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Tracking Crop Water Consumptive Use

Crop Consumptive Use and Measurement

While striving to continually improve efficiency in the management of our irrigation systems, it
1s important to understand basic crop water use patterns. Estimating and tracking actual crop-

water use can be a valuable tool in understanding crop-water demand and irrigation management.

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 some cases, particularly with cool season plants, e.g. lettuce and cole crops, we
sometimes irrigate to cool the soils for seed germination and stand establishment when seed

placement is made in warm or hot soils.

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 offers 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 and water use

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

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 we must also consider the
water holding capacity of the soils in the field (Table 1). Deep percolation is often regarded as a
loss of soil-water but in desert agriculture, but a sufficient degree of deep percolation is needed

to remove soluble salts from the plant rootzone, e.g. leaching requirements.



Textural class Water holding capacity,
inches/foot of soil

Coarse sand 0.25-0.75
Fine sand 0.75-1.00
Loamy sand 1.10-1.20
Sandy loam 1.25-140
Fine sandy loam 1.50-2.00
Silt loam 2.00-250
Silty clay loam 1.80-2.00
Silty clay 1.50- 1.70
Clay 1.20 - 1.50

Table 1. Soil texture and water holding capacity.

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.

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 is referred to as

“evapotranspiration, ET”.

Collectively, water used from the soil and plant system in a field is also referred to as “crop
consumptive use”. It is important to understand this process to continually improve the
management and stewardship of our water resources as we irrigate to replace water loss from the

soil-plant system through the ET process, Figure 1.

The Arizona Meteorological Network (AZMET) system provides both historical and real-time
weather information that can be used to track reference evapotranspiration (ETo) measured at a
standardized and properly calibrated weather station site. This information can be valuable 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. Reference

evapotranspiration (ETo) values multiplied by an appropriate crop coefficient (Kc) can provide



very good estimates on actual crop evapotranspiration (ETc) rates as shown in the following

equation:

ETc=ETo * Kc

The appropriate Kc values are specific for each crop species and stage of growth. We have
commonly used 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. In recent years, we now use the Kc values found in
the publication FAO 56 “Crop Evapotranspiration-Guidelines for Computing Crop Water
Requirements-FAQ 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.

Dr. Jeremy Weiss, program manager for the University of Arizona AZMET system, has recently
developed a valuable tool that provides actual crop evapotranspiration (ETc) estimates from
several AZMET sites in the lower Colorado River Valley and for several key vegetable crops.
Accumulations of ETc values over the previous week are shown based on a specific crop and
date of planting, which are selected by the user. In this model, the Kc values presented in FAO-
56 are used for appropriate stages with each crop. The ETo measurements are taken directly

from each AZMET site listed.

To access this crop-water estimate tool please refer to the following link:

https://viz.datascience.arizona.edu/azmet/azmet-crop-water-use-estimates/

For example, using lettuce (either iceberg or romaine) and 1 September planting date, we can see
from this model that accumulative ETc from 9/15/22 to 9/20/22 is 1.06 inches in the North Gila
Valley and 0.90 in the Yuma Valley.
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THE UNIVERSITY OF ARIZONA
Cooperative Extension Estimates of Crop Water Use in Inches

for the period from September 26, 2022 through October 2, 2022

@ O vosermennscrenorsms
o

Arizona Meteorological Network

Select a crop and planting date.
(] crop Roll
® ettuce - Accumulation Period (month/day)
102 101 to 1012 9130 t0 1012 9129 to 1012 912810 1012 9127 t0 1012 9126 t0 1012
(< Planting Date Water Use 014 030 045 059 075 096 111
September 1, 2022 Evapotranspiration 0.19 0.40 061 0.80 1.03 132 154
= September 1, 2022
@ Precipitation 0.00 000 000 0.00 000 0.00 0.00
® Total Accumulation (inches)
>
Yuma North Gila
Accumulation Period (month/day)
Q 1012 101 t0 1012 9130 t0 1012 9129 t0 1012 9128 10 1012 9127 t0 1012 9126 t0 1012
® Water Use 0.15 034 053 070 089 1.09 127
Evapotranspiration 0.20 046 071 095 122 150 176
i) Precipitation 0.00 0.00 000 0.00 000 0.00 0.00
Total Accumulation (inches)
q
‘Yuma South
Accumulation Period (month/day)
102 101 t0 1012 9130 t0 1012 9129 to 1012 9128 10 1012 9127 t0 1012 9126 t0 1012
Water Use 0.16 034 054 072 093 1.09 127
Evapotranspiration 021 046 073 098 127 150 176
Precipitation 0.00 000 000 0.00 000 0.00 0.00
Total Accumulation (inches)
‘Yuma Valley
Accumulation Period (month/day)
1012 101 t0 1012 9130 t0 1012 9129 to 1072 9128 t0 1012 9127 t0 1012 9126 t0 1012
Water Use 0.14 031 047 062 079 095 1.10
Evapotranspiration 019 0.41 063 084 1.08 130 152

Precipitation 0.00 0.00 0.00 0.00 0.00 000 0.00
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Figure 2. Example of AZMET Crop Water Use estimates on 3 October 2022 for lettuce planted

on 1 September 2022 in the lower Colorado River Valley.

The next step with the development of this crop-water management tool will be to include
cumulative crop water use, cumulative ETc, during the growing season for a given crop and

planting date in the lower Colorado River areas.

Dr. Weiss and I are working with this model in the field to evaluate and test it. This crop water
use tool can serve a valuable role in our continued efforts to improve irrigation and water
management efficiencies. | encourage farmers, agronomists, and field crop managers to review
this information and check that against depletion rates of soil plant-available water actually

observed in the field.

We appreciate your review and any feedback and/or suggestions you may have.
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