
WATER USE EFFICIENCY (WUE) can be defined
as the units of a crop produced from each unit of available
water (e.g., bu/inch, bales/inch, lb/inch, etc.). The more
crop yield that’s produced per unit of water the greater is
the WUE.

Crop WUE is an especially important consideration
where irrigation water resources are limited or diminish-
ing and where rainfall is a limiting factor. Additionally,
recent increases in energy prices have many irrigated
producers asking how to manage inputs to maximize
efficiency of their water resources. Regardless of the
situation, it’s crucial that growers get the most out of every
inch of available water, whether that water comes through
irrigation, rainfall, or both.

One of the components of a management system that
affects WUE is soil fertility. A complete and balanced
fertility program helps to produce a crop with roots that
explore more soil volume for water and nutrients in less
time. This results in a healthier crop that can more easily
withstand seasonal stresses.

Recent research in an area where water is a major
concern has demonstrated the importance of balanced
fertility in maximizing WUE. The South Plains of Texas
produces more cotton than any other region in the world.
About half of this production is under irrigation. The
sustainability of systems in this region is highly dependent
on maximizing WUE. Past research at Texas Tech
University has shown that about one inch of water will be
taken up for every 50 lb of lint produced (Krieg). More
recent research has investigated the effect of nitrogen (N)
and phosphorus (P) fertility and methods of P placement
on irrigated cotton production. Some of the results are
shown in Figure 1. Where no P was applied, WUE was
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minimal. However, as balance between N and P fertility
was improved, WUE was substantially increased, regard-
less of seasonal water supply.

Figure 1. Improved P fertility increases WUE in
irrigated cotton production (Krieg; Texas,
1997). Constant N with variable P, averaged
across three methods of P placement.

Competition for water resources between urban centers
and agriculture in some regions is affecting the need for
improved crop WUE. The escalating demand on the
Edwards Aquifer by Texas cities has raised concerns about
the sustainability of irrigated agriculture from the aquifer.
One of the options available to affected producers in
southwest Texas is to utilize crops with lower water
requirements. Annual ryegrass for winter and spring
forage is a crop that has gained in popularity over the past
few years. A recent study in this region clearly showed
how balanced fertility affects WUE in ryegrass production.
Nitrogen fertilization alone increased WUE by as much as
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90 percent, but where N and P fertilization were balanced,
WUE was increased by over 200 percent (Figure 2). The
long-term benefits of balanced fertilization to the urban
population, not to mention the producer, are obvious.

Figure 2. Nitrogen and P fertilizer increase WUE of
annual ryegrass (Lippke; Texas, 1996).
Where no N or P was applied, WUE was 113
lb ryegrass per inch of water applied during
the growing season.

The effect of complete and balanced fertility on WUE
can also be seen in a high yield corn study recently
established in north central Kansas. One component of
this experiment compared Kansas State University soil test
recommendations with a more comprehensive fertility
treatment. University recommendations were for P only
(30 lb P

2
O

5
/A) which was applied preplant and incorpo-

rated. This was compared with a P+potassium (K)+sulfur
(S) treatment (100 lb P

2
O

5
, 80 lb K

2
O, and 40 lb S/A)

split-applied between preplant and V4. Several N rates,
each split between preplant and V4, were also evaluated.
Soil test P in the study area was 20 parts per million
(ppm…medium) Bray 1-P, and soil test K was 240 ppm
(very high). Figure 3 shows the effect of fertility treat-
ments on irrigation WUE (only irrigation water consid-
ered). Increasing P fertilizer rates along with K and S
improved irrigation WUE across all N levels.

Figure 3. Irrigation WUE of corn is improved by
complete and balanced fertility (Gordon;
Kansas, 2000).

Growers are facing several challenges this season. A
major concern for irrigated producers is the cost of energy
to extract and apply irrigation water. In rain-fed agricul-
ture the age-old risk of drought is always of concern.
Regardless of where the crop’s water comes from, it’s
important that producers take measures to maximize
WUE.

The implementation of a complete, balanced, and
well-timed fertility program is important in getting the
most production for every inch of available water. ■
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Contact PPI/PPIC/FAR on the Internet
You can reach the Potash & Phosphate Institute (PPI),
Potash & Phosphate Institute of Canada (PPIC), and
Foundation for Agronomic Research (FAR) on-line.
Use one of the following as a URL to reach the website:

www.ppi-far.org or www.ppi-ppic.org


