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Preface

Nearly 70 % of our arable lands are rainfed or dry- lands. Lack of irrigation water is the biggest constraint in increasing food grain production. Increased demands of food grain as necessitated by increase in population has made it essential to use even saline water for crop production. This booklet briefly describes the available water resources of the country, the quality of water explored from them and the tips to use this water effectively, avoiding any danger to soil properties.

Dr. K. T. Chandy,  Agricultural & Environmental Education

I. Introduction 

Water is instrumental in producing satisfactory yields from the land. A large chunk of arable land in India is arid or semi-arid and scarcity of water is a serious problem Ii in these regions. Climate of arid and semiarid regions is r marked with high temperature and low rainfall. Ground water resources are highly limited and whatever are available, their water is saline and unfit for irrigation. The use of such ground water, if made for irrigation without scientific management, may seriously deteriorate physical properties of soil. The soil turns saline and alkaline in I the course of time and its productivity is reduced.

The attempts to create surface irrigation water resources are also proving abortive. Free and abundant avail- ability of surface water leads to its indiscriminate use, aggravating the problem of salinity. Constant leaching of water from the beds of surface resources results in heightening of water table in the surrounding areas. In such areas ground water moves up by seepage process and, while ascending up, brings up salts from lower soil layers by dissolving in itself. Water then evaporates and leaves the salts on soil surface.

Realizing the gravity of the situation, a massive research was launched in India with a view to finding out solution to this problem. Techniques have been evolved to make safer use of such saline ground water. However, understanding of certain basic aspects is necessary to successfully employ these managerial techniques.

II. Sources of Irrigation Water 

Nature has gifted India with rich water resources as is marked by an extensive network of small and big rivers, knitting the whole geographical land and vast alluvial basins having capacity to retain huge amounts of ground water. However, conditions change widely from one place to another. Some arid zones chronically suffer from drought, whereas other parts are frequently subjected to floods. To cater to increasing food grain requirements of rapidly increasing population, pressure on existing water resources with every passing year is intensifying. The exploitation of existing water resources to the fullest extent is the urgent need of hour.

A. Water resource classes

Broadly, water resources are classified into two categories.

1. Surface water resources

It includes rivers, canals, distributaries, estuaries, ponds, tanks, watersheds, dams, etc.

2. Ground water resources

It includes water which is stored underground in the soil and is pumped out by tube wells, also includes water of wells. This resource is created due to leaching of surplus water from surface resources.

However, both the classes are a part of the earth's water circulatory system called the hydrological cycle and is ultimately derived from precipitation which is the sum of rainfall plus snow. They are interdependent and often the loss of one is the gain of the other. The precipitation that falls on the land is the ultimate source for both groundwater as well as surface water. The sizable portion is intercepted by vegetation, retained there for a while and then it evaporates to atmosphere.

The amount of precipitation water which reaches i soil surface is lost from there through various ways. Part of this water moves down through leaching into deeper soil layers and meets the ground water pool. Part of this ground water may eventually reach the stream channels and become base flow of the system. In some places it forms aquifers and can be explored for irrigation purpose.

While moving down some water is absorbed-by plant f roots while passing through root zone of soil and ultimately transpired by the plants into atmosphere. When the amount of water is more than the infiltration capacity of the soil, water starts moving on the soil surface, making its way towards canals and river. This water is ultimately disposed off into ocean. This water cycle or hydrological cycle continues in the nature.

A brief discussion made above shows the interrelation- ship between the surface water and the ground water resources. The surface water resources contribute to the ground water recharge in various ways, namely:

-by recharge from the streams;

-by seepage from artificial storage, reservoirs, canal system, etc.;

-by seepage from natural lakes, ponds, etc.; and

B. Assessment of water resources

Assessment of water is done by summing up the total amount of surface water resources and ground water.

1. Surface water resources

The total annual flow in all the river systems in the country has been estimated to be 1645 billion cubic metres.

Of these the major river systems with catchment areas of more than two million hectares contribute 85 % and there are about 14 such rivers. Medium rivers have been listed as 40, while there are innumerable minor rivers which are mainly confined to east and west coasts. The average of catchment area in the country is estimated to be about 312 million hectares.

2. Ground water resources

The contribution to ground water recharge in the country as a whole works out at 12.5 % of the total rainfall. Reckoning that the total annual volume of rainfall is about 400 million hectare metres on the basis of a mean rainfall of 120 cm over the geographical area of 328 million hectare, the mean rainfall contribution to the ground water recharge comes to 50 million hectare metres. The precise quantitative inventory regarding the ground water resources by Central Ground Water Board in 1987 estimated ultimate potential of ground water to be more than 60 million hectare metres. The annual utilizable ground water resources of the country are 42 million hectare metres of which only 10 million hectare metres are being abstracted today to create a 'utilizable potential'  of 26.1 million hectare metres. Assuming these figures to be correct, it will be seen that the total ground water potential is very close to 110 million hectare metres.

C: Properties of water from different sources

Irrigation is practiced in India from a variety of sources. Level of salinity in irrigation water differs slightly depending on the source of water. The quality of water according to its source can be discussed as under.

1. River water

River water, in general, is good for irrigation purpose. ,) The chemical analysis of Satluj and Beas river waters has ! showed a low salinity level and low alkali (sodium) content. Waters from the smaller rivers of Sengar, Kalindi etc. draining the western districts of Ganga-Yamuna basin in Uttar Pradesh or the Betwa river draining the northcentral districts, are of medium salinity and low sodium content.

They are all free from residual sodium carbonate. Waters from the Tungabhadra and Cauvery in Tamil Nadu have medium salinity but Cauvery water contains a high quantity of sodium carbonate. However, looking at the prevailing climate in the region, these salt and alkali limits may not prove harmful. The water from the Hagari river (Tamil Nadu), on the other hand, is reported to contain high levels of salt and alkali both, and soils irrigated with this water have turned saline.

2. Canals

Canal water originating from the rivers or their reservoirs represents, in quality, the parent river, unless contaminated on the way while passing through regions of !, varying salinity. However, such effects are seldom pro- nounced on their salinity status or sodium content. The sodium content in relation to other elements, sometimes goes high and may prove harmful to sensitive crops. ! Waters of U.P. canals have medium to low salinity and low ; sodium hazard; and may be free from other defects also. Canal waters of Punjab and South Indian states are also 1 found to have low to medium salinity and low sodium. , In the South, however, canals originating from Cauvery : contain slightly higher but harmless levels of sodium. Such waters are not likely to create any significant amount of sodium built up in the soil. But if they are introduced in an area where highly saline waters were in use earlier, they can cause deflocculation of soil particles, accompanied by deterioration in the physical condition of the soil. They can also prove injurious to sensitive crops if used ! under a prevailing dry climate.

3. Ground water

Two sources of ground water are quite common in India. These are tube wells from deep soil strata and shallow wells from comparatively high-lying sandy aquifers. The distinction between the two is only relative in nature. The tubewell waters, unlike the canal and river waters, are of variable composition and the quality entirely depends upon the nature of strata tapped. The analysis of ground waters of central U.P. shows that it contains medium salinity and low sodium hazard. The ground water of Aligarh district shows medium to moderate salinity, the salt contents varying from three to four folds. Such variations may be common not only within short distances but even within the depth of different strata tapped. The bore-well waters from Gujarat are, however of high salinity, high sodium hazard, high in chloride and defective from other points also. It indicates the encroach- ment of sea water during the phase of their development.

Village wells (percolation wells) as a source of irrigation water, go back to pre-historic times and are still very popular in India. There are 5 million wells in use for irrigation in the country. The depth of such wells varies from one metre to 30 metres or even more at some places. These well waters have more variable quality than waters from tube wells and reflect contemporary salinization of ground waters which they tap, the ground water levels and the ground water quality are closely related to soil types in which they occur. The ground water of alluvial Gangetic plains of U.P. have moderately saline ground water , which for irrigation have to be used in plenty to allow sufficient leaching but there is little alkali hazard in them. On the flat lands and uplands, the salinity of ground water decreases but the waters have more sodium hazards and residual soluble carbonates. The drained mature upland soils have generally, but not always, comparatively better quality water, of medium salinity and low sodium content similar to those of tube wells.

Other sources of irrigation water are lakes, village ponds and tanks, small reservoirs in which rain and drain- age water accumulate. However, the rain water has the lowest salt content of all types of waters used for irrigation. But it should be noted that the places located near sea- shore receive rain water which contain higher amounts of salts. In the countryside, rain water, after coming on the ground, comes in contact with the salts of the soil. Quality of this water when it ultimately accumulates in ponds and tanks due to process of run-off, depends upon the salt content of soil and the distance covered by run-off water, I from site of rainfall to the place of accumulation.

D. Origin of salts in ground waters

The ground waters of arid and semi-arid regions are ; mostly moderately to highly saline. These are following main points which influence the level of salinity in ground waters.

1. The net balance between annual evaporation, precipitation and run-off.

2. The rate of local rock weathering or solution with resultant formation in the soil of water soluble salts from the decomposition products.

3. The rate with which salts are transported into the region by streams, winds and rains from outside sources and deposited in the soil.

4. The permeability of rocks and soil.

5. The balance between the rate of ground water circulation and the rate of salt accumulation in the ground water body from infiltrating water.

Since the average annual rainfall is low, in years of normal or below normal rainfall infiltration may be negligible, evaporation is high and surface run-off is low. Consequently, those soluble salts which have been formed by the weathering of local rocks or which have been trans- ported into the region by streams, winds and rains, tend to accumulate in the soil. In subsequent years of higher rainfall, a part of the accumulated salts in the soil may be dissolved and carried away from the region by surface run-off. However; at the same time a considerable amount of soluble salts is leached from the soil by infiltrating waters which percolate down into the zone saturation. Owing to the relatively low permeability of the rock, the ground water circulation is generally slow. Thus the salts ds- solved in the ground-water are only gradually returned to the surface in the areas of ground water discharge along the principal ephemeral streams of the region. As a consequence of the balance between the rate of salt accumulation and the rate of ground water circulation and discharge, the net salinity of the ground water remains generally high.

Ground water of almost all the canal command areas in Haryana have been found to be saline. These areas are very far from the sea and the cause of salinity being sea water is impossible. The geological factors seem to have caused salinity in such groundwater. The deeper ground water is more saline than shallow ground water.

The ground waters of arid-regions of Gujarat are supposed to have been salinized by sea water intrusion. High contents of chloride support this reason. Ground waters of this region are considered as diluted sea water rather than concentrated river waters. However, the reason is not universally accepted.

III. Quality of Irrigation Water 

The quality of water for irrigation depends upon the quantity and type of salts and other chemical. Substances dissolved in it. Quality of water is good within a Limited range of quantity and type of these substances. Deviation from this range makes the water quality questionable and undesirable. There are many places in India particularly in the states of Rajasthan, Gujarat, Haryana and i Punjab where ground water is available but the quality : is undesirable due to excessive presence- of salts:

There are certain criteria based on which quality of irrigation water is assessed. They can be discussed as under.

A. Electrical conductivity (EC)

Electrical conductivity is a scale to measure salt concentration. It is expressed in micro mhos per centimeter (mmhos/cm). The higher the electrical conductivity of a solution, the higher will be the salt concentration. This is measured by an instrument called E.C. Bridge.

Salinity of water becomes a problem when the quantity of salts in the water is high enough to allow accumulation of salts in the root zone to the extent that yields are affected adversely. If excessive quantities of soluble salts accumulate in the root zone, plant roots have to face a great strain in extracting water from the soil. Water supply to the plant is reduced and it leads to stunted growth of plant. The total concentration of soluble salts in irrigation water can be adequately expressed for purposes of diagnosis and classification in terms of electrical conductivity. The conductivity is useful because it can be readily and precisely determined.

The relationship between E. C. and the concentration of salts in solutions is generally linear. It can be observed from the table-I.

Table 1 : Different water classes based on electrical conductivity 

(salt concentration).

	Sl.No. 
	Water class
	E.C. (mmhos/cm)

Electrical conductivity
	Salt concentration

(g/1)

	1
	Low salinity
	0.1 – 0.2
	Less tha 0.16

	2
	Medium salinity
	0.25 – 0.75
	0.16 –0.5

	3
	High salinity
	0.75 –2.25
	0.5 – 1.5

	4
	Very high salinity
	2.25 – 5.0
	1.5 – 3.0


Waters of E.C. less than 4.0 mmhos/cm can be used for irrigation of resistant crops. Nearly all irrigation water that have been used successfully in India for a considerable time for sensitive, semi-tolerant and tolerant crops have electrical conductivity in the range of 1.5-3, 3.0-5.0 and 5.0-10.0 mmhos/cm, respectively.

B. Sodium absorption ratio (SAR)

Sodium is an element highly alkaline in nature. If the concentration of sodium is high, the alkali hazard is high and conversely, if calcium and magnesium predominate, the sodium hazard is low. Higher proportion of ,sodium as compared to calcium plus maganesium or more : correctly calcium only, causes permeability problem when the rate of water infiltration into and through the soil is reduced to such an extent that the crop is not adequately supplied with the water and yield is reduced. The poor soil permeability makes it more difficult to supply the crop with water and may greatly add to cropping difficulties. Alkali hazard of the irrigation water is determined by 'sodium adsorption ratio'. It is expressed by the following equation.

Exchangeable sodium (Na+) 

Sodium adsorption ratio = (SAR) = ------------------------------------

Under of root of Ex. calcium (Ca++) +) 

Ex. Magnesium (Mg+)

Water having SAR value less than 10 poses little danger of exchangeable sodium being accumulated in the soil. Waters with SAR value 10-18 pose appreciable danger and that of more than 18 is unsatisfactory for irrigation. High SAR value water may cause build up of harmful levels of exchangeable sodium (Na+) in soils. These limits are established based on assumption that water will be used under average' conditions with respect to climate, soil, method of irrigation and salt tolerance of crops.

C. Concentration of toxic substances

Some times, water is found to contain high amount of certain elements like boron and lithium, and chemical compounds like carbonates and chlorides. Such water is harmful for plant and soil.

For sensitive crops like lemon, 0.3 parts per million (ppm) of boron in water is adequate and 1.0 ppm may be toxic, while lucern can make good growth when irrigated with water containing 1-2 ppm of boron. But the injury can manifest itself if such water is applied for a long period. Table-2 shows the limit of boron for different crops.

Table 2 : Limits of boron in irrigation water and crop tolerance

	Sl.No.
	Category
	Boron content in Water (ppm) of 
	Crops

	1
	Tolentat crops
	2.0 –4.0
	Carrot, cabbage, onion, beans, sugarbeet, date

	2
	Semi-tolerant crops
	1.0 – 2.0
	Sweet potato, oats, orgham, maize, wheat, barley, radish, peas, tomato, cotton, sunflower.

	3
	Sensitive crops
	0.3 – 1.0
	Citrus, apricot, peach, grapes, apple, pear, plum walnut.


Water having carbonates of calcium and magnesium in excess, will leave a residue of sodium bicarbonate upon evaporation and thereby increase exchangeable sodium percentage and pH of the soil and this process may get aggravated under a high water table. Using this water  sparingly is yet more deleterious as it allows little leaching. In a water containing high concentrations of bicarbonates there is a tendency for calcium and to some extent for magnesium to precipitate as calcium carbonate and magnesium carbonate, as the soil solution becomes more concentrated.

The contents of chlorides in irrigation water may have bearing on its quality. Since the chloride ions have no effect on the physical properties of soil and also because all the chlorides of alkali and alkaline elements are readily soluble in water, chloride hazards have not shown marked influence on irrigational ground waters.

IV. Effect of Saline Water 

Effect of saline water used for irrigation purposes can be dealt under two headings:

(A) On soil properties, and (B) On plant growth.

A. On soil properties

When a soil is irrigated with saline or alkaline water, its chemical and physical properties are affected in the long run. Amongst chemical properties, pH, electrical conductivity, soluble ions, etc. tend to undergo important changes. Similarly, physical properties like infiltration rate, hydraulic conductivity, moisture retention characteristics, etc. are likely to be affected. The nature and extent of effects depend upon the degree of salinity of water and several factors such as rainfall, soil, water table, contents of calcium carbonate and sulphate in the soil, soil temperature, soil texture, organic matter contents of soil, etc.

1. Chemical properties

All irrigation waters contain salts in varying amounts. They become injurious when exceed a critical limit. Every irrigation with the source of water, from tube wells, wells, canals or rivers, certainly bring some salts to the  field. Suppose, an irrigation water contains 1.000 mg soluble salts/liter and it is applied to the field in a duration of one year to meet the total water requirement of  60 cm, the amount of salt added to the field annually work ! out to be about 6 tonnes per hectare. If it is also assumed that due to lack of leaching, improper irrigation practices and poor infiltration, the salts brought with the irrigation water are allowed to accumulate in the upper 50 cm of the soil profile, it can be calculated that the salt content of this soil depth will increase by about 0.5 % in a period of less than 7 years. This level of salinity is too high for the economic production of most agricultural crops.

In fact, the extent of salt accumulation on soil surface depends upon the solubility of salts. Water soluble salts are easy to leach down, or insoluble salts keep on accumulating on the soil surface. Secondly, if very light irrigation is given, amount of water is not enough to leach down salts beyond root zone and salts either soluble or insoluble will accumulate in the root zone. 

If the irrigation water contains high amounts of sodium, sodium carbonate contents and exchangeable sodium percentage, the sodium adsorption ratio of the soil will gradually increase. This is marked by steep rise in soil pH value. The effect of sodium bicarbonate is the most marked in increasing pH and the degree of alkalization, followed by increase in the total salts of the irrigated soil. Soil alkalization is more pronounced when the water used for irrigation contain large amount of sodium bicarbonate.

2. Physical properties

Continuous use of ground water containing high amounts of salts give whitish appearance to the soil and when it is moist, it becomes elastic or sticky. However, if water contains highly alkaline sodium, soil colour goes blackish. Being highly caustic in nature, sodium bums the organic matter of the soil and soil colour becomes black. Soils containing high proportions of sodium are sticky when moist and highly dispersed when dry. Sodium sticks around the soil particles and completely suppresses the attractive forces operating between soil particles. Therefore, soil particles become quite separated or dispersed from each other. These separated small particles of the soil move down into the soil and keep on depositing at the depth of around 60-80 cm depending on the soil texture. These depositions are solidified in the course of time and assume a form of hard impermeable pan. Alkali soils are, therefore, very impermeable to water as they contain a hard pan in sub-soil. Sodium also interferes with particle binding properties of calcium and magnesium and, thus, aggravates dispersion of soil particles. In this state of soil, soil structure is spoiled, soil swells when irrigated, soil density in lower layers is unusually high and aeration is hampered. Such soils become unfit for the proper growth and development of plant roots.

B. On plants

The effect of saline water irrigation on crop growth varies with the composition of water, kind, variety and growth stages of the crop, planting method, irrigation method, soil and climatic conditions and other related agronomic factors. Effect of saline water irrigation on certain important crops can be discussed as under. 

1. Wheat

Yield of wheat and maize is decreased with the in- creasing concentration of salts in irrigation water. But in the areas where soils are light-textured and rainfall is more than 50 cm per annum, salty water fails to reduce wheat yield significantly. Germination and early seedling stages are more vulnerable to salty water. Saline water irrigation at the pre-sowing stage is very harmful for wheat crop.

2. Rice

Rice plants growing in clay soil, when irrigated with water containing 1 % common salt show marked reduction in yield. Effect is more pronounced in summer season than in rainy season. Irrigation of paddy with salty water delays germination of seeds and percentage of germination is also reduced. Just after transplanting and tillering to flowering stages of crop growth are sensitive to brackish water irrigation.

Certain crops like groundnut, pearl millet and sorghum are fairly tolerant to salinity of irrigation water. However, high contents of carbonates and bicarbonates ; in irrigation water are universally harmful to most of the crops.

Excessive build up of salts in the vicinity of plant roots not only causes a mechanical injury to the roots but also interfere with absorption of water and plant nutrients by the plant roots from the soil. Concentration of salts in water surrounding roots goes so high as to hamper movement of water into the plant roots. Most of the plant nutrients of this water become insoluable, thus unavailable to plant.

V. Management Practices for Use of Saline Water 

Certain management practices specific for irrigation  have been evolved out of extensive researches carried out in the country. Thus principal objective behind them is to enhance availability of water to plant and maximize yield within the existing constraint of water salinity. The method of irrigation which allows neither deficit nor excess of soil water is always preferred. However, excess water may be purposely applied in order to maintain the salt balance through leaching requirement. The management practices are discussed as under.

A. Irrigation methods and practices

The method of irrigation form the most important aspect of effectively using saline water. The salinity regime of a plant depends upon a number of factors such as stage of the growth, when salinization occurs, the rate of salinization, the length of time of exposure to salinity, periods of low salinity and salinity distribution with depth in the soil profile. In any field condition ,it is difficult to control these factors and the variability among these factors may be responsible for wide variations in the salinity tolerance data for various locations. The problem of integrating the entire salinity regime of the plant during its growth period is a complex affair. On the other hand eliminating salinity hazards is also very difficult because of extremely limited fresh water supplies and erratic and unreliable rainfall. Thus the only option left is to find out management alternatives which reduce damage of soil and water salinity on plant growth. The management practices which modify one or more of these factors in favour of plant growth will help in the use of saline water for irrigation and management of saline soils. Adapting to the problem rather than to solve it in its entirety is the principle behind this approach. The attempt is to evolve methods of management within the areas of involvement of soil, water and plant on ultimate yield and to minimize the damaging effects. Some of the important methods are discussed below.

1. Surface irrigation methods

Surface irrigation methods have an overall low water efficiency resulting in aggravation of the problem of salinity and alkalinity. Precise leveling and land smoothing help in increasing uniformity of water application and allow lesser depth of application. Proper hydraulic design of the system resulting in optimum length of furrows or borders in relation to hydraulic gradient, infiltration rate, unit discharge and water requirement of the crop can further enhance the application efficiency in these methods of irrigation. Design modification for saline soils in case of border irrigation may include the use of open ended borders rather than the close ended ones.

The distribution of salts resulting from wetting of the ridges between the furrows is of particular importance in seed germination and seedling growth. It is of particular importance to those crops which have a high tolerance to  salinity in the later growth stages but are sensitive to salinity at germination. The slopping bed method of furrow irrigation provides low salinity levels in the vicinity of the seed. Seeding in the furrow itself may also be helpful as it will place the seed in the lowest salt content zone during germination. The old furrows later on can be filled and new furrows developed in between the rows of plants to follow the usual method of furrow irrigation. Initial beds will now become furrows in this system of management.

2. High frequency irrigation

The soil water salinity continually changes following an irrigation. More frequent irrigations with decreased depth of water are supposed to maintain better water  availability in the upper part of the root zone, even if the total amount of water applied is more or less the same. With each irrigation, this upper area is more thoroughly leached than the lower root zone, thus. reducing the effect of high salt concentration and increasing the soiI waters. By using controlled amount of irrigation water, the soil remains unsaturated so that water moves down through the entire soil mass, rather than flowing ineffectively through large soil pores. The frequency of irrigation can be adjusted to meet seasonal crop demands.

Frequent irrigation is found to favour plant height and ears in case of barley grown under saline water irrigation. Light and frequent irrigation with saline water gives higher yields in case of wheat.

B. Selection of crops and crop rotations

Depending on the quality and quantity of water avail- ability for irrigation on a known soil, in a particular climatic condition, selection of a crop and its variety which can be best suited on economic considerations is a very  important aspect that deserves consideration. On the i basis of tolerance with respect to irrigation water quality or soil salinity, the crops can be classified into four groups i viz (a) highly tolerant (b) tolerant (c) semi-tolerant, and (d) sensitive.

A highly tolerant crop is the one which can tolerate salinity of irrigation water to the extent of 10 mrnhos/crn of electrical conductivity (EC). The tolerant crop does not suffer up to 5 mrnhos/cm electrical conductivity but yields may begin declining beyond this level of salinity. Semi-tolerant crop does not suffer reduction in yields with water having EC up to 3 mrnhos/cm. The crop which : is adversely affected in yield under irrigation with water ! having EC equal to 1.5 mmhos/cm is sensitive.

Certain crop rotations can be suggested for the areas receiving saline irrigation water. Rotations of fallow- wheat, green manuring-wheat, bajra-barley have been found suitable for Rajasthan. The yields of wheat after fallow or a kharif legume or sesame or pearl millet are not significantly different showing that crop rotation would be governed by the net profit. Guar-wheat rotation has proved to be the most economical for most of the areas ! receiving saline water irrigation.

C. Salt balance and leaching requirement

After irrigation, water moves down in the soil and the process is called leaching. The amount of water which should necessarily leach down in order to establish a tolerable salt balance in the soil is called leaching requirement. With current practices irrigation efficiencies remain far below 70 % and with surface irrigation it may be as low as 50 per cent. Therefore, inefficiency in water application naturally takes care of the leaching requirement of the crops.

D. Conjunctive use with surface water

One of the practices for utilizing water of high salinity consists in mixing it with good quality water so that electrical conductivity and sodium hazard of saline water can be reduced to a desirable limit.

This practice may increase the total quantity of water available for irrigation but at the same time reduces the amount of good quality water. These points should be borne in mind in this regard.

1. The increase in yield through the increase in water supply should be at least as large as the potential Ii decrease in yield caused by increased salinity.

2. When the decrease in water quality through mixing requires leaching, the additional water required for leaching should be taken into account. Further  more, if removal of leaching water requires construction of an artificial drainage system, this should also be taken into account at the time of evaluation.

3. The use of good quality water to dilute drainage water, so that the latter may be reused to increase the total supply, is a questionable practice. It should be used only when leaching is provided by rainfall.

E. Rainwater management

When the rainy season is short and concentrated, as in most arid and semi-arid zones of India, rainfall may be sufficient to leach salts out of the root zone. When the rainfall is about 50 cm, the effective rainfall may be considered as 30 cm. To leach soluble salts in medium textured soils, 0.5 cm depth of water is required per unit cm depth of the sol. Therefore, to displace, 80 % salts below 60 cm, the required depth of rainwater is 30 cm. Generally the depth of the soil from which the soluble salts may be leached during monsoon season, corresponds roughly with the total rainfall during monsoon season. It is obvious, therefore, that if the root zone depth of the soil is 40 cm from which accumulated salts are intended to be leached, a minimum amount of rainfall equal to 40 cm is necessary. For light-textured soils the rainfall requirement is low and for heavy textured soils, requirement will be high. Maximum utilization of rain- water is the most important practice in the saline water irrigated agriculture, because rainfall influences the development of soil salinity in two ways:

1. it has a modifying effect on the number of irrigation required to meet the evaporative demand as a part of it is met by rainfall and

2. it helps in leaching of accumulated salts because it is the best quality water available for leaching.

It is essential to manage the rainfall by proper management of fields which includes uniform leveling, bunding and cultivation before the onset of monsoon season. By bunding and leveling the fields, the rainwater utilization can be increased by 2 to 2.5 times as compared to the unbunded fields. In unbunded fields considerable unevenness of salt leaching is observed.

F. Cyclic use with good quality water

In some specific situations where good quality water is available but in limited quantity, high salinity waters can be used for irrigation in sequence with the good quality water. This practice consists in substituting the saline water irrigation with good quality water when required. The prerequisite of this practice is that good quality water should remain at the disposal of the user. The soil salinity in the root zone resulting from continuous use of saline water can be prevented to increase beyond the permissible limits when two to three cycles with saline water are followed by one cycle with good quality water. Saline water could be used at tolerant growth stages and good quality water at sensitive stages of plant growth. The knowledge of plant growth stages which are sensitive or tolerant is, therefore, of utmost importance for the judicious use of water. Germination stage usually is the most sensitive and thus water of good quality should be used for pre-sowing irrigation. Likewise selection of crop rotation may be made in such a manner that sensitive crops could be raised with good quality water and tolerant crops with saline water so that the usual salt balance remains stable. The timing and amount of substitution will vary with the quality of two waters, the cropping pattern, the climate and the irrigation system.

G. Agronomic and cultural practices

There are certain field practices which help keep down effect of saline water irrigation. They can be discussed as follows.

1. Pre-sowing irrigation

A heavy pre-sowing irrigation with good quality water helps in removing salts from the root zone and ensures better conditions for germination of seed and emergence of seedling. This is a useful practice for winter season crops (rabi). Early sowing just after monsoon rains are over, is advantageous because salts will not get time to accumulate in the root zone. Obviously, a heavy pre-sowing irrigation will be very beneficial where sufficient time has elapsed between the last rainfall and sowing date of the rabi crop. This practice also assures the availability of sufficient moisture in the root-zone, It is also worth mentioning here that crop to tolerance limits with respect to salinity of irrigation water hold good only when germination and emergence are successfully established.

2. Fallowing

Fallowing the land for one season or more is a beneficial practice in arid and semi-arid regions especially when amount of rainfall received is unusually low. It helps regenerating saline-water irrigated soils. Sometimes fallowing is practiced due to some constraints such as scarcity of irrigation water. The farmers divide their lands in two or three parts for growing the crops in alternate years. As a rule, therefore, soils and irrigation waters must be periodically analysed particularly after rainfall so as to examine their suitability for reuse. In the event of salinity of the soils remaining very high even after rainfall and good quality water not being available for affecting pre-sowing irrigation it is a desirable practice for keeping the lands fallow for one or two seasons as may be necessary.

3. Cropping pattern

The saline water can be used more efficiently by growing two different crops simultaneously in strips. The irrigation of main crop helps unirrigated intercrop and Ii thus both the crops playa complementary role. Inter-crop of unirrigated gram can be had successfully with irrigated wheat with low and high water salinity conditions respectively.

4. Planting practices

To get good stand of furrow irrigated crop with saline water is a serious problem. One alternative is to use seeds at higher rates than the normal. The other alternative consists of appropriate adjustments in planting. Procedures can be adopted to ensure that the soil area around the germinating seeds is the lowest in salinity. This can be done by selecting suitable planting practices, bed shapes and Irrigation management. If salinity is a problem, placing the seed in the centre of a single-row raised bed will put the seed directly in the salt zone. Whereas double-row raised planting bed will keep the salt zone away from the seed. Still better salinity control can be achieved by using slopping beds with seeds placed, on the slopping side and the seed row placed just above the water line. Irrigation is continued until the wetting front has moved well ahead of the seed rows.

5. Application of manures and fertilizers

Use of organic manures and acid forming fertilizers is beneficial for saline water irrigated crops. Manures suppress the undesirable effects of high salt concentration in the soil.

6. Treatment with amendments

In certain places high sodium contents of irrigation water is the biggest problem. Treatment of such waters with gypsum, before application, considerably reduces sodium hazards of such water. However, this practice is not practically feasible for large fields.

When water containing chlorides, carbonates and bicarbonates of sodium is passed through a channel containing especially prepared charcoal, its quality is appreciably improved. While passing through this channel, charcoal catches sodium of water and leaves calcium or hydrogen (useful elements) in response. The experiments have established the usefulness of this method. However, the unavailability and heavy cost of charcoal are the big- gest limiting factors for this method.

VI. Alternative Uses of Saline Water 

Some waters are too salty for irrigation purpose. Common agricultural crops cannot be grown with by this water. However, it can be used for various other useful purposes as discussed below.

A. Fish farming and fish-com-rice farming

It has been reported that milk fish (Chanos chanos) and mullets (Izaparsia and Izatade) can thrive well in water having EC from 7.5 to 45 mmhos/cm. The inland fish production in saline water is comparatively low at 50-75 % level of optimum yield and, therefore, polyculture of fish farming is mostly advocated to acquire higher production up to 4000 kg/ha per year. Prawns such as Tiger and Giant prawns grow to full size in about 6 months period and attain a weight of more than 100 g each. The production can be achieved at 800 to 1200 kg/ha/yr.

Vast barren lands occurring in semi-arid zones of the country can be utilized effectively for fish seed production and fish farming.

In development of fishes and prawns in saline water, the major problem is drainage of saline water or removal of salts which will need to be periodically resorted to from ponds after the attainment of excessively high salt concentration. Therefore, availability of fresh water will also have to be ascertained to prevent the development of excessive salinity.

B. Salt extraction

In some situations where ground water is excessively high in salinity, there is possibility of salt extraction as a measure to dispose off saline ground water in evaporation pans. This will save adjoining agricultural lands from deterioration. This is required more so in shallow saline water table areas to check the rise of salinity in the surface of soils. For economic extraction of salt it is essential "that first saline ground water is charged with about 30000 , mg/liter of total dissolvable salts (TDS) (EC 40-45 mmhos per cm) and the proportions of calcium and magnesium are , kept very low.

C. Halophytes cultivation

All the vegetation which is highly tolerant to salts and sodium hazards, is called halophytes. Certain salt tolerant or halophytic plants are Sporobolus marginatus, Sueda fruticosa, Haloxylon salicornicum, Haloxylon brachita, Aatriple  nummularia, Juncus sp, Saliornia brachita, Simmondsia chinensis.
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