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FOREWORD

Water isthe most important natural input not only for producing food and sustainable socio-
economic development but important for existenceof lifeaswell. The present trendsof population
dynamicsand shrinking land holding call for harnessing theavail able poor quality groundwater
by evolving suitabletechnol ogy and proper management practices. Moreover, the depleting
water resources owing to over exploitation of ground water in Haryanastate poses major threat
for sustainable crop production. Inthe state, groundwater accountsfor 50 per cent of theirrigated
areaand morethan half of thesewaters (55 per cent) are of poor quality.

Thetotal annual repl enishable ground water resources of the country have been estimated as
433 hillion cubic meter (BCM). Out of this, thenet annua ground water availability for theentire
country is399 BCM. Theannual ground water draftis231 BCM which indicatesthat only 58
per cent of the available groundwater isbeing used by the country. Whereas, in Haryanastate,
thetotal annual repl enishable ground water resources have been estimated to 9.31 BCM and
out of thisabout 8.63 BCM isthe net annual available groundwater. The annual groundwater
draftis9.45BCM whichindicatesthat 110 per cent of the available groundwater isbeing used
by the state. The groundwater of southern part of Haryanaespecially Mahendragarh districtis
generally brackish and declining at arate of 164 cm annually. In order to plan management
strategiesinthisarea, there has been requirement of detailed survey of groundwater quality.
Hencethepresent bulletin on“ Assessment of Groundwater Qudity for Irrigation of Mahendragarh
Digtrict, Haryana’ isvery timely and would proveto be astepping stonefor enhancing thecrop
production and management of poor quality water inthedistrict.

| complement theauthorsfor bringing out thiscompilation of survey work with beautiful spatial
graphical portrait relevant to groundwater depth and itscharacteristics. | hopethispublication
will proveuseful to students, teachers, researchersand farmersfor enhancing thecrop production
throughjudicioususe of available poor quality waters. Thisbulletin will also providetechnical
guidelinestoformulate spatial strategiesfor efficient management of thewater resourcesinthe

district. w

Dr. K.S. Khokhar
April 2011 Vice-Chancellor
Hisar CCS HAU, Hisar







PREFACE

Water isvita for redlizing thefull potentia of the agricultural sector and country’ sdevel opment.
Oneof themg or obstaclesto increasefood production in arid and semi-arid regionsisthelack
of fresh water resources. With the advancement in modern technol ogiesand irrigation system,
there is a tremendous pressure on groundwater quantity and quality. As a consequence,
groundwater depth and quality are deteriorating at aalarming ratein many parts of the state,
particularly in Mahendragarh district. Thedistrict isunder semi-arid climatewith along dry hot
westher, having an averageannual rainfall of 407 mm. Dueto very limited cana network, rainfall
isthe only sourcefor recharge of groundwater. The over exploitation of groundwater inthe
district hasbeen increased from 119 per cent (in year 1978) to 136 per cent (in year 2010).

Keepingall thisinview andto combat these problems, thisbulletinis prepared in comprehensive
formwhich containscong derableinformation regarding the fluctuation and quality of groundweter
being used by thefarmersfor irrigation purposein the Mahendragarh district. The purpose of
thisbulletinisto updatethere evant information so that thelatest synthes zed knowledge becomes
eadly accessibleto research workers, teachers, students, plannersand policy makersaswell as
farmerswho can utilizeit profitably with the better management and devel opment of water
resourcesfor enhancing crop production.

We areextremely grateful to Dr. K.S. Khokhar, the hon'’ ble Vice-Chancellor, CCSHaryana
Agricultural University, Hisar for encouraging and appreciating thework.

Thewordsare nor €l oquent enough to expressour specia feglingsfor our family membersfor
their moral support, deep affectionsand encouragement during preparation of thisbulletin.

Wewishtorecord thegratitudeto our field staff, office staff and all who rendered their support
and servicesin various capacitiesthroughout the preparation of thisdocument.

Authors







MAHENDRAGARH DISTRICT AT A GLANCE

Sr. No. [tems Statistics
1. Generd information
Geographica area(sg. km.) 1899 sg. Km.

Number of blocksand their names

Number of villages
AverageAnnud Rainfal (mm)
Highestrainfall (between 1993 to 2009)
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Net areasown
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Areaunder mgjor crops
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Oil seeds
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Crop production
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Other sources
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sandtoloamy sand
140000 ha
128000 ha

41000 ha
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491 ton
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493 ton
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77000 ha
8000 ha
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Remedia measures
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-16.44m

-229cm
-93cm

-118cm
-122cm
-260 cm

Very fast declinein water table (164
cmannually) dueto exploitation

Apply gypsuminthesoil and adopting
modern methodsof irrigation




1. INTRODUCTION

1.1 LOCATION

Mahendragarh district occupies the southern extremity of the state. It lies between 27° 47/
50" N and 28° 28 15" N, latitude and between 75° 53 40" E and 76° 22' 10" E longitude. Narnaul
town is the administrative headquarters of this district. It is surrounded by Bhiwani and Rohtak
districts of Haryanain the north, by Rewari district of Haryanaand Alwar district of Rajasthan in
the east, by Alwar, Jaipur and Sikar districts of Rajasthan in the south and by Sikar and Jhunjhunu
districts of Rgjasthan in thewest. It hasageographical areaof 1899 square kilometers. Thedistrict
has five blocks viz, Mahendragarh, Kanina, Ateli, Narnaul and Nangal Chaudhary (Fig.1.1) The
elevations of the plains above the mean-sealevel range from 270.6 to 294.6 m in south, 217.1 to
267.0 min north, 252.9 to 294.6 m in west and from 218.6 to 270.6 m in east.
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Fig.1.1: Location map of Mahendragarh
district




Assessment of Groundwater Quality

1.2 RAINFALL AND CLIMATE

Mahendragarh district isasemi-arid with along dry hot weather period lying in the south-
western part of Haryana state. Hot, dust raising winds are common in April, May and June. From
March onward the day temperature starts rising and in the month of May and June, it becomes
very hot. By the end of June, the monsoon clouds appear. The average annual rainfall inthedistrict
is407 mm and about 90 per cent of thenormal annual rainfall inthedistrict isreceived during June
to September, whereas, July and August being the rainiest months. The blockwise details of average
annual rainfall from year 1993 t0 2009 isgivenin Table 1.1. Among this period, the highest rainfall
(890 mm) in the district was occurred during the year 1996 and the lowest (129.4 mm) was during
2002 (Fig.1.2). The occurrence, origin, quality and availability of groundwater in the district are
related to the recent and sub-recent formations. These geological formations of the area do not
contain groundwater in substantial quantity. Dueto very limited canal network, rainfall isthe only
source of groundwater.

Tablel.1: Block wisedetailsof averageannual rainfall (mm) of Mahendragarh district

Year Narnaul Mahendragarh Atdli Kanina Nangal Mahendragarh
block block block block Chaudhary district
block
1993 690.6 5484 11046 1710 2538 554.7
194 4843 4351 587.8 1772 3611 4001
1995 9396 797.1 88 7110 4975 7788
199% 128385 669.8 975.0 7710 7455 8900
1997 8378 5030 7074 39%6.0 4686 5826
1998 5168 296.0 3798 3340 3100 3673
1999 286.1 1820 206.0 1782 187.2 2079
2000 3524 2194 206.0 2028 1812 2324
2001 628.1 3708 3730 2702 3440 3972
2002 2093 919 975 820 1662 1294
2003 42738 3810 3415 3710 4610 3965
2004 3047 1996 3510 1740 2495 2558
2005 8.2 4002 5025 3H12 628.0 5570
2006 432.7 1964 1970 1275 4602 2828
2007 547.3 3214 3809 2335 6425 4251
2008 12199 5935 847.0 5325 5830 7552
2009 5915 1955 3710 2680 2435 3339
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Fig.1.2 : Average annual rainfall of Mahendragarh district
1.3 MAJOR CROPS

Nearly 86.5 per cent of population of thedistrict livesin villagesand their main occupation
isagriculture. Dueto hot and dry areawith limited rainfall duration, the crop grown in the district
are pearl-millet and cotton in kharif season, whereas, wheat and mustard in rabi season. Themain
fodder cropisjowar and cluster bean. Apart fromthis, kharif vegetables, onions, turmeric, cucumber,
etc. are also grown as minor crops.

1.4 GEOMORPHOLOGY AND SOILS

The district shows full sequence of the exposures of Delhi and Aravali ranges of Pre-
cambrianage, which are composed of quartzite, shales, phylites, schists, etc., with different igneous
intrusives. It consists of fairly leveled to gently undulating alluvial and sandy plains, interspersed by
sand dunes, isolated hillocks and ridges. The soils are mostly sand to loamy sand throughout the
profile. They are excessively drained and have a problem of shifting sand dunes. According to 7th
approximation they are non-cal careous, Typic Torripsamments. However, the soilsin Narnaul and
Nangal Chaudhry blocks are sandy loam at the surface and loam in the sub-surface and are well
drained. The hill ranges are amarked feature of the district. They are apart of great Aravali chain.
They provide natural meadows for animalsand also contain anumber of rich minerals. The Dhosi
hill touches a height of about 700 metres above sea level. Alkaline earths occur as efflorescence
on the surface of earth and contain predominantly carbonate and bicarbonate of sodium. Their
presence on the surface makes the land infertile, but on the other hand these can be economical
source for sodium carbonate when the concentration of such salts reaches high. Alkaline
efflorescence are quite extensive around Gohoro (Golwa) and Nangal Durgo in the area.




2. GROUNDWATER SCENARIO

Thetotal annual replenishable groundwater resources of the country have been estimated
as433 billion cubic meter (BCM). Out of this, the net annual groundwater availability for theentire
country is 399 BCM. The annual groundwater draft is 231 BCM which indicates that only 58 per
cent of the available groundwater is being used by the country. This reflects that the available
resources of groundwater in the country asawholeisunder exploited. Whereas, in Haryana state,
thetotal annual replenishable groundwater resources have been estimated as9.31 BCM and out of
this about, 8.63 BCM is the net annual available groundwater. The annual groundwater draft is
9.45 BCM which indicates that 110 per cent of the available groundwater is being used by the
state, means over exploited. The flow of groundwater in the state is generally towards southwest.

2.1 GROUNDWATER RESOURCES OF THE DISTRICT

In Mahendragarh district, according to assessment of groundwater potential approved by
NABARD in year 1978, the total useable recharge was 379.70 million cubic metre (MCM) and
out of it 451.78 MCM wasbeing utilized which indicatesthat 119 per cent of theavailablegroundwater
wasbeing used. Now inyear 2010, according to Central Ground Water Board, utilizable groundwater
resourcesinthedistrictis193 MCM and net groundwater draft is 262 which indicatesthat 136 per
cent of the available groundwater was being used. This means over exploitation of groundwater
has been increased by 17 per cent in the last 32 years. In the district, shallow aquifers occur in the
aluvial deposit down to a depth of 60 m to 100 m. Wells in these areas yield 30 to 50 m¥hr for
moderate drawdown. In some parts of the district, aquifers in the weathered/fractured quartzites
and cavernous limestone have yield potential of 5to 50 m*hr for moderate to high drawdown.

2.2 GROUNDWATER FLUCTUATION STUDY OF THE DISTRICT

The groundwater data reveal that the level of water table in whole district is beyond the
critical level of 10 metres. In the year 2000, the highest water table was 3.0 m in Chhitrali village
of Kaninablock dueto Mahendragarh distributory passesvery near to thisvillage. But the average
water table for this block was 17.98 m (Table 2.1). The lowest water table in this year was 83.45
m in Nithalawas village of Mahendragarh block. But the average water table of this block was
41.66 m. Whereas, the average water table in Ateli, Narnaul and Nangal Chaudhary blocks were
29.76, 26.05 and 37.24 m, respectively. During the year 2010, the highest (7.45 m) and the lowest
water table (100.0 m) were remained in same villages Chhitroli and Nithalawas, respectively.
Whereas, the average water tablein Ateli, Kanina, Mahendragarh, Nangal Chaudhary and Narnaul
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Groundwater Scenario

blockswere 52.63, 27.28, 53.51, 38.24 and 63.23 m, respectively (Table 2.1). The average annual
water table declining rate for the district is 164 cm. The blockwise average groundwater levels
during the different years are shown in the Figure 2.1. It is observed from the figure that the
declining trend is very steep in the Narnaul block, particularly in the last two years.

Table2.1:  Blockwiseaveragewater tabledepth and fluctuation in Mahendragarh district

Block Averagewater table(m) Water table Averageannual
2000 2010 fluctuation (m) water table
fluctuation (cm)
Ateli 29.76 52.63 -2287 -229
Kanina 17.98 2728 -9.29 -93
Mahendragarh 41.66 5351 -11.85 -118
Narnual 26.05 3B24 -1219 -122
Nangal Chaudhary 3724 63.23 -25.99 -260
Mahendragarh district 3054 46.98 -16.44 -164

The groundwater contour maps of the district are constructed for the year 2000 and 2010 to study
the temporal behaviour in the groundwater level, as shown in Figures 2.2 and 2.3. In year 2000,
groundwater levelswere deeper in the central part of thedistrict (Fig.2.2), ranging from40to 60 m
(Mahendragarh block). Position of groundwater in the northern and southern part of the district
was better, ranging from 10-30 m. It can be observed from the contour map that the groundwater
level in Kaninablock was better than other blocks (Fig.2.2) Inyear 2010, groundwater levelswere
also deeper in the central part of the district (Fig.23), ranging from 60 to 80 m (Mahendragarh and
Narnaul blocks). Paosition of groundwater level inthe northern part of thedistrict is till better than

Year
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
0 1 1 1 1 1 1 1 i

——Ateli —=—Kanina —a—Mahendragarh
—o—Nagal Choudhary ——Namual

Depth of watertable (m)

Fig.2.1: Periodical behaviour of waterablein different blocksof Mahendragarh district
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District boundary

District boundary

Fig.2.3: Contour map of groundwater level in Mahendragar h district duringyear 2010
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other partsof thedistrict, ranging from 20-40 m (Fig.2.3). From the contour map of year 2010, itis
observed that groundwater level in southern part changed drastically in ten years (from 2000).
Earlier in year 2000, it was ranging from 20-30 m but now in 2010, it isfrom 20-60 m. From the
contour maps, it can be predicted that overall position of groundwater level in the district isvery
vulnerable as the range of groundwater level of the district has been changed from 10-60 m to 20-
80 m from year 2000 to 2010. Thismay occur dueto the deficit in rainfall in recent years and over
exploitation of groundwater. According to areport of Central Ground Water Board, all the blocks
in the district are over-exploited for groundwater and water tableis going down at very high rate.




3. BLOCKWISE CHEMICAL COMPOSITION OF GROUNDWATER

Water samples were collected at an interval of three to four kilometers on the kachcha,
link and main roads. The elevation, longitude and | atitude angles of the sampling pointswererecorded
by GPS system at each location. All the 299 groundwater samples (59 from Ateli, 54 from Kanina,
87 from Mahendragarh, 57 from Nangal Chaudhary and 42 from Narnaul) were analyzed for
various chemical parameters, viz. EC, pH, cations (Na*, Ca'? and Mg*?) and anions (CO,?, HCO,
and CI). Subsequently, SAR and RSC were calculated for these samples. The range and mean of
different water quality parameters of these blocksare presented in varioustables. Then the samples
wereclassified into seven categories asper thecriteria(Table 3.1) formulated by All IndiaCoordinate
Research Project on “Management of Salt Affected Soils and Saline Water Use in Agriculture’.
Blockwise average chemical composition and the extent of their distribution are discussed bel ow.

Table3.1: Criteriafor water quality classification (Al CRP, 1989)

Quality Class EC (dS/m) SAR (mmol/l)* RSC (me/l)
Good A <2 <10 <25
Marginally saline B, 24 <10 <25
Sdline B, >4 <10 <25
High SAR saline B, >4 >10 <25
Marginally alkali C <2 <10 2540
Alkdi C, <2 <10 >40
High alkali C, Variable >10 >4.0

3.1 ATELI BLOCK

Ateli block lies between 28°00'20" to 28°13'20" N latitude and 76°05' 30" to 76°21' 40" E
longitude. It issurrounded by Khol block of Rewari in east, by Kanina, Mahendragarh and Narnaul
blocks of Mahendragarh district in north and west. It issurrounded by Rajasthan state on south and
some part of east side. The block ishaving 81 villages.

Intheblock, EC ranged from 0.84 to 5.30 dS/m with amean of 2.09 dS/m (Table 3.2). The
lowest electrical conductivity of 0.84 dS/m in water samples was observed in village Ateli. The
study revealed that 62.7 per cent of the samples showed EC values less than 2 dS/m and the
maximum value of EC was found as 5.30 dS/m in village Ateli Mandi. Spatial variability in the




Blockwise Chemical Composition

samplesis observed from the Fig.3.1 where agraph is drawn between the sample points and their
EC values. Itisobserved from the contour map (Fig.3.2a) that the EC of groundwater ishighinthe
middle part of theAteli block wherered colour contour linesare shown. Inthe map, increasein the
intensity of red from green colour indicates the increase in EC of groundwater. In the block,
groundwater in surrounding areasis of low EC compared to the central part of the block. The pH
ranged from 7.39 to 8.98 with an average of 8.23 (Table 3.2). The lowest pH 7.39 in water
samples was observed in village Tigra and the highest value 8.98 was recorded in village Nangal
Sirohi. It isobserved from the contour map (Fig.3.2b) that in western boundary of the block, value
of pH ishigher than other parts of the block. More than 8.5 value of pH represent the alkali nature
of water. The SAR ranged from 3.18 to 26.02 (m mol/l)* (Table 3.2) with an average value of
10.44 (m mol/l)*, thelowest SAR value being recorded in village Rithal Garhi and the highest value
being recorded in Bajar village. Thevariationsin valuesof SAR of thisblock are shown by contour
map (Fig.3.2c). In the central part of the block, the value of SAR islower than the outer parts of
the block. Increasing SAR values reflects increase in sodicity of groundwater. Highest SAR is
observed in the eastern part of the block. The RSC varied from nil to 8.00 (me/l) (Table 3.2) with
an average of 2.68 (me/l) and maximum value of RSC 8.00 (me/l) wasfound in the village Sihma.
It was observed that in 25.42 per cent water samples, RSC wasnil. RSC isresponsiblefor increase
in akaline nature of groundwater .The overall RSC of this block is lower in comparison to other
blocks of the district. Only western part of the block has higher RSC than other parts of the block.
In the central part of the block, it isamost absent/nil (Fig.3.2d).

Table3.2: Rangeand averageof different water quality parameter sin Ateli block

Sr.No. Parameters Range Average
1 EC(dSm) 0.84-53 209
2 pH 7.39-8.98 823
3 Na (me/l) 5.69-34.12 1657
4 Ca?(mell) 02-111 247
5 Mg+ (mell) 0.3-88 372
6 Cl- (mel) 35-47.0 1305
7 CO,?(mell) 0.0-3.0 0.79
8 HCO, (mel) 36-11.2 6.52
9 SAR (mmol/l)* 3.18-26.02 1044
10 RSC (mefl) 0.0-8.00 263
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EC (dS/m)

The average chemical composition and related quality parametersin different EC ranges
for Ateli block are givenin Table 3.3. The distribution of saltsin the groundwater was varying as
depicted in Fig.3.3. It showed that per cent in EC classes increased with increase in the EC of
groundwater upto 2 dS/m and afterwards, percentage of samples started decreasing gradually
with further increase in EC of irrigation water. The maximum number of 34 samples were
concentrated in EC class of 1-2 and followed by 14 samplesin EC class of 2-3 dS/m. It is seen that
86.44 per cent samples were found upto EC of 3 dS/m, whereas, there was no sample above EC

6

10

20

30

40

Samplepointsin Ateli block

50

Fig.3.1: Spatial variability in EC of thecollected samples

60

of 6 dS/m.

Table3.3: Chemical composition of groundwater samplesof Ateli block in different EC classes
ECclasses No.of 9% of Na Ca Mg CO, HCO Cl RSC SAR
(dSm) samples samples (mefl) (mmoal/l)”
01 3 508 990 097 133 107 6.07 527 483 928
12 A 5763 1432 154 279 08 6.73 88 338 1081
23 14 2373 1813 243 477 071 6.26 1461 155 997
34 6.78 231 593 595 095 810 260 173 1001
45 5.08 2694 747 757 013 440 3713 000 9.82
56 169 A2 1060 740 000 460 4700 000 11.37
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Block boundary Block boundary

a) Contour map of EC of groundwater b) Contour map of pH of groundwater

Block boundary Block boundary
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41
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¢) Contour map of SAR of groundwater d) Contour map of RSC of groundwater

Fig.3.2: Contour map of water quality parameters(EC, pH, SAR, RSC) of groundwater in Atdli block of
Mahendragarh district
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Fig.3.3: Per cent samplesin different EC classes

In case of anions, chloride was the dominant anion with maximum value of 47.0 me/l,
observed in village Ateli Mandi and minimum 3.5 me/l was recorded in village Nangal Sirohi.
Bicarbonate (HCO,) ranged from 3.6 to 11.2 me/l, the maximum value was observed in the water
samples of village Sthmaand minimum value was found in village Bajar. The average values for
CO,? HCO, and CI- were found to be 0.79, 6.52, 13.05 me/l, respectively and the anionswerein
order of CI->HCO, > CO,? The concentration of the anions in different classes of EC is given
by Fig.3.4.

In cations, sodium concentration varied widely from 5.69 to 34.12 me/l, minimum value
was observed invillage Rithal Garhi and maximum valuewas observed inAteli Mandi followed by
magnesium (0.3to 8.8 me/l) and calcium (0.2to 11.1 me/l). Average valuesfor Na“, Mg*? and Ca?
were 16.57, 3.72 and 2.47 me/l, respectively. The concentration of the cationsin different classes
of EC is given by Fig.3.5. It is observed that cations in groundwaters followed the order Na* >
M g+2 > Ca+2'

According to AICRPclassification, the maximum sampleswerefound in high akali quality
(42.4 per cent) category followed by marginally saline (22.0 per cent) (Fig. 3.6). The per cent
samplesin good, marginally alkali, salineand high SAR saline classeswere 16.9, 10.2, 6.8and 1.7
per cent, respectively. The highest number of samples (25) wasfound in high alkali classfollowed
by 13 and 10in marginally saline and good classes, respectively. However, no samplewasfoundin
alkali class.
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3.2 KANINA BLOCK

Kaninablock lies between 28°10'20" to 28°28'15/ N latitude and 76°09'45 to 76°22/00" E
longitude. It is surrounded by Nahar, Jatusana and Khol blocks of Rewari district on north-east
side, by Dadri block of Bhiwani district in north, by Mahendragarh and Ateli blocks of Mahendragarh
district in west and south sides respectively. The block ishaving 63 villages.

Intheblock, EC ranged from 0.35t0 9.29 dS/m with amean of 2.37 dS/m (Table 3.4). The
lowest electrical conductivity of 0.35dS/minwater sampleswasobserved in village Kakrala. The
study revealed that 85.2 per cent of the samples showed EC less than 4 dS/m and the maximum
EC wasfound as 9.29 dS/m in village DongraAhir. Spatial variability in the samplesis observed
from the Fig.3.7 where a graph is drawn between the sample points and their EC values. It is
observed from the contour map (Fig.3.8a) that the EC of groundwater is high in the northern and
southern parts of the block where red colour contour lines are shown. In the block, EC of
groundwater in the central as well as eastern and western parts of the block is very low which
reflectsthat groundwater of the most part of the block ishaving EC lessthan or equal two. The pH
ranged from 7.53 to 9.37 with an average of 8.51. The lowest pH (7.53) in water samples was
observed in village Potaand the highest pH (9.37) wasrecorded in village Kharana. It is observed
from the contour map (Fig.3.8b) that in central and southern parts of the block, pH is higher than
other parts of the block. Thevalue of pH inthewhole block ismorethan 8.5 except some patches.
The SAR ranged from 3.98 to 25.04 (m mol/l)* with an average value of 12.36 (m mol/l)*, the
lowest SAR value was recorded in village Unhani and the highest value recorded in Chhitroli
village. The variationsin values of SAR of thisblock are shown by contour map (Fig.3.8¢c). Inthe
central part of the block, the value of SAR is lower than the outer parts of the block. The RSC

varied from nil to 13.0 (me/l) with an average of 3.10 (me/l) and maximum value of RSC 13.0 (me/
Table3.4: Rangeand averageof different water quality parameter sin Kaninablock

Sr.No. Parameters Range Average
1 EC (dS/m) 0.35-9.29 237
2 pH 7.53-9.37 851
3 Na' (me/l) 3.4—-63.63 2004
4 Ca?(mell) 05-12.2 24

5 Mg*? (mell) 14-814 14.79
6 Cl-(mell) 21-936 17.18
7 CO,?(mell) 0.0-4.0 108
8 HCO, (mefl) 20-112 598
9 SAR (mmol/l)* 398-25.04 1236
10 RSC (mefl) 0.0-130 310

-t
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Blockwise Chemical Composition

[) wasfound in thevillage Kanina. It was observed that in 24.07 per cent water samples, RSC was
nil. There are three main patches of higher RSC in the block on eastern, southern and northern
boundaries. In the central part of the block, it isamost absent/nil (Fig.3.8d).

10 +

2 - L\/‘V\
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0 10 20 30 40 50 60
Samplepointsin Kaninablock

Fig.3.7: Spatial variability in EC of thecollected samples

The average chemical composition and related quality parametersin different EC ranges
for Kanina block are presented in Table 3.5. The distribution of salts in the groundwaters was
varying asdepicted in Fig.3.9. It showed that per cent in EC classesincreased with increasein the
EC of groundwater upto 2 dS/m and afterwards, percentage of samples started decreasing gradually
with further increase in EC of irrigation water. The maximum number of 22 samples was
concentrated in EC class of 1-2 and followed by 11 samplesin EC class of 2-3dS/m. It is seen that
77.78 per cent samples were found upto EC of 3 dS/m, whereas, there was no samplefound in the
EC class of 7-8 dS/m.

In case of anions, chloride was the dominant anion with maximum value of 93.6 me/l was
observed invillage DongraAhir and minimum 2.1 me/l wasrecordedin village Kakrala. Bicarbonate
(HCO,) ranged from 2.0 to 11.2 me/l, the maximum value was observed in the water samples of
village Kaninaand the minimum value was found in village Kakrala. The average valuesfor CO,?,
HCO, and Cl- were found to be 1.08, 5.98, 17.18 me/l, respectively and the anions were in order
of CI-> HCO, > CO,* The concentration of the anions in different classes of EC is given by
Fig.3.10.

In cations, sodium concentration varied widely from 3.4 to 63.63 me/l, minimum valuewas
observedinvillage Kakralaand maximum valuewas observed in DongraJat followed by magnesium
(1.4 to 81.4 me/l) and calcium (0.5 to 12.2 me/l). Average values for Na', Mg*? and Ca" were

15
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Fig.3.8: Contour map of water quality parameter s(EC, pH, SAR, RSC) of groundwater in Kaninablock
of Mahendragarh district
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Table3.5:  Chemical composition of groundwater samplesof Kaninablock in different EC classes

EC No. of % of Na Ca Mg CO, HCO, Cl RSC SAR
classes samples samples (mell) (m moal/1)*
(dSm)
01 9 16.67 824 088 147 071 493 378 330 788
1-2 2 40.74 1545 1.26 218 126 657 871 439 1242
2-3 n 20.37 19.38 221 310 127 6.88 1464 364 1334
34 4 741 2301 408 540 070 510 2530 008 1150
45 3 556 3251 547 967 033 413 4280 000 12.00
56 2 370 4960 395 530 260 6.30 4050 030 23.16
67 1 185 53.67 680 1170 100 560 5400 000 17.65
7-8 0 0.00 000 000 000 000 000 0.00 000 0.00
89 1 185 63.63 1000 1050 000 500 8320 000 19.87
910 1 185 4892 1220 2930 000 240 9360 000 10.74
45 -
40
35 4
E_ 30 4
g 25 1
§ 20 4
5 15
-9
10
5 .
0 T T T T T T

0-1 1-2 2-3 34 45 56 6-7 89 9-10
EC classes

Fig.3.9: Per cent samplesin different EC classes

20.04, 14.79 and 2.4 me/l, respectively. The concentration of the cationsin different classes of EC
isgiven by Fig.3.11. It is observed that cations in groundwaters followed the order Na* > Mg+2>
Ca+2_

According to AICRP classification, the maximum sampleswerefoundin high alkali quality
(44.4 per cent) category followed by high SAR saline (20.4 per cent) (Fig.3.12). The per cent
samplesin good, marginaly alkali, marginally saline, alkali and saline classeswere 16.6, 7.4, 5.6,
3.7 and 1.9 per cent, respectively. The highest number of samples (24) were found in high alkali
classfollowed by 11 and 9 in high SAR saline and good classes, respectively. However, the least
number of samples (1) was found in saline class.
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3.3 MAHENDRAGARH BLOCK

Mahendragarh block lies between 28°09'30" to 28°27'50" N latitude and 75°53'40" to
76°12'30" E longitude. It is surrounded by Kaninablock of Mahendragarh district in the east,
by Dadri and Loharu blocks of Bhiwani district in the north-west directions and by Narnaul
block in south side. On west-south side, it is surrounded by Rajasthan state. The block is
having 99 villages.

In the block, electrical conductivity (EC) ranged from 0.5 to 9.65 dS/m with a mean
of 2.16 dS/m (Table 3.6). The lowest EC of 0.50 dS/m in water samples was observed in
village Gadharwas. The study revealed that 85.06 per cent of the samples showed EC values
less than 4 dS/m. The maximum EC (9.65 dS/m) was found as in village Khudana near the
main road. Spatial variability in the samplesis observed from the Fig.3.13 where agraph is
drawn between the sample points and their EC values. It is observed from the contour map
(Fig.3.144) that the EC of groundwater is high in the middle and upper (northern) part of the
block where red colour contour lines are shown. No particular trend in the variation of ECis
present in the block. In Mahendragarh block, groundwater in surrounding areas is of low EC
compared to the central part of the block. The pH ranged from 7.00 to 10.12 with an average
of 8.30 (Table 3.6). The lowest pH of 7.00 in water samples was observed in village Khatod
and the highest pH (10.12) was recorded in village Khudana. It is observed from the contour
map (Fig. 3.14b) that eastern parts of block have higher pH than the western parts of the
block. Contour map reflects that the value of pH is highly spatially variable and the lowest
value 7.4 is represented in the centre of the block. The SAR ranged from 0.54 to 17.32 (m
mol/l)*with an average value of 8.77 (m mol/l)* (Table 3.6), the lowest SAR val ue recorded
invillage Palri and the highest recorded in Gahri Khudanavillage. The variationsin values of
SAR of this block are shown by contour map (Fig.3.14c). In the central part of the block, the
value of SAR is higher than the outer parts of the block. In most parts of the block, SAR is
ranging from 6-10 (m mol/l)¥2. The RSC varied from nil to 14.72 (me/l) with an average of
2.14 (me/l) (Table 3.6) and maximum value of RSC (14.72 me/l) was found in the village
Bhurjat. It was observed that in 42.53 per cent water samples, RSC was nil. In the north-
eastern corner of the block, RSC is higher and in the central part of the block, it is almost
absent/nil (Fig.3.14d). In most part of block, RSC is ranging from 0-2 me/l.
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Table3.6: Rangeand averageof different water quality parameter sin Mahendragar h block

Sr.No. Parameters Range Average
1 EC(dS/m) 0.5-9.65 216
2 pH 7.00-10.12 830
3 Na' (me/l) 1.01-58.2 1504
4 Caz(mell) 0.3-195 277
5 Mg*? (mell) 0.19-26.3 459
6 Cl- (mefl) 1.3-88.0 14.35
7 CO,2(mell) Nil —4.8 063
8 HCO, (mefl) 0.6—16.96 536
9 SAR (mmol/l)* 054-17.32 877
10 RSC (mefl) Nil —14.72 214
12 +
10 -
— 8 N
&
2 6
0
4
)
0 T T T T 1
0 20 40 60 80 100

Samplepointsin Mahendr agar h block

Fig.3.13: Spatial variability in EC of the collected samples

The average chemical composition and related quality parametersin different EC ranges
for Mahendragarh block are given in Table 3.7. The distribution of saltsin the groundwaters was
varying as shown in Fig.3.15. It showed that per cent samplesin EC classes 0-1 and 1-2 dS/mis
same and afterwards, percentage of samples started decreasing gradually with further increasein
EC of irrigation water. The maximum number of 25 sampleswas concentrated in each EC class of
0-1 and 1-2 dS/m. It is seen that 57.48 per cent samples were found upto EC of 2 dS/m, whereas,
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Bl_ocl}hou ndary

a) Contour map of EC of groundwater
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¢) Contour map of SAR of groundwater d) Contour map of RSC of groundwater

Fig.3.14: Contour map of water quality parameters(EC, pH, SAR, RSC) of groundwater in
Mahendragar h block of Mahendragarh district
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there was no sample found in the EC class of 7-8 dS/m. Average RSC of the EC class 1-2 wasthe
highest (4.25) and its value was obtained nil after EC class 3-4.

Table3.7: Chemical composition of groundwater samplesof M ahendragar h block in different EC classes
EC No.of % of Na Ca Mg CO, HCO, Cl RSC SAR
classes  samples samples (mell) (m mol/1)*
(dSm)
01 5 2874 6.40 086 140 034 334 354 17 704
12 5 2874 111 142 230 08 6.98 619 425 871
23 16 1839 1735 313 604 086 594 1487 163 914
34 8 920 24.32 377 628 100 593 2490 111 1A
45 8 920 2122 636 884 030 545 349 000 1033
56 3 345 27.36 900 1610 000 520 4883 000 842
67 1 115 4084 680 1420 080 480 5100 000 1260
7-8 0 0.00 0.00 000 000 000 0.00 000 000 0.00
89 1 115 5820 1950 2630 040 240 8300 000 1216
35 -
30 -
W
=2 25 4
=
E 20 -
w
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T
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Fig.3.15: Per cent samplesin different EC classes

In case of anions, chloride wasthe dominant anion with maximum value of 88 me/l (Table
3.6) was observed in village Khudana and minimum 1.3 me/l was recorded in village Kadma.
Bicarbonate (HCO;) ranged from 0.6 to 16.96 me/l, the maximum value was observed in the
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water samples of village Bhurjat and minimum valuewasfounded in village Digrota. The average
values for CO,?, HCO, and CI- were found to be 0.63, 5.36, 14.35 me/l, respectively and the
anions were in order of CI->HCO, > CO,2 The concentration of the anionsin different classes
of ECisdepictedin Fig.3.16.

In cations, sodium concentration varied widely from 1.01 to 58.2 me/l (Table 3.6), minimum
value was observed in village Palri and maximum value was observed in Khudana followed by
magnesium (0.19 to 26.3 me/l) and calcium (0.3 to 19.5 me/l). Average values for Na“, Mg and
Ca? were 15.04, 4.59 and 2.77 mell, respectively. The concentration of the cations in different
classes of ECisgiven by Fig.3.17. It is observed that cationsin groundwaters followed the order
Na > Mg > Ca+2.

According to AICRP classification, the maximum samples were found in good quality
(25.3 per cent) category followed by marginally alkali (19.5 per cent) (Fig.3.18). The per cent
samplesin highakali, marginally saline, high SAR saline, saline, and akali classeswere13.7,12.7,
12.7,10.4 and 5.74 per cent, respectively. The highest number of samples (22) were found in good
quality classfollowed by 17 and 12 inmarginally alkali and high alkali classes, respectively. However,
the minimum number of sample (5) werefound in alkali class.

3.4 NANGAL CHAUDHARY BLOCK

Nangal Chaudhary lies between 27°47'30" to 28°20'00" N latitude and 75°58'20" to 76°13
40" E longitude. Most part of this block is surrounded by Rajasthan state except some parts in
north and west side which is surrounded by Narnaul block of Mahendragarh district. The block is
having 90 villages.

In Nangal Chaudhary block, EC ranged from 0.71 to 5.25 dS/m with amean of 1.87 dS/m
(Table 3.8). The lowest electrical conductivity of 0.71 dS/m in water samples was observed in
village Rai Malikpur and the maximum EC of 5.25 dS/m was found Nanga Nuniya. The study
revealed that 89.47 per cent of the samples showed EC valueslessthan 3 dS/m. Spatial variability
in the samples is observed from the Fig.3.19 where a graph is drawn between the sample points
and their EC values. It is observed from the contour map (Fig.3.20a) that the EC of groundwater
ishighinthe sorthern part of the block. Inthisblock, overall EC of groundwater islow ascompared
to other blocks. Most of the area of the block is having EC less 2 dS/m. Contour map is showing
only one contour of 5dS/m EC at the boundary of the southern part of the block (Fig.3.20a). The
pH ranged from 7.45 to 9.37 with an average of 8.52. Thelowest pH of 7.45 in water sampleswas
observed in village Nilagjaand the highest value 9.37 was recorded in village Poshwali Dhani. It is
observed from the contour map (Fig.3.20b) that eastern part of block has higher pH than the
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Fig.3.16: Anions(CO,, HCO,, CI) concentration (me/l) in different EC classesof Mahendragar h block

7Y =

Concenvyation of difTer e
WILIHLS

- | s M0 w0
; il - *
z ’
g s0- .
"f = an .
% é i ; -
= Al - - .m
s Sz e
_E: e - r-‘ o o __i'—':—” —— A
- 0 -_I=i_F_- I_—- — 1 1 1 1 1
[i- | 12 23 34 45 i 67 RO
E4 clusses
Fig.3.17: Cations(Na, Ca, Mg) concentration (me/l) in different EC classesof M ahendr agar h block
~ High alkali ~
Alkali = T 7o aoad
l_ /0 75 qg_.o
5.7% =5
Marginally
alkal - :
‘o <o, HighSA Marginally
19.5% =i . = ‘
saline Saline saline
12.7% 10.4% 12.7%

Fig.3.18: Quality of groundwater (per cent) in M ahendragar h block of Mahendragarh district
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western part of the block. The SAR ranged from 4.48 to 19.10 (m mol/l)* with an average val ue of
10.64 (mmol/1)*%, the lowest SAR value being recorded in village Gotri and the highest value being
recorded in Amarpuravillage. The variationsin values of SAR of thisblock are shown by contour
map (Fig.3.20c). Inthe eastern and southern part of the block, the value of SAR ishigher than the
other parts of the block. The most of the groundwater has higher SAR in the block. The RSC
varied from nil to 12.0 (me/l) with an average of 3.32 (me/l) and maximum value of RSC 12.0 (me/
I) was found in the village Akbarpur Sirohi. It was observed that in 28.07 per cent water samples,
RSC was nil. In the eastern and southern part of the block, the value of RSC is higher than the
other parts of the block (Fig.3.20d). Overall RSC of the groundwater samplesis low.

Table3.8: Rangeand aver age of different water quality parameter sin Nangal Chaudhary block

Sr.No. Parameters Range Average
1 EC(dS/m) 0.71-5625 187
2 pH 745937 852
3 Na' (mefl) 5.90-36.23 1574
4 Ca'?(mell) 05100 214
5 Mg*? (me/l) 1.06-10.3 305
6 Cl- (mefl) 3.80-380 1199
7 CO,%(mell) nil-3.60 093
8 HCO, (mel) 30120 6.33
9 SAR (mmol/l)* 4.48-19.10 1064
10 RSC (mell) nil-12.0 3R
6 =
4 -
£
7
22
0 . . T 1
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40 50 60

Samplepointsin Nangal Chaudhary block

Fig.3.19: Spatial variability in EC of the collected samples
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Block boundary

a) Contour map of EC of groundwater b) Contour map of pH of groundwater
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¢) Contour map of SAR of groundwater d) Contour map of RSC of groundwater

Fig.3.20: Contour map of water quality parameters(EC, pH, SAR, RSC) of groundwater in Nangal
Chaudhary block of M ahendragarh district
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Theaverage chemical composition and related quality parametersin different EC rangesfor Nangal
Chaudhary block are givenin Table 3.9. The distribution of saltsin the groundwaters wasvarying
as shown in Fig.3.21. It showed that per cent in EC classes increased with increase in the EC of
groundwater upto 2 dS/m and afterwards, percentage of samples started decreasing gradually
with further increase in EC of irrigation water. The maximum number of 32 samples was
concentrated in EC class of 1-2 and followed by 10 samplesin EC classof 0-1 dS/m. It is seen that
89.47 per cent samples were found upto EC of 3 dS/m, whereas, there was no sample above EC
of 6 dS/m.

Table3.9: Chemical composition of groundwater samplesof Nangal Chaudhary block in different EC

classes
EC No. of % of Na Ca Mg CO, HCO, Cl RSC SAR
classes  samples samples (mell) (m mol/1)*
(dS/m)
01 10 1754 862 103 177 03 498 524 266 756
12 K2 5614 1528 163 229 108 6.70 915 411 1155
23 9 1579 2014 333 362 160 713 1631 347 1167
34 3 526 2074 58 807 000 420 2867 000 825
45 2 351 21.19 420 910 020 580 3360 000 824
56 1 175 36.23 36 79 04 108 3 0 1511
60 -
50 A
g 40 1
a
% 30 A
g 20 -
&
a 10 -
0 T T T T T
0-1 1-2 2-3 34 4-5 5-6
EC classes

Fig.3.21: Per cent samplesin different EC classesof Nangal Chaudhary

In case of anions, chloride was the dominant anion with maximum value of 38.0 me/l was
observed in village Nangal Nuniyaand minimum 3.8 me/l wasrecorded in village Dhani Kodinja.
Bicarbonate (HCO,)) ranged from 3.0 to 12.0 me/l, the maximum value was observed in the water
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samplesof villageAkabarpur Sirohi and minimum valuewasfounded in village Kalba. The average
values for CO,?, HCO, and CI- were found to be 0.93, 6.38, 11.99 me/l, respectively and the
anions were in order of CI->HCO, > CO,2 The concentration of the anionsin different classes
of ECisgivenby Fig.3.22.

In cations, sodium concentration varied widely from 5.9 to 36.23 me/l, minimum valuewas
observed in village Dhani K odinjaand maximum val ue was observed in Nangal Nuniya, followed
by magnesium (1.06 to 10.3 me/l) and calcium (0.5 to 10.0 me/l). Average values for Na“, Mg
and Ca?were 15.74, 3.05 and 2.14 me/l, respectively. The concentration of the cationsin different
classes of ECisgiven by Fig.3.23. It is observed that cationsin groundwaters followed the order
Na > Mg > Ca+2.

According to AICRPclassification, the maximum sampleswerefound in high akali quality
(43.9 per ecnt) category followed by good quality (22.7 per cent) (Fig.3.24). The per cent samples
inmarginally akali, marginally saline, saline, alkali, and high SAR salinewere 12.3, 8.8, 5.3, 3.5and
3.5 per cent, respectively. The maximum number of samples (25) was found in high akali class
followed by 13 and 7 in good and marginally alkali classes, respectively. However, the minimum
number (2) of sample wasfound in alkali and high SAR saline classes each.

3.5 NARNUAL BLOCK

Narnaul block lies between 27°54/10" to 28°11/00" N latitude and 75°5550" to 76°09'50" E
longitude. Most part of thisblock is surrounded by Rajasthan state except some parts on east side
which is surrounded by Mahendragarh and Ateli blocks of Mahendragarh district. The block is
having 71 villages. Rainfall (Table 1.1) from the period 1993 to 2009 indicates that this block
received maximum rainfall than other blocksin most of the years.

In Narnual block, EC ranged from 0.44 to 8.15 dS/m with a mean of 2.85 dS/m (Table
3.10). The lowest electrical conductivity of 0.44 dS/m in water samples was observed in village
Kuksi. The study revealed that 88.09 per cent of the samples showed EC values lessthan 5 dS/m
and the maximum value of EC was found as 8.15 dS/m in village Golawala in the north-eastern
corner of the block. Spatial variability in the samplesis observed from the Fig.3.25 where agraph
is drawn between the sample points and their EC values. It is observed from the contour map
(Fig.3.26a) that the EC of groundwater ishighin the middle and upper (northern) part of the block.
In this block, groundwater in surrounding areas is of low EC compared to the central part of the
block. The pH ranged from 7.20 to 9.14 with an average of 8.29. The lowest pH (7.20) in water
samples was observed in village Nizampur and the highest value 9.14 was recorded in village
Lahroda. It isobserved from the contour map (Fig.3.26b) that higher pH value existsin the patches
in the east, north and central parts of the block. In most parts of the block, irrigating groundwater
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Fig.3.24: Quality of groundwater (per cent) in Nangal Chaudhary block of Mahendragarh district
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isnormal inrelation to alkalinity. The SAR ranged from 3.28 to 18.03 (m mol/l)* with an average
value of 10.98 (m mol/l)*, the lowest SAR value was recorded in village Kuksi and the highest
value was recorded in Golawalavillage. The variationsin values of SAR of this block are shown
by contour map (Fig.3.26¢). In the central and Northern part of the block, the value of SAR is
higher than the other parts of the block. Increasing SAR values reflects increase in sodicity of
groundwater. Red clour is dominating more than green colour, reflects that the most of the
groundwater has higher SAR in the block. The RSC varied from nil to 13.6 (me/l) with an average
of 2.36 (me/l) and maximum value of RSC 13.6 (me/l) was found in the village Karoli. It was
observed that in 50 per cent water samples, RSC was nil. The variations in values of RSC of this
block are shown by contour map (Fig.3.26d). Central and north-eastern parts of the block has
higher RSC than other parts of the block. In the western part of the block, it is almost absent/nil.

Table3.10: Rangeand averageof different water quality parameter sin Narnual block of Mahendragarh

district
Sr.No. Parameters Range Average
1 EC(dSm) 0.44-8.15 285
2 pH 72-9.14 829
3 Na' (me/l) 3.95-53.17 21.36
4 Ca? (mell) 0.6-10.9 32
5 Mg*2 (mell) 0.9-16.1 485
6 Cl-(mel) 0.0-4.8 067
7 CO,%(mell) 1.8-14.0 6.64
8 HCO, (me/l) 26-74.0 21.33
9 SAR (mmol/l)* 0.0-136 236
10 RSC (mell) 3.28-18.03 1098
10 -
8 l
£ 61
%
g4
2 u
0 | | . . |
0 10 20 30 40 50

Samplepointsin Nar naul block
Fig.3.25: Spatial variability in EC of the collected samples
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Fig.3.26: Contour map of water quality parameters(EC, pH, SAR, RSC) of groundwater in Narnual
block of Mahendragarh district

31



Assessment of Groundwater Quality

The average chemical composition and related quality parametersin different EC ranges
for Narnual block aregivenin Table 3.11. Thedistribution of saltsin the groundwaterswasvarying
as shown in Fig.3.27. It showed that per cent in EC classes increased with increase in the EC of
groundwater upto 2 dS/m and afterwards, percentage of samples started decreasing gradually
with further increasein EC of irrigation water except in the range 4-5 dS/m. The maximum number
of 32 samples was concentrated in EC class of 1-2 and followed by 10 samplesin EC class of 0-
1dS/m. It is seen that 89.47 per cent samples were found upto EC of 3 dS/m, wheresas, there was
no sample above EC of 6 dS/m.

Table3.11: Chemical composition of groundwater samplesof Narnual block in different EC classes

EC No. of % of Na Ca Mg CO, HCO, Cl RSC SAR
classes  samples samples (mell) (m mol/1)*
(dS/m)
01 10 1754 862 103 177 03 498 524 266 756
12 K2 5614 1528 163 229 108 6.70 915 411 1155
23 9 1579 2014 333 362 160 713 1631 347 1167
34 3 526 2074 58 807 000 420 2867 000 825
45 2 351 2119 420 910 020 580 3360 000 824
56 1 175 36.23 36 79 04 108 3 0 1511
50 +
40
8
%—30 y
g 20 -
o
a
10 -
0 I I I I I I I I

0-1 1-2 23 34 45 56 6-7 7-8 89
EC classes
Fig.3.27: Per cent samplesin different EC classes

In case of anions, chloride was the dominant anion with maximum value of 74.0 me/l was
observed in village Golawalaand minimum 2.6 me/l was recorded in village Kuksi. Bicarbonate
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(HCO,) ranged from 1.8 to 14.0 me/l, the maximum value was observed in the water samples of
village Kakroli and minimum value was found in village Kuksi. The average values for CO,?,
HCO, and Cl- were found to be 0.67, 6.64, 21.33 me/l, respectively and the anions were in order
of ClI-> HCO, > CO,? The concentration of the anions in different classes of EC is given by
Fig.3.28.

In cations, sodium concentration varied widely from 3.95 to 53.14 me/l, minimum value
wasobservedinvillage Kuks and maximum valuewas observed in Golawalafollowed by magnesium
(0.6 to 16.1 me/l) and calcium (0.6 to 10.9 me/l). Average values for Na', Mg*? and Ca*? were
21.36, 4.85 and 3.22 me/l, respectively. The concentration of the cationsin different classesof EC
isgiven by Fig.3.29. It is observed that cations in groundwaters followed the order Na“ > Mg*?>
Ca+2

According to Al CRP classification, the maximum sampleswerefoundin high SAR saline
quality (26.2 per cent) category followed by good quality (19.0 per cent) (Fig.3.30). The per cent
samplesinhighakali, marginaly saline, akali, marginally alkali and saline classeswere 16.7, 14.3,
14.3, 7.1 and 2.4 per cent, respectively. The highest number of samples (11) were found in high
SAR sdline class followed by 8 and 7 in good and high alkali classes, respectively. However, the
minimum number (1) of samplewas found in saline class.
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4. GROUNDWATER QUALITY OF MAHENDRAGARH DISTRICT

4.1 SAMPLING POINTS IN THE DISTRICT

Total 299 water samples have been collected with the spatial points through GPS for all
the blocks of Mahendragarh district and alocation map for the these sampling pointsis prepared
(Fig.4.1). Each sample was a representative of the discrete sampling point within the sampling
network. Sampling frequency and the location of discrete sampling pointswas considered carefully
to resolve spatial distributions of groundwater quality and to minimize the random error. The
sampleswere collected uniformly through all the blocks except some parts of Nangal Chaudhary
and Narnual blocks due to presence of small hillsin that area.

4.2 ELECTRICAL CONDUCTIVITY (EC)

In Mahendragarh district, EC ranged from 0.44 to 8.15 dSYm with a mean of 2.85 dS/m.
The lowest electrical conductivity of 0.44 dS/m in water samples was observed in village Kuksi.
The study revealed that 88.09 per cent of the samples showed EC values lessthan 5 dS/m and the
maximum value of EC wasfound as 8.15 dS/m in village Golawalain the north-east corner of the
block. It is observed from the contour map (Fig.4.2) that the EC of groundwater is high in the
middle and upper (Northern) part of the block where red colour contour are shown. In the most
part of the district, EC of groundwater remained in the range of 2-3 dS/m.

4.3  SODIUM ADSORPTION RATIO (SAR)

In Mahendragarh district, SAR ranged from 0.54 to 26.02 (m mol/l)¥? with a mean of
10.41 (m mol/l)¥2. The lowest SAR of 0.54 (m mol/I)Y2 in water samples was observed in village
Palri in Mahendragarh block and the maximum value of SAR was found as 26.02 (m mol/I)Y2in
villageBgjar inAteli block. It isobserved from the contour map (Fig.4.3) that the SAR of groundwater
is highly variable and higher values of SAR is observed in the patches through red colour in the
contour map. Inthemost part of thedistrict, SAR of groundwater remained intherange of 9-11 (m
mol/l)Y2.

4.4 RESIDUAL SODIUM CARBONATE (RSC)

In Mahendragarh district, RSC ranged from nil to 14.72 me/l with a mean of 2.67 mel/l.
Thehighest RSC of 14.72 me/l in water sampleswas observed in village Bhurjat of Mahendragarh
block. It is observed from the contour map (Fig.4.4) that the RSC of groundwater is high in the
different patches though out the district where red colour contour are shown. In most parts of the
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Fig.4.2: Contour map of EC of groundwater in Mahendragarh district
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District boundary

Fig.4.3: Contour map of SAR of groundwater of Mahendragar h district

District boundary

Fig.4.4: Contour map of RSC of groundwater quality in Mahendragarh district
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Fig.4.6: Contour map of groundwater quality of Mahendragar h district
district, RSC of groundwater remained in the range of 2-3 me/l.

4.5 CLASSIFICATION OF GROUNDWATER

Overdl in Mahendragarh district, 93, 62, 38, 37, 36, 18 and 15 samples were found in
highly akali, good, margindly akali, margindly sdine, high SAR sdline, sdlineand akali, respectively
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(Table4.1). Most of the groundwater in the district was under the category of high alkali (31.2 per
cent). Decreasing trend of the water quality under different categoriesisshownin Fig.4.5. For the
plot of water quality contour inthe Mahendragarh district, the different quality of groundwater has
given different colours, as shown in the Fig.4.6. From the figure, it is observed that high alkali
guality groundwater is expanded over alagre portion of the district. Saline water is very limited,
can be seen in small patches of yellow colour.

Table4.1:  Number of samplescategorized in different classesof water quality for Mahendragarh district

AICRP Classification Number of samples Per cent sample
Goaod a2 2.7
Marginally saline 3 127
Sdine 18 6.0

High SAR saline 3 120
Marginally akali 37 124
Alkdi 15 50
Highadkali °¢] 312

Total 29
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5. GROUNDWATER MANAGEMENT STRATEGY

STRATEGIES FOR GROUNDWATER MANAGEMENT
Thefollowing practical and feasible strategies need to be adopted for optimal use of available

water resourcesfor higher water productivity and correcting emerging hydrological imbalancesin
Mahendragarh district.

Propagating efficient on-farm water management practicesincluding modern methods of
irrigation (sprinkler, drip, furrow, etc.) by imparting regular training to farmers and field
functionaries.

Reduction in canal water supply by about 25 percent between mid July to mid September
and December to February in the districts having sufficient water or waterlogged area.
The canal water, thus saved, should be diverted to water deficit areasand lift canal system
like Mahendragarh district.

Adoption of recommended cropping practicesin flood affected areasunder existing situation
during the post-monsoon period.

Forming water users’ associationg/societies for effective and efficient management of
available water resources.

Lining of remaining canalsand water courses and their periodic maintenancefor checking
seepage |osses.
Constructing storage reservoirsin the foothill areas of the district at appropriate sites.

Maximizing conjunctive use of saline water with canal water in the problem area by
changing over from the existing ‘warabandi’ to ‘warimetric’ so that the farmers are
encouraged to use saline groundwater.

The farmers should also be encouraged to raise agro-horti, agro-forestry plantation and
grasses (in wind erosion area) for which adequate subsidy may be provided.

Introduction of groundwater legislation to regulate the groundwater exploitation as per
potential available and to check further growth of tubewellsin district.

Diversification of cropping pattern to effect reduction in water requirement.

Exploring the possibility of artificial groundwater recharge during monsoon period in the
areas facing groundwater decline.
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5.2 RECLAMATION OF SODIC SOIL AND SODIC WATER

Technology for reclamation of sodic soil and sodic water by gypsum application has been
demonstrated at the famers field since 2005 in different villages of Mahendragarh district. During
the year 2008-09, the crops were irrigated with sodic water having average RSC 10 me/l through
sprinkler method, whereas, in year 2009-10, it wasirrigated with sodic water of average RSC 13.8
me/l through sprinkler method at village Bhurjat, Maherdragarh district. The yield of wheat crop
increased significantly with the addition of increasing levels of gypsum application (Table 5.1).
Both the years, wheat crop yield in 100 per cent gypsum neutraization (G, ) treatment increased
drastically by more than 2 times of the yield obtained in no gypsum (G) treatment. Appreciable
increase in yields was also obtained in other treatments also.

During 2008-09, as aresult of previous year's demonstration, 191 farmers of thisvillage adopted
the technology for the reclamation of sodic soils and waters by applying gypsum in their fields.
About 200 tons of the gypsum was used by them. Consequently, the average yield of mustard and
wheat was increased by 8 to 10 quintals per ha.

During year 2009-10, themeanyield increased by 73.9, 120.5, 141.0 and 187.0 per cent, respectively,
inG,, G,,, G, and G, treatments as compared to control (Table5.2) was observed. The variation
in yield with respect to gypsum can be expressed by quadratic equation with a coefficient of
correlation (R?) of 0.984 (Fig.5.1). However, increaseinyield from G, to G, isinsignificant.

Table5.1:  Yields(t/ha) of wheat cropin relation to gypsum application

Treatments Yied (t/ha)
Sh. Tgjpal Singh Sh. Virender Singh
Year 2008-09 Year 2009-10

Nogypsum (G)) 205 161
25 per cent gypsum neutralization (G,,) 319 280
50 percent gypsum neutralization (G, ) 34 355
75 percent gypsum neutralization (G,) 384 388
100 percent gypsum neutralization (G, ,) 417 462
CD (at 5%) 027 049

5.3 GUIDELINES FOR USING SALINE AND ALKALI WATERS

Apart fromitscomposition, ng the suitability of specific water requires specifications
of conditionsof itsuse (sail, climate, cropsetc), irrigation methods and other management practices
followed. Because of inherent problemsin integrating the effects of abovefactors, it isdifficult to
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Fig.5.1: Effect of gypsum application on theyield of thewheat duringtheyear 2009-10

develop rigid standards for universal use. Therefore, broad guidelines for assessing suitability of
irrigation waters have been suggested from time to time for average use conditions. A committee
of consultants from AICRP-Saline Water, CSSRI, Haryana and Punjab Agricultural Universities
recommended the guidelinesfor utilising poor quality watersin 1992 for their wider applicability
(Table5.2). For meeting site specific water quality objectives, factorslikewater quality parameters,
soil texture, crop tolerancesand rainfall have been given due considerations. Some of the addendums
added to these guidelinesinclude

Use of gypsum for saline water having SAR > 20 and/or Mg:Ca> 3 andrichin silica

Fallowing during rainy season is helpful when SAR > 20 and higher salinity waters are
used in low rainfall areas.

Additional phosphorous applicationisbeneficial, especialy when CI:SO, ratiois>2.0.

Use of canal water preferably at early growth stages including pre-sowing irrigation for
conjunctive use with saline waters.

Using 20 per cent extra seed rate and aquick post-sowing irrigation (within 2-3 days) for
better germination.

When EC, , < EC, (0-45 cm soil at harvest of rabi crops), use saline water for irrigation

just beforethe onset of monsoonswill lower soil salinity for higher antecedent soil moisture
for greater salt removal by rains.

Use of organic materialsin saline environment.
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Groundwater quality of Mahendragarh district
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