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Basic Irrigation Objectives 

 

In desert crop production systems, water is the first limiting factor and irrigation is a primary 

driving force in the growth and development of the crop.   In the process of irrigating a field to 

support a crop, there are two primary objectives that we must address in a desert crop production 

system: 1) replenish the plant-available water in the soil profile and 2) provide sufficient 

irrigation water to accomplish the necessary leaching of soluble salts. 

 

In a soil-plant system the dynamics of water-balance involves inputs (rainfall and/or irrigation) 

and several routes of possible water loss (Figure 1).  The soil provides the water-holding capacity 

that provides water available for plant uptake through the root system.  Ideally, we want all the 

irrigation water that we apply to be taken up by the crop for optimum plant health efficiency.   

 

In managing irrigation events, we must take into consideration the amount of soil-water that has 

been depleted from the field by the crop since the last irrigation and the water holding capacity 

of the soils in the field (Table 1).  Deep percolation is often considered as a loss of soil-water but 

in desert agriculture, a sufficient degree of deep percolation is needed to remove soluble salts 

from the plant rootzone, e.g. leaching requirements (LR). 

 

Irrigation is often considered as an engineering event and that it is true regarding the conveyance 

of water from a source and getting it to the field.  However, the management of irrigation in the 

field, and particularly the management of both the timing and amount of irrigation, is completely 

an agronomic decision (crop and soil factors) based on the specific crop being grown, its stage of 

growth, and the soil textures in the field.  The crop plant is the centerpiece in the system and the 

primary irrigation objective is to replenish the plant-available water in the soil for the benefit of 

the crop. 

 

 



 

Basic Soil-Plant-Water Relations 

 

For efficient management of irrigation water, there are several aspects of the total water in a soil 

that are important to recognize, and the primary water fraction of interest is referred to as the 

“plant-available soil-water” (PAW).  Figure 2 provides a graphic illustration of three important 

components of soil water: 1) total water in the soil (TW), 2) PAW, and 3) and unavailable soil-

water to plants. 

 

After an irrigation, when the soil is saturated, there will be drainage of the water that the soil 

cannot physically hold, commonly referred to as drainage water, the leaching fraction, or the 

“gravitational water” (GW).  The TW water is retained in the soil after the GW has moved out of 

the wetted zone.  The TW is held in the soil due to the matrix forces of the soil particles adhering 

to that water.  The TW remaining in the soil after the GW has drained away, contains the PAW 

and the non-available water that the soil holds by matrix forces stronger than what the plant 

extract (Figures 1, 2, and 3).   

 

For practical field management of soil water, it is important to focus on the PAW for each soil 

and crop.  It is important to understand that plants are not all created equal in terms of their 

capacity to extract water from a soil and some plants can extract more water from a given soil 

than other plants.  For example, native desert plants (xerophytic plants) can extract much more 

water from a soil than most crop plants.  Compared to native desert plants, our crop plants are 

much more sensitive.  Therefore, the PAW illustrated in Figures 2 and 3 are general descriptions 

but they illustrate an important soil-plant relationship.  Each plant species has its own capacity to 

extract water from the soil and we need to know and understand this characteristic of each crop 

that we are managing in the field as well as the water holding capacity of the soil.  For example, 

lettuce and most leafy-green vegetable crops are more sensitive to water stress than crops like 

cotton, wheat, melons, alfalfa, sorghum, etc.  Thus, leafy green vegetable crops must be 

maintained at a higher level of PAW to avoid water stress in contrast to some other crop plants 

such as cotton, wheat, etc. 

 

Crop plants will draw upon the PAW fraction to sustain themselves physiologically and manage 

against water stress.  Crop demands for water change as a function of stage of growth and 



environmental or weather conditions.  Our fundamental irrigation management goal is to monitor 

the depletion of PAW in the soil and schedule an irrigation at the proper time and rate to 

replenish the PAW before the crop goes into water stress.  That means we also need to identify 

the critical level of PAW for the crop in the field to determine when an irrigation is needed so we 

can avoid water stress on the crop. 

 

The fact that different soil types, determined by soil texture, have different total and PAW 

holding capacities is well illustrated in Figure 2 and Table 1.  Thus, it is important to know the 

soil type prevalent in any field to gauge the amount of PAW that a soil can hold.  This will help 

determine to what extent the soil-water can be depleted and the amount of irrigation water 

needed to replenish the PAW.   

 

Crop Consumptive Use and Measurement 

 

Estimating and tracking actual crop-water use can be a valuable tool in understanding crop-water 

demand and irrigation management.  Comparing actual crop-water demand and crop irrigation 

practices can be important in our efforts to understand crop management needs and field-level 

irrigation efficiencies. 

 

Reference evapotranspiration (ETo) is the collective loss of water from a field due to evaporation 

from the soil surface and transpiration of water vapor from the plants under standard conditions.  

Collectively, water movement from the soil and plant systems in a field is referred to as “crop 

consumptive use” and it is important to understand this process in our efforts to steward our 

water resources most effectively. 

 

The Arizona Meteorological Network (AZMET) system provides both historical and real-time 

weather information that can be used to track reference evapotranspiration (ETo) and assist in 

crop water and irrigation management.  Reference evapotranspiration values can be obtained 

daily from AZMET for the nearly 30 sites in Arizona, including the Yuma area and the lower 

Colorado River Valley.  The ETo values multiplied by an appropriate crop coefficient (Kc) can 

provide very good estimates on actual crop evapotranspiration (ETc) rates where ETo * Kc = 

ETc. 

 



The appropriate Kc values are specific for each crop species and stage of growth.  We commonly 

use crop coefficient Kc values that are provided in the publication “Consumptive Use by Major 

Crops in the Desert Southwest” by Dr. Leonard Erie and his colleagues, USDA-ARS 

Conservation Research Report No. 29 and now most commonly from the publication FAO 56 

“Crop evapotranspiration-Guidelines for computing crop water requirements-FAO Irrigation 

and drainage paper 56” (Allen et al., 1998).  Reference information for Kc values can be 

obtained in these publications for common crops grown in this region. 

 

In-Field Irrigation Management 

 

By understanding the level of PAW depletion in a soil and the critical point for the crop to avoid 

water stress, we can better estimate the amount of irrigation water needed to replenish the supply 

of PAW in the soil to support the crop appropriately.  Fundamentally, this is described in a direct 

manner in the “Irrigator’s Equation”.  To irrigate a field, we should know the area to be irrigated 

(A), the flow rate of water in the irrigation delivery ditch (Q), and the amount of water needed to 

replenish the PAW in the soil (d); then we can determine the proper time (t) or duration for an 

irrigation event and basically solve the Irrigator’s Equation.  If we can get fast and uniform 

coverage of a level field to be irrigated, apply the proper volume of water to replenish the plant-

available water supply to the soil, then cut off the flow of irrigation water into the field at the 

proper time; we can do a very good job of delivery for high water-use efficiency. 

  

Irrigator’s Equation:  Q x t = d x A 

 

Where:  

Q = the flow rate, in cubic feet per second (cfs);  

t   = the set time or total time of irrigation (hours);  

d  = the depth of water applied (inches) and  

A = the area irrigated (acres). 

 

 
 

 

 



Estimating Plant-Available Water 

 

There are many methods and technologies to measure soil-water and PAW to assist in irrigation 

management.  However, the most fundamental method is to sample a soil and estimate “plant-

available” water status by “feel”, by literally holding the soil in your hand and estimating the 

amount of plant-available water that is present.   

 

A good way to calibrate the feel method is to physically check the soil in a field a few hours after 

an irrigation event when the GW has drained away and the soil is at FC and gain a “self-

calibration” for that soil-water level and how it feels.  The next critical point to identify by the 

feel method is the soil-water content just before the plants begin to show any sign of water stress.  

The difference between those two points is the PAW that we are managing in the field for that 

crop.  That critical point in the soil-water content that we need to recognize for managing 

irrigations for crop plants will still have a significant amount of PAW left in the soil but that is 

because the goal in crop management is to avoid plant water stress, which is signaled by the 

plant with wilting.  Thus, that critical point for irrigating most crop plants is to do so just before 

the plant begins to experience water stress and show any sign of wilting.    

 

To determine the moisture level in the soil we need to dig down with a shovel, soil probe, or with 

a soil auger to at least a depth of about 6-12 inches to get a representative soil sample.  In 

general, for many crops and certainly vegetable crops, if the soil forms a tight ball and leaves a 

wet outline on your hand when you squeeze it, we can delay irrigation until the ball of soil, while 

still slightly moist and cool to the touch, is dry enough that it begins to crumble at the edges.  

The depth and time of irrigation should be long enough to fill the entire root zone of the plant, 

which will be dependent on both the soil texture (Table 1), the level of soil water depletion, and 

the depth of PAW depletion in the soil profile (Table 2).  

 

Tracking and managing PAW water in the soil is a fundamental acquired skill that serves as a 

check on the irrigation scheduling methods or any other more sophisticated technologies being 

used and it remains an extremely valuable skill for anyone managing irrigations.  We have many 

technologies available for irrigation management but a farmer or agronomist’s ability to 

recognize and understand these relationships and develop the necessary field skills is 

fundamental to good crop management.  Identifying critical points in soil water content and plant 



growth, such as FC, PAW, and PWP by sampling a soil and making good estimates in the field 

by watching the crop and noting the various stages in crop development, serve a farmer or 

agronomist as a good standard and check on any technology being employed for irrigation 

management. 

 

Farmers and agronomists learn to watch a crop in the field and recognize very subtle changes in 

leaf color and condition and they can also recognize the crop response and relationship to soil 

water content.  That gives them the capacity to anticipate the optimum timing for the next 

irrigation.  Farmers and agronomists understand these relationships among crop plants, soil water 

content, and the critical points for irrigation management.  Irrigation management is an example 

of the blending of art and science that goes into good crop management, and it is certainly 

important in Arizona agriculture. 

 

Leaching 

 

A common question is “how much additional water is needed to accomplish sufficient 

leaching?”.   The objective of leaching is to move sufficient concentrations of soluble down 

through the soil profile below the rooting depth of the crops being grown, Table 2.  That is 

primarily dependent on the crop and the salinity level of the irrigation water.  An effective and 

straightforward method of calculating a leaching requirement (LR) can be calculated with the 

following equation that was presented by the USDA Salinity Laboratory (Ayers and Westcot, 

1989). 

 

 

Leaching Requirement (LR) Calculation: 

 

 

Where:  

 

ECw = salinity of the irrigation water, electrical conductivity (dS/m) 

ECe = critical plant salinity tolerance, electrical conductivity (dS/m) 
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This is a good method of a LR calculation that has been utilized extensively and successfully in 

Arizona and the desert Southwest for many years.  We can easily determine the salinity of our 

irrigation waters (ECw) and we can find the critical plant salinity tolerance level from easily 

available tabulations of salinity tolerance for many crops (Ayers and Westcot, 1989).  Additional 

direct references are from Dr. E.V. Maas’ lab at the University of California (Maas, 1984: Maas, 

1986; Maas and Grattan, 1999; Maas and Grieve, 1994; and Maas and Hoffman, 1997).   

 

There are many methods to calculate the proper LR and the one shown here (Ayers and Westcot, 

1989) is good in my view because it includes the specific salinity limits with the crop and 

salinity levels of the irrigation water that is being used, and it is very simple and straightforward.  

For example, we can see in Table 3 from a few selected crops commonly grown in Arizona the 

variation in salinity tolerance.  For a given quality of water (ECe) the LRs calculated from the 

equation above will increase with lower crop salinity tolerance levels.  For example, lettuce will 

require a higher LR than cotton or barley. 

 

Summary 

 

This article provides a summary of basic irrigation objectives.  It is always good to review the 

basics associated with our crop production systems and that is very true at times like this when 

we are experiencing critical water shortages in many areas of Arizona, particularly in the 

Colorado River system.  As good stewards of our land and water resources, we continue to strive 

towards improved efficiencies of irrigation and the production of high yields and high-quality 

crops. 

 

 

 

 

 

 
 
 



 
 
 Table 1. Soil texture and water holding capacity. 
 

 
Figure 1. Soil-water balance and plant relationships in a crop production system. 
 



 

 
Figure 2. Soil volume, soil texture, and water holding capacity relationships. 
  



 
Figure 3. Soil water content relationship to plant-available water. 
 
 
 
  
  

 
Figure 4.  Soil-water leaching process by the movement of gravitational water through a 
saturated soil. 
 
 
 



 
 

Table 2. Depths to which the roots of mature crops will deplete the available water supply when 
grown in a deep permeable, well-drained soil under average conditions. 

 

Source: Chapter 11, "Sprinkler Irrigation," Section 15, Natural Resources Conservation Service 

National Engineering Handbook 

  



 

Table 3. Salinity tolerance for selected crops with soil solution salinity levels (ECe, dS/m at 

25oC) where yields will be reduced by 10, 25, and 50%. 

Crop 10% 25% 50% 

Lettuce (Latuca sativa L.) 2 3 5 

Broccoli (Brassica oleracea L.) 4 6 8 

Cotton (Gossypium hirsutum L.) 10 12 16 

Barley (Hordeum vulgare L.) 12 16 18 

Adapted from L. Bernstein, Salt Tolerance of Plants, USDA Bull. 283, 1964 and E.V. Maas, 

1984. 
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