Exploring the limits to maize water productivity in the Western Corn-Belt
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1. JUSTIFICATION & OBJECTIVES

» Competition for water resources is increasing because of limited
supplies in most countries with extensive irrigated agriculture

» In Western U.S. Corn-Belt, maize is produced under irrigated (3.2
million ha) and rainfed (4.1 million ha) conditions

» We used simulation modeling to better understand factors that
determine maize water productivity in these systems

» The goal was to develop an analytical framework to benchmark
maize water productivity as a means to improve research,
management, and policies on irrigation

2. METHODOLOGY

2.1 Hybrid-Maize model: validation for rainfed and irrigated crops
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Figure 1. Observed vs. simulated

yields for a test set of fully-

irrigated and rainfed maize crops
Hybrid-Maize (Yang et al., 2004) is a
process-oriented model that simulates
maize development and growth on a
daily time step under growth
conditions without limitations from
nutrient  deficiencies or toxicities,
insect pests, diseases, or weeds
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100% and 70% of predicted grain yield
were within +15% of measured values
for fully-irrigated and rainfed crops,
respectively
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2.2 Simulation analysis in the Western Corn-Belt : 18 locations x 20 yrs
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- Figure 2. The Western Corn-Belt.
Triangles are weather stations
- used in this study
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3. RESULTS

3.1 Relationships between simulated yield and water supply or crop ET
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The boundary defines the limit for
yield over the range of water supply
(initial soil water + rainfall +
irrigation); the linear regression can
be used by farmers to benchmark
their actual water productivity
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Variability decreases when the
independent variable shifted from
water supply to crop ET because
the latter does not include water
lost by percolation or left as
residual soil moisture at maturity
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3.3. Comparison of actual data from field studies with maize grown
under near optimal conditions in the Western Corn-Belt
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00 Manchester, IA, 2002 (Yang et al., 2004).
Commercial rainfed crop (n = 1). Winner of
the National Corn Growers Association yield
contest.

@ Clay Center & North Platte, NE, 2005-2006
(Irmak and Yang, unpublished). Rainfed and
irrigated crops (n = 18). Drip-irrigation.

® Mead, NE, 2001-2007 (Walters et al.,
unpublished). Rainfed crops (n = 4). High-
intensive management.
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The yield / ET boundary represents
the physiological limit (= maximum
transpiration-efficiency)

Both boundary functions provide a
benchmark to test the so-called
drought-tolerant hybrids
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Figure 3. Relationships imulated grain yield and seasonal water
supply and crop ET (upper and lower panels, respectively) for rainfed (©) and
fully-irrigated (A ) crops. Boundary functions and linear regressions are shown
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Figure 5. Relationship between actual grain yield and seasonal water supply

» Water supply imposes an upper limit to maize productivity in the Western Corn-Belt

» Yield of irrigated maize depends on the location-specific radiation and temperature regime during the post-silking phase

3.2. Explanation of variation in productivity of fully-irrigated maize

Figure 4. Simulated grain yield of
irrigated maize as a function of (a)

lative solar radiation and (b)
average mean temperature during
the post-silking phase. Each point
represents the 20-year mean yield at
each location
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Yield of irrigated maize depends on
radiation and temperature regime
during post-silkking phase at each
location. Highest vyields occur at
locations where the duration of the
grain-filling phase is maximized keeping
temperatures in the optimal range for
net assimilation.
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3.4. Comparison against observed data for maize and other species

Figure 6. Reported actual maize
yield and crop ET data across
different environments
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Note that the boundary
function holds for data
collected by others
across a wide range of
environments
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Transpiration-efficiency of maize is above that reported for other crop species

Table 1. Maximum transpiration-efficiency reported for several crop species

Crop Transpiration-efficiency

(kg grain ha-mm')

Sources

Cereals
Maize
Sorghum
Wheat

31.7-37
16-32
20-22

This study
Garrity et al. (1982); Stewart (1985)
Angus and Herwaarden (2001);

Oilseeds & L
Summer oilseeds
(soybean, sunflower)
Winter oilseeds
(canola, mustard, linola)
Winter grain legumes

pea, faba bean, lentil )

Specht et al. (1986); Dardanelli et al.
(1991); Grassini et al. (2009)

Hocking et al. (1997)

Loss et al. (1997); Zhang et al. (2002)
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