Efficient Irrigation Management to ensure Food Security and Water Conservation: Review of Traditional and Modern Practices
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During past 30 years area under irrigation has expanded considerably to feed a constantly increasing population. The water requirement of irrigation sector has also increased which have had a negative impact on the environment. Mindless and intensive irrigation to increase the global food production had sown the seed for environmental degradation quite early. The impacts however, are being felt now. In such situation we need to trust our traditional sustainable practices, which have withstood test of time. Innovations in the form of modern technologies can also help in combating the challenges in the irrigation sector. Modern practices can be used for water conservation as well as improved efficiency of the food production. The present paper sites selected examples of modern and traditional agriculture systems. A case study of Rajasthan is presented to highlight the problems of the region and suggestion of some corrective measures. 
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1. Introduction

Sustainable irrigation management should be successful in achieving two objectives: sustainable irrigation to ensure food security and on the same time preserving the environment [1]. A delicate balance exists between these two factors. Potentials conflicts between the two objectives should be mitigated through appropriate irrigation practices. During past 30 years area under irrigation has expanded considerably to feed a constantly increasing population. Water requirement of irrigation sector is highest, 70% of human water use is diverted towards agriculture [1]. “In some countries, the expansion of surface water use appears to be approaching the physical limit, and groundwater abstractions are increasingly exceeding rates of replenishment.”[1] 
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In some countries water is being diverted to other industrial sectors putting an additional stress on irrigation sector. Nevertheless agriculture had been able to provide food for all, it is criticized for its negative impact on environment which includes water table depletion, water quality reduction, water logging and salinization, even marked reduction in annual discharge of world’s major river is ascribed to irrigated agriculture. Moreover, inappropriate irrigation practices, accompanied by inadequate drainage, have often damaged soils through over-saturation and salt build-up [1].
The whole world is facing a serious water crisis today. This situation is quite imminent in many countries: India being one of them, having water resources less than 3% of global water resources, and an ever-increasing population. The water problem is even exacerbated by highly non-uniform distribution water resources over spatial and temporal scale [2]. 

India is a large sub-continent with varied climatic and soil conditions existing in different parts of the country. Amount of rainfall received by various regions is highly variable, with northeastern states (Megahlaya) receiving more than average rainfall while Rajasthan being worst hit state due to disproportionately poor water availability [2].

The early traditional settlements in the various parts of the sub-continent developed their own way of maintaining water resources, especially for irrigation water. Many of the remote corners of the country still don’t have the modern irrigation facility and depend on the age-old traditional practices. The policy interventions are needed to boost the traditional sustainable irrigation practices. The role of traditional irrigation systems, managed by the farmers themselves is important in the remote and hilly areas.

2. Various Modern Irrigation Techniques 

Irrigation water application to crops include various methods including flooding the field surface, sub-surface irrigation, spraying under pressure, or applying in drops. Water supply, soil type, topography, and the crop define the appropriate irrigation methods [3]. A detailed representation is show in fig. 1.                               

A. Surface Irrigation Methods [3]

In this method water is directly applied to soil surface from a channel located at upper reach of the field. Water distribution can be done through border strips, check basins or furrows. To obtain high efficiency in this method are properly constructed water distribution networks and adequate land preparation to ensure uniform water distribution over fields.

                                                                                                                           











         

 






Fig.1: Various water application methods [3]

	Type 
	Border irrigation
	Check basin irrigation
	Furrow Irrigation

	Characteristic
	Uses parallel ridges to direct the flow of water down the slope to parallel strips of land called border.
	Field divided into smaller unit bound by bunds or ridges to allow water to be filled to desired depth.
	Used in irrigation of row crops with furrows developed between rows in planting and cultivating processes 

	Soil type
	Moderate low to moderately high infiltration rate, permitting cost efficient land leveling.

Not used in coarse sandy soil.
	Smooth gentle and uniform land slopes and for with moderate to low infiltration rates.
	Suited to most soils except sand having high infiltration rate and provide poor lateral distribution of water

	Crop type
	Close growing crops – wheat, barley, fodder and legumes
	Many crops can be grown – grain and fodder crops
	Vegetables and in orchards – maize, sorghum, sugarcane, cotton, tobacco and other vegetables

	Advantages
	1. Economical 

2. Reduced labor requirement

3. Uniform distribution and water application

4. Simple and easy operation

5. Adequate surface drainage can be provided
	1. Useful for removal of salts by leaching

2. Rain water conservation and soil erosion reduction

3. High water application and distribution efficiencies
	1. Reduced puddling and crusting of soil and evaporation losses

2. Earlier cultivation possible

3. Reduced labor requirements

4. No wastage of land

	Disadvantages 
	1. Cannot be applied to land without sloping areas

2. Not suitable for coarse sandy soil

3. Pose stringent limitation in design
	1. Ridges interfere with movement of animal or tractor drawn implements for harvest

2. Low yield on ridges and lateral channels

3. Surface drainage impeded

4. Precise land grading and shaping required

5. Labor requirements high

6. Not suitable for crops sensitive to wet soil around stems
	1. Gradation of land needed


Table 1: Various surface water application methods [3]

B. Sub-Irrigation [3]
Water is applied below the soil surface by maintaining an artificial water table at some depth. Water reaches plants through capillary action. It requires special site conditions since complete control of water table is desired. It is best suited to soils which have a uniform texture and permeable enough to allow water movement horizontally as well as vertically. Topography must be smooth and/or having gentle slope. It can be used for soils having low water holding capacity and a high infiltration rate. It can be used where other surface methods cannot be used and sprinkler irrigation is expensive. Evaporation losses are minimized.

It can be applied only in a few areas, as the process requires unusual combination of natural conditions. Water having high salt content cannot be used. In India, it is limited to vegetables cultivation around ‘Dal’ lake in Kashmir and coconut irrigation around Kuttanad area in Kerala.
	Type 
	Sprinkler Irrigation
	Drip Irrigation

	Characteristic 
	Water sprayed in air and allowed to fall on ground mimicking rainfall
	Applying water close to the consumptive use of plants and minimizing water losses

	Soil type
	Any soil type except fine textured soil
	In water scarce and salty areas

	Crop type
	All crops except jute and rice
	Grapes, sugarcane, papayas, banana, and most other type of fruits and vegetables

	Advantages
	1. Flexibility of equipment make it suitable to most topographic conditions

2. Can be used to prevent soil erosion

3. Land leveling not required

4. Steep land can also be irrigated

5. Surface runoff gets eliminated

6. Soluble fertilizers and pesticides can be economically applied
	1. Considerable saving in water volumes applied

2. Possible to increase volume of water in response to developmental stage of plant

3. Substantial increase in yield of vegetables

4. Reduces salt concentration in root zone 

5. Permits application of fertilizers through the water system 

6. A 90% application efficiency can be achieved

7. Energy saving

	Disadvantages 
	1. Wind distorts the pattern and distribution of water

2. Harmful for ripening fruits

3. Stable water supply needed for economical use

4. Water should be free from debris

5. Requires high initial capital investment

6. Power requirements high, and high labor costs as well
	1. High initial costs

2. Clear water requirements

3. Poor water distribution efficiency at low pressure on steep slopes


Table 1: Sprinkler and Drip Irrigation [3]
3. Traditional Irrigation Methods
Traditional irrigation practices are discussed by taking examples of villages and tribes in various parts of India. 

A. Kuhl System of Irrigation [4]

Kuhl is a traditional irrigation system of Mumta Village, Gujrat India. A group of water users have association. The head of the association or the water tender is known as Kohli. His role is rebuilding the dam each spring and monitors the distribution of water among the users. A temporary headwall is created near the gorge to divert the water in the canals to the fields. The average distance of the canal to the first field is 3 Km. As the area has slope, water flows from one stream to another and finally falls into the gorge downstream. Controlling the width of outlet between two successive fields controls the flow of water. All the users assist in construction of headwall and there is a penalty for the offenders. The user if absent, is denied access to the water. During water scarcity, the kohli decides the amount of water to be allocated to the each field.

B. Zabo System Of Irrigation [4]
It is a famous irrigation practice in Nagaland. The northeast region of India lies in the eastern Himalayas. Terrace farming is the important practice in the region. A forest is protected in the form of sacred grove on the hilltop. The tribals maintain the watershed in this forest by maintenance of forests. After the rainfall, the water falls in the terraces successively and irrigates the land. A storage structure in the form of pond is maintained in the middle terraces. The water finally flows down to paddy fields at the foothills. To get the wider coverage of irrigated land, water is also distributed in the terraces with bamboo pipes.
C. Bamboo Drip Irrigation In Himalayas [4]
This system is used by, tribes of Khasi and Jayantia, to irrigate their black pepper plantations. The water is tapped from streams and springs by using bamboo pipes. The inflow rate in the pipe in 18 to 20 m at the entrance and the outflow rate are 20-80 drops per minute. The water flows in the bamboo pipe from hilltop to the fields at the foothills due to gravity. The intake pipe size is manipulated at various stages to control the flow of water. To fabricate the system, the internodes of the bamboo pipes are removed. The bamboo channel is smoothened by using ‘Dao’: a smooth axe.

	Ecological regions
	System for irrigation

	Hill and Mountain regions
	1. Diversion channels leading directly to agricultural fields (e.g. Guhls and kuhls of western Himalayas) 

2. Occasionally, the channels first lead into a storage structure so that water can be used in the subsequent dry period, too (e.g. Zings of Ladakh).

	Arid and Semi-arid regions
	1. Rain fed storage structures which provided water for a command area downstream (eg. Tanks)

Streams or river fed shortage structure, sometimes built in series, with overflow from one becoming runoff for the subsequent one (e.g. systems of Tamilnadu)

 2. Rain fed storage structures, which allow runoff to stand over and moisten the fertile soil-bed of the storage structure itself, which is later used for growing crops (eg. Khadins of the Jaisalmer district and Johads of the alwar district in Rajasthan).

	Plains and Flood plains
	1. In the flood plains of major rivers, people built inundation channels which allowed floodwaters to be diverted to agricultural lands (e.g. Flood irrigation system of west Bengal) 

2. In specific types of soil and cropping regions, people also store rainwater in the agricultural fields by bunding them (eg. Haveli system of Madhya Pradesh).

	Coastal Areas
	1. Regulatory systems to control ingress of saline river waters, especially during coastal tides, and thus maintain crop productivity in the coastal plains (eg. Khazana lands of Goa).


Table 3. Types of Indian traditional water harvesting method for irrigation [4]
D. Ahar-pyne system [4]

This system was followed in Bihar. ’Pyne’ is the canal through which water is collected in tanks called ‘ahars’. The ahar recharged the ground water and nearby wells could generally absorb a good amount of water. In the recent past, attempts have been made to revive this system in few areas such as Jehanabad in Bihar.

E. Inundation System Of West Bengal [4]

The banks of the rivers were left to inundate during floods. The flood brought huge amount of silt on the banks. Cultivation was done on the banks after the flood stopped. However, after the British rule, this system was abandoned as embankments were created on the flood plains.

4. Case Study of Rajasthan 

The state has an area of 342 sq km. Drought is a recurrent phenomenon there. In 100 years there are 7 years of acute drought, 27 years of scarcity, 63 manageable years and three normal years. Sir Diggs La Touche said in 1974, “Ajmer-Marwara can never rely on two good harvests in succession.” It has only 1% water resource but 5.1% of population of entire country, 60% of the area of state falls in Thar desert. Economy is primarily based agriculture and animal husbandry. Livelihood is entirely dependant on behaviour of monsoon. Rain below 16-25% of normal leads to drought and water scarcity [5]. The rivers are seasonal and fed by rain; they are identified into 14 major basins and 59 sub basins. The surface water resources are restricted to south and south-eastern parts of state, a large area in western part doesn’t have any defined watershed. Thus there is high degree of non-uniformity in spatial and temporal distribution of water resources in the state [6]. 

	State Parameter
	Share of Nation, %

	Area
	10.40

	Population
	5.40

	Livestock
	18.70

	Cultivable area 
	13.88

	Ground water
	1.70

	Surface water
	1.16


Table 1: Rajasthan Water Resources and Potential Users [2]

Inequitable access to water, caused due to uneven spatial distribution as well as imprudent policies, has led to water related disputes many times. Irrigation potential of water is exploited to its maximum extent. Heavy and indiscriminate reliance on ground water has caused water table depletion in the area. This is exacerbated by inefficient surface water use as well as heavy pollution leading to overall deterioration of water quality [2].

The canal irrigation system in India suffers from low performance causing sub-optimal agricultural productivity. This leads to dissatisfaction and unreliable and inequitable service among farmers. “Poor maintenance of canal networks, inequitable distribution of water, inefficient water conveyance and delivery, and excess water application and inadequate and inefficient drainage are causing extensive water logging and silt build-ups. Large-scale water and drainage management initiatives are needed to ensure the sustainability of agricultural production, as well as a sense of ownership among the farming community if irrigated agriculture is to prosper.” To bring about a sense of ownership amongst farmers participatory irrigation management and water management by users association can be used as a tool. Development of such associations is considered essential to provide sustainable agriculture and protection of existing investment in agricultural field. Such associations have been developed in Chambal. “The Rajasthan Agricultural Drainage research project, sponsored by the Canadian International Development Agency, has introduced, on a pilot basis, irrigation system management as part of an Integrated Water and Agriculture Management (IWAM) strategy in the irrigated Chambal command area of Rajasthan [7].” The major activities included:

· Rehabilitation of the minor; 

· Development of appropriate irrigation practices and irrigation scheduling using model farmers to demonstrate improved on-farm water use efficiency; 

· Strengthening of farmer education programmes by organizing farmers' meetings, training camps, field displays, participation of farm women and mass awareness campaigns; 

· Development of a participatory approach to the overall water management through the organization of outlet committees and water user associations; and 

· Development of a sustainable maintenance programme involving the water user associations [7].

“Two initiatives, participatory rural appraisal and participatory planning, were organized at grassroots level in the IWAM implementation area. They resulted in the creation of an atmosphere of mutual understanding between farmers and officials, which led to the formation of a water user association at the minor level and of informal working groups at outlet level. Participatory rural appraisal is a methodology to get to know the existing situation by understanding farmers views, interacting with the villagers and developing rapport with them. Participatory planning consists in forming an institution at grassroots level with the objective of providing an opportunity for the farmers to discuss problems and find ways to solve them. These two initiatives worked as catalysts in accelerating farmers understanding and interest and in the formation of outlet committees and a water user association [7].”

Sharing some good practices

Bhilwara district is in Rajasthan is located near Ajmer. The area faces water scarce condition and the main source of irrigation is rainwater. Natives of the villages migrate to urban areas in search of livelihood during other months.

Community lift irrigation project was started here in 1997.Lifts were constructed on the tributaries of Yamuna river: Banas and Kho. With the help of pump sets of 15 horsepower, water is lifted and collected in the tanks of different sizes. The size of tank depends on the area to be irrigated, from the tank channels were made to make water available to the fields.

Impact: The migration rate in the area has decreased. In addition to wheat and rice, people are growing various crops like groundnut, green gram and black gram.

Such practices are needed to be undertook to make the area productive and ensuring a constant supply of food and livelihood in the area and minimize conflicts among farmers [8].

5. Conclusions And Recommendation
A. Innovations in irrigation

A innovative method of irrigation practiced in California can also be extended to be applied in Indian states with scarce water resources.

B. Deep pipe irrigation system
Deep pipe irrigation system is not very common but effective means to irrigate the land. Deep pipe irrigation mainly fosters the growth of the root zone. A pipe having the diameter of 2.5 cm to 5 cm is placed vertically30-50 cm deep in the soil near tree seedling. The opening of the pipe is covered with a mesh or net to prevent the entry of animals or rodents into the pipe. A series of 1-2 mm holes, 5-7.5 mm apart, are made to supply water to the root at different levels. These holes are called as weep holes. The meshed inlet is filled using jug, hose or drip emitter.

 Advantages of deep pipe irrigation:

1. The deep pipe irrigation system reduces the growth of weed.

2. It helps in extensive growth of roots of plants, which make them adapted to the water scarce conditions also.

3.  The growth time of plant is shortened.

4.  Evaporation losses of water are minimized.

5. It is a cost effective system and does not require expertise to implement [9]

One of the practical tools to resolve conflict among agriculture and environment is providing information on the needs of different sectors, including the environment, and then negotiating water allocations between various stakeholders. “This tool, called ‘Environmental Flows’, has been developed and implemented by the IUCN Water & Nature Initiative and the Comprehensive Assessment of Water Management in Agriculture [10]”Increasing agriculture productivity is the main solution. Research has supported the fact that it is possible to boost crop yields while saving water by using a combination of farming practices and crop varieties that require less water. “More precise irrigation application using sprinkler or drip technologies is gaining popularity in water scarce countries [10]” Improving productivity also reduces the need for investments in new water withdrawals, which many countries cannot afford in terms of financial and ecosystem costs. But technical solutions need strong supporting policies. For example, agricultural subsidies in rich countries may discourage farmers in Africa from investing in productivity-enhancing inputs because crop prices are too low for them to get a return on their investment. Firm land and water rights are needed so people will invest in long-term improvements [10] The lost practices can revived by encouraging tribes to conserve their remnant cultural practices. Any new method of irrigation has to be assessed thoroughly before on ground application e.g. application of wastewater for irrigation saves provide soil nutrient to the crops. However, excess of it may lead to infertility and /or salinization of soil as well as pollution of other natural resources. Integration of modern techniques with traditional methods can bring about an absolute ideal irrigation management system. 
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