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OVERVIEW
We have discussed the soil and groundwater pollution from various agricultural activities in Unit 4 and various methods of irrigation and drainage in Unit 1 (Subsections 1.1.1 and 1.1.2). In this Unit (i.e., Unit 5), we will discuss the impacts of irrigation and drainage on soil and groundwater. We will first discuss the impacts of irrigation such as salinity and waterlogging. Subsequently, you will learn the benefits of drainage. Improperly designed drainage will have impacts such as nutrient runoff, siltation, etc. Then, you will learn the various remedial measures that could be adopted depending on local conditions (soil, topography, etc.) to minimise irrigation and drainage impacts. Next, we will discuss the quantification of leaching requirement to minimise salinity. Finally, we will discuss a case study of India, which illustrates the impacts of drainage and irrigation.

LEARNING OBJECTIVES

After completing this Unit, you should be able to: 

· explain the impacts of irrigation on soil and groundwater;

· assess merits and demerits of drainage;

· suggest remedial measures to overcome impacts due to irrigation and drainage;
· describe analytically the leaching process;
· explain the impacts due to irrigation and drainage in India.
 

5.1
IRRIGATION EFFECTS
We understood the importance of irrigation and drainage in the agriculture sector and how they have contributed to an increase in the Gross Domestic Product of India in Unit 1 of this Course. Drainage and irrigation in agriculture are used to optimise soil-water conditions with respect to quantity (excess or shortage of available water) and quality (in particular the prevention of the accumulation of salts).   These techniques are interconnected and many of the drainage problems are due to ill conceived or poorly managed irrigation projects. 

In this Section, we will discuss the effects of irrigation on soil and groundwater. The aim of irrigation is to supplement water to satisfy the evapotranspiration needs of crops. This supplemental water results in surface runoff and drains through subsurface.  Surface irrigation runoff is the consequence of irrigation, which does not infiltrate the soil and runs off, while subsurface irrigation drains through the crop root zone. You have learnt various methods of irrigation – basin, border, furrow and sprinkler in Section 1.1.1 of Unit 1 of this Course.  Now in Table 5.1, we will compare these methods in terms of their respective conservation features and limitations (Training Manual for APCV, 1991). This would help us in selecting an appropriate irrigation method taking into account crop type and local conditions.

Table 5.1

Common Irrigation Methods and their Limitations

	Method
	Suitable for
	Conservation Features
	Problems and Limitation

	Basin
	Close growing crops and rice on flat land with sandy soil.
	Provides good control of water applied. Good for alkali control.
	Accurate land levelling is generally required. Special provisions must be made for drainage.

	Border
	Forage crops or grain on uniform slopes up to 3%; established pasture on uniform slope up to 6 %; best adapted to light soil.
	Provides uniform wetting and efficient water use. Utilises large water streams safely and thus requires less time to cover an area.
	Topography must be fairly level or soil deep enough for adequate levelling. The available stream must be large enough to irrigate a border strip of practical size.

	Furrow
	Row crops, orchards, vineyards on gentle slopes with all but coarse textured soil.
	Provides no conservation features unless furrows laid on the contour and water applied with extreme care.
	Construction and maintenance of furrow is expensive, larger streams than necessary must be applied to get water to advance rapidly.

	Sprinkler
	Nearly all crops on any irrigated soil except in very windy hot climates.
	Provides uniform wetting, eliminates erosion, and gives efficient water use in most places. About 80% efficiency is possible with sprinkler irrigation particularly in semi-arid and humid areas. The efficiency decreases by 5% for each 7.5km per hour of wind.
	Wind distorts sprinkler patterns and cause uneven water distribution. A stable water supply is needed for economical use of equipment. Water must be clean and free from debris. 

	Controlled flooding
	Close growing crops on rolling land.
	Provides water control and fairly uniform wetting where land cannot be used for other methods.
	Irrigation efficiency is generally low. Small streams are not easily used.


The application method and the management of the irrigation system determines the type of irrigation return flow, (i.e., the part of irrigation water applied to the surface that is not consumed by evapotranspiration or plant uptake, which migrates to an aquifer or surface-water body), and its quantity and quality.  Over-irrigation and non-uniform water application cause subsurface return flows.  While drip and sprinkler irrigation systems (which are pressurised) tend to reduce the subsurface return flow, surface irrigation (gravity flow) can cause surface and subsurface return flow.

Irrigation return flows are often beneficially used in agricultural activities, but detrimental impacts on the environment may occur.  The primary hazard of subsurface return flow is that related to quantity and quality of drainage water as it percolates through the soil. This results in high water level or accumulation of soluble salts (Candela, et al., 1995).  While waterlogging and soil salinisation are the main problems associated with irrigation project, two main side effects of irrigation with respect to groundwater quality are: leaching of salts accumulated in the soil, and leaching of fertilisers and pesticides. We will discuss leaching of fertilisers and pesticides in detail in Units 6 and 7 of this Course. Now, we will discuss the major impacts of irrigation namely soil salinity and water logging in Subsections 5.1.1 and 5.1.2 respectively.

5.1.1
Soil salinity 

Soil salinity refers to an accumulation of salts in the plant root zone or on the soil surface, because of saline groundwater rising within two metres of the ground surface. Salt sources are consistent with those that occur in the process of salinity and include cyclic salts, salts derived from old marine sediments or from the weathering and breakdown of rocks in soil formation. 

Irrigated soil receives considerable quantities of dissolved salts, supplied either by irrigation or by the in-flowing groundwater. An annual application of 1,000 mm water containing 250 mg/l dissolved salts adding 2,500 kg salts to each hectare (10,000 m2) each year (Molen, 1970) illustrates that irrigation water is a major source of soluble salts. The other source of salts, a high groundwater level, is often encountered in irrigated areas. It originates either from natural hydrological conditions or from inevitable losses of irrigation water to the groundwater reservoir. Capillary rise may cause the groundwater to reach the root zone – or even the soil surface, where it evaporates leaving behind salts. If the groundwater reservoir is replenished over a short period only, the water table does not remain at a high level and the process of salinisation comes to a standstill. In such cases, the soil salt content is seldom high enough to be harmful to crops. If, however, the groundwater in an area is fed by seepage from elsewhere during the greater part of the year, the process of salinisation continues and severe accumulation of salts will occur (Molen, 1970). Salts (formed by the weathering of rocks) also occur naturally in groundwater, having leached from the surface with infiltrating rainfall or irrigation water. Much of this salt is sodium chloride (NaCl: common or table salt). Other salts found in varying amounts include calcium sulphate (CaSO4: gypsum), sodium sulphate (Na2SO4: soda ash), sodium bicarbonate (NaHCO3: baking soda) and magnesium sulphate (MgSO4: epsom salts). 

Rapid changes in temperature bring about quick weathering of primary minerals and the resulting products are leached away to the low-lying areas. Water is the main medium, which aids the movement of salts and under hot arid conditions, its evaporation gives rise to accumulation of salts in the soil. Due to upward and downward movement of the soil solution, the salts get distributed and accumulate either in the surface soil or in the sub soil and during dry periods, the surface of the soil is covered with salt crust. This is the main reason for the formation of salt lands. In most saline soil, sodium sulphate has been reported to be the chief constituent amounting to 50-80 % of the salts forming a crust. There are three classes of saline and alkali soil (Jaiswal and Wadhwani, 1980); we will discuss them briefly next.  

(i)
Saline soil: The soil containing toxic concentrations of soluble salts in the root zone are called saline soil. Electrical conductivity in the saturation extract of such soil taken as a measure of salts is greater than 4.0 mmhos/cm. 

Exchangeable sodium percentage is less than 15 and pH is less than 8.5. The soluble salts mainly consist of chlorides and sulphates of sodium, calcium and magnesium. Soil with the white encrustation due to salts is referred as white alkali.

(ii)
Non-saline alkali or sodic soil: This type does not contain large amounts of neutral salts, and the electrical conductivity is less than 4.0 mmhos/cm. The detrimental effect of alkali soil on plants is largely due to toxicity of a high amount of exchangeable sodium and pH. Alkali soil has exchangeable sodium of more than 15 % and pH more than 8.5. Such soil has low infiltration rates and the physical condition is unfavourable. Because of high alkalinity, resulting from sodium carbonate, the surface soil is discoloured and black, and often referred as the black alkali.

(iii)
Saline-alkali soil: This soil group is both saline and alkaline. They have appreciable amounts of soluble salts as indicated by the electrical conductivity values of more than 4.0 mmhos/cm. In addition, the exchangeable sodium percentage is more than 15% and pH less than 8.5.

Serious problem with saline soil is that crop yields decline linearly with increasing salt concentration levels above a given threshold level. This threshold level will vary according to the tolerance of the crop. Yield decreases due to the difficulties the crop has in taking up water, due to the high concentration of salt in the soil solution. Often crops present a droughty or dry appearance in high salt soil. The soil salinity, alkalinity, or both have many adverse effects, which are summarised below:

· Causing low yield of crops or crop failure in extreme cases.

· Limiting the choice of crops because some crops are sensitive to salinity or alkalinity, or both.

· Rendering the quality of fodder poor; as the fodder grown on alkali soil may contain a high amount of molybdenum and a low amount of zinc, causing nutritional imbalance and diseases among livestock. 

· Causing excessive run-off and floods due to low infiltration resulting in damage to crops. 

· Resulting in saline groundwater.

In this Subsection, you learnt the impacts of irrigation including its causes. In the next Subsection (i.e., Subsection 5.1.2), we will look at the consequences of excess water in the soil. Air and water compete for the same position in the soil and excess water, lead to reduction in oxygen supply. Direct consequences of this could be plant growth inhibition and building up of toxic compounds. Before proceeding further, let us work out a learning activity.


5.1.2 
Waterlogging 

Soil is waterlogged when it is saturated with water, causing air to be displaced from soil pores to the point, where there is not enough oxygen for full root activity. According to the National Commission on Agriculture (1976), an area is considered to be waterlogged when the water table rises to an extent where the soil pores in the crop root zone become saturated, resulting in restriction of the normal circulation of air, decline in the level of oxygen and increase in the level of carbon dioxide (Sharma and Sharma, 1993).  Thus, waterlogging occurs (as is common for salinisation) in poorly drained soil where water cannot penetrate deeply. For example, there may be an impermeable clay layer below the soil. Because of this, displacement of air occurs in the soil with corresponding changes in soil processes and an accumulation of toxic substances that impede plant growth. Waterlogging occurs when water stagnates on soil for some time. This is most likely to happen in depressions or low-lying areas and in areas that collect water from runoff. Waterlogging can also occur during floods or very wet periods. Once soil becomes ponded, water infiltration reduces due to slaking (soil aggregates break up on rapid wetting when there is insufficient organic matter or other material to bind them together), dispersion (clay particles with high levels of exchangeable sodium are surrounded by a water shell which forces the particles away from each other) or surface sealing/crusting (soil aggregates are broken down into particles by the force of raindrops). A compacted sub-surface soil layer may also contribute to waterlogging, if the water cannot drain away or infiltrate. Evaporation is the only way in which ponded water is reduced; and this may take some time. 

Causative factors

Irrigation introduces constant inflow of water into the subsoil resulting in continuous rise in water table. This would be in equilibrium with constant outflow due to evaporation, transpiration, subsoil flow to the lower regions, etc.  Poor irrigation methods are a major cause of shallow water table, and can result in large amounts of unnecessary water compounding the problem of rising water table (Sharma and Sharma, 1993). These include:

· Excess watering: Applying more water than required to the crop or pasture being grown. This surplus water either drains away or seeps through the soil to the water table.

· Irrigating unsuitable soil: Sandy soil has larger pore spaces that let water seep through more easily. Irrigating such a soil results in increase in the water table.

· Uneven ground/poor drainage: If a land does not drain freely after irrigation and water lies in depressions, the only way the water will leave the land is by evaporating or by seeping through the soil to the water table.

· Inadequate slopes: More water is applied than is necessary to meet the needs of the plants. Irrigation takes longer, giving water more time to seep past the root zone. 

· Infrequent watering: The soil is allowed to dry out and then large amounts of water are applied. Much of this water flows straight through cracks in the soil to the water table. Another effect of dry soil is the death of some plant roots, which reduces the ability of the plant to use the water when it is applied.

After learning the causative factors of waterlogging, we will now discuss its environmental effects.

Environmental effects 

Waterlogging due to salinisation, denitrification, etc. renders the soil infertile, and its ill effects on the soil, crops and the environment are:

· Lack of aeration: Due to the presence of excess water, soil pores within the root zone of plants are saturated to cut off the normal circulation of air. The soil bacteria are affected resulting in retardation in the formation of organic acids to dissolve plant food material.
· Reduced soil temperature: Reduced soil temperature restricts root development, and depresses biotic activity in the soil resulting in lowered rate of production of available nitrogen.
· Salinisation: High salinisation and deposits of sodium salts in the soil at or near the ground surface create an alkaline condition, which ultimately has negative effects on plants like reduced yield, etc.
· Denitrification: This occurs because of the competition for nitrogen by soil microorganisms that thrive in the saturated soil and reduction in numbers of nitrifying organisms due to the lack of aeration.
· Retards cultivation: Difficulty in carrying out normal cultivation operations (like tilling and ploughing) in water logged soil. 
· Growth of weeds: Weeds grow profusely and compete with useful crops. 
· Diseased crops: Waterlogging causes decay of roots, and produces external symptoms on the foliage, fruits, etc. 
· Low yield: Waterlogged soil absorbs much less heat compared to dry soil thereby hampering the seed germination and seedling growth. Maturity period of crops is also reduced resulting in low yield.
Crops vary in their tolerance to waterlogging and a high water table. Based on this, the various crop categories (http://www.mvproduce.com/salts.html) are:

· High tolerant: Sugarcane, potatoes, rice, plum, broad beans, strawberries, some grasses, etc.

· Medium tolerant: Sugar beet, wheat, oats, citrus, bananas, apple, barley, peas, cotton pears, blackberries, onion, etc.

· Sensitive: Maize, tobacco, peaches, cherries, olives, peas, beans, date palm, etc.


It is essential to evacuate excess water due to irrigation or precipitation, before excess soil saturation occurs or before water is added to the water table to avoid adverse environmental effects. This could be achieved with adequate surface drainage. Similarly, adequate subsurface drainage insures that water table is maintained at a sufficient depth below the soil surface, allowing salts to be removed from the soil profile through the application of excess irrigation water (leaching). Now we will discuss the merits and demerits of drainage.

 

5.2 
DRAINAGE: MERITS AND DEMERITS

You have learnt about drainage in Subsection 1.1.2 of Unit 1, which is required to remove excess water from agricultural lands. This is one of the important water management aspects and is as essential as irrigation, which is usually neglected. Under favourable conditions of thoroughly permeable soil and sub-soil and sufficient natural slope, open channels may provide ample drainage both at surface and sub-surface, for limited types of crops. Nevertheless, in some cases we may have to provide either surface or subsurface drainage to remove excess water.

The purpose of providing drainage is to remove excess water from the irrigated areas, which lowers the free water level within the root zone to the average rooting depth of crops. The required depth at which drains must be placed to accomplish this result is chiefly governed by the character of the soil and sub-soil, types of crops to be grown, and climate and rainfall characteristics (Burges and Quincy, 1954). Since subsurface drainage generally delays the drainage discharge, increasing the intensity of subsurface drainage generally reduces loss of phosphorus and organic nitrogen while increasing loss of nitrates and soluble salts. Conversely, improved surface drainage tends to increase phosphorus loss and reduce nitrate outflows (Skaggs, et al., 1992). 
Land drainage systems modify the equilibrium of water and salt balances achieved under natural conditions.  To identify the side effects of drainage on soil and water quality it is worth considering the factors intervening in the water balance of a drained land with the help of agro-hydrological cycle.  Figure 5.1 illustrates the agro-hydrological cycle, which helps in assessing the water balance in the ground surface and root zone. 

Figure 5.1

Agro-hydrological Cycle
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As illustrated in Figure 5.1, precipitation and irrigation contribute to surface runoff. Irrigation provides supplemental water for crops at the time of its growth. Due to poor water management, especially when the application efficiency is low, excess water leads to deep percolation and increase in surface runoff.  This runoff water flows through the surface drainage system towards the main drains transporting agro-chemicals if present in the soil.  Deep percolation from the root zone containing dissolved salts increases its salt content in recharged groundwater table. Capillary rise from the groundwater table may occur if the phreatic level (water table) is close to the root zone and downward flow does not take place. Capillary rise can be particularly significant if the groundwater table is recharged by seepage.

The water balance in the ground surface and the root zone, is given by Equation 5.1:

P + I + G = Sr + ETc + R +  ( W


Equation 5.1
where, P = amount of rainfall (mm); 

I = amount of irrigation water applied (mm); 

G = capillary rise from the water table (mm);

Sr = surface runoff (mm); 

ETc = water consumption by crops (mm); 

R = downward percolation (mm);  

( W = variation of moisture content in the root zone (mm).

In lands with restricted natural drainage, an artificial drainage system prevents waterlogging due to groundwater table rise, as may be observed in the water balance of the saturated zone given by equation 5.2.

R + S = G + Dr  (  ( ( h



Equation 5.2
where, R = downward percolation (mm);

S = seepage (mm); 

G = capillary rise from the water table (mm);

Dr = subsurface drainage (mm); 

( h = variation in the phreatic level (mm);  

( = drainable pore space.

Groundwater flow intercepted by the subsurface drainage system is discharged into the main drainage system and finally reaches a surface water body through the system outlet. Increasing drainage intensity on agricultural lands may have both positive and negative impacts on hydrology and water quality, which we will discuss in the next Subsection.  Lowering the groundwater table and increasing the drainable pore space reduces the proportion of the total outflow occurring as surface runoff and increases the proportion that is removed slowly by subsurface drainage over longer periods of time.  Thus, subsurface drainage generally reduces peak outflow rates (Skaggs et al., 1992). Having learnt how drainage contributes to the water balance in the land, we will now discuss some merits and demerits of drainage.
Additional water resulting from irrigation coupled with poor drainage result in raising groundwater from a considerable depth to within a fraction of a meter of the soil surface in a relatively short interval of time. Drains cater for storm and seepage water and are considered efficient if they: 

· cater for all the flood or surplus discharge;

· dispose the discharge quickly; 

· have proper outfall condition.

It is advantageous if the seepage water collected in the drain is pumped for irrigation in lower down reaches. The benefits of drainage are:

· improvement of the soil structure and increase in productivity of the soil;

· help in tilling operation;

· facilitate early ploughing and sowing of the crops, hence crop periods are enhanced resulting in higher crop yield;

· more soil moisture is made available for crop growth due to extension of crop root zone into the soil;

· maintain proper aeration of upper soil layers;

· maintain higher soil temperature;

· reclamation of waterlogged lands;

· maintenance of water table at a reasonable depth so that water cannot rise above the natural ground by capillary action; 

· improvement in sanitary conditions in the area. 

Drainage may have positive or negative effects on groundwater replenishment. A lowering of the groundwater table results mostly in a higher infiltration rate of precipitation and a lower evaporation rate. On the other hand, drainage causes a high groundwater runoff, which may prevent deep percolation and groundwater replenishment.

The negative effects of drainage include acidification of soil containing sulphides and combustion of peat layers both by aeration, which depend on the texture, chemical composition of the soil, and intensive agricultural activities (higher application of fertilisers and manure, etc.). 

In irrigated lands, salinity control is essential to ensure sustainable agriculture, but drainage water discharge can be a source of salinisation of surface water bodies.  Percolation water can dissolve soil microelements such as boron, selenium, molybdenum, arsenic, etc.  Boron, which is common in coastal areas of volcanic origin, may be toxic for plants in small concentrations. 

Apart from these, water quality degradation occurs due to chemicals used in agriculture such as fertilisers (mainly nitrates), pesticides, fungicides and herbicides, which are conveyed by surface runoff, deep percolation and groundwater flow to surface water bodies. Some of the demerits of drainage are (Miller and Donahue, 1990): 

· drainage would lower the ambient water table and thereby decrease the level and volume of water flowing into nearby streams;

· excessive drainage would adversely affect capillary water rise in deep sandy and organic soil. Such soil may lack sufficient water after drainage because of a slow and low capillary rise from the water table; 

· wet soil that contains excess amount of iron disulphide (FeS2) should not be drained. On being drained, the iron disulphide oxidises to ferrous and sulphuric acid, lowering the pH, sometimes even to a toxic level of 2.0;    

· drainage, particularly in low fertile soil (removal of top layer further deprives the soil of its nutrients) may cost more than the increased value of crops grown on the soil;.     

· in the case of non-calcareous soil, ferric and aluminium sulphates are formed, and the pH of the soil may drop to 1 or 2. It was noticed that after first year’s drainage, 150 tonnes of CaCO3 per hectare were needed to neutralise the arable layer. The leached sulphates will make the groundwater unsuitable for many purposes (Vrba and Romijn, 1986);    

· reclamation of peat soil by drainage results in land subsidence (by oxidation and shrinkage above the groundwater level);.    

· incorrectly designed or badly maintained drainage causes soil loss and further sedimentation even in flat lands, due to erosion;    

· in addition, land drainage systems may  have an adverse effect on the landscape.  In the past, drainage projects were commonly designed in the form of a network of straight lines.  This is particularly true in singular subsurface drainage systems where the main drainage system is formed by open channels.  Natural watercourses were frequently straightened and widened to increase their hydraulic capacity (Candela, et al., 1995).


 

5.3 
REMEDIAL MEASURES

In the previous Sections 5.1 and 5.2, we discussed various impacts due to irrigation and drainage. In this Section, we will discuss the preventive and remedial measures to minimise these impacts.
5.3.1 
Improvement of saline and alkali soil

Reclamation of saline and alkali lands require essential steps (Training Manual for American Peace Corps Volunteers. 1991) such as:

· lowering of the water table;

· satisfactory water infiltration;

· leaching out excess salts out of the soil;

· intelligent future management of the soil.

Different types of saline and alkali soil occur singly or in association, depending upon their mode of formation and physiographic position. Also, the degree of salinity or alkalinity will vary. Thus, the salt affected soil differs in its physio-chemical characteristics and, as such, methods of reclamation (Jaiswal and Wadhwani, 1980).

If the problem is only salinity, the salts need to be leached below the root-zone and not allowed to come up. In practice, this might be a difficult task to accomplish, as deep and fine-textured soil contains more salts in the lower layers. Under these conditions, a provision of some kind of subsurface drains becomes important. If the soil contains a sandy layer at a lower depth, leaching of the salts below this layer will check the rise of salts. The three general guidelines for reclamation are:

(i)
Establish drainage: Natural drainage is adequate in most soil, but some require properly designed drainage system, which is done by open ditches, tile lines, etc.

(ii)
Replace excess exchangeable sodium: This is necessary mainly for saline-sodic soil and varies with soil texture, water quantity available, extent of present damage, etc. 
(iii)
Leach out most of the soluble salts: To lower the salt content in saline soil (at least in part of the root zone) and sodic soil, it is necessary to leach most of the replaced sodium from the root zone.   
Leaching for salinity control

The long-term build-up of salts in the soil takes place either as a result of salts being added by irrigation water or capillary rise from the groundwater table (Candela, et al., 1995).  A simplified salt balance of the root zone (without considering salt dissolution and precipitation) is given by the Equation 5.3:

I ci + G cg  = R cr ( ( Z 



Equation 5.3
where,  I = amount of irrigation water applied (mm); 

G = capillary rise from the water table (mm);

ci  = salt concentration of the irrigation water (g/l); 

cg = salt concentration of the capillary water (g/l); 

R = downward percolation (mm);

cr = salt concentration of the percolation water (g/l);

( Z = variation of the salt content of the rootzone (g/m2).

As per Equation 5.3, salts entering the surface due to irrigation and capillary water should be equal to the salts leaving the surface due to downward percolation and salt content in the root zone.  Due to insufficient leaching, a process of secondary salinisation and associated sodification takes place, leading to the loss of land suitable for agriculture and finally to desertification.

To control soil salinity, therefore, a leaching fraction must be available to wash salts out of the root zone.  However, the amount of salts leached increases the salinity of groundwater.  If a subsurface drainage system is in service these salts are conveyed to surface water bodies by the main drains, as evidenced by the salt balance of the saturated zone (salts entering the subsurface should be equal to the salts leaving the subsurface):

R cr + S cs = G cg + Dr cdr + ( (  h cdr

Equation 5.4
where, R = downward percolation (mm);

cr = salt concentration of the percolation water (g/l);

S = seepage (mm);

cs = salt concentration of the seepage water (g/l);

G = capillary rise from the water table (mm);

cg = salt concentration of the capillary water (g/l);

Dr = subsurface drainage (mm);

cdr = salt concentration of the groundwater (g/l);

( h = variation in the phreatic level (mm); 

( = drainable pore space.

Reclaiming saline soil

Saline soil is relatively easy to reclaim for crop production, if adequate amounts of low salt irrigation water are available, and subsurface and surface drainage are present. Reclamation of saline soil, particularly when only rainfall or limited irrigation is used, can be hastened by the application of surface organic mulch. Because mulch slows the surface evaporation, salt movement to the soil surface in evaporative water is decreased, and leaching removes the salt from root zone. The quantity of water required to remove salts from the soil depends on many things such as depth of salt to be washed, percentage of salt to be removed, etc. A general guide is that for ponded water about 30 cm of water is required to remove 70 – 80 % of salt for each 30 cm depth of soil (to be leached of salt) (Miller and Donahue, 1990).

Reclaiming sodic and saline-sodic salts

The reclamation of sodic (alkaline) soil may require a technique modified from that being used for reclamation of saline soil. In sodic soil, the exchangeable sodium is so great that the resulting dispersed soil is almost impervious to water. By cationic exchange reactions, calcium is often used to replace sodium in sodic soil. Hence, the reclamation of alkaline soil needs the addition of a soil amendment (i.e., matter that, when added to the land, will make the soil healthier by balancing and adding nutrients, balancing the pH, encouraging the presence of microorganisms, etc.), containing soluble calcium salts. Of all calcium compounds, calcium sulphate (gypsum, CaSO4.2H2O) is considered the best and cheapest for this purpose. Calcium solubilised from the gypsum replaces sodium, leaving soluble sulphate in the water, which is then leached out. Sometimes, leaching water itself may contain enough cations to replace the sodium. For example, in a calcareous saline-sodic soil (in India), leaching with good low salt irrigation water was effective in removing exchangeable sodium without adding gypsum (Miller and Donahue, 1990). 

5.3.2 
Preventive and curative waterlogging measures

You have learnt about waterlogging causes and its implications in terms of decreased crop yield because of increase in salinity, etc. Decline in productivity necessitates appropriate preventive and curative measures. Preventive measures envisaging reduction of inflow into the subsoil water table in this context are: 

(i)
Arresting percolation from rainfall: Quick disposal of storm water in excess of crop requirement is a must for canal irrigation.

(ii)
Arresting percolation from canals: This includes:

· lining of canals to control excessive seepage from unlined canals, which is a very important preventive measure;

· lowering of water level in canal;

· cutting down seepage losses wherever possible; 

· interception drains along the canal 15 to 30 m away from the canal bank, are effective to arrest seepage from the canals.

(iii)
Arresting percolation from irrigation in the fields: This includes:

· Restriction of irrigation: High water table areas may be restricted to receive kharif irrigation only and during rabi season, the cultivators may irrigate from open wells and tube wells. In high water table areas controlling intensity of irrigation or permitting only a fraction of the total culturable commanded area to receive irrigation water.

· Lining of watercourses.

· Economical use of water.         

We discussed various preventive measures for waterlogging so far. In order to remove excess water from the root zone of crops and to restore the condition conducive for normal growth of crops a number of curative measures are envisaged, which are:

(iv)
Pumping: Pumping from subsoil through shallow tube wells, deep tube wells, seepage-cum-pumping stations, open wells to lower water table and use of the pumped water for irrigation as it is or by mixing with canal water. 

(v)
Land grading: It is useful for betterment of waterlogged lands. 

(vi)
Cropping pattern: Vegetation and crops, which have high rate of evapotranspiration, may serve as a natural drainage system. 

(vii)
Optimum water use: Through conjunctive use of surface and groundwater. 

(viii)
Better irrigation methods: Sprinkler and drip irrigation methods may be used to reduce percolation losses. 

(ix)
Subsurface drainage: It is the most efficient and permanent type of anti-waterlogging measure. 

(x)
Puncturing the underground barriers: Geological formation such as buried ridges that are interfering with the subsoil flow leading to waterlogging conditions may be punctured to lower water table. 

(xi)
Efficient drainage system: For quick disposal of the storm water and excess irrigation water. 

(xii)
Removing obstruction in natural drainage: A natural drainage is improved by removing debris, etc., from the waterway and also by providing adequate waterway under road bridges, drainage crossing, etc.

It is evident from this discussion that pumping is a very effective anti-waterlogging measure. A judicious combination of canal and tube well irrigation system offers an ideal solution to the waterlogging problems in most of the areas.  Next, we will discuss the reuse of this drainage water.

5.3.3 
Reuse of drainage water 

In many places where there is a substantial and continuous drainage discharge, the drainage water can be used to irrigate an area adjacent to the region where it originates. Depending on the slope of the land and the depth of the open drains, the water level can be brought above the ground surface at a shorter or longer distance from the drainage area. Raising the water level relative to the ground surface can be accomplished by a diversion structure in the main drain combined with flat gradient channels, or by pumping. In this way the final effect of the sometimes considerable losses in one irrigation area can, at least partly, be reduced by applying this return flow to another area in the vicinity (Molen, 1970).

In inland areas, an option is to intercept, isolate and reuse drainage water in specific areas (depending upon the characteristics of the drainage project), where for instance salt tolerant crops can be grown. Soil salinisation due to drainage water reuse can be controlled by alternative irrigation with water of good quality, particularly in the germination period when seedlings are more salt sensitive and later full irrigation of salt tolerant crops with drainage water.  This option seems more favourable than mixing river water of good quality with saline return flows and it is feasible in areas with sufficient rainfall for post harvest leaching or with alternative sources of irrigation water.  The long term feasibility of reuse increases with regional scale as opposed to on farm scale reuse, since a system for the collection and redistribution of drainage water is required to reduce the need for storage reservoirs (Grattan and Rhoades, 1990).

The quality of drainage water depends on the quality of irrigation water, the portion that has passed the soil by deep percolation, and the salinity of the soil. Due to this, only a small part of the drainage flow can be considered as a dependable supply for irrigation. Furthermore, to avoid uncontrolled irrigation in the area of reuse, the peak drainage flow must pass the diversion site unobstructed. Having discussed the remedial measures of impacts due to drainage, we will next understand the reclamation of land by various methods.

5.3.4 
Land reclamation

It is defined as the process of restoring cultivable lands, which have been rendered uncultivable or have suffered reduction in the yield. Various considerations governing the land reclamation are soil characteristics, salt distribution and nature of the soil, pH and total soluble salt content in the soil, irrigation water quality and present state of salts in relation to yield of crops (Sharma and Sharma, 1993). Next, we will discuss the various land reclamation methods:

(i)
Levelling: Land is perfectly levelled to ensure uniform application of water. 

(ii)
Leaching: Required for reclamation of saline sodic soil. It involves flooding of the surface with abundant irrigation water (to a depth of 15-25 cm) so that the dissolved salts are drained off to deep seepage drain. If salt deposits appear after a couple of years, this operation has to be repeated. 

(iii)
Crop rotation: Crop rotation after leaching is the most appropriate reclamation measure suggested these days. Some crop rotations generally recommended (cereal followed by a fodder crop) are listed in Table 5.2.
Table 5.2

Recommended Crop Rotation 

	Crop
	Cropping Pattern

	Paddy
	Paddy– wheat – sathi (grain) – moong or maize

	
	Paddy – senji (forage) – sugarcane

	
	Paddy – barseem (forage)

	Maize
	Wheat – maize – barseem – cotton or sugarcane

	
	Wheat – maize- senji

	
	Wheat – maize – paddy


(iv)
Surface and subsurface drainage: The aspects of surface and subsurface drainage you have learnt in Subsection 5.3.2. 

(v)
Addition of organic products: Addition of organic products such as groundnut hull, cow dung cakes, sawdust, etc., is useful to reduce soil salinity. 

(vi)
Dug-out ponds: For permanent reclamation of waterlogged and saline alkali soil, the excess runoff is collected in dugout ponds of sufficient capacity in low lying areas. 

Before proceeding with a numerical example illustrating leaching requirements for various types of soil, we will work out a learning activity.


 

5.4 
EXAMPLE OF LEACHING REQUIREMENTS

In the previous Sections, you have learnt about leaching of salt, variations in salt concentrations, etc. Now, in this Section we will acquaint you with the various requirements of salt tolerant and salt sensitive crops by solving a numerical example.  

In an arid land where effective rainfall is negligible, irrigation is practised by applying water, with salt concentration of 1 g/l (electrical conductivity, E = 1.5 dS/m).  Loamy soil is irrigated by surface irrigation, the irrigation application efficiency being around 0.75. Take into account two types of arable crops, one salt tolerant (cotton, sugar beet, and wheat) and another salt sensitive (maize, alfalfa, etc). Calculate the leaching requirements, mass of salts applied with the irrigation water, salt concentration of the drainage water and mass of salts discharged through the irrigation return flows. 

Let us solve this example now considering two cases:

Case I: Salt tolerant crops  

Salt tolerant crops such as wheat, cotton and sugar beet are tolerant to soil salinity, expressed in terms of electrical conductivity up to Ecc= 6 dS/m.

Given:       

Water consumption by crops, ETc  =  500 mm

Electrical Conductivity, Ecc = 6 dS/m

Leaching Fraction, LF = 0.05 

(i)
Leaching requirements, assuming a full leaching efficiency in loamy soil, can be calculated by the following equation: 
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Equation 5.5

where, R( = leaching requirement (mm) (i.e., the leaching fraction necessary to keep soil salinity, chloride, or sodium from exceeding a tolerance level of the crop in question. It applies to steady state or long-term average conditions); ETc = water consumption by crops (mm); LF = leaching fraction. 

If water consumption for full irrigation (cotton) is 500 mm, leaching requirements are:
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(ii)
The volume of water applied in the irrigation season is: 
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where, I = amount of irrigation water applied in the field (mm); ea = irrigation application efficiency (i.e., the average percent of total water pumped or delivered for use that is stored in the plant root zone) = 0.75
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The loss of irrigation water by downward percolation will be 


R = (1 - ea) I = 0.25 I = 166.7 mm. 

Downward percolation is by far greater than leaching requirements (R >> R().  Therefore, it is possible to improve the irrigation efficiency without risk of secondary salinisation.  In fact, the irrigation application efficiency could be up to 0.90.  Then the irrigation requirements at field level would be:
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(Since 1 ha =10,000m2)

The amount of salts applied with the irrigation water, whose salt concentration is (cI = 1g/l):


Ici = 5550 (m3/ha) ( 1 g/1 = 5.5 t/ha 

(iii)
In equilibrium conditions, if no seepage and capillary rise occur, the volume of drainage water can be calculated using the equation: 


Dr = R = 0.10 I ci = 555.6 m3/h 

If no variation of the salt content of the rootzone occurs, the salt concentration of the drainage water can be calculated (Equations 5.3. and 5.4): 

Cdr = IcI / Dr = 5.5/555.6 = 9.9 g/l

(iv)
The mass of salts discharged through the irrigation return flow, neglecting the component due to surface drainage, should be about 5.5 t/ha.

Case II: Salt Sensitive crops  

Given: Ec = 2 dS/m;


LF = 0.20 

(i)
The leaching requirement of irrigated maize, assuming that water consumption (ET = 500 mm) and soil and water management conditions are like those described for cotton, can also be calculated with Equation 5.5.
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(ii)
To maintain a suitable solid salinity content uniformly over the irrigated basin it is advisable that percolation loss exceeds at least 30% the leaching requirements (FAO, 1980).  Therefore, the amount of downward percolation should be: 


R = 1.4 R( = 175mm

In this case, the amount of water applied cannot be reduced due to soil salinity control: 

I = ET + R= 500 + 175mm = 6750 m3/ha 

The amount of salts applied with the irrigation water is: 


Ici = 6750 m3/ha ( 1 g/1 = 6.75 t/ha

(iii)
In equilibrium conditions, the volume of drainage water can be calculated with equation: 


D = R = 0.25 I =  1687.5 m3/ha 

The calculation of the salt concentration of the drainage water can be done as in paragraph (iii) of the salt tolerant crop case: 

(iv)
The mass of salts discharged through the irrigation return flows could be approximately 6. 75 t/ha.

Irrigation of sensitive crops with moderately saline water (c= 1 g/1) means the application of 20% more salts than irrigation of tolerant crops with the water of the same quality.  

Although the salt content of the effluent water is lower where sensitive crops are grown, the volume of drainage water is three times that drained for tolerant crops.  To avoid water pollution due to disposal of the drainage effluent, the reuse of the drainage water is more difficult if intensive soil salinity control is required to grow salt sensitive crops.  Next, we will take up a case study to illustrate the degradation of soil in India due to irrigation and drainage.


5.5
CASE STUDY: IMPACTS OF IRRIGATION

AND DRAINAGE IN INDIA

Soluble salts of sodium, calcium and magnesium, namely chlorides and sulphates, are the main components that lead to the formation of saline soil. Lack of drainage, nearness of water table to the capillary action and use of irrigation water that is saline in character, help accumulate the salts in the profile. Beyond a certain concentration, the soluble salts are always harmful (Jaiswal and Wadhwani, 1980). The soil in India has been observed to contain NaCl, the quantity of which is more in saline soil. Salt affected soil is widespread in arid, semi-arid and sub-humid zones of the Indo-Gangetic plain. Alkali-soil is dominant in areas with a mean annual rainfall of more than 600 mm, while saline soil is dominant in arid, semi-arid and coastal regions. As per the recent estimates, about 10 million ha is salt-affected, out of which 2.5 million ha represent alkali soil in the Indo-Gangetic plain. According to another estimate, salinisation and/or alkalisation due to inadequate drainage, inefficient use of available water resources, and socio-political reasons affect 50 % of the canal-irrigated areas. Typical examples of salinisation caused by the rise in groundwater are observed in Uttar Pradesh, Haryana, Rajasthan, Maharashtra and Karnataka. The extent of waterlogged and salt affected soil due to excessive irrigation in canal -irrigated areas of various states in India is listed in Table 5.3. 

Table 5.3

Extent (in Thousand Hectares) of Soil Waterlogged and Salt-Affected due to Excessive Irrigation in Canal-Irrigated Areas 

	State
	Waterlogged Soil
	Salt-affected Soil

	
	Total
	Canal Command        Area
	Total
	Canal Command         Area

	Andhra Pradesh
	57.0
	57.0
	242.0
	220.0

	Bihar
	348.3
	179.5
	1122.0
	138.2

	Gujarat
	362.6
	362.6
	400.0
	224.0

	Haryana
	339.2
	266.4
	813.3
	139.4

	Karnataka
	127.9
	18.0
	340.0
	256.2

	Kerala
	111.0
	6.0
	534.0
	446.0

	Madhya Pradesh
	484.0
	172.6
	1214.4
	540.0

	Maharashtra and Goa
	275.2
	229.8
	455.0
	455.0

	Orissa
	11.6
	11.6
	26.0
	0.0

	Punjab
	198.6
	198.6
	519.5
	392.6

	Rajasthan
	36.0
	36.0
	404.0
	51.4

	Tamil Nadu
	196.3
	196.3
	400.0
	0.0

	Uttar Pradesh
	1980.0
	455.0
	1295.0
	606.0

	Total
	4527.7
	2189.4
	7765.2
	3468.8


Source – Singh, 1994

Having understood the causes of waterlogging and its consequences in Subsection 5.1.2, we will now discuss the situation in India. Water logging due to surface flooding is predominant in West Bengal, Assam, Bihar, Orissa, Andhra Pradesh, Uttar Pradesh, Tamil Nadu, Kerala, Punjab, and Haryana. According to the National Commission on Agriculture (1976), about 6 million ha in more than 17 states is subjected to waterlogging, of which 3.4 million ha is due to surface flooding and another 2.6 million ha due to a rise in water table. Surveys carried out by the Central Groundwater Board in August 1985 showed that each year about 36 million ha becomes temporarily water logged due to surface flooding in 15 states and union territories. Latest information shows that the physical deterioration of soil due to water logging or submergence or flooding is prevalent in 11.6 million ha, representing 3.5% of the total geographical area. 

We discussed the impact of salinisation and water logging in various regions of India. Now let us look at the effects of first phase of the Green Revolution in India, which introduced high-yielding varieties of crops, particularly wheat and rice. In India, farmers rapidly adopted these varieties, which produced high yields by greatly responding to inputs like fertilisers, irrigation water, pesticides and energy. In Punjab, India, intensification of agriculture in inherently poor soils (light texture, low organic matter, etc), inefficient and indiscriminate use of fertilisers, irrigation water, pesticides and energy has resulted in deterioration of soil physico-chemical properties, disturbance of water-balance, increasing problems of pest management, environmental degradation, etc. The shift in cropping pattern in favour of paddy-wheat system has created additional problems of agro-ecological degradation. As a result of these new technologies, the wheat production grew 50% between 1965 and 1969. However, after several years of bumper crops, many regions in India began reporting crop failures. Even as more fertilisers and more irrigation water were added to the land, crop yields continued to decrease.

One reason for the poor grain yields in India was the water logging of soil. The drainage system of the Punjab is designed to efficiently drain monsoons. Traditionally farmers irrigated their crops along naturally formed canals, subsisting in a delicate balance with the cycles around them. However, the construction of dams such as the Bhakra and Nangal, upset this delicate balance. The Green Revolution crops need a large readily available water source. As a result of unusually high water storage, 10 million hectares out of a total of 83 million hectares of arable land is either waterlogged or saline. Desertification occurs as soils are waterlogged, and organic nutrients and small clay particles are leached into the water. Winds carry away small clay particles leaving behind a degraded, nutrient depleted soil that is unable to hold water and is incapable of supporting crops.  Salinisation occurs as desertified soils are repeatedly irrigated and dried. The ionic load in the irrigation water precipitates in the soil as the water evaporates. Over many years, certain ions common to the irrigation water, accumulate to toxic levels. In Punjab there are toxic levels of fluorine, aluminum, boron, iron, molybdenum and selenium.

SUMMARY

In this Unit (i.e., Unit 5), you have learnt the impacts of irrigation and drainage along with remedial measures to minimise their impacts. This Unit started with impacts of irrigation, which mainly include salinity and waterlogging. Salinity depends on the salt concentration and can be categorised as saline, non-saline alkali or sodic and saline alkali soil. Soil salinity or alkalinity has adverse effects such as low yield, limited choice of crops, leaching to groundwater, etc. When groundwater is shallow, enough to maintain the soil profile in the root zone wetter than field capacity, it affects the growth of most crops. This excess water and the resulting continuously wet root zone can lead to some serious and fatal diseases of the root and stem. Working with the waterlogged soil can destroy soil structure and thus restrict root growth and drainage further. The chemistry and microbiology of waterlogged soil is changed due to the absence of oxygen. This can result in changes, which affect the availability of many nutrients. For example, nitrogen can undergo denitrification more readily and be lost to the atmosphere as a gas. The anaerobic (reducing) environment results in changes to metals and other cations that can result in deficiencies or toxicity. For example, sulphide, ferrous and manganese ions will accumulate in waterlogged soil. Water logging is another cause of improper irrigation especially in basin irrigation. To reduce the impact due to irrigation (waterlogging, etc.), proper drainage system should be constructed. If drainage is not designed properly, it will have negative impacts like washing out of nutrients from soil surface, increase in soil salinity, etc. Subsequently, we discussed the remedial measures like using neutralising reagents for soil salinity, preventive and curative measures for water logging, land reclamation, etc.  Finally, quantification of leaching of salts is illustrated with a solved numerical example. This is followed by a case study of India illustrating the impacts on the soil due to poor irrigation and drainage.
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Unit 5


Model Answers to Learning Activities
LEARNING ACTIVITY 5.1
In arid and semi-arid areas, salts formed during the weathering of soil minerals are not fully leached. During periods of higher-than-average rainfall, the soluble salts are leached from the more permeable upland areas to the low-lying areas, where, if the drainage is restricted, salts accumulate on the surface as water evaporates. The excessive irrigation of the uplands containing salts thus results in the accumulation of salts in the valleys. Salinisation is also caused owing to the irrigation of soil with saline water. In all these cases, restricted drainage is usually the main reason. Rise in the water table within two meters of the surface irrigation, the obstruction of natural drainage because of developmental activities, e.g., roads and canals, and the siltation of natural drainage may also cause salinity.

LEARNING ACTIVITY 5.2
Waterlogging renders the soil infertile due to the following reasons:

· Lack of aeration: Soil pores when fully saturated cut off normal circulation of air. The capacity of soil bacteria is affected resulting in the formation of organic acids that dissolve plant materials.

· Reduced soil temperature: Low temperature restricts root development, depresses biotic activity in the soil resulting in lower rate of production of available nitrogen.

· Salinisation: High salinisation and deposits of sodium salts in the soil create alkaline conditions, which ultimately have negative effects on plants like reduced yield, etc.

· Denitrification: This is caused due to lack of proper aeration, reducing the number of nitrifying organisms.

· Low yield: Waterlogged soil absorbs much less heat compared to dry soil, hampering seed germination and seedling growth.

Growth of weeds: Weeds grow profusely and compete with useful crops.

LEARNING ACTIVITY 5.3
Drainage has a number of merits such as the improvement of the soil structure and increase in productivity of the soil. It facilitates early ploughing and sowing of the crops and maintains water table at a reasonable depth so that water cannot rise above the natural ground by capillary action. Other merits include reclamation of waterlogged lands, maintenance of soil temperature and proper aeration of upper layers, improvement in tillage operation, etc.

There are a number of demerits associated with drainage. Drainage would lower the water table and thereby decrease the level and volume of water flowing into nearby streams. Incorrectly designed or badly maintained drainage causes soil losses and further sedimentation even in flat lands, due to erosion. In addition, it is seen that drainage has an adverse impact on the pH of the soil leading to acidification.

LEARNING ACTIVITY 5.4
The remedial measures used to minimise the impacts due to irrigation and drainage are improvement of saline and alkali soil, prevention of water logging, reuse of drainage water and land reclamation.

Reclamation of saline and alkali soil consists of establishing drainage, as some soil require proper drainage system, replacing excess exchangeable sodium, which is necessary for saline-sodic soil and leaching out most of the soluble salt from saline and sodic soil.  Remedial measures to minimise the impacts of waterlogging involve preventive and curative measures.  Preventive measures include arresting percolation from rainfall, canals and from irrigation in the fields. Some of the curative measures include pumping groundwater, land grading, cropping pattern, optimum water use, better irrigation methods, subsurface drainage, etc. Reuse of drainage water can be done in places where there is substantial and continuous drainage; the drainage water can be used to irrigate an area adjacent to the region where it originates. Land reclamation is the process of restoring cultivable lands, which have been rendered uncultivable or have suffered reduction in the yield. The various land reclamation methods are leveling, leaching, crop rotation and dug-out ponds.










































































































(LEARNING ACTIVITY 5.4





Explain the remedial measures to minimise the impacts due to irrigation and drainage.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 5.3





Discuss the merits and demerits of drainage.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 5.2





What are the impacts of waterlogging?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 5.1





Explain the causes of salinity.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.
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