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1. INTRODUCTION

Agriculture sector is the largest consumer of water in

ABSTRACT

Study were conducted by constructing two water harvesting structures (WHS) (WHS-I
and WHS-II) in the Harsauli drain of Rasulpur block of Muzaffarnagar district to see
the impact on recharge of groundwater. Study indicated that intervention of WHS in
Harsauli drain resulted extension of back water upto 1200 m and 1500 m behind WHS-
IT'and WHS-II, respectively. Impact of WHS-II on groundwater table was monitored by
placing four piezometers (P1, P2, P3, P4) across the drain at intervals of 0 m, S0 m, 100 m,
and 200 m with depth of 30 m, 33 m, and 27 m, respectively. Variation in piezometric
level was observed during the impounding in all the piezometers, and its effect was
more in the piezometer installed near to the drain in comparison to P2, P3, P4 and
fluctuated at piezometer location at 50 m, 100 m and 200 m. Drill core observation
showed that fine sand fraction were the main stratum of aquifer. Study indicated that
sugarcane field has higher infiltration rate than drain due to textural variation in soils.
Gradual decrease in the infiltration rate with time due to saturation of soil particles
indicated uniform sedimentation and deposition of sediment in the indo gangetic plain
(IGP) region and subsequently development of soil over it, an indicator of similar
climate during their formation. Presence of moderately alkaline water indicated that
the source material of soils were derived dominantly from Himalayan limestone, shale
and slate and deposited there by weathering, erosion and transportation by Himalayan
rivers, and it (moderately alkaline water) also have potential beneficial effects on
nutrition (extra source of Ca and Mg) for sugarcane crops grown in the area. Study
indicated that to make the sugarcane cultivated area of water positive zone, water
harvesting structure can be highly effective.

adversely affect the water balance in different parts of India
(CWC,2002). The decline of snow melt runoff may seriously

India. About 83% of available water is used for agriculture
alone (CWC, 2002). Due to various constraints of topogra-
phy and uneven distribution of water resources over space
and time, only a part of total potential of surface water can
be put to beneficial use. On the other hand, ground water is
another major component of the total available water
resources. Presently, share of groundwater in providing
irrigation is 61% (Pathak et al., 2014), which is likely to
increase further for expansion of irrigated agriculture and to
achieve national targets of food production. Climate change
will affect the groundwater availability in terms of both
quantity and quality. It is obvious that the projected climate
change resulting in warming, melting of glaciers will

affect the recharge of groundwater causing shortage in
water availability in Punjab, Haryana, Uttar Pradesh and
Rajasthan (CWC, 2002). Further, changes in precipitation
and evapo-transpiration (ET) due to climate change are
likely to affect groundwater. Increased rainfall intensity
may lead to higher runoff and possibly reduced recharge
(Ministry of Environment, Forest and Climate Change,
2004). Changes in cropping and land-use pattern, over-
exploitation of water storage, and changes in irrigation and
drainage in the Gangetic basin show a reduction in dis-
charge by 60% over 25 years. This has led to about 50% drop
in water availability in surface water resources and groundwa-
ter table (Adel, 2002). Agricultural demand, particularly for



48 U.K. Maurya et al. / Indian J. Soil Cons., 48(1): 47-56, 2020

irrigation water, which is a major share of total water
demand of the country, is considered more sensitive to
climate change. It is projected that most irrigated areas in
India would require more water around the year 2025, and
global net irrigation requirements would increase by
3.5-5.0% by 2025 and 6.0-8.0% by 2075 due to climate
change (D61l and Stepan, 2002).The IPCC models for
irrigated areas indicate that the gap between potential ET
and effective rainfall will be about 17% by 2050 under a
high-emission scenario, putting extra stress on the demand
for irrigation water. Key constraints to the uptake of climate
change information for effective rural livelihoods decision-
making support might be either or in combination of many
factors such as lack off integration of indigenous knowledge
systems, low accuracy, spatial and temporal resolution of
the products, lack of access to the information, saleable
skill, etc. Both the global environment fund (GEF) frame-
work and Kyoto Protocol advocated and encouraged the
states to promote and facilitate adaptation, and set out
adaptation technologies to address climate change (Smith et
al.,2001; UNFCCC, 1998).

Most of the present information available on water and
energy savings and yield response of the crops under
irrigation systems are based on the observations in small
treatment plots either in research farms or in farmers' field.
However, the irrigation performance in large fields differs
from that in small fields. Further, studies on irrigation
efficiency in groundwater irrigated commands through
improved irrigation techniques are very limited. There is a
need to study the irrigation efficiency and crop responses to
irrigation systems in large scale through pilot studies,
especially in over-exploited groundwater irrigated areas.
Studies on rainwater harvesting, groundwater recharging
and optimal groundwater use through efficient irrigation
methods for cropping systems in an intensively groundwa-
ter irrigated region with impermeable sub-soil layer under
sub-humid hot climate is limited. Thus, it is essential to
evaluate the feasibility of ground water recharge and its use
through efficient irrigation methods in crops in a water
scarce region with sub-surface impermeable layer.
Information on efficacy and effectiveness of different
ground water recharge approaches in a particular geo-
hydrological condition is scanty. Thus, it is utmost essential
to standardize the recharging techniques for a region. This
information may also be used for the areas having similar
geo-hydrological conditions of the study site.

Study indicated that there were steep decline in
groundwater level from 0.3 m yr' to 1 m yr' in different
blocks of Muzaffarnagar district due to inefficient on-farm
water management, over exploitation by excessive running
of tube wells irrespective of irrigation requirement, flooding
through unlined channels and higher irrigation depth (10 cm
or more each time) leading to huge loss of water, nutrient
and energy (Kumar et al., 1998 and 2011). It was observed

that Baghra, Budhana and Shahpur blocks were over-
exploited for irrigation (>100%), whereas, Muzaffarnagar,
Charthwal and Jansath were in semi-critical range (70-90%
exploitation) having more than 80% exploitation; only
Purkazi, Khatauli and Morna blocks were in safe zone. To
overcome the problem, experiments were conducted by
constructing two water harvesting structures (WHSs) in a
series in Harsauli drain of Rasulpur block of Muzaffarnagar
district to enhance water productivity by recharging the
drain and to observe its effect on surrounding water table
vis-a-vis sugar cane productivity. Present study demon-
strated an evaluation of technological interventions on a
pilot basis for sustainable use of groundwater for enhancing
adaptive capacity to climate change in sugarcane based
farming system in Muzaffarnagar district of Uttar Pradesh.

2. MATERIALSAND METHODS

Experimental sites were located at 29°21'22" latitude,
77°33'22" longitude with elevation 0f 241 m above mean sea
level near Shahpur Police Station in vicinity of the selected
Village Rasulpur Jaton, district Muzaffarnagar (Fig.1a).
Data on tubewell and related command areas indicated 141
operational tube wells in the village equipped with submers-
ible pump and electric motor with an average irrigation
command area of 2.36 ha and spread over 333.97 ha
agricultural land of the village. The depth of tubewell varies
from 24 m to 96 m and power of pumps equipped with the
tube wells varies from 7.5 hp to 15 hp. For irrigation, water
from tube wells to the farms is conveyed through open water
courses which are on an average 0.6 m wide and 0.3 m
deep.It was observed that Baghra Minor served as source to
impound water in the drain for recharging groundwater as
its trail is connected to Harsauli drain (Fig. 1b) whenever
there is surplus water in the canal.

WHS-I and WHS-II were designed based on hydrologi-
cal, hydraulic and structural parameters with dimensions of
8.86 m (span) and 2.16 m (height), and 10 m (span) and 1.50
m (height), respectively, and were constructed in the drain at
an interval of 7.36 km, having water storage capacity of
35021.88 cum and 11812.5 cum, and surface area of impound-
ing water 32427.6 m’ and 15750.0 m’, respectively, in order
to replenish the depleted water table. Four piezometers
along the line perpendicular to the drain and intersecting
near the WHS-II were installed at 0 m, 50 m, 100 m, and 200
m by drilling up to depth of 27-33 m for monitoring the
impact of WHS on ground water table. Schematic view of
location of piezometers along the Harsauli drain is given in
Fig. 2a and b. For drilling operation, PVC pipe (0.1016 m)
was placed in observation well, and thereafter, 6.096 m
perforated pipe wrapped with fine filter net was inserted at
normal pipe. Infiltration studies were conducted in the drain
and cultivated land using double ring infiltrometers. Soil
and water samples were collected from different sites during
March 2016-2017 and analyzed for their alkalinity (HCO,)
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Fig. 2. (a) Schematic location of piezometer along Harsauli drain, (b) Harsauli drain

and major ions (CI, F, SO,”, NO",Na’, K', Mg”, Ca”) 3. RESULTSAND DISCUSSION
following Singh et al., 2005. pH, EC and temperature as
well as particle size were measured following standard
procedures. WHSs, piezometers, infiltrometers, soil and
water sampling sites were recorded for their altitude,
latitude and longitude by global positioning system (GPS).

Experiments were conducted in lower and upper reach
of Harsauli drain, Rasulpur block of Muzaffarnagar district,
Uttar Pradesh near to Shahpur and Harsauli village by
constructing two water harvesting structures (WHS-I and
WHS-II) in a series (Fig. 3a and b). The distance between
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Fig. 3. (a) Overview of check dam WHS-I, (b) WHS Il with water
impounding in Harsauli drain of Rasulpur block,
Muzaffarnagar district

WHS-I and WHS-II were 7.36 km with an average bed slope
of the drain 0.3% and width 7 m with dimensions of 8.86 m
(span) and 2.16 m (height); and, 10 m (span) and 1.50 m
(height), respectively (Fig. 4a and b). The potential water
storage capacity of WHS-I and WHS-II were 35021.88 cum
and 11812.5 cum, whereas, surface area of water spread
were 32427.6 and 15750 m’ with expectation that back
water could extend upto 3660 m and 1500 m, respectively.

0.5m U;sl 0.5m

Head - wall

a.Plane view

Head - wall

I Tm -..I

Le 10m N

b. Elevation view (section A-B)

Fig. 4. Cross section of check dam design: (a) Plane view and (b)
Elevational view of Head-wall

Study indicated that intervention of WHS in Harsauli drain
resulted in extension of back water upto 1200 m and 1500 m
behind the WHS-I and WHS-II, respectively. The three
times reduced extension of back water behind WHS-I was
due to the larger surface area and drainage line treatment in
the experimental sites.

Four piezometers were installed in such a way that they
could capture the influence of surface water body on the
water table in proximity of the structure to the extent of
possibility at specified locations along the line marked
perpendicular to the drain and intersecting near the innovative
water harvesting masonry structure (WHS-II). The location
details with depth of different piezometers are given in
Table 1. Drilling operations were conducted till thick horizon
of fine sand fraction, an indicator of water bearing stratum,
were reached (Fig. 5 a-d). Horizon characteristics along
with depth where monitored closely with change in size of
sand, silt and clay particles. Results indicated that in most of
the wells, depth varies from of 27-33 m, and fine sand
fraction were the main stratum of aquifer in all the studied
sites (Fig. 5e). Piezometric levels were recorded from all the
wells after satisfactory drilling operation (Fig. 5f) and the
lithological details with their textural classification of



U.K. Maurya et al. / Indian J. Soil Cons., 48(1): 47-56, 2020 51

Depth of observation well (m)

Length of perforated PVC pipe (m)

Table: 1

Locations of observation wells

Site name Latitude Longitude
Harsauli (P1) 29°24'06.5"N 77°35'50.0"E
Harsauli (P2) 29°24'07.3"N 77°35'47.4"E
Harsauli (P3) 29°24'05.4"N 77°35'55.3"E
Harsauli (P4) 29°24'15.9"N 77°35'30.5"E

30 6.096
33 6.096
27 6.096
27 6.096

Fig. 5. Piezometer installation: (a & b) PVC pipe (2”dia) is placed in observation well, (c) 20 ft perforated pipe wrapped with fine filter net at
normal pipe, (d) drilling operation, (e) observations of drill core material, (f) view of one of the installed observation well

piezometer (P1) installed near Harsauli drain is given in
Fig. 6 and Table 2. Study indicated that variation in piezometric
level were observed during the impounding in all the four
piezometers, and its effect was more in the piezometer
installed near to the drain at 0 m distance and fluctuated at
50 m, 100 m, and 200 m. Data indicated piezometric levels
varied from 17.5 m to 18 m in all the four piezometers (Fig.
7). pH of water collected from different piezometers varied
from moderately to strongly alkaline, whereas, electrical
conductivity (EC) were non saline (0-2 ds m") (Table 3).
Presence of moderately alkaline water indicated that the

source material of soils were derived dominantly from
Himalayan limestone, shale and slate, and deposited there
by weathering, erosion and transportation by Himalayan
rivers (Chakrapani, 2002), and it (moderately alkaline water)
also has potential beneficial effects on nutrition (extra
source of Ca and Mg) for different crops grown in the area.

Infiltration study at every one km interval in a total of
5 km stretch of Harsauli drain, and also in the cultivated land
were conducted at different locations (Table 4) to know the
water retention and movement in different intervals of time
in different land use systems (Fig. 8a, b and c). It was
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Fig. 6. Litholog with their textural classification of piezometer
(P1) installed near Harsauli drain

Table: 2

Textural lithology of Piezometer (P1) near the Harsauli drain
S.No. Depthin (ft) Sand (%) Silt (%) Clay (%)
1 0-1.5 41.8 52.8 5.4
2 1.5-3.0 64.8 21.4 13.8
3 3.0-5.0 28.25 40.28 31.47
4 5-10 42.74 38.31 18.94
5 10-15 40.1 44.9 15.0
6 15-25 59.14 25.4 15.5
7 25-30 61.85 19.53 18.62
8 30-40 49.68 26.58 23.75
9 40-50 35.36 41.01 23.63
10 50-60 32.0 42.78 25.22
11 60-65 49,95 29.83 20.22
12 65-70 54.95 31.7 13.35
13 70-80 41.67 39.53 18.78
14 80-90 40.9 42.7 16.40

observed that in the drain, initial and final infiltration rate
varied from 100 mm hr” to 200 mm hr”' and from 3.5 mm hr”
to 5.3 mm hr', respectively, whereas, in cultivated land it
varied from 6.9 mmhr” to 10 mm hr”' (Fig. 9a-h).The soils of
streambed in the selected stretch varied from silt to silty

H-P-1 H-P-2 H-P-3 H-P4

Depth to water table (ft)

(53 21/09/2017 [ 27/09/2017 [303/11/2017 FA 06/12/2017

Fig. 7. Temporal changes in groundwater table depth at Harsauli

village
Table: 3
pH and EC of water samples of piezometers (PZM) 1to 4
Piezometer site location Date EC (dSm™) pH
PZM-1 27/9/2017 0.60 7.60
2/11/2017 0.57 8.62
6/12/2017 0.61 7.58
PZM-2 27/9/2017 0.61 6.79
2/11/2017 0.67 8.70
6/12/2017 0.91 7.28
PZM-3 27/9/2017 0.44 8.20
2/11/2017 0.52 7.04
6/12/2017 0.51 7.93
PZM-4 27/9/2017 1.77 7.00
2/11/2017 1.36 7.30
6/12/2017 0.76 7.95

loam, showing heterogeneity in surface soils of stream bed
with poor water retention capacity, whereas, soil textural
class were loam to silty loam in the cultivated land which
indicated high porosity with good aeration. Although sugarcane
can be grown in all types of soils, from sandy loam to clay
loam, it however, thrives best on well drained soils. Gradual
decrease in the infiltration rate with time due to saturation of
soil particles indicated uniform sedimentation and deposi-
tion of sediment in the IGP region (Kumar et al., 1996) and
subsequently development of soil over it, an indicator of
similar climate during their formation (Singh et al., 2006;
Pal et al., 2009). Present study on infiltrometer indicated
that soils are well drained and very suited for higher
production of sugarcane crop.

Water quality of irrigation water has an important
bearing on sugarcane production (Subramanian, 2000 and
Pawar et al., 1998). Water samples were collected from the
tube wells located in different blocks of the district for their
evaluation of suitability for irrigation (Ding ef al., 2020;
Khatri et al., 2020). Sampling location with their analytical
results are shown in Table 5 and Fig. 10. It was observed that
groundwater quality (pH, EC, CI, Ca”, Mg”, Na’, K,
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Table: 4
Location sites of infiltrometer at Rasulpur block of Muzaffarnagar district

Site No. Location

Geo-referenced point

Latitude Longitude Elevation (m) amsl
1 Shahpur School 29°21'43.2"N 77°33'14.4"E 185
2 Shahpur Thana, I Point 29°21'10.8"N 77°33'28.8"E 181
3 Shahpur Thana, I point 29°21'14.4"N 77°33'28.8"E 183
4 Shahpur Harsauli Nala 29°23'38.4"N 77°35'16.8"E 189
5 Shahpur Harsauli Road 29°24'7.2"N 77°35'49.2"E 187
6 Rasulpur Village (Maize field) 29°22'19.2"'N 77°34'37.2"E 187
7 Rasulpur Village (Sugarcane field) 29°22'19.2"'N 77°34'37.2"E 186
8 RasulpurVillage (Fellow field, Control) 29°22'19.2"'N 77°34'37.2"E 186

14
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=
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Fig. 8. Infiltration study at different locations, (a) in Harsauli drain, (b and c) in cultivated land
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Fig. 10. (a, b, ¢, d, e, f): Sampling sites vs pH, HCO,, total hardness, SOf', CI" and NO, concentration

HCO,, So,”, Total Hardness and NO,) were well within the
permissible limits of irrigation water as defined by FAO
(Table 6), except potassium and nitrate which may be due to
fertilizer application. Based on above observation it can be

Table: 6

FAO guidelines for irrigation water quality

Water parameter Symbol Units Range in irrigation water
Electrical Conductivity EC, dSm” 0-3
Calcium Ca"  mel’ 0-20
Magnesium Mg®  mel® 0-5
Sodium Na* mel® 0-40
Carbonate CO--, mel® 0-.1
Bicarbonate HCO,- mel® 0-10
Chloride cr me I” 0-30
Sulphate So~ mel’ 0-20
Nitrate-Nitrogen NO,-N mel® 0-10
Potassium K me I” 0-2
Acid/ Basicity pH 6.0-8.5

inferred that groundwater quality is good for sugarcane crop
production (Subramanian, 2000).

Soils were also sampled from different agricultural
fields from 0-20 cm) for its particle size analysis to know
their role in engineering intervention and also analyzed for
their textural class for resource characterization following
standard procedures of Soil Survey Staff (1999). Study
indicated that soils were silty loam to loam texture (Table 7)
and if sugarcane crop is grown in such a soil textural
arrangements which has sufficient moisture in their pore
spaces, it may result in higher yield of sugarcane crop.

4. CONCLUSIONS

Intervention of WHS in Harsauli drain resulted in
extension of back water upto 1200 m and 1500 m behind the
WHS-I and WHS-II, respectively. Drill core samples indicated
that fine sand fraction were the main stratum of aquifer in all
the study sites. Infiltration study indicated uniform sedimen-
tation and deposition of sediment and soil development over
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Table: 7
Soil textural analysis of representative samples from sugarcane
fields

S.No. Clay Silt Finesand CoarseSand  Textural class

(%) (%) (%) (%) (%)
1 7.0 410 510 1.0 Silty Loam
2 160 330 500 1.0 Silty Loam
3 210 300 480 1.0 Silty Loam
4 140 200  64.0 2.0 Loam
5 13.0 200  66.0 1.0 Loam
6 120 16.0  70.0 2.0 Loam

it, an indicator of similar climate during their formation. pH
and EC were mildly alkaline, non-saline are good for
irrigation and drinking purposes. Water quality parameters
(Total Hardness, CI', Na, K, HCO;, So,” and NO,") were well
within the permissible limits of irrigation water. The
textural analysis soils indicated that the crop grown in such
situation will get sufficient moisture available in soil pore
spaces. Variation in piezometric level was observed during
the impounding in all the piezometers and its effect was
more in the piezometer installed near to the drain. Since
sugarcane requires intensive rainwater that exerts heavy
pumping pressure on ground water, to make the sugarcane
cultivated area of water positive zone, such WHS can be
highly effective.
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