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ABSTRACT
Groundwater is directly associated and influenced by natural recharge. Since the
natural recharge in the areas having low and medium rainfall is restricted. Thus,
groundwater in these areas is prone to depletion, resulting in a permanent decline in
the water table. The depletion in groundwater reserve, in this way, causes major
economic, social and ecological consequences in the region. It has been observed that in
many parts of the excess groundwater withdrawal by private tube wells used for rice
cultivation has resulted modification of hydrological setting. Groundwater Estimation
Committee, the level of groundwater development is more than 80 per cent which is
quite alarming in comparison to the national level of 30 per cent. This region has
registered as appreciable decline in groundwater level since 1974 due to high rate of
extraction. This study has demonstrated that average depletion is taking place in
groundwater reservoirs at an alarming rate of 0.529 meter per year. In this way the
problem of ground depletion in the area seems to be both shortage and managerial. The
new technology is of little significance until it reaches to the actual user. Sometimes it
takes several years for a new technology to reach to its end user. The innovation of new
techniques in the field of irrigated agriculture is of utmost importance particularly for
the semi-arid area like the study area. For example, evolution and implementation of
new irrigation technique that could save water is considered as one of the promising
strategies. Water saving modern devices is the growing need of the study area because
the survey by the Central Groundwater Board reveals that the spurt in the number of
tubewells has caused the groundwater table to decline as the withdrawal exceeds the
average annual recharge. Groundwater irrigation is a critical factor in the study area as
canal water is scarcely available. It has also been observed in this area that centrifugal
pumps used for water lifting are being replaced by submersible pumps. Installation of
submersible pump requires heavy investment which is beyond the reach of most
farmers. Various improved irrigation methods such as sprinklers, drip irrigation and
Deep Tubewell Irrigation Technology (DTIT) could be useful methods for the study
area.
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INTRODUCTION

Water is one of the most important things that life on this planet needs. For the survival of
humans, surface water and groundwater are two main water sources. Even if India is rich in soil
waters, it has nevertheless not been protected and managed as much as surface water, even as it is
used as a drinking water by over half the world's population. This precious gift of nature must
urgently be preserved and protected. In India, the demand for groundwater supplies is estimated at
approximately 45 million hectares (mham). Assuming 70% of this amount is available, the useable
potential can still be developed at 23 mham. In India, an estimated amount of about 450 billion
cubic meters (BCM) of annual groundwater charging was achieved 1). Following consideration of
the system's natural loss, the net annual availability of groundwater in the country is estimated to
be around 380 BCM. The total annual water drainage, on the other hand, was approximately 160
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BCM. Groundwater development has not yet been recovered in some parts of the country,
including the north-east. In some countries, however, the development of groundwater is more
than 85%, such as Haryana and Punjab. Heavy groundwater withdrawal in some parts of the
Haryana has led to a high development stage. In addition to this complex tool, a wide range of non-
replenishable storage options are available at deeper levels. A rough estimate indicates that the
total groundwater supply in storage is roughly BCM 10,812. In the alluvial reserves of the Indo-
GangeticBrahamputra region, which range in the north and northeast parts of the country, there
are especially abundant groundwater retainers. Groundwater availability in quantitative and
qualitative terms is influenced in general by the different geology, physiography and climatic
conditions. Nevertheless the intelligent use of this natural resource and its efficient management
are critical today in India because they have played an important part in sustaining the Indian
economy, climate and living standards.

GROUNDWATER MANAGEMENT STRATEGIES
In the present research work, three management strategies: ecological, institutional and
technological are suggested for sustainable groundwater development in Southern Haryana.

ECOLOGICAL STRATEGIES
Groundwater depletion at such an alarming rate needs to be monitored in the study area. Some
ecological groundwater management strategies have been established to track environmental
consequences. It should be borne in mind that these approaches would aim to avoid further
depletion of groundwater resulting from over-exploitation of resources for the production of the
various conservation and management practices. The following sections are presented;
I.  Cutting pattern shift.
II.  Knowledge of water efficiency.
III.  Heat mix.
IV.  Harvest of rainwater and artificial groundwater recharge.
V.  Conveyance loss elimination.
VI.  Reduction in losses of demand.
VII.  Water resource allocation.
VIII.  Waste water treatment and re-use
Change in Cropping Pattern: While there is a mixture of cereals, pulses and oil seeds in the current
cropping pattern, there has still been a significant boom in the region under wheat and some rice.
With the increase of irrigation facilities the preference of farmers for wheat and rice is growing. In
the other crops such as sarson, bajra, guar, jowar and cotton the prevalence of the wheat and paddy
crop was estimated. The productivity of rice-wheat rotation has diminished, due to declining soil
health given the comparatively benefit of improved technology. However, the study included an
increase in fertilizer consumption and irrigation plants, leading to an increase in crop yield and an
increase in ground water reservoir depletion. Tendency to continually deplete the crop production
may also be reversed in the long run. In order to maintain soil productivity, to prevent
groundwater depletion and meet food grain and fodder demands of the people of the area, the
following crop sequences and inter cropping are recommended:
1. Arhar — moong — wheat
Millets — sunflower
Millets — toria — sunflower/moong
Cotton — pulses
Millets — surson
Millet — surson — potato/onion
7. Millet — wheat — lobia/moong/urad
The forgoing mentioned crop sequence requires less amount of water and hence will help to
maintain balance crop production, high water productivity and return soil productivity.

AR ol
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Awareness about efficient use of water: Farmers ' ignorance of the right watering schedule poses a
major hurdle in water production. Uncontrolled irrigation contributes to inefficient use of irrigated
water by drought, open field irrigation and premature irrigation. The survey clearly shows that
farmers prefer to be irrigated regardless of soil characteristics, essential plant growth level, and
evaporative atmospheric demands. It is suggested that effective and simple technologies should be
built in order to improve irrigation water quality so that farmers can easily use the water. The
farmers should know how much water should be added to a specific crop and how much time
should be. Farmers must be made aware of the need for practical use of water to achieve maximum
yield and long-term sustainable development. To achieve this goal, farmers must be trained on the
following aspects:

1. Pick the crop pattern in accordance with water and soil type availability

2. Land leveling is an advantage for effective irrigation water use as even surface movement of
soil water almost uniformly.

3. For a particular crop, it is essential to know about the irrigation time and depth. It is also
important to know the critical watering stage and the ability of water to hold different soils..

4. Knowledge of the appropriate timing for the use of fertilizers and pesticides improves crops

and efficiency in water use.

Conjunctive use of water: Conjunctual water usage means cumulative water multiple uses, so that
when each source is used separately, the net output is more than the total outputi. At one point on
the earth, surface water becomes groundwater at another point, so it may emerge again at the third
point as surface water. So groundwater and surface water are part and parallel to the same
hydrological cycle. Maximum returns can be achieved without degrading the region's water
resources by the combined use of water techniques. The following steps should be taken in several
schemes for conjunctive water usein the region:

. The increase of canal water by pumped groundwater through deep tubewells along the
canal system.

. In reservoirs, in lakes, rain waters are collected so that they can be used with the river and
groundwater.

. Maintenance of the water table in water reported areas and replacement with canal water

and vice versa of slightly bad quality ground water.

Rain water harvesting and artificial recharge of groundwater: The method of rainwater harvesting
and artificial charging is widely accepted in order to stop decreasing rates in groundwater levels.
This practice is seen as cost effective as well as increasing the resources of the groundwater.
Because of the scarce rainfall and the limited network of canal water, pumping of whole
groundwater in this area cannot be stopped. In order to increase groundwater resources, therefore,
harvest and artificial recharge infrastructure must be strengthened. Rainwater harvesting and
artificial recharge technologies have shown promising results in different parts of the country. The
implementation of this scheme will help society in various ways, i.e. increasing soil regeneration,
controlling groundwater level and reducing surplus drainage. Such technics can boost water
harvesting efficiency, soil quality by increased soil humidity and improving groundwater levels by
effectively implementing such techniques. This plan will enhance the storage of surface water,
stopped run- off which, in turn, will enhance the groundwater reserve at the lower reaches, by
building small water resers, perpolation tanks and ponds at the right locations in this region In the
study area1 there are also the Aravalli Hills. Such mountains are rich in diverse flora and fauna. It
makes it green all year round. The area of the hills and hills may be used for storing precipitous
water by building tanks for storage and percolation. This area could be used in this way for the
aquifers of the study area as the possible recharge zone. The rise in the groundwater supplies of the
study area could also be the Aravalli Hills that are otherwise environmentally poorly affected.

Reduction in Conveyance losses: For the people of this area, the Yamuna River is the only source of
surface water. Water from this stream is transported by main canals, branches, distributors,
minors, streams and channels to the farmer's field. Due to the water runoff and percolation
enormous amounts are lost during transport. The irrigation grid is important to mitigate these
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losses in order to improve irrigation water quality. In order to get best profit from every drop of
water, modern flow technology should be adopted to efficiently transport and distribute the
available river water for the farmers in need.

INSTITUTIONAL STRATEGIES
The organization is a term that discusses concepts, actions, including social behaviour, laws,
traditions, customs, conventions, fashion and legislation. The institutional structure was defined
differently by various research studies. Crainei established institutional arrangements as a
composite of legal, administrative and functional power. Nelson2 however defined it from another
perspective, who regarded it as forms of government, agencies, legislation and other social
guidelines designed to influence human behavior. Such concepts clearly indicate that the
institutions must include laws and regulations; institutional structures; economic and financial
arrangements; political structures and traditions and principles of history and tradition. Nowadays,
a study of how institutional structures handle evolving needs due to internal or external pressures
should be the most relevant area of research. It was observed many times that, due to the varying
attitude of the person involved, the operational guidelines of resource management institutions
adversely affect the implementation of the resource policy. Thus, for the successful
implementation of the resources policy and potential modifications to the current model, an
enhanced understanding of various components of the resource management organization is
needed.
1. Water Right System

Rapid expansion of lifting water systems is contributing to a worsening of the crisis in
groundwater. Actually, groundwater extraction at one's own request has caused a major
degradation of groundwater in the country and the study area. There is therefore an immediate
need for more complicated solutions, such as a water retention scheme, capable of efficiently
restricting the removal of individual and collective water. As this natural source is not used
efficiently, there is a need for legislation on groundwater control and regulation in the region,
including the research area. Seeing that the issue of water is on the state agenda, the legislature is
the right authority to enact groundwater legislation. The concept of property law in Haryana is not
applicable in the case of groundwater resources. In the state farmer, one tubing extract on his land
could use, move or sell all or part of water. Without obstacles and constraints, farmers capture
water by pumping. The result is that people tend to overlook this phenomenon without regard for
the future. Furthermore, the pump proprietor does not realize that its over-drawing has
consequences on other consumers. Since the aquifers do not understand boundaries, every farmer
has exhausted the common pool for which no individual is liable. This procedure also involves the
participation of an entity with regulatory authority over individual users in the identification and
defense of property rights. This requires a significant shift in decision-making from individual
farms to administrative installations.

2, Legal Institutions

Until now, farmers in the state have rotated channel water. Rationing is enforced at all levels and at
the level of rivers, waterways and fields, including allocation of water. Management decisions and
schedules control the rationing of canal water in the state, including the area of study. To order to
regulate extraction in all regions, the government of India has long tried to set up a Groundwater
Authority. Nevertheless, up to now no water legislation has been implemented or enforced by
either the central government and the State government. Human participation in groundwater
resource management is increasingly needed. Legislative mechanisms should include guidelines or
restrictions on tubewell owners ' involvement. The people should be responsible for controlling
groundwater resources. The implementation, unless people participate in the planning, execution
and maintenance of any large- scale groundwater development program will not be effective.
Furthermore, it was thought that different platforms were urgently required for common farmers
to share information and knowledge about groundwater science. Therefore, comprehensive

management strategies should be initiated to increase scarce groundwater capacity including
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educational institutions, not government organisations, social groups and local autonomous
bodies. This ensures long-term sustainable development in the country.

Water is available both in the country and in the area of study without any financial liabilities.
Electricity is highly subsidized for water extraction. Consequently, famers and communities have
taken unfair advantages of not charging water or high subsidies for energy. Some regulatory
standards must therefore be enforced through the public sector, financial institutions and the State
Electricity Commission. Actually, in blocks labeled as gray and black, only certain limitations on
allocation of NABARD funds are available. In these situations, the overall water system must be re-
evaluated and the integrated guidelines formulated and implemented so as to ensure that this
precious natural resource remains sustainable in the long term.

TECHNOLOGICAL STRATEGIES

Until it reaches the user, the introduction and evolution of new technologies is of little relevance.
This takes a couple of years to reach the end user of a new technology. The invention of new
irrigated farm techniques is particularly important in the semi-arid region, for example in the study
area. For example, the development and implementation of new water saving irrigation techniques
is considered to be one of the successful strategies. Modern devices to save water are the increasing
demand in this region as the Central Groundwater Board's survey shows a decline in the spurt of
tubewells, as the withdrawal exceeds the average annual fee. In terms of water availability,
groundwater irrigation is a critical factor for the study area. Centrifugal pumps for water level have
also been found in this region to be superseded with dipping pumps. Submersible pump
installation calls for heavy investment that is beyond the grasp of most farmers. Various methods

of improved irrigation, such as sprinklers,  drop irrigation could be useful in the
area studied.
1. Augmentation of Sprinkler Device: Irrigation with sprinklers is somewhat like precipitation.

This method sprays water into the air and allows it to drop as rain on the ground. Water is
uniformly distributed to the root area in this irrigation system at a rate sufficient for the soil
infiltration. Efficient irrigation with less water could be achieved with this method.
Therefore, in regions like the area where water is scarce, this method is becoming popular.
Almost all plants (except rice) can be successfully used with this process. By adopting
appropriate crop patterns, more area can be irrigated with the sprinkler. For plants like
wheat, sarson, gram, bajra and fodder, this procedure has been very effective. The crop
pattern for most of the study area is therefore suitable for irrigation of sprinklers. This
technique should therefore be spread to more and more areas in order to minimize the
burden of groundwater resources without jeopardizing farmers ' economies in the region.

2. Augmentation of Drip Irrigation: The irrigation by drop or drop-by-drop is a new irrigation
method. The plants are frequently watered at the same rate as their consumption by this
technique. Up to 50 percent can be saved with this irrigation strategy in addition to
traditional irrigation methods. Water losses could be greatly reduced by the introduction of
a drip irrigation system because of deep percolation, surfacto exhaust and soil water
evaporation of any conventional irrigation method. It is also estimated that the yield of
crops by this technique can be increased by between 50 and 200 percent. The initial cost of
equipment and other infrastructure for drip irrigation however is relatively high and is
beyond most farmers ' reach. Thus the economic factors usually limited the application of
this technique to a limited field. For this technique, the crop design and soil characteristics
of the area of study are suitable. Therefore, the need for highly subsidized drop irrigation
equipment is great to enable the farmers in the field to boom this method.
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AUGMENTATION OFPOLLUTIONFREE TECHNOLOGY

There were twofold issues in the study area with respect to emissions. One is excessive fluoride and
other soluble salts used for drinking and other applications in groundwater. The highly polluted
water in the study area flows across the Agra canal is also a problem. It is recognized to be a serious
health problem if polluted water is used to either drink or irrigate. Nevertheless, legislation
restricts the existence, but often overlooks, of undesirable materials which pollute the water.
Although much attention has been paid to clean the Yamuna River by the Indian Government. The
desired results are, however, still awaited. Cohesive efforts to clean up the river are therefore
necessary. Before releasing it to its sub-agents and outlets, government can also take measures to
clean the polluted water of the Agra Canal. The dirty water of the rivers and dams can be filtered by
technologies. Various methods are available before being supplied for consumption to eliminate
fluoride and other harmful components. All-round efforts need to be made with modern
technology to solve the problem of water pollution. This can reduce the pressure on the area of
fresh water.

CONCLUSION

The highly diverse hydrogeological conditions and differences in groundwater supplies accessibility
from one part of the country to the other call for a holistic approach to the development of effective
management strategies. The emphasis on management requirements does not mean full
development of groundwater resources in India. An integrated approach, integrating supply and
demand sides, includes effective management of available groundwater resources. In the Indo
Gang etic alluvial plain, a vast area is located in which the development of groundwater is
suboptimal and enough scope for future development. In the water stressed areas, immediate
action is also required in order to increase ground water. However, development efforts should
now be focused on through management mechanisms in order to achieve a sustainable use of
ground water resources. Soil water constitutes in the genetic plains, including the three States, the
most important source of irrigation water. Punjab, West Bengal and Bihar. Agricultural
productivity in Bihar and West Bengal is relatively low in comparison with Punjab. While in these
areas ground water production can be carried out on the basis of hydrogeological and
environmental factors, the mainly small and marginal farmers also face major economic obstacles.
There have been a multitude of mechanisms developed or developed to allow farmers to take
advantage of groundwater in those areas. Assured supply of electricity is one of the most important
factors, which determines the rate, access and availability of soil water to a large extent. As the
demand-led production of groundwater is mostly guided, it may be adjusted with the formation of
suitable markets by means of proper agricultural, credit, subsidy and energy policies. The flood
plains along the country's major stretches offer good opportunities for the development of
groundwater. Similarly, artesian zones can be mapped and appropriate development plans drafted
in the country. Methodologies for determining the development potential of deeper water sources
must be established in alluvial areas, where multi-aquifer systems exist. Coordinated efforts are
urgent for the developing and implementing of appropriate ground water management strategies
in the country from various central and State government agencies, NGO's and social services
organizations, academic institutions and stakeholders.
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