Lecture 26 Crop Water Requirement
26.1 Crop Water Requirement
[bookmark: _GoBack]It is defined as the total quantity of water required by a crop irrespective of its source in a given period of time for its normal growth and developmentunder field conditions at a given place. In means that it is the total quantity of waterrequired to mature an adequately irrigated cropto meet the losses due to evapotranspiration (ET), plus the losses during theapplication of irrigation water (unavoidable losses) and the additional quantity of waterrequired for special operations such as land preparation, transplanting, leaching of saltsbelow the crop root zone, frost control etc. It is expressed in depth per unit time.
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In other words, crop water requirement is total water demand for growing a crop. Crop water demand can also be expressed in term of supply as:
 
WR = IRR + ER +ΔS +GWC                               (26.2)
Where:
WR = Total depth of water required during the life of crop irrespective of source
CU = Consumptive use (total water required for all plant processes)
ER = Effective rainfall received during crop life
ΔS = Profile water use i.e., difference in soil moisture in the crop root zone at the beginning and end of the crop
GWC= Groundwater contribution, if any
IRR = Irrigation
 
In the previous lecture crop ET estimation procedure based on reference crop ET and crop coefficient approach is described.  A number of methods are available for estimation of reference crop ET (ETo) using the weather data.  However, crop ET can also be measured using the field water balance or lysimeter.  These methods are laborious and time consuming and therefore, indirect methods of crop ET estimation are commonly used and will be covered in this lecture.
 
The term effective rainfall has a different meaning to different users. For example for hydrologist effective rainfall means runoff, whereas for irrigation engineers of agriculturist effective rainfall means useful or utilizable rainfall for the purpose of crop growth.  Dastane (1974) has definedeffective rainfall as “that portion of the total annual or seasonal rainfall which is useful directly and/or indirectly for meeting the crop water needs in cropproduction at the site where it falls but without pumping”. Thus, it is the portion of rainfall that does not include losses due to surface runoff, unnecessary deep percolationand residual moisture after harvest. This concept of effective rainfall is suggested for use in planning andoperation of irrigation projects. A number of factors affects effective rainfall include, rainfall characteristics, land topography, soil and crop characteristics, management practices, carryover moisture content and groundwater contribution. A number of methods are in practice for determining effective rainfall. These include, field water balance approach, drum culture approach for rice, and empirical relationship (SCS method).The water requirement of different crops are given in Table 26.1.
 
Table 26.1. Water requirement of different crops
[image: C:\Users\admin\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\ED88BF45.tmp](Source: http://www.angrau.ac.in/media/7380/agro201.pdf)
 
26.1.1 Net Irrigation Requirement 
The net irrigation requirement is the total amount of irrigation water required tobring the soil moisture content in the root zone depth of the crops to field capacity i.e., difference between the field capacity and the soil moisture content in the root zone before application of irrigation water. Thismay be obtained by the relationship given below:
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Where,                 
NIR = net amount of water to be applied during an irrigation, cm
Mfci = gravimetric moisture content at field capacity in the ith layer of the soil, (%)
Mbi = gravimetric moisture content before irrigation in the ith layer of the soil, (%)
ρbi = bulk density of the soil in the ith layer, g/cm3
Di = depth of the ith soil layer, cm, within the root zone, cm
N = number of soil layers in the root zone D.
 
26.1.2 Gross Water Requirement
The total amount of water, inclusive of losses, applied throughirrigation is termed as gross irrigation requirement which in other words in net irrigationrequirement plus application and other losses.
         [image: 263.png]       (26.4)
 
26.1.3 Duty of Water (D)
This is defined as the area that can be irrigated with a continuous non-stopsupply of irrigation water at the rate of one cumec or cusec throughout the baseperiod. It is expressed as acre/cusec or hectare/cumec.
 
26.1.4 Base Period (B)
This is the period over which irrigation water is to be supplied for the production of any crop. Normally this is equal to the period between the first and last irrigation applied to acrop.
 
26.1.5 Delta (Δ)
This the depth of water required by a crop during the crop season to meet itsrequirements. This does not have any relevance to the area of the cropped field. It isexpressed in mm or cm.
 
Relationship between D, Δ and B
  [image: 264.png]                              (26.5)
 
Where, Δ in cm, B in days and D in ha/cumec.
 
26.2 Methods of Crop Water Requirement Determination
26.2.1 Direct Measurement of Evapotranspiration
Plant water use is an important management input, thus, it is critical to know ET.Several methods have been developed to measure evapotranspiration is already discussed earlier (see section 25.3), a few aresummarized here.
 
26.2.1.1 Aerodynamic Methods
The vapour pressure of the air and air flowvelocities can be measured at several levels above a plant canopy. By evaluating thesemeasurements, the instantaneous evapotranspiration rate can be determined. Summingthese instantaneous measurements provides an estimate of evapotranspiration for a day.This technique requires very accurate equipment because the air moves erratically abovethe canopy.
 
26.2.1.2 Soil Water Balance Methods
Soil water is the source for evapotranspiration, andseveral methods have been used to relate changes in soil water to plant water use. Theprimary components of the soil water balance are illustrated in Figure 26.1. The soil waterbalance can be expressed as:
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Where,
ET = amount of evapotranspiration during the period,
AWe = amount of soil water in the root zone at the end of a period,
AWb = amount of soil water in the root zone at the beginning of a period,
P = total precipitation during the period,
dg = gross irrigation during the period,
Uf = groundwater contribution to water use during the period,
Ri= surface water that runs onto the area during the period,
Ro = surface runoff that leaves the area during the period, and
dp = deep percolation from the root zone during the period.
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Fig.26.1.Sketch illustrating the components of the soil water balance.
(Source:http://gilley.tamu.edu/BAEN464/Handout%20Items/Cuenca%20Book%20Chapter%203%20Soil%20Physics.pdf accessed on June 4, 2013)
 
Soil water content can be measured using neutron scattering or other techniques described earlier. Deep percolation is difficult to measure and is often assumed to be insignificant unless substantial rainfall occurs or large irrigations are applied. A significant problem with the soil water balance technique is that repetitive measurements must be made throughout the season. One week is usually the shortest period for using the soil water balance method to estimate ET.
26.2.1.3 Lysimetry
Lysimetersare measuring device used for estimating evapotranspiration. It consists of specially designed open-top tanks buried in the field that are filled with undisturbed soil, and planted with the same crop as the surrounding area. Water used for ET by plants grown in the lysimeter must come from the soil water within the tank. ET can be measured by monitoring soil water contents and water applications from irrigation or rain. The soil tank is used to isolate soil water from the surrounding area and to prevent runoff, upward groundwater flow, and drainage entering into the system. For some applications drainage is allowed and the volume of deep percolation is measured. The soil water within the tank can be measured with traditional methods such as neutron probes. The amount of water in the tank can also be determined by weighing the tank, soil, plants, and soil water. Since soil water is the only item that changes significantly over short time periods, the change in weight equals the amount of water used for ET.
 
[image: 267.png]
Fig.26.2. Cutaway drawing of weighing type lysimeter.
(Source:www.regional.org.au : accessed on April 30, 2013)
 
Example 26.1:
A tank has a water spread area of 40 ha. With an average water depthof 3m. Calculate the area of paddy crop (120 days duration) that can be irrigated, if the duty is expressed as:
· 960 ha per m3s-1
· 110 ha cm and
· 90 ha / million cu m of water
 
Solution:
The total water available = 40 x 3 x 100 ha. Cm
 [image: 268.png]
1. Area that can be irrigated = [image: 269.png] 111 ha. Ans.
2. Area that can be irrigated            [image: 2610.png] 108 ha. Ans.
3. Water available in million cu. m  [image: 2611.png]
Area that can be irrigated           [image: 2612.png]= 108 ha. Ans.
 
Example 26.2:
The following data were obtained in determining the soil moisture content at successive depths in the root zone prior to applying irrigation water.
 
	Depth of sampling, cm
	Wt. moist soil sample, gm
	Oven dry wt. of soil sample, gm

	0-25
	135.60
	127.82

	25-50
	137.28
	128.95

	50-75
	123.95
	116.32

	75-100
	111.92
	103.64


 
The bulk density of the soil in the root zone was 1.65 gm/cc. the available moisture holding capacity of the soil was 18.0 cm/m depth. Determine
1. The moisture content at different depths in the root zone
2. Moisture content in the root zone at the time of irrigation
3. Net depth of water to be applied to bring the moisture content to field capacity
4. Gross irrigation requirement at an estimated field irrigation efficiency of 70 %
 
Solution:
a. Soil moisture content at different depths
 
          0-25 cm:[image: 2613.png] = 6.08% = 6.08 x 1.65 = 10 cm/ m depth
                                                   = 10 x 25/100 = 2.5 cm
 
25-50 cm:[image: 2614.png]  = 6.46% = 6.46 x 1.65 = 10.66 cm/ m depth
                                                   = 10.66 x 25/100 = 2.66 cm
 
50-75 cm: [image: 26215.png] = 6.53% = 6.53 x 1.65 = 10.77 cm/ m depth
                                                   = 10.77 x 25/100 = 2.69 cm
 
 
75-100 cm: [image: 2616.png] = 7.98% = 7.98 x 1.65 = 13.18 cm/ m depth
                                                   = 13.18 x 25/100 = 3.292 cm
 
b. Moisture content in the root zone at the time of irrigation = 2.5+2.66+2.69+3.292 = 11.14 cm
 
c. Net irrigation requirement = 18 – 11.14 = 6.85 cm
 
d. Gross irrigation requirement = 6.85 / 70 x 100 = 9.79 cm. Ans.
 
Example 26.3:
Determination of monthly water requirements of groundnut having monthly crop coefficient 1.12 and ETo = 5.06 mm /day. Consider month with 30 days.
Solution:
Daily water requirement ETc= ETo x Kc = 5.06 x 1.12 = 5.66 mm
Monthly water requirement = 5.66 mm x 30 = 170.016 mm Ans.
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Rice 1200 Tomato
Wheat 450 - 650 Potato
Sorghum 450 - 650 Pea
Maize 500 - 800 Onion
Sugarcane 1500 - 2500 Chillies
Sugarbeet 550 - 750 Cabbage
Groundnut 500 - 700 Banana 1200 - 2200
Cotton 700 - 1300 Citrus 900 - 1200
Soybean 450 - 700 Grapes 700 - 1200
Tobacco 400 - 600 Mango 1000 - 1200
Beans 300 - 500 Turmeric 1200 - 1400
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