by plotting Piper’s diagram, showed faster
chemical evolution of ground water in the recharge zone. As against this, in the discharge zone
less hydro-chemical diversity reflected slow process of chemical evolution of groundwater. The
majority of the groundwater samples belong to medium conductive class I in discharge zone,
medium conductive class II and high conductive class III in recharge zone reveals the impact of
excess irrigation. Geo chemical changes taking place during the chemical pollution of
groundwater were assessed by calculating the ionic ratios of different chemical constituents viz.
Na/Ca, Ca/Mg and SI. On the basis of TDS, saline groundwater is confined to discharge zone,
predominates irrigated agriculture. Hydrochemical diversity, salinization of groundwater,
nitrate pollution and boron toxicity are the impacts of excess irrigation and over use of chemical
fertilizers degrades soils. Geology, hydro-geology, geomorphology, mineralogy and
anthropogenic activities have been played cumulative role in the development of soil salinity in
the study area. Educating the farmers and creating awareness to adopt better farm management
practices has been suggested to reduce the problem of soil degradation.

Key Words : Agro-industries, Overuse of irrigation, Salinization, Hydrochemical diversity,
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INTRODUCTION
Soil and water are the most important resources
for all life forms.  However, the need has
been arisen to manage these resources
judiciously to ensure sustainability on long
term basis.  This is because, along with the
increase in the population, there is large
scale degradation of these resources.
Unplanned and unscientific use of water and
soil, these resources have lead to severe
deterioration. With the rapid growth in
human population coupled with

industrialization there is increase in
urbanization too.  In the agriculture sector,
large quantities of chemical fertilizers,
pesticides and insecticides used to enhance crop
yield, on leaching enter the aquifer thereby
polluting ground water. In many areas, overuse
of water for irrigation and  chemical
fertilizers besides monoculture type of cropping
pattern have started depleting and deteriorating
water as well as soil quality. Several studies
have attempted to interpret the assessment of
quality of groundwater and their impacts on
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soil1-7. Thus far there is little scientific
information available regarding the quality
assessment of ground water and its impacts on
soil from Sangamner area in Ahmednagar
district of Maharashtra8.  Wide range of natural
and human induced factors causing changes in
the quality of ground water and soil are also not
known.  This information is useful in educating
farmers to adopt better farm management
practices that in turn will reduce the problem of
environmental degradation.  In view of this, the
present work was carried out in Sangmaner
area. 

STUDY  AREA
Sangamner area is located in the northern part
of the Ahmednagar district of Maharashtra
State. The tahsil lies between 18o36' N to 19o

1'N latitude and 74o ' W to 74o 56' W longitude.
The Sangamner town is located on the confluence
of the Mahalungi and the Pravara river. It is a
Taluka head quarter which is at a distance of
150 km from Pune, on Pune-Nasik National
Highway No. NH-50 (Fig. 1). The area is
drained by the Pravara river which is a tributary
of Godavari and has its origin in the hilly region
of Western Ghats. Geologically, basalt underlay
the Pravara basin, which is characterized by
thick alluvium (upto 35 m.). Several dams and

weirs have been constructed across Pravara
river. Because of construction of Bhandardara
dam in the source region of Pravara river, the
valley has been brought under intensive
agriculture with sugarcane as a single dominant
crop. Subsequent to the establishment of
co-operative sugar mill at Sangamner in 1967,
the agriculture in the area has witnessed rapid
changes in the cropping pattern. In addition to
sugar industry several allied industrial units
have also come up in the area. The effluents
from sugar industry, with little or no treatment
have been stored in lagoons and then
discharged into the natural stream flowing
through the agricultural area for a distance of
about 8 to 9 km. This effluent stream finally
meets the Pravara river at Sangamner. While
flowing through the natural stream, the effluent
infiltrates through the soil zone into the nearby
dug / bore wells thereby adversely affecting
natural groundwater quality.  

MATERIAL  AND  METHODS
Considering the geo-chemical changes in the
groundwater chemistry along the flow path a
cross section was chosen from recharge to
discharge zone. 21 sampling wells were
selected along the cross section (Fig. 1). The
section passes through entire valley from one
water divide to another i.e. from Chandapuri
Ghat towards south of Pravara River to Karhe
Ghat in the north.  By selecting wells along the
cross section, it was possible to cover areas
from recharge to discharge zone. It included
wells located on plateau top, hill slopes and
valley floor areas spread on the either sides of
Pravara river. By adopting such as approach it
should be possible to characterize the nature of
geo-chemical processes taking place from
recharge to discharge zone in the study area.  
The samples were collected in polyethylene
bottles of one liter capacity.  The care was
taken to collect samples after pumping for
some time.  The pH, Electrical Conductivity
(EC) and   temperature were measured in the
field. The   samples were then brought to the
laboratory for further chemical analysis.  The
samples were  collected over two seasons i.e.
post-monsoon i.e. winter (December) and
pre-monsoon i.e. summer (June). The
analysis was carried out in the laboratory by
using the procedures given by APHA9, using
titrimentric methods, the  analysis of chloride
(Cl), total alkalinity as CaCO3,  calcium

Fig. 1 :  Location map showing sampling well
in the study area
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(Ca2+) and total hardeness as CaCO3 (TH)
was performed.  While nitrate, phosphate,
sulphate, silica and boron were analyzed
by spectrophotometric methods (Hitachi-
2000, UV-visible spectrophotometer), the
alkali elements like sodium and potassium
were detected by flame photometer
(Corning 400).  Using stiff computer
program the Charge Balance Error (CBE)
was calculated to check the analytical
accuracy. The charge balance error upto
10% was  considered valid. 

RESULTS  AND  DISCUSSION
Hydro chemical variation in pH and EC
The data obtained by carrying out chemical
analysis for groundwater is presented in
Table 1. It is observed that average pH of the
groundwater varies from8 in post-monsoon to
8.4 in pre monsoon season. This increase in pH
is related to higher ionic content of water in
this season. The Electrical Conductivity (EC)
of water ranges between 2144 µS/cm in
post-monsoon and 3350 µS/cm in pre-monsoon.
Increase in EC in pre-monsoon confirms the
interference drawn about higher pH values in
this season. On the basis of EC, the ground
water samples from the Pravara basin can be
classified in Table 2.  It is seen that majority

of samples (i.e. 57% in  pre-monsoon) belong
to higher conductive class III (>3000 µS/cm)
given by Sarma and Swamy10 indicating built
of salinity in ground water.  Higher values of
EC in the recharge zone reflect low flushing
rate and sluggish groundwater movement.
Due to rolling topography and relatively
higher gradients in the discharge zone, the
conductivity values are of lower order, which
imply comparatively higher rates of flushing
of salt from these areas. The remaining
samples belong largely to medium conductive
class II  followed by medium conductive
class I. Only two samples (CW 16, CW 21) in
post-monsoon season belong to low  conductive
class  (<500 µS/cm). These samples have been
collected from the agricultural areas located
on the plateau.
Hydro chemical diversity
In order to characterize the hydrochemical
diversity of groundwater, the data were plotted
on Pipers Trilinear diagram (Fig. 2).  In the
diagram 21 samples have been plotted.  It is
seen from the figure that in pre-monsoon, out
of 21 samples, 20 samples (nearly 95%)
belong to Ca+Mg> Na+K and 1 sample
(CW 12) show Na+K> Ca+Mg cation
hydrochemical facies. Similarly, 8 samples
(38%) belong to HCO3+CO3> SO4+Cl+NO3

Fig. 2 : Chemical evolution of groundwater along the cross section from the study area
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Parameter Season Avg. Max. Min. Parameter Season Avg. Max. Min.
PH I 8.3 8.9 7.6 SO4 I 82 184 8

II 8 8.7 7.7 II 68 152 3.8
III 8.4 9.1 8.1 III 50 156 18
IV 8.2 8.9 7.6 IV 96 171 19

EC I 3376 6310 841 NO3 I 60 102 8
II 2144 6748 410 II 47 98 8
III 3350 10830 830 III 50 110 ND
IV 3228 7416 390 IV 13 76 1

TDS I 2161 4038 538 PO4 I 0.3 0.82 0.25
II 1372 4318 262 II 0.255 0.64 0.08
III 2144 7040 540 III 0.35 0.58 0.28
IV 1834 4820 254 IV 0.21 0.42 0.05

Na I 262 522 58 TH I 955 5402 196
II 213 640 54 II 566 1306 191
III 81.3 184 6 III 1145 4698 429
IV 118 332 11 IV 1118 3385 331

K I .83 2.8 0.4 B I 3.23 4.98 1.23
II 2 21 0.16 II 3.22 8.44 0.67
III 0.7 1.7 0.1 III 1.48 3.48 0.02
IV .95 2.7 .34 IV 2.43 6.5 0.41

Ca I 117 723 18 Fe I 17 40 10
II 55 287 22 II 50 101 37
III 255 1063 72 III 6 8 ND
IV 190 589 70 IV 182 720 ND

Mg I 160 870 26 Mn I 462 880 298
II 104 230 27 II 697 899 462
III 107 497 3 III 238 430 11
IV 156 465 36 IV 299 373 ND

Cl I 626 2490 20 SiO2 I 56.44 90.32 32.68
II 349 1482 24 II 51.2 74 6.32
III 408 1866 36 III 31 125 10.12
IV 487 1668 57 IV 37 68.76 18.95

HCO3 I 490 1498 294 WT I 13.33 25.75 1.51
II 414 670 198 II 3.4 7.87 1.21
III 418 1008 141 III 13.63 27.87 3.03
IV 491 683 234 IV 3.63 7.57 0.6

Table 1 : Average of physico-chemical data (four seasons) for the ground water from the cross 
section (Chandanapuri Ghat to Karhe Ghat), Sangamner area, Ahmednagar, Maharashtra, India

Note: I  : Pre-monsoon, May      III : Pre-monsoon, May  
II : Post-monsoon, November   IV :  Post-monsoon, November

•  All values are in mg/l, except pH and EC (µS/cm)
•  Fe and Mn are in ppb
•  TH = Total Hardness, WT = Water table depth in meters
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while 13 samples (61.90%) shows
SO4+Cl+NO3> HCO3+CO3 anion hydrochemical
type. This indicates that majority of samples
Ca+Mg > Na+K - SO4+ Cl+NO3> HCO3+CO3
chemical type of water particularly from
pre-monsoon season. 
In post-monsoon season, out of 21 samples, 19
samples (nearly 90%) belong to Ca+Mg>
Na+K and 2 samples (CW12, CW13) show
Na+K > Ca+Mg cation hydro chemical facies.
Similarly 6 samples (nearly 29%) have HCO3+
CO3> SO4+Cl+NO3 type while 15 samples
(71%) reflect SO4+Cl+NO3>HCO3+CO3 anion
hydro chemical facies. It is interesting to note
that in the recharge zone, the groundwater
predominently belongs to Ca+Mg-HCO3
+CO3 type that gradually passes through
Ca+Mg-SO4+Cl type to finally Na+K- SO4 +
Cl type in the discharge zone. This type of
chemical  evolution of ground water has
exihibited the properties of ground water
ranging from fresh water to slightly saline to
moderately saline in nature. This further
suggests that in the recharge area groundwater
with Ca+Mg-HCO3 + CO3 facies reflects input
of salts from the weathering of rocks. On the
other hand, Na+K- SO4+Cl type of facies are
indicating proportionately higher input of anions
and cations from anthropogenic activities.
Geo-chemical reactions 
In order to understand nature of geochemical
interactions in the study area, the ionic ratios of
different chemical constituents such us Na/Ca,

Ca/Mg and Scholler Index (SI) were calculated.
The Na/Ca of the groundwater varies from 0.29
to 7.15 in summer and 0.82 to 10.93 in winter.
This suggests that the weathering of plagioclase
is the chief source of these constituents. Spatial
variation in Na/Ca shows low values in recharge
zone and higher values in discharge zone.  This
possibly indicates enrichment in Na
concentration due to evaporation and
precipitation of Ca as CaCO3 in the discharge
zone. In summer season, values of Ca/Mg are
above unity and those in winter less than unity
suggesting that Mg is contributed in lithologic as
well as agricultural sources.  This is because Mg
is used as major nutrient for crops.  Summer
values of Ca / Mg are greater than one indicating
weathering of pyroxene and plagioclase as the
predominant source.  Lower values of Ca/Mg in
discharge zone reflect combined effect of natural
and human induced sources of Mg. To understand
the importance of ion exchange process in the
groundwater of the study area, the Schollar Index
was calculated.  It is observed that in the recharge
area, SI values are negative indicating
cation-anion exchange type of reaction i.e.
chloro-alkaline disequilibrium.  However, in the
discharge area, majority of the samples showed
the positive value of SI indicating base exchange
reaction i.e. chloro-alkaline equilibrium. This
implies that Na+ and K+ in the water are
exchanged with Ca2+and Mg+2 11.

Table  2 : Classification of groundwater on the basis of EC

Class Conductivity Winter (No. of wells) Summer (No. of wells)
Range µ S/cm

Low conductive <500 2(CW16, CW21) i.e. Nil
9.52% wells 

Medium conductive 500-1000 5(CW13, CW14, CW 15 1(CW1) i.e. = 4.76%
(Class I) CW 18 CW 19) i.e.  

23.80% 
Medium conductive 1000-3000 8(CW1, CW2, CW3, 8 (CW 2, CW 3, CW 4,

(Class II) CW4, CW5, CW9, CW 5, CW 6, CW 10,
CW17, CW 20) i.e.  = CW 15, CW 21) i.e. =
38.09% 38.09% 

Higher conductive >3000 6(CW6, CW 7, CW 8, 12 (CW7, CW8, CW 9,
(Class III) CW 10, CW 11, CW 12) CW11, CW12, CW13, 

i.e.= 28.57% CW14, CW16, CW17,
CW18, CW19, CW20)
i.e. = 57.14%
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Identification of zones of saline water
Increase in the concentration of dissolved salt in
the water attributable to both, natural and human
induced factors, leads to the process of
salinization1. On the basis of TDS, salinization of
groundwater is defined4. The waters with TDS
content ranging from 400 to >3000 mg /l have
been designated as saline water.  Hem12 classified
water into four categories based on the TDS
values. They are slightly saline (1000-3000
mg/l), moderately saline (3000-10,000 mg/l),
very saline (10000 to 35000 mg/l) and brine
(>35000 mg/l). By using the same criteria, the
wells along the cross  section of Pravara basin
were classified.  It is observed that in the recharge
zone (CW1 to CW3), wells belong to fresh water
class (TDS<1000mg/l), the wells (CW4, CW5,
CW6, CW7, CW10 and CW12) which are in the
intermediate part between recharge and
discharge areas, belong to slightly saline water
class. On the contrary, the wells (CW11, CW13
and CW 14) are situated on the both sides of river
representing discharge zone are  moderately
saline in character.  The wells (CW16, CW17,
CW18, CW19 and CW 20) located in the
recharge zone near Karhe Ghat are expected to
represent fresh water class. However,
interestingly, all of them show slightly saline
water characters (Fig. 3). This is possibly due to
contamination of the wells by mixing of sugar

mill effluent.  These wells are located in the down
gradient direction of the effluent storage pond
(lagoons) of sugar factory besides being in close
proximity to the effluent carrying stream.  Due to
mixing of effluents into the wells, saline water
characteristics have been developed. As
mentioned earlier the ground water is slightly to
moderately saline in character in the discharge
zone.This is possible because of alluvial
lithology, flat topography and intensive irrigation
practices that have lead to the problem of
salinization. The observations further show that
the area with TDS below 1000 mg/l lies in the
recharge zone, which is predominantly
non-irrigated agricultural region and located on
the plateau and hilltop. Therefore, absence of
saline waters or presence of fresh water in this
part is possible due to the faster circulation of
ground water attributable to physiography.  On
the contrary, in the discharge zone, flat
topography responsible for sluggish groundwater
flow conditions has lead to higher residence time
and greater rock-water interactions. In addition to
this, intensive irrigation and excess use of
fertilizers have lead to higher salinity in the area. 
Boron toxicity
Boron is the most commonly encountered
element found in toxic concentration in
groundwater.  Although boron is one of the

Fig. 3 : Cross section of the study area in N-S direction (Karhe Ghat to Chandanapuri Ghat)  
showing subsurface geology and mechanism of salinization
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Table 3 : Classification of groundwater along the cross Section of Pravara basin for Boron toxicity

Toxicity Concentration Pre-monsoon Post-monsoon
Low <1 ppm 9(CW3,CW4,CW5, CW8, 6(CW2, CW3, CW4, 

CW18, CW19, CW20, CW6,CW7,CW18,)
CW21,) i.e. 42.85% wells i.e. =28.57%

Medium 1 to 2 ppm 6(CW1,CW2,CW7, CW12, 4(CW5, CW9, CW15,
CW14, CW17) i.e. 28.57% CW17) i.e. =19.04%
wells 

High 2 to 3 ppm 4(CW6, CW 10, CW 11, 3 (CW8, CW12, CW 19)
CW 13) i.e.= 19.04% i.e. = 14.28%

Very High > 4 ppm 1(CW16) i.e. = 4.76% 8(CW1, CW10, CW11, 
CW13, CW14, CW16, 
CW20, CW21,) 
i.e. =38.09%

essential nutrients for plant growth, its deficiency
produces striking symptoms in many plant
species. In salt affected soil excessive
concentration of boron in addition to salinity
restricts plant growth. It also adversely affects
crop production.  Many workers have detected
the boron toxicity in salt affected soils13-15. In
relation to boron toxicity, Tondon16 classified the
waters into four different classes.  Based on this
the groundwater from the study area can be
classified as given in Table 3. It is seen from the
table that the boron content in 28% samples in
winter and 43% in summer was below 1 ppm.
This indicates that majority of the samples in
summer have lower values of boron thereby
reflecting less toxicity hazard. In contrast, the
remaining samples belong to medium, high and
very high category of boron toxicity.  This
suggests that in irrigated agricultural area,
groundwater is rich in B. However, it is
interesting to note that some of the wells from the
plateau, top hill slopes and near sugar factory
region have displayed high values of B. Since
non-irrigated area shows occurrence of
calcareous soils7 the high concentrations of B are
not expected to cause any toxicity.  This is due to
the fact that in these soils, B precipitates as
calcium borate17. The possible means to
counteract the toxicity of boron is through
selection of crops. Alfalfa, wheat, barley, oats,
cotton, sugarbeet, sorghum and maize are
reported to be tolerent to boron (5-10 mg/l).  The
oil seeds, legumes, citrus and horticultural plants
are in general sensitive to boron.  The tolerance
of crops to boron increases in the presence of
soluble calcium, nitrogenous and phosphates

fertilizers and decrease with increase in
salinity14.
Nitrate pollution
Nitrate pollution problem is more aggravated
especially in region where large doses of
chemical fertilizers are applied. It is to be noted
that nitrate themselves are not especially
dangerous.  But when certain bacteria are present
in the digestive tract may convert the nitrate into
highly toxic nitrites which can lead to 'blue baby
syndrome' (Methamoglobinema) in infants. The
groundwater resources contaminated with high
levels of nitrate (>45 mg/l) are an environmental
hazard.  Incidences of nitrate pollution of ground
water have been reported by several workers18-20.
In the present study, analysis of groundwater for
nitrate was carried out and the results obtained
are tabulated in Table 1. It is observed that wells
from the  irrigated agricultural surrounded by
sugar cane field and close to cattle waste
disposal areas have been shown higher
concentration of nitrate.  This is possible due to
leaching of organic and inorganic fertilizers from
irrigated land by infiltration.  On the temporal
scale, nitrate from the study area has been found
to be increased during summer than in winter due
to concentration-dilution effect. 

CONCLUSION
The studies carried out about the quality
assessment of groundwater and their impacts on
soil of Pravara river from Sangmaner area
clearly revealed that excess irrigation, over use of
chemical fertilizers coupled with monoculture
type of cropping pattern deteriorated soil and
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groundwater resources from the study area.  In
general, electrical conductivity varies from 2144
µ S/cm to 3350 µ S/cm indicating increase in the
ionic content of groundwater in pre-monsoon.
Rolling topography and relatively higher
gradients in the discharge i.e. Chandanapuri Ghat
and Karhe Ghat leading to higher rates of
flushing display low EC values.  As against this,
higher EC values in the recharge zone suggest
sluggish groundwater movement and build up of
salinity due to low flushing rates. Increase in the
values of cationic and anionic parameters in
pre-monsoon and decrease in post-monsoon
season suggests concentration-dilution
phenomena attributable to climatic factors.
Diverse  hydrochemical characteristics have been
evidenced by rapid chemical evolution of
groundwater from Ca+Mg – HCO3+CO3 type to
Na+K-SO4+Cl type. The TDS average values
ranging between 1372 mg/l in post-monsoon and
2161 mg/l in pre-monsoon clearly indicates
slightly saline to moderately saline groundwater
properties. In nutshell, geology, hydrogeology,
geomorphology, mineralogy and anthropogenic
activities have played cumulative role in the
development of soil salinity in the study area.
Therefore, appropriate farm management
practices based on judicious use of resources,
controlled use of fertilizers and mixed culture
type of cropping pattern need to be adopted to
overcome the problem of soil and groundwater
degradation in the study area.

ACKNOWLEDGEMENT
The author is thankful to Dr. N. J. Pawar, Vice-
Chancellor, Shivaji University, Kolhapur for his
valuable guidance and constant encouragement.
The author is also thankful to Head, Department
of Environmental Science, University of Pune
and Post-Graduate Research Centre in Chemistry,
Sangamner College, Sangamner for providing
necessary research facilities.

REFERENCES
1. Salama R.B., Otto C.J. and Fitzapatrik R.W.,

Contribution of groundwater conditions to
soil and water salinization, J. Hyd., 7(1), 46,
(1999).

2. Bari M.F. and Anwan A.H.M.F., Effect of
irrigated agriculture on groundwater quality
in North- Western Bangladesh, In Proc. of
international conference on integrated water

resources management for sustainable
development, New Delhi, 1(2),419, (2000).

3. Cruz J.V. and Silva M.O., Groundwater
salinization in Pico Island, Azores, Portugal:
Origin and mechanism, Env. Geol., 39(10),
1181, (2000).

4. Mehta S., Fryar A and Banner J., Control on
the regional-Scale salinization of the ogallala
aquifer, southern high plains Texas, USA,
Appl. Geo., 15(1),849, (2000).

5. Roux P., Preez C.C., Strydom M.G., Rensburg
L.D. and Bennie A.T.P., Effect of irrigation
on soil salinity profiles along the lower vaal
river, South Africa, Water SA, 33(4), 473,
(2007).

6. Schuch U.K., Walworth J., Mahata T. and
Pond A., Accumulation of soil salinity in
landscapes irrigated with reclaimed water,
Turfgrass, Landscape and Urban IPM
Research Summary, 67, (2008).

7. Deshmukh K.K. and Pawar N.J., Impact of
irrigation on the chemistry of the soils and
groundwater from Sangamner area,
Ahmednagar, (M.S.) University of Pune,
Ph.D. Thesis, (2001).

8. Rakib U. M., The natural environment of
Pravara river basin and its impact on land
utilization, Ph.D. Thesis, University of Pune,
(1984).

9. APHA, AWWA and WPCF, Standard
methods for the examination of water and
waste waters, America Public Health
Association, 14th Ed, (1987).

10. Sarma V.V.J. and Narayanswamy A.,
Groundwater quality in Visakhapatanam
basin, India, Wat, air and soil pollu,
16(1),317, (1981).

11. Raju C.S. and Gaud P.U.P., Quality
characterisation of groundwater in Kiolsagar
project area, Mehabubnagar, A.P., India, Env.
Geol, Water Sci., 16(2), 121, (1990).

12. Hem J.D., Study and interpreation of
chemical characteristics of natural waters,
U.S. Geol. survey wat supp. paper no. 2254,
(1991).

13. Sharma H.C. and Bajwa M.S., Different
forms of boron in salt affected soils, J. Ind.
Soc. Soil Sci., 37(1), 470, (1989).



Journal of Environmental Research And Development                                Vol. 6 No. 3, Jan-March 2012 

414

14. Saha J.K. and Singh M.V., Effect of
temperature on determination of boron by
azomethane-H method, J. Ind. Soc. Soil Sci.
41(1), 138, (1997).

15. Gupta S.K. and Gupta I.C., Management of
saline soils and waters, Scientific
Publishers, Jodhpur, (1997).

16. Tondon H.L.S., Methods of analysis of soils,
plants, waters and fertilizers, fertilizer
development and consultation organization,
New Delhi, (1993).

17. Gupta I.C., Use of saline water for irrigated
soils in arid and semi-arid zones of Rajastha,
Ind. J. Agri. Res., 6(4), 207, (1974).

18. Hill A.R., Nitrate distribution in the
groundwater of the Alliston region of
Ontario, Canada, Groundwat, 20 (6), 696,
(1982).

19. Pawar N.J. and Shaikh I.J., Nitrate
pollution of groundwater from shallow
basaltic aquifers, Deccan trap hydrologic
province, India, Env. Geo. 25(1), 197,
(1995).

20. Datta P.S., Deb D.L. and Tyagi S.K.,
Assessment of groundwater contamination
from the fertilizers in Delhi area based on
18O, NO3 and K+ composition, J. Cont.
Hyd., 27 (3-4), 249, (1997).

Earth 
can be 
protected 

Only by GreeneryGreenery


