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Foreword

ICAR-NIAP regularly undertakes research studies on policy and institutional issues
related to the development. The study on impact of micro irrigation sponsored by NITI
Aayog, is of special interest for the water policy and research point of view. This study
examines the spread and adoption of micro irrigation in four states, namely, Punjab
(Unexploited region), Maharashtra, Gujarat and Andhra Pradesh.

This study combines and compares the observations across four states of India with
varied cropping pattern. The study shows that farmers are motivated to adopt drip irrigation
primarily to cope with the scarcity in at least one of three factors of production, namely
water, power and labour. Micro irrigation appears to give very good results on each of these
counts, and therefore the farmers see it as very useful technology. The survey results show
that farmers use the saved water for variety of purposes including cultivation of new crops,
giving more irrigation to other existing crops. Though rare, some farmers also share and sell
water informally. The study clearly establishes the benefit of the technology for conservation
of water and extending its use.

The study explores the adoption process beyond technology use to master the
management of micro-irrigation in agriculture and roles of stakeholders. The different phases
including purchase of the equipment, installation, getting subsidy approval and disbursements
are very important. This post adoption phase is important in getting the maximum benefits
from the system. While the initial phases are substantially influenced by friends, family and
local networks, the subsequent phase is dominated by the action of drip dealer, company sales
persons and the final phase is determined by others such as the drip after sales service staff.
The results indicate the positive impact of micro irrigation on improving the productivity of
agriculture and to cope with power, labour and water scarcity. The report makes
recommendations for redesigning the benefit of micro irrigation by farmers and higher water
productivity in sustainable manner. | hope research finding will be useful for the researchers
and other readers.

Director




Glimpse of activities under micro irrigation study
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Micro irrigation system lateral wrapped with tractor in Banaskantha, Gujarat Micro irrigation system controlling unit In Fazlika, punjab

Micro irrigation system in green shed net Sabarkantha Micro irrigation system with fertigation unit Abohar Punjab

Plate 1: showing the micro irrigation device with fertigation unit attached




Discussion with farmers in Hoshiarpur solar micro irrigation system Punjab

Discussion with farmers on micro irrigation system Visakhapatnam, AP Discussion with farmers on micro irrigation system Visakhapatnam, AP

Plate 2: Research team conducting primary survey




Solar operated micro irrigation system in Abohar, Punjab

Micro irrigation svstem fitted in Chittoor district,

Micro irrigation system fitted for plantation crop Chittoor district,

Micro irrigation system fitted in Chittoor district, AP

Plate 3: Showing the micro irrigation system with attachment of various devices




Discussion with farmers on micro irrigation system for Banana crop in Banaskantha,

Discussion by the research team with farmers in Visakhapatnam, AP
Micro irrigation system fitted for Nursery rising in Punjab

Plates 4: Showing the micro irrigation installed in the poly houses
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Micro irrigation system fitted in mandin orange in Abohar, Punjab
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Micro irrigation system underground in Banaskantha, Gujarat

Discussion with farmers in Visakhapatnam , Andhra Pradesh

Plate 5: Showing the micro irrigation system intalled in farmers field visited by the research team
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Micro irrigation system fitted in cotton cultivation in Sabarkantha, Gujarat

Water storage tank for feeding to micro irrigation system in Abohar Punjabam , Andhra
Pradach

Fodder cultivation using underground micro irrigation system in Chittoor, AP

Farmer showing the water level in open well Gujarat

Plate 6: Showing the water resouces and fitings of MIS devices in the farmers fields
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Micro irrigation system installed after sowing the crop in Punjab

Micro irrigation system installed in sugarcane in Chittoor district, AP

Micro irrigation system installed in new crop (beans), Gujarat Beans harvested from the irrigation through MIS, Gujarat

Plate 7: Showing the drip system fitted in sugarcane, beans and cotton
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Micro irrigation system installed in maize crop in Chittoor district of AP

Micro irrigation system installed in horticulture crop in Chittoor district of AP

Micro irrigation system installed in maize crop in Chittoor district of AP

Plates 8: Showing the drip irrigation system installed at farmers field under different crops
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Executive summary

The water is one of the important and basic inputs for agriculture production. India is
having about 139.5 mha. total irrigation potential and some of the states have already
harvested the existing irrigation potential. Recognizing the importance of micro-
irrigation, first time Central Government specifically mentioned it in Eighth Five-Year
Plan in 1992. The first real thrust however came in 2006, when the government
launched a Centrally Sponsored Scheme (CSS) for micro-irrigation. This was later
upgraded to the National Mission on Micro- irrigation (NMMI) in 2010 and was
implemented till year 2013-14. In the year 2014-15, NMMI was subsumed under the
National Mission for Sustainable Agriculture (NMSA) and was implemented under the
On Farm Water Management (OFWM) component of the scheme. Subsuming all the
schemes of irrigation, Pradhan Mantri Krishi Sinchayee Yojna (PMKSY) was launched in
2015 by integrating micro irrigation in the flagship scheme as an integral component.
This study examines the experiences in spread and adoption of micro- irrigation in
selected four states, namely, Punjab (Unexploited region), Maharashtra, Gujarat and
Andhra Pradesh. This study departs from the usual supply side perspective and
provides a demand side perspective. It combines and compares the observations across

four states of India with varied cropping pattern.

The specific objectives of the study are; to study the administration processes adopted
by the states and effectiveness of state implementing agencies; effect of water/ energy
pricing on adoption of micro irrigation; effectiveness of various MI technologies for
water economy, energy and inputs use and income; estimate the total area covered
under MI in selected states and to assess the extent of the use of marginal and otherwise
uncultivable lands; estimate the amount of private investment and area covered ; assess
the reliability and durability of the system for sustainable development: develop an
alternate ecosystem for promotion of micro-irrigation in under exploited but potential
states/ regions and identify the major constraints, if any, and suggest remedial

measures.

The administrative process of Micro-Irrigation System (MIS) implementation adopted

by different states is not uniform. However, the subsidy norms and selection of
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beneficiaries are practiced following the common guidelines. The MIS implementation
model adopted by Andhra Pradesh, Gujarat and Maharashtra states is found to be better
in terms of simplification of operational procedure, fairness in subsidy allotment,
transparency, farmers’ satisfaction and clarity in subsidy disbursement process. Punjab
state needs to adopt and refine their implementation process of MIS on lines of Andhra
Pradesh Micro Irrigation Project (APMIP) or Gujarat Green Revolution Company
(GGRC).However, MIS under solar irrigation project is performing, well in the state.
Operational process using ICT is very well utilized by AP, MAH and Gujarat states. Other

states can replicate some of these approaches.

The micro irrigation has created the opportunity of employment generation, income
improvement, attraction of youths towards agriculture (Chittoor, AP), reduction of out

migration of farmers (Hoshiarpur, Punjab).

The teams implementing the micro-irrigation schemes in various states (with an
exception of few) drew from different line departments. The frequent transfer of the
staffs has hampered the progress of the project especially in Punjab and Maharashtra.
Hence, a focused approach by providing separate department needs to be adopted by
other states. Andhra Pradesh and Gujarat have opened dedicated separate
department/unit exclusively for micro- irrigation implementation. This has resulted in
scaling up of area under micro-irrigation in these states. Farmers face major challenges
in finding financing for micro-irrigation products and there are high collateral demands.
Adequate credit facilities to the farmers, trained human resources and infrastructure for
training of farmers were lacking in Punjab. Peoples participation in the micro-irrigation
programme was low to medium (PPI=68%). This needs to be improved by involving the

stakeholder right from the planning to implementation stage of the scheme.

Micro irrigation is generally perceived as technology intensive; hence, its acceptance by
farmers needs much persuasion. There is a lack of information on temporal and spatial
variation in soil moisture, the optimal fraction of soil to be wetted, location specific and
crop-specific irrigation and fertigation scheduling and lack of availability of low cost
water-soluble fertilizers and other agro chemicals even in AP, Maharashtra and Gujarat,

where MIS has progressed well. Farmers in Punjab and AP states are allowed to run

16




their water pumps on free and subsidized energy, i.e. electricity and solar sources
resulting in over exploitation of ground water due to the fact that method of irrigation

mostly used flood. They don’t feel the necessity of water saving technologies like MIS.

More than 75% farmers among adopters arewell aware about MIS and its benefits.
Though non- adopters are also aware about MIS but the extent of awareness is less than
40%. Most of the adopters were familiar with the process of application filling and
approaching the Programme Implementing Agency (PIA). Still efforts from the PIA are
needed to create more awareness about the benefits of the MIS, particularly in the state
like Punjab. The total coverage of area under MIS for the country as whole is about
10.25 mha which is about 7.6% to net sown area. The coverage of area under drip
irrigation was higher in Andhra Pradesh (25.3%) fallowed by Maharashtra (23.6%),
Gujarat (13.6%) and Punjab (< 1.17%). On the other hand, option in the case of
sprinkler, Gujarat, Maharashtra and Andhra Pradesh have covered more area then in

Punjab and other states.

The proportion of farmers who witnessed water scarcity was higher among the adopter
category. This implies that depleting water resources is an important driving force
behind adoption of MI technology. It is to be noted that in Punjab, nearly 36 per cent of
the farmers strongly disagreed for existing water scarcity as they were facing water
logging condition in their fields. The water logging existsin South-West part of Punjab.
However, in the other selected states, majority of the farmers, particularly adopters feel
shortage of water a big problem. The inputs used, number of irrigation, sources of
irrigation, cost and net returns of the adopters were higher compared with the non-
adopters. The evidence revealed a significant increase in yield and saving of water,
energy and fertilizer as compared to the non-adopters. The fertilizer saving varies from
12.89% to 37.51% and similarly chemical used for pest and disease management saved
varies from 17.71% to 48.23% (Punjab). However, increase in yield and saving in inputs
does not vary uniformly across the crop and states. It was observed that the fund allocation
and utilization was encouraging by different states during 2013-2016. Andhra Pradesh
contributed nearly 20 per cent of total expenditure under India’s micro irrigation total

expenditure. However, for other states it was not much, except Gujarat, Maharashtra, and

Karnataka. For successful and widespread diversification of agriculture in the state (Punjab,
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Maharashtra), the installation of Micro irrigation systems should be made an integral part of

the programme by providing special assistance in the form of subsidies and interest-free loans.

There is a tendency amongst farmers to get the Micro-irrigation system installed
from the unapproved firms without intimating the department. When there are problem
with system, farmers blame the department. To avoid such hardship to the farmers,
there should be a blanket ban on the unapproved firms in the state. However, AP,
Maharashtra and Gujarat states have already taken into account these aspects seriously.
The components like water storage tanks, electric motors and pump sets should also be
part of the micro irrigation system. Electric connection priority and assured continuous
power supply for at least 8 hours a day should be made available. To realize long-term
impact of micro-irrigation, there should be a continuous process of monitoring and

impact assessment studies.
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Chapter 1.0
1.0 Introduction

Agriculture is one of the major contributors of Indian economy and a predominant
source of livelihood. The small and marginal farmers (0-2 ha) comprised 86.21% of total
farmer in 2015-16 against 84.97% in 2010-11 while their share in the operated area stood
47.34% in the current census as against 44.31% in 2010-11 (Agriculture census, 2015-16).
The smaller land holding is accompanied by unequal distribution of water resources
endowment and its access. Despite possessing world’s largest irrigated area, irrigation
coverage in the country is only 48.2 per cent and thus a significant portion of agriculture land
depends on rainfall. The average annual rainfall is about 117 cm, but it has wide spatial
variations from 1100 cm in Cherrapunji to 10 cm in western Rajasthan. Further, over 80% of
the annual rainfall is received only during four month of the year (June to September)
(Rainfall Statistics of India, 2016). Due to rising population and increasing demand by
various sectors, per capita water availability has declined from 5,177 m®in 1951 to 1,545 m®.
With an annual groundwater draft of 245 BCM, irrigation alone consumes nearly 91 per cent
of total draft irrigating 62 % of total irrigated area of the country (CGWB, 2014). So,
agriculture bears responsibility of using these scarce natural resources judiciously and
efficiently.

Since independence, the Government of India has made huge investments in
development of water resources. However, the performance of public funded irrigation
projects has been continually declining over the years due to system maintenance issues,
inefficient delivery systems, as well as inefficient management at field level. Further, the
expansion of irrigated area does not commensurate with the amount of capital invested.
Rising cost of cultivation and soil salinity is adversely affecting sustainability of agriculture.
Irrigation, which was one of the key factors behind green revolution in India, led to large
scale adoption of pumping technology at farmer field (T. Saha, 2009, 2011). The number of
bore wells increased from less than one million in the 1960s to 20 million by 2009 (Dewandel
et al., 2010). Further government intervention to support farming community as free or
subsidized power supply for irrigation has accelerated groundwater extraction, resulted in its
over-exploitation in few parts of country. At same time, groundwater irrigation has emerged

as a dominant source of irrigation due to its higher efficiency and reliability as compared to
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canal irrigation. At present, groundwater development of India is 62 % but states like Punjab,
Haryana and Rajasthan it went up to 150 % (CGWB, 2016). The latest reports from the
GRACE Mission of NASA (Rodell et al., 2009, Samir Yacoubi; 2012) showed continuous
groundwater decline 17.7645 BCM/year over the Indian states of Rajasthan, Punjab, Haryana
and Delhi. Such high rates of groundwater exploitation have increased the percentage of
‘unsafe’ districts from 9 % to 30 % in a span of nine years between 1995 and 2004 (Shankar
et.al, 2011). At present, almost all the easily possible ways for viable irrigation potential have
already been tapped. However, the water demand for different sectors has been growing
continuously (Saleth 1996; Vaidyanathan 1999) and demand management becomes the
overall key strategy for managing scarce water resources (Molden et al 2001, Kumar 2008).
In this context, water saving technologies like micro irrigation has emerged as a suitable
demand management measure to address the water scarcity issues. Therefore, up-scaling

water use efficiency in agriculture has become key issue for policy makers.
1.1 Government initiatives for micro irrigation system development

Recognizing the importance of micro irrigation, first time central government specifically
mentioned it in eighth five-year plan in 1992. The first real thrust however came in 2006,
when the government launched a Centrally Sponsored Scheme (CSS) for micro irrigation.
This was later upgraded to the National Mission on Micro Irrigation (NMMI) in 2010 and
was implemented until year 2013-14. In the year 2014-15, NMMI was subsumed under the
National Mission for Sustainable Agriculture (NMSA) and was implemented under the On
Farm Water Management (OFWM) component of the scheme. Subsuming all the schemes of
irrigation, Pradhan Mantri Krishi Sinchayee Yojna (PMKSY) was launched in 2015,
integrating micro irrigation as an integral component. PMKSY main focus is to achieve
convergence of investments in irrigation sector at field level in order to provide end-to-end
solutions in irrigation supply chain, viz. water sources, distribution network and farm level
applications. This programme includes creating infrastructure to bring water to farms and
watershed development. Therefore, the micro irrigation presents a quick-win opportunity for
all the stakeholders where the implementation can be seen on ground within short period. The
timeline of intervention to accelerate micro irrigation is presented in figure 1. All these
programmes and schemes have been initiated by the government with specific objectives to
improve the water use efficiency and water productivity by raising more crop per drop of

water.
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Figure 1: Journey of micro irrigation development in India

The guidelines issued for implementation of MIS, emphasizes on need to bring
maximum area under micro irrigation. To accomplish the intended objectives of the
government on MIS, different states follow different policies while implementing it.
However, central guidelines are common. There is wide variation in the approach adopted by
different states for implementation of the MIS. At present, total area under micro irrigation is
10. 3 million ha contributed by 4.8 million ha under drip and 5.5 million ha under sprinkler
irrigation (Agri. Stat, 2018, DACNET).
With this prelude, this study has been taken up with following Objectives:

1.2 Terms of reference/ Objectives

1. To study the administration processes practices adopted by the state and effectiveness of
state implementing agencies.

2. Effect of water/ energy pricing on adoption of micro irrigation.

3. To find out the effectiveness of various MI technologies for water economy, energy and
input economy, savings, employment and income.

4. To estimate the total area covered under Ml in selected states and to assess the extent of
the use of marginal and otherwise uncultivable lands.

5. To estimate the amount of private investment and area covered by them and developing
database.
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6. To assess the reliability and durability of the system for sustainable development.

7. To develop an alternate eco system for promotion of micro irrigation in under exploited
but potential states/ regions.

8. To identify the major constraints, if any and suggest remedial measure.

1.3 Rationale of the study on micro irrigation: The answer to emergence of groundwater
scarcity and continuous groundwater depletion across states is twofold- supply and demand
management of water. Since agriculture sector alone consume nearly 80% the total water in
India, it would be central to reducing the aggregate demand for water to match with the
available future supplies, thereby reducing the extent of water stress that the country is likely
to face (Kumar, 2003). Measures to increase water supply such as completion of storage
dams, interlinking of rivers, desalination of seawater and artificial recharge of groundwater
and rainwater harvesting are costly and long-term steps. A number of demand management
strategies like water pricing, water users association; turnover system, etc. have been
introduced since the late-1970s to increase the water-use efficiency. Demand management
becomes the key to the overall strategy for managing scarce water resources (Molden et al.
2001). Drip Irrigation is one of the most efficient methods of irrigation (Keller and Blisner,
1990). There are two lines of thought regarding the water-saving potential of micro irrigation
technologies. The first line of argument is that the adoption of micro irrigation technologies
results in net water savings, thereby easing the prevailing water-scarcity problems. The water
saving is attained through substantial reduction in losses due to evaporation and inefficient
field conveyance and distribution systems. This is the declared motive for the state
governments of India to embark on the massive popularization of these technologies.
However, the farmers’ rationale for adopting these technologies may be different from the
policy objectives of the state governments. Farmers may give more weight to the other
attributes of micro irrigation technologies such as improvements in yield, reduction in labor
requirement, improvement in output quality, etc. in their adoption decisions. The second line
of thought is that even though micro irrigation technologies can result in water savings at the
plot or field level, it may not translate into net water savings at a higher level of aggregation
such as the watershed or the basin (Molden et al. 2001, Naryanmoorti et al. 1997). According
to this line of thought, the net water savings could be only modest if the phenomenon of
return flows, much of which goes to recharge the underground water source, is considered as
useful. Thus the adoption of micro irrigation technologies may not automatically lead to

water savings at the basin level unless enabling institutional and economic policy instruments
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are put in place that allow the equitable distribution or allocation of the saved water. Thus, to
understand that micro irrigation system really save water, energy, enhanced income and
employment opportunities are still debatable issue and put strains of risks on the farming
community. To address the issues like administrative process adoptee, institutions involved
benefits of micro irrigation and constraints in adoption micro irrigation, this study was

planned and findings are reported in subsequent section of this report.
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Chapter 2.0

2.1 Evidences from the literature: The survey of literature on the impacts of micro
irrigation technologies indicate that they are usually promoted primarily for one or more of
the following objectives (1) as a means of saving water in irrigated agriculture and averting
the impending water crises (Narayanamoorthy, 2003 & Verma, 2004), (2) as a strategy to
increase income and reduce poverty among the rural poor, (3) to enhance the food and
nutritional security of rural households (Upadhyay, 2003 & 2004) and (4) as a means to
extend the limited available water over a larger cropped area, especially during drought years
or during the period before a monsoon season. Micro irrigation technologies lead to poverty
reduction through substantial increases in farm income due to an increased area of
cultivation, better crop yields, enhanced output quality, early crop maturity and hence higher
unit prices, and reduced cultivation costs, particularly for operations like irrigation and
weeding. Micro irrigation technologies enhance nutritional security by enabling the
production and consumption of vegetables, particularly leafy vegetables, which are usually
missing in the traditional staple diets of many cultures. Various studies in India have shown a
considerable return to farmers’ investments in micro irrigation technologies (Dhawan 2002).

Demand management mechanism such as micro irrigation (drip and sprinkler
irrigation) shows superiority over other traditional irrigation methods in term of water use
efficiency, energy saving, yield increase etc. (Kumar and Palanisami, 2010). The result of
high crop yield and water use efficiency in sprinkler irrigation is partly because sprinkler
irrigation can produce a favorable microclimate for crop growth (Yang et al, 2000).

Under drip irrigation, cost reduction is generally realized more in labour intensive
operations like ploughing, weeding, irrigation, etc. (Narayanamoorthy, 2005). The
environmental problems associated with surface method of irrigation like the one water
logging and salinity are effectively solved under drip method of irrigation (Narayanamoorthy,
1997). Drip method helps in achieving saving in irrigation water, increased water-use
efficiency, decreased tillage requirement, higher quality products, increased crop yields and
higher fertilizer-use efficiency (Qureshi et al., 2001; Namara et al., 2005). Evidences show
that the water-use efficiency increases up to 100 per cent in a properly designed and managed
drip irrigation system (Sivanappan, 1994). Only a few states like Andhra Pradesh,
Maharashtra and Tamil Nadu have adopted significant areas under micro-irrigation.

The poor adoption is attributed to a number of factors, such as, high cost, complexity

of the technology and other socio-economic issues, such as, lack of credit access, fragmented
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land holdings, localized crop pattern, etc. Further, faulty design of irrigation system is
another important factor forcing poor adoption of micro-irrigation, especially among the
small and marginal farmers. The farmers adopted drip irrigation due to enhanced marginal
productivity of water, savings in water use and the net returns per unit volume of
groundwater (Chandrakanth et al., 2013). Failure of irrigation well in context of groundwater
depletion, the probability of drilling additional well was as high as 0.87 due to high
probability of well failure of 0.40 in Kolar and Bangalore district of Karnataka. This further
exacerbated negative reciprocal externality, as farmers are involved in both causing and
withstanding the worst of groundwater overdraft (Chandrakanth and Arun, 1997).

Bahinipati and Viswanathan (2016) examined the Role of Institutions and Policies in
Diffusion of Micro-irrigation in Gujarat, Western India and results revealed that the
promotion of micro irrigation in Gujarat corresponds with the national mission on micro
irrigation, an unequivocal dynamism was observed in the expansion of this in the state as
compared to the other states. This dynamism can be attributed to the specific policies and
institutional innovations that the state had vigorously adopted and followed in terms of
provision of differential subsidies targeted towards the farmers segregated by their socio-
economic status as well as the physical and economic water scarcity of the agro-ecological
regions.

A study conducted by Kiruthika (2014) has examined the determinants of adoption of
drip irrigation in sugarcane cultivation in Tamil Nadu, the results showed that age and
experience negatively and significantly influence the adoption of drip irrigation in sugarcane.
Since younger farmers are more likely to be risk takers and hence perhaps more likely to be
adopters than older farmers. Access to extension service positively and significantly
influences the adoption of drip irrigation in sugarcane. Palanisami et al. (2011) studied the
spread and economics of micro-irrigation in India: evidence from nine states and found that
the poor adoption can be attributed to number of factors such as high cost, complexity of the
technology and other socio-economic issues such as a lack of access to credit facilities,
fragmented landholdings, localized crop pattern, etc. Reducing the capital cost and increasing
technical expertise will help the spread of the micro irrigation in a bigger way. There is a
need to redesign low cost drip and micro irrigation systems to suit the needs of the small and
marginal farmers. There is a large time lag between the decision taken about the subsidy and
actual implementation.

Reddy et al. (2017) examined the performance evaluation of drip irrigation systems in

selected villages of Guntur district, Andhra Pradesh and study revealed that many of the
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farmers have been benefited by the use of water saving through drip irrigation and cultivation
of land holdings was increased about 55-60%. The drip irrigation system has reduced the
different operational costs by 25-40% such as (weeding, quantity of fertilizer application,
manpower for irrigation and fertilizer application). A strategy paper on future prospects of
micro irrigation in India (2016) revealed that in accelerating growth of Indian agriculture,
micro irrigation an efficient solution with the need to increase productivity and suggested that
while saving water, micro irrigation will play a key role for the future of Indian agriculture.
Baranchuluun et al. 2015 examined the cost-benefit analysis of crop production with various
irrigation systems in Mongolia and found that drip irrigation is water and labor saving
alternative to conventional irrigation strategies. Further, cost benefit analysis of drip
irrigation is the most efficient method not only reduce costs, but also to protect the
environment as well. Benefit — Cost Ratio (BCR) clearly indicates that furrow irrigation has
the lowest efficiency.

Bhaskar et al. (2005) examined the impact of micro irrigation on cotton crop in
Maharashtra, India. Results revealed that yield improvement due to micro irrigation has been
reported up to 35-50%, in cotton 5-10%, in castor 15-42%, in groundnut 20-66% and in
potato 20-26%. The yield improvement in principal crops is to the tune of 30-105%. Biswas
et al. (2015) studied the effect of drip irrigation and mulching on yield, water-use efficiency
and economics of tomato in Gazipur, Bangladesh and the result revealed that yield of tomato
increased with the increasing amount of irrigation water in un-mulched treatment. The trend
was reversed when drip irrigation was coupled with mulches. The highest yield for each
mulch (81.12 t/ha for polyethylene and 79.49 t/ha for straw) was obtained when 50% of water
requirement was applied. The highest water use efficiency of 592 kg/ha/mm was obtained
with 50% water application under polyethylene mulch. The highest net return (US$ 7098/ha),
incremental net return (US$ 1556/ha), and incremental benefit-cost ratio (7.03) were found
for 50% water application with straw mulch. Irfan et al. (2014) studied the impact of
irrigation management practices and water quality on maize production and water use
efficiency and results shows that for good quality water, the drip irrigation system produced
19% more crop production over raised-bed irrigation system. Similarly, for marginal and
hazardous water crop yield was increased by 23, 25%, respectively. Hence, drip irrigation
system was more efficient for saline water. It was recommended that drip irrigation could be
adopted where groundwater quality is marginal to hazardous quality to get high crop

production and water use efficiency.
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Jha et al (2016) examined the impact of irrigation method on water use efficiency and
productivity of fodder crops in Nepal. Results revealed that the controlled application of
water through drip irrigation is able to produce acceptable yields of nutritionally dense fodder
species during dry seasons, leading to more effective utilization and resource conservation of
available land, fertilizer and water. The ability to grow fodder crops year-round in lowland
and hill regions of Nepal with limited water storages using low-cost, water-efficient drip
irrigation may greatly increase livestock productivity and, hence, the economic security of
smallholder farmers. Qureshi et al. (2015) studied the effect of drip and furrow irrigation
systems on sunflower yield and water use efficiency in dry area of Pakistan. Comparison of
results under drip and furrow irrigation methods revealed that drip irrigation produced 26
percent more sunflower yield with 56 percent less water compared to furrow irrigation
method. Water use efficiency of drip irrigation was about three times higher than furrow
irrigation method. While water saving due to adoption of drip irrigation was found in the
range of 12-84 percent in different crops, the same is found to be in the range of 8-60 percent
in sprinkler irrigation method. Water saving is found to be relatively higher among the water-
intensive crops like sugarcane, banana and vegetable crops.

Kumar et al. (2016) studied the effect of drip irrigation on yield and water use
efficiency on brinjal in Moradabad (U.P.). Results showed that water use efficiency (yield per
unit area per unit depth of water used) decreased with increase in irrigation levels for all the
treatments of drip irrigation system. The increase in water use efficiency for drip irrigation
system, Among the drip irrigation levels, the highest field water use efficiency (6148.31kg
ha- 1 cm-1) was found at 65% irrigation level, indicating comparatively more efficient use of
irrigation water with a possibility of water saving of 35% water by adopting brinjal plot (1.58
liter plant™day™). Namara et al (2005) studied the adoption and impacts of micro-irrigation
technologies empirical results from selected localities of Maharashtra and Gujarat states of
India. The study indicates that the use of micro irrigation technologies increases the marginal
productivity of water. Study on potential for drip and sprinkler irrigation in India conducted
by Narayanamoorthy in 2006 and found that micro-irrigation (MI) is proved an efficient
method where water use efficiency is only about 35-40 percent. Paul et al. (2013) studied the
effect of drip and surface irrigation on yield, water use- efficiency and economics of
capsicum in Bhubaneswar. As a result, the use of drip irrigation system either alone or in
combination with mulching, could increase the capsicum yield up to an extent of 57 % over
surface irrigation method with the same quantity of water. The net profit could be increased

by 54 % over the normal surface method by adopting drip irrigation system with mulch.
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Wrachienb et al. (2014) studied the potential of micro-irrigation technology for poor-
rural communities in Maharashtra, India and found that with refer to the existing traditional
irrigation systems, the implemented MIS has shown a mean increasing in productivity for
banana, grapes and sugarcane by 29%, 19% and 23%, respectively. Also, with respect to the
flood method irrigation MIS has permitted to save the 37% of water and the lower energy
expended and the reduced labor required by a MIS has a direct effect on the overall cost of
production and therefore the profit level is found to be higher than that of non- MIS adopters.

Bhamoriya and Mathew (2014) analyzed the impact of micro irrigation technology in
Gujarat state of India. Study revealed that farmers have managed to increase the yield of
vegetables like tomatoes and bottle guards by up to 20 — 30% on the same land. In addition,
the quality of produce with drip irrigation is much better than with flood irrigation there are
no mud or water spots on the fruit as is usually the case with flood irrigation. Farme