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Unit - I 
Irrigation water requirement and Soil-Water-Crop relationship 

 

Irrigation water requirement and Soil-Water-Crop relationship: Irrigation, definition, necessity, advantages 

and disadvantages, types and methods. Irrigation development. Soils - types and their occurrence, 

suitability for irrigation purposes, wilting coefficient and field capacity, optimum water supply, consumptive 

use and its determination. Irrigation methods surface and subsurface, sprinkler and drip irrigation. Duty of 

water, factors affecting duty and methods to improve duty, suitability of water for irrigation, crops and crop 

seasons, principal crops and their water requirement, crop ratio and crop rotation, intensity of irrigation. 

 

Irrigation-  

Definition-Irrigation is the method in which a controlled amount of water is supplied to plants at regular 

intervals for agriculture. It is used to assist in the growing of agricultural crops, maintenance of landscapes, 

and re vegetation of disturbed soils in dry areas and during periods of inadequate rainfall. 

 

Necessity-Water is necessary for plant growth and maturity. Irrigation, the artificial means of supplying 

water, becomes necessary for plant growth in the following cases. If rainfall is less than demand of plants, 

irrigation is necessary to fulfill the water requirement of plants. 

 

Advantages and disadvantages- 

Advantages of Irrigation: 

1. For proper nourishment of crops certain amount of water is required. If rainfall is insufficient there will be 

deficiency in fulfillment of water requirement. Irrigation tries to remove this deficiency caused due to 

inadequate rainfall. Thus, irrigation comes to rescue in dry years. 

2. Irrigation improves the yield of crops and makes people prosperous. The living standards of the people 

are thereby improved. 

3. Irrigation also adds to the wealth of the country in two ways. Firstly as bumper crops are produced due to 

irrigation it makes country self-sufficient in food requirements. Secondly as the irrigation water is taxed 

when it is supplied to the cultivators, it adds to the revenue. 

4. Irrigation makes it possible to grow cash crops which give good returns to the cultivators than the 

ordinary crops they might have grown in absence of irrigation. Fruit gardens, sugarcane, potato, tobacco 

etc., are the cash crops. 

5. Sometimes large irrigation channels can be used as a means of communication. 

6. The falls which come across the irrigation channels can be utilized for producing hydroelectric power. 

7. Domestic advantages should not be overlooked. Irrigation facilitates bathing, cattle watering etc., and 

improves freshwater circulation. 

8. Irrigation improves the groundwater storage as water lost due to seepage ads to the groundwater 

storage. 

9. Along the banks of large irrigation channels plantation can be successfully done which not only helps 

introducing social forestry but also improves environmental status of the region. 
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10. New irrigation works are started at the time of famines to provide employment to a large number of 

populations. These works are called famine works or relief works. 

11. When watering facility is provided to a barren land, the value of this land gets appreciated. 

 

Disadvantages of Irrigation: 1. Excessive seepage and leakage of water forms marshes and ponds all along 

the channels. The marshes and the ponds in course of time become the colonies of the mosquito, which 

gives rise to a disease like malaria. 

2. Excessive seepage into the ground raises the water-table and this in turn completely saturates the crop 

root-zone. It causes waterlogging of that area. 

3. It lowers the temperature and makes the locality damp due to the presence of irrigation water. 

4. Under irrigation canal system valuable residential and industrial land is lost. 

5. Initial cost of irrigation project is very high and thereby the cultivators have to pay more taxes in the form 

of levy. 

6. Irrigation works become obstacles in the way of free drainage of water during rainy season and thus 

results in submerging standing crops and even villages. 

Types and methods-Surface irrigation Localized irrigation, Drip irrigation, Sprinkler irrigation, Center pivot 

irrigation, Lateral move irrigation, Sub-irrigation, Manual irrigation 

Irrigation development- The irrigation potential through major, medium and minor irrigation projects has 

increased from 22.6 million hectares (mha) in 1951, to about 102.77 Mha at the end of 2006-07. 

Year Canal Tank 
Ground 

Water 
Others 

Net 

Irrigated 

Area 

(NIA) 

Gross 

Irrigated 

Area 

(GIA) 

1950-1 8.30 3.61 5.98 2.97 20.58 22.56 

1960-1 10.37 4.56 7.29 2.44 24.66 27.98 

1970-1 12.84 4.11 11.89 2.27 31.10 38.20 

1980-1 15.29 3.18 17.70 2.55 37.72 49.78 

1990-1 17.45 2.94 24.70 2.93 48.02 63.20 

2002-3 16.34 2.26 34.50 2.73 55.85 78.33 

 

 

Soils – 

Types and their occurrence- Some of the major soil groups available in India are: 1) Alluvial Soils 2) Black 

Soils 3) Red Soils 4) Laterite and Lateritic Soils 5) Forest and Mountain Soils 6) Arid and Desert Soils 7) Saline 

and Alkaline Soils 8) Peaty and Marshy Soils. 

 

Alluvial soil: 

Mostly available soil in India (about 43%) which covers an area of 143 sq.km. 

Widespread in northern plains and river valleys. 

In peninsular-India, they are mostly found in deltas and estuaries. 

Humus, lime and organic matters are present. 
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Highly fertile. 

Indus-Ganga-Brahmaputra plain, Narmada-Tapi plain etc are examples. 

They are depositional soil – transported and deposited by rivers, streams etc. 

Sand content decreases from west to east of the country. 

New alluvium is termed as Khadar and old alluvium is termed as Bhangar. 

Color: Light Grey to Ash Grey. 

Texture: Sandy to Silty loam or clay. 

Rich in: potash 

Poor in: phosphorous. 

Wheat, rice, maize, sugarcane, pulses, oilseed etc. are cultivated mainly. 

 

Red soil: 

Major soil types in India 

Seen mainly in low rainfall area. 

Also known as Omnibus group. 

Porous, friable structure. 

Absence of lime, kankar (impure calcium carbonate). 

Deficient in: lime, phosphate, manganese, nitrogen, humus and potash. 

Colour: Red because of Ferric oxide. The lower layer is reddish yellow or yellow. 

Texture: Sandy to clay and loamy. 

Wheat, cotton, pulses, tobacco, oilseeds, potato etc are cultivated. 

 

Black soil / regur soil: 

Regur means cotton – best soil for cotton cultivation. 

Most of the Deccan is occupied by Black soil. 

Mature soil. 

High water retaining capacity. 

Swells and will become sticky when wet and shrink when dried. 

Self-ploughing is a characteristic of the black soil as it develops wide cracks when dried. 

Rich in: Iron, lime, calcium, potassium, aluminum and magnesium. 

Deficient in: Nitrogen, Phosphorous and organic matter. 

Colour: Deep black to light black. 

Texture: Clayey. 

Also read:  Movements of ocean water: Waves, Tides and Ocean Currents 

 

Laterite soil: 

Na e fro  Lati  ord Later  hi h ea s Bri k. 
Become so soft when wet and so hard when dried. 

In the areas of high temperature and high rainfall. 

Formed as a result of high leaching. 

Lime and silica will be leached away from the soil. 
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Organic matters of the soil will be removed fast by the bacteria as it is high temperature and humus will be 

taken quickly by the trees and other plants. Thus, humus content is low. 

Rich in: Iron and Aluminum 

Deficient in: Nitrogen, Potash, Potassium, Lime, Humus 

Colour: Red Colour due to iron oxide. 

Rice, Ragi, Sugarcane and Cashew nuts are cultivated mainly. 

 

Desert / arid soil: 

Seen under Arid and Semi-Arid conditions. 

Deposited mainly by wind activities. 

High salt content. 

Lack of moisture and Humus. 

Kankar or Impure Calcium carbonate content is high which restricts the infiltration of water. 

Nitrogen is insufficient and Phosphate is normal. 

Texture: Sandy 

Colour: Red to Brown. 

Peaty / marshy soil: 

Areas of heavy rainfall and high humidity. 

Growth of vegetation is very less. 

A large quantity of dead organic matter/humus which makes the soil alkaline. 

Heavy soil with black Colour. 

 

Forest soil: 

Regions of high rainfall. 

Humus content is less and thus the soil is acidic. 

Mountain soil: 

In the mountain regions of the country. 

Immature soil with low humus and acidic. 

Wilting coefficient 

 

Field capacity: 

Field Capacity is the amount of soil moisture or water content held in the soil after excess water has drained 

away and the rate of downward movement has decreased. This usually takes place 2–3 days after rain or 

irrigation in pervious soils of uniform structure and texture. 

 

Consumptive use and its determination: 

Definition: 

It is the quantity of water used by the vegetation growth of a given area. It is the amount of water required 

by a crop for its vegetated growth to evapotranspiration and building of plant tissues plus evaporation from 
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soils and intercepted precipitation. It is expressed in terms of depth of water. Consumptive use varies with 

temperature, humidity, wind speed, topography, sunlight hours, method of irrigation, moisture availability. 

Mathematically, 

Consumptive Use = Evapotranspiration = Evaporation + transpiration It is expressed in terms of depth of 

water. 

 

Types of Consumptive Water Use 

Following are the types of consumptive use, 

1. Optimum Consumptive Use 

2. Potential Consumptive Use 

3. Seasonal Consumptive Use 

1. Optimum Consumptive Use: It is the consumptive use which produces a maximum crop yield.  

2. Potential Consumptive Use: If sufficient moisture is always available to completely meet the needs of 

vegetation fully covering the entire area then resulting evapotranspiration is known as Potential 

Consumptive Use. 

3. Seasonal Consumptive Use: The total amount of water used in the evapotranspiration by a cropped area 

during the entire growing season. 

 

To measure or estimation the consumptive use there are two main methods: 

1. Direct Methods/Field Methods 

2. Empirical Methods 

3. Pan evaporation method 

1. Direct Methods: 

In this method field observations are made and physical model is used for this purpose. This includes, 

i. Vapors Transfer Method/Soil Moisture Studies 

ii. Field Plot Method 

iii. Tanks and Lysimeter 

iv. Integration Method/Summation Method 

v. Irrigation Method 

vi. Inflow Outflow Method 

 

1.1 Vapor Transfer Method: 

In this method of estimation of water consumptive use, soil moisture measurements are taken before and 

after each irrigation. The quantity of water extracted per day from soil is computed for each period. A curve 

is drawn by plotting the rate of use against time and from this curve, the seasonal use can be estimated. 

This method is suitable in those areas where soil is fairly uniform and ground water is deep enough so that 

it does not affect the fluctuations in the soil moisture within the root zone of the soil.It is expressed in terms 

of volume i.e. Acre-feet or Hectare-meter 
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1.2 Field Plot Method: 

We select a representative plot of area and the accuracy depends upon the representativeness of plot 

(cropping intensity, exposure etc).It replicates the conditions of an actual sample field (field plot). Less 

seepage should be there. 

Inflow + Rain + Outflow = Evapotranspiration 

The drawback in this method is that lateral movement of water takes place although more representative to 

field condition. Also some correction has to be applied for deep percolation as it cannot be ascertained in 

the field. 

 

1.3 Tanks and Lysimeter: 

In this method of measurement of consumptive use of water, a watertight tank of cylindrical shape having 

diameter 2m and depth about 3m is placed vertically on the ground. The tank is filled with sample of soil. 

The bottom of the tank consists of a sand layer and a pan for collecting the surplus water. The plants grown 

in the Lysimeter should be the same as in the surrounding field. The consumptive use of water is estimated 

by measuring the amount of water required for the satisfactory growth of the plants within the tanks. 

Consumptive use of water is given by, 

Cu = Wa - Wd 

Where, 

Cu=Consumptive use of water 

Wa= Water Applied 

Wd = Water drained off 

Lysimeter studies are time consuming and expensive. Methods 1 and 2 are the more reliable methods as 

compare to this method. 

 

1.4 Integration Method: 

In this method, it is necessary to know the division of total area, i.e. under irrigated crops, natural native 

vegetation area, water surface area and bare land area. In this method, annual consumptive use for the 

whole area is found in terms of volume. It is expressed in Acre feet or Hectare meter. 

Mathematically, 

Total Evapotranspiration = Total consumptive uses 

Total Area Annual Consumptive Use = Total Evapotranspiration = A+B+C+D Where, 

A = Unit consumptive use for each cropsits area  

B = Unit consumptive use of native vegetation pits area  

C = Water surface evaporationxits area  

D = Bare land evaporationxits area 

1.5 Irrigation Method: 
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In this method, unit consumption is multiplied by some factor. The multiplication values depend upon the 

type of crops in certain area. This method requires an Engineer judgment as these factors are to be 

investigated by the Engineers of certain area. 

1.6 Inflow Outflow Method: 

In this method annual consumptive use is found for large areas. If U is the valley consumptive use its value 

is given by, 

U = (I+P) + (Gs - Ge) - R 

Where, 

U = Valley consumptive use (in acre feet or hectare meter)  

I = Total inflow during a year 

P = Yearly precipitation on valley floor 

Gs = Ground Storage at the beginning of the year 

Ge = Ground Storage at the end of the year 

R = Yearly Outflow 

All the above volumes are measured in acre-feet or hectare-meter. 

2. Empirical Methods: 

Empirical equations are given for the estimation of water requirement. These are, 

2.1 Lowry Johnson Method: 

The equation for this method is, 

U = 0.0015 H + 0.9 (Over specified) 

U = Consumptive Use 

H = Accumulated degree days during the growing season computed from maximum temperature above 32 

°F 

 

2.2 Penman Equation: 

According to this method, 

U = ET = AH + 0.27 EaA - 0.27 

ET = Evapotranspiration or consumptive use in mm Ea = Evaporation (mm/day)  

H = Daily head budget at surface (mm/day) 

H is a function of radiation, sunshine hours, wind speed, vapour pressure and other climatic factors. 

A = Slope of saturated vapour pressure curve of air at absolute temperature in °F 

2.3 Hargrea es s Method: 

It is a very simple method. According to this method, 

Cu = KEp 
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Where, 

Cu = Consumptive Use coefficient (varies from crop to crop)  

Ep = Evapotranspiration K = Coefficient 

 

Irrigation methods  

Surface- In surface (furrow, flood, or level basin) irrigation systems, water move across the surface of 

agricultural lands, in order to wet it and infiltrate into the soil. Surface irrigation can be subdivided into 

furrow, border strip or basin irrigation. It is often called flood irrigation when the irrigation results in 

flooding or near flooding of the cultivated land. Historically, this has been the most common method of 

irrigating agricultural land and still used in most parts of the world. Where water levels from the irrigation 

source permit, the levels are controlled by dikes, usually plugged by soil. This is often seen in terraced rice 

fields (rice paddies), where the method is used to flood or control the level of water in each distinct field. In 

some cases, the water is pumped, or lifted by human or animal power to the level of the land. The field 

water efficiency of surface irrigation is typically lower than other forms of irrigation but has the potential 

for efficiencies in the range of 70% - 90% under appropriate management. 

 

Subsurface 

Sprinkler - In sprinkler or overhead irrigation, water is piped to one or more central locations within the 

field and distributed by overhead high-pressure sprinklers or guns. A system utilizing sprinklers, sprays, or 

guns mounted overhead on permanently installed risers is often referred to as a solid-set irrigation system. 

Higher pressure sprinklers that rotate are called rotors are driven by a ball drive, gear drive, or impact 

mechanism. Rotors can be designed to rotate in a full or partial circle. Guns are similar to rotors, except that 

they generally operate at very high pressures of 40 to 130 lbf/in² (275 to 900 kPa) and flows of 50 to 1200 

US gal/min (3 to 76 L/s), usually with nozzle diameters in the range of 0.5 to 1.9 inches (10 to 50 mm). Guns 

are used not only for irrigation, but also for industrial applications such as dust suppression and logging. 

Sprinklers can also be mounted on moving platforms connected to the water source by a hose. 

Automatically moving wheeled systems known as traveling sprinklers may irrigate areas such as small 

farms, sports fields, parks, pastures, and cemeteries unattended. Most of these utilize a length of 

polyethylene tubing wound on a steel drum. As the tubing is wound on the drum powered by the irrigation 

water or a small gas engine, the sprinkler is pulled across the field. When the sprinkler arrives back at the 

reel the system shuts off. This type of system is known to most people as a "water reel" traveling irrigation 

sprinkler and they are used extensively for dust suppression, irrigation, and land application of waste water. 

Other travelers use a flat rubber hose that is dragged along behind while the sprinkler platform is pulled by 

a cable. These cable-type travelers are definitely old technology and their use is limited in today's modern 

irrigation projects. 

 

Drip irrigation- Drip (or micro) irrigation, also known as trickle irrigation, functions as its name suggests. In 

this system water falls drop by drop just at the position of roots. Water is delivered at or near the root zone 

of plants, drop by drop. This method can be the most water-efficient method of irrigation,[29] if managed 

properly, since evaporation and runoff are minimized. The field water efficiency of drip irrigation is typically 
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in the range of 80 to 90 percent when managed correctly. In modern agriculture, drip irrigation is often 

combined with plastic mulch, further reducing evaporation, and is also the means of delivery of fertilizer. 

The process is known as fustigation. 

Deep percolation, where water moves below the root zone, can occur if a drip system is operated for too 

long or if the delivery rate is too high. Drip irrigation methods range from very high-tech and computerized 

to low-tech and labor-intensive. Lower water pressures are usually needed than for most other types of 

systems, with the exception of low energy center pivot systems and surface irrigation systems, and the 

system can be designed for uniformity throughout a field or for precise water delivery to individual plants in 

a landscape containing a mix of plant species. Although it is difficult to regulate pressure on steep slopes, 

pressure compensating emitters are available, so the field does not have to be level. High-tech solutions 

involve precisely calibrated emitters located along lines of tubing that extend from a computerized set of 

valves. 

 

Duty of water- 

The term duty means the area of land that can be irrigated with unit volume of irrigation water. 

Quantitatively, duty is defined as the area of land expressed in hectares that can be irrigated with unit 

discharge, that is, 1 cumec flowing throughout the base period, expressed in days. 

 

Factors affecting duty: 

The factors that affect the duty are described below, 

1. Soil Characteristics: 

If the soil of the canal bed is porous and coarse grained, it leads to more seepage loss and consequently low 

duty. If it consists of alluvial soil, the percolation loss will be less and the soil retains the moisture for longer 

period and consequently the duty will be high. 

2. Climatic Condition: 

When the temperature of the command area is high the evaporation loss is more and the duty becomes low 

and vice versa. 

3. Rainfall: 

If rainfall is sufficient during the crop period, the duty will be more and vice versa. 

4. Base Period: 

When the base period is longer, the water requirement will be more and the duty will be low and vice versa. 

5. Type of Crop: 

The water requirement for various crops is different. So the duty varies from crop to crop. 

6. Topography of Agricultural Land: 

If the land is uneven the duty will be low. As the ground slope increases the duty decreases because there is 

wastage of water. 

7. Method of Ploughing: 

Proper deep ploughing which is done by tractors requires overall less quantity of water and hence the duty 

is high. 

8. Methods of Irrigation: 
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The duty of water is high in case of perennial irrigation system as compared to that in inundation irrigation 

system. 

9. Water Tax: 

If some tax is imposed the farmer will use the water economically thus increasing the duty. 

 

Methods to improve duty 

Various methods of improving duty are: 

(1) Proper Ploughing: 

Ploughing should be done properly and deeply so that the moisture retaining capacity of soil is increased. 

(2) Methods of supplying water: 

The method of supplying water to the agriculture land should be decided according to the field and soil 

conditions. For example, 

 Furrow method For crops sown ion rows 

 Contour method For hilly areas 

 Basin For orchards 

 Flooding For plain lands 

(3) Canal Lining: 

It is provided to reduce percolation loss and evaporation loss due to high velocity. 

(4) Minimum idle length of irrigation Canals: 

The canal should be nearest to the command area so that idle length of the canal is minimum and hence 

reduced transmission losses. 

(5) Quality of water: 

Good quality of water should be used for irrigation. Pollution en route the canal should be avoided. 

(6) Crop rotation: 

The principle of crop rotation should be adopted to increase the moisture retaining capacity and fertility of 

the soil. 

(7) Method of Assessment of water: 

Particularly, the volumetric assessment would encourage the farmer to use the water carefully. 

(8) Implementation of Tax: 

The water tax should be imposed on the basis of volume of water consumption. 

 

Crops and crop seasons 

The agricultural crop year in India is from July to June. The Indian cropping season is classified into two main 

seasons-(i) Kharif and (ii) Rabi based on the monsoon. The kharif cropping season is from July –October 

during the south-west monsoon and the Rabi cropping season is from October-March (winter). The crops 

grown between March and June are summer crops. Pakistan and Bangladesh are two other countries that 

are usi g the ter  kharif  a d ra i  to des ri e a out their roppi g patter s. The ter s kharif  a d ra i  
originate from Arabic language where Kharif means autumn and Rabi means spring. 

The kharif crops include rice, maize, sorghum, pearl millet/bajra, finger millet/ragi (cereals), arhar (pulses), 

soyabean, groundnut (oilseeds), cotton etc. The Rabi crops include wheat, barley, oats (cereals), 

chickpea/gram (pulses), linseed, mustard (oilseeds) etc. 
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Principal crops and their water requirement 

Irrigation Water Requirement of Crops 

It is defined as, "The quantity of water required by a crop in a given period of time for normal growth under 

field conditions." It includes evaporation and other unavoidable wastes. Usually water requirement for crop 

is expressed in water depth per unit area. 

 

Irrigation water need = Crop water need — available rain fall 

The first thing you need to consider when planning your garden is what growing zone you live in. 

This is based on both the temperature range of your climate and the amount of precipitation. Take a close 

look at the area in which you are going to plant your garden. If the ground tends to be very moist, choose 

plants that can tolerate constantly wet soil, and even standing water. 

If you live in an area that suffers from frequent droughts, however, select plants that can tolerate going long 

periods without water, especially in light of the frequent watering restrictions imposed on such areas. 

 

Crop ratio and crop rotation: 

Crop rotation is the practice of growing a series of dissimilar or different types of crops in the same area in 

sequenced seasons. It is done so that the soil of farms is not used for only one set of nutrients. It helps in 

reducing soil erosion and increases soil fertility and crop yield. 

Growing the same crop in the same place for many years in a row disproportionately depletes the soil of 

certain nutrients. With rotation, a crop that leaches the soil of one kind of nutrient is followed during the 

next growing season by a dissimilar crop that returns that nutrient to the soil or draws a different ratio of 

nutrients. In addition, crop rotation mitigates the buildup of pathogens and pests that often occurs when 

one species is continuously cropped, and can also improve soil structure and fertility by increasing biomass 

from varied root structures. 

 

Intensity of irrigation: 

Intensity of irrigation is defined as the percentage of the irrigation proposed to be irrigated annually. 

Usually the areas irrigated during each crop season (Rabi, Kharif, etc) is expressed as a percentage of the 

CCA which represents the intensity of irrigation for the crop season. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 
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