Water Requirements in Agriculture
The objective of irrigation and drainage is to maintain the soil water content within a range that does not significantly reduce plant growth below its optimum.

Plant stress is related to soil water content in two ways. 

1.
Soil water tension. The drier the soil the harder the plant has to work to extract water from the soil.

2.
Void content for gas exchange. Roots need air for respiration. The wetter the soil the less air available. 

The principles of economics should be used to determine the allowable level of stress that results in the best returns on capital and labor.  Stress level is monitored by monitoring soil water content in the root zone.  

Root Zone 

The root zone is the depth of soil to which the plant roots have penetrated. Root distribution is difficult to quantify. However, root depth may be expressed as a function of the stage of crop growth in general terms. The actual maximum depth of the roots and the length of the growing season are dependent on the crop. 

Measuring Soil Water
Soil Sampling
A sample of soil is obtained and dried. Based on the difference in weight the water content can be determined. While the method is easy and straightforward, it is destructive. 

Tensiometer
This consist of a ceramic cup filled with water and connected to a pressure measuring device. If this cup is placed in the soil, water will flow out of the cup until the pressures inside and outside of the cups are equal. The pressure measuring device then gives the pressure on the inside of the cup. 

Gypsum Block 

The electrical conductivity of a porous solid depends on the amount of water in it. Gypsum blocks are calibrated to establish a relationship between conductivity and water content and then buried in the soil. Water content may be determined at will by measuring the electrical conductivity. 

Neutron Probe 

The probe consist of a source of high energy neutrons and a counter for detecting thermal neutron flux. When neutron collide with soil particles, they are reflected back to the source with the same velocity. However, when they collide with water particles they continue moving away with their velocity halved. The relationship between the number of neutrons supplied and the number detected is used to determine the water content. 

Predicting Soil Water Content
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Predictions of soil water content are based on a water balance for the root zone. Long term predictions are useful for system design, while short term predictions are needed for system operation. The basic continuity equation states that

Storage = Inflow - Outflow 

Water inflow may be either from precipitation or irrigation, while outflow is due to evapotranspiration or drainage. Drainage is not very significant at soil water contents below field capacity. 

Evapotranspiration

Evaporation  

The process by which water is converted to vapor by the 
absorption of heat energy onto a free surface. If heat is added to a body of water with a free surface, the kinetic energy of the molecules is increased to the extent that some of the water molecules at the surface can overcome their surrounding cohesive bonds and are able to escape into the air. As a molecule of water passes from liquid to vapor state, it absorbs heat energy, thus cooling the water left behind.   

Transpiration  



The dispersion of water vapor to the atmosphere through
the leaves of plants. 

Evapotranspiration 

The combined process by which water is transferred from the earth's surface to the atmosphere. It includes evaporation from soil and plant surface plus transpiration of water through plant tissues.

Factors Affecting the Rate of Evapotranspiration

(Meteorological Factors)

•
Energy Balance.  The greater the net radiation at the surface of the crop, the greater the evapotranspiration rate.

•
Temperature.  The rate of biological processes are affected by temperature. In  the vicinity of the specific optimum temperature, an increase of 10oC will double the rate of a biological process. In general, the effect of temperature is difficult to separate from the broader influence of the energy balance. 

•
Humidity and Atmospheric Pressure. The greater the relative humidity (the ratio of the amount of water vapor in the air to the maximum possible for the temperature and pressure), the lower the rate of evapotranspiration.

•
Day Length. Longer days allow longer periods of evapotranspiration.

•
Time of Day. Incoming solar radiation depends on the position of the sun.

•
Wind. The greater the wind speed or the daily wind distance, the more water is transferred to the atmosphere by the process of convection. 

(Physiological Factors)

•
Specific Crop.  Differences in plant physiology can limit transpiration and differences in reflectivity and roughness can limit evaporation.

•
Stage of Plant Growth.  This relates directly to the nature and amount of foliage.

•
Nature of the soil.  As soil water content decreases, evaporation decreases. Darker soils absorb more solar energy, resulting in more evapotranspiration.  

(Geographical Factors)

•
Water Quality.  The presence of salts in water causes a reduction in evaporation.

•
Depth to Water Table.  The higher the water table, the greater the volume of pores that can conduct water to the soil surface and the greater the rate of evaporation.

•
Elevation.  Elevation influences temperature and atmospheric pressure.

Methods of Measuring Evapotranspiration

The methods used for measuring evapotranspiration fall into four classes:

1.
Theoretical methods based on the physics or vapor movement (Not used for practical applications)

2.
Empirical methods based on temperature, radiation, relative humidity, and other meteorological parameters (Used for long term predictions)

3. Theoretical methods based on the energy balance (Used for short term predictions)

4. Analogy from open water containers (Used for both long and short term predictions)
These methods actually estimate the Potential Evapotranspiration, which can then be used to obtain the Actual Evapotranspiration.

Blaney-Criddle Method

Empirical method developed in Utah (western U.S.) in the 1950s. It assumes that evapotranspiration is a function of 

•
monthly temperature

•
percentage of daytime hours

•
length of growing season

•
crop factor

U = KP(0.46tc + 8.13)
where

U
= Evapotranspiration (mm/month)

        

K
= Monthly crop factor (0.4 - 1.0)




P
= Monthly percent of the total annual daytime hours




tc
= Mean monthly temperature (oC) [average of max and min]









 

•
Very simple formula

•
Can be repeated for each month to get values for a growing season

•
Grossly overestimates evapotranspiration in humid areas

•
K values can be modified for a particular region

•
Not suitable for short term evapotranspiration estimation

Penman Method
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ET

= Potential evapotranspiration, cal/cm2/day (58 cal/cm2 = 1 mm )




= Slope of saturated vapor pressure curve at mean air temperature



= Psychometric constant, mb/oC

Rn

= Net radiant energy at the earth's surface, cal/cm2/day

G

= Soil heat flux, cal/cm2/day

V2

= Average wind speed at 2 m, km/day

es

= Saturated vapor pressure at mean air temperature, mb

ed

= Saturated vapor pressure at mean dew point temperature, mb

All of the parameters in the equation are readily available.

•
Penman equation suitable for short term computation of evapotranspiration. Should be used with caution for average weekly or monthly values.

Pan Evaporation Method

Evaporation is measured from a standard United States Weather Bureau vaporation pan. 

There are three ways of arranging pans:

1.
Placed on the soil surface (used by the U.S.W.B.)

2.
Sunken in the soil to the same level as the ground level where crop is grown.  These pans can have problems with trash entering them or they can develop unseen leaks.

3.
Floating in a body of water. These pans are difficult to measure and water may splash into them.

The most widely used pan is the standard Class A pan:

•
unpainted galvanized pan

•
4 ft (122 cm) in diameter

•
10 in. (25.4 cm) deep

•
placed on a wooden frame to let air circulate

•
filled to a depth of 8" and should be refilled when the water level drops to 7"

 Actual Evapotranspiration

The methods mentioned above actually measure the Potential Evapotranspiration (PET). This is defined as the evapotranspiration from a short green crop that completely covers the soil and is never short of water. The AE is related to the PET by the following equation

 AE = Kc x PET

The coefficient Kc accounts for 

•
The proportion of bare ground and of vegetation in initial plant growth stage

•
The average soil water conditions during the period for which it is estimated

•
The physiology of a specific crop that limits transpiration, especially for high PET and when plant matures and vegetative growth stops

•
Difference in reflectivity and roughness between crop for which PET is calculated and crop for which AE is required. Whenever possible PET should be calculated for the crop being considered.

The calculation of AE should be done on a step by step basis as follows

1.
Calculate the average PET for the period

2.
Select appropriate Kc

3.
Evaluate the product Kc x PET

Factors affecting Kc
•
Canopy (measured by Leaf Area Index)

•
Phenology

•
Root Distribution

Temporal and Spatial Distribution of Plant Roots 
	Percentage of Root Depth
	 Percentage of Growing Season

	
	0.00
	 36.00
	 45.00
	60.00
	 67.00
	 75.00
	84.00
	 92.00

	0 - 10
	100.00
	 50.00
	 40.00
	35.00
	 35.00
	 35.00
	 35.00
	35.00

	10 - 20
	
	50.00
	 27.00
	 25.00
	25.00
	 25.00
	 25.00
	 25.00

	20 - 30
	
	
	 20.00
	 20.00
	 18.00
	15.00
	 10.00
	 8.00

	30 - 40
	
	
	 13.00
	 10.00
	 10.00
	8.00
	 8.00
	7.00

	40 - 50
	
	
	
	10.00
	 7.00
	7.00
	 7.00
	 5.00

	50 - 60
	
	
	
	
	 5.00
	 5.00
	5.00
	 5.00

	60 - 70
	
	
	
	
	
	 5.00
	 5.00
	5.00

	70 - 80
	
	
	
	
	
	
	 5.00
	 5.00

	80 - 90
	
	
	
	
	
	
	
	 5.00

	90 - 100
	
	
	
	
	
	
	
	


•
Stage of Growth

•
Water Stress
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�EMBED Equation.3���
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