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** best available combination of management practices that maximize yield per unit 
of land --- included plant population, sowing date, cultivar, etc, etc.
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...plus water and nutrient supply, and 
other biotic and abiotic constrains 
such as diseases, insect pests, 
weeds, hail, lodging, frost

Farmers’
actual yield

Farmer yield gap

Cost-effective practices that 
maximize whole-system profit

Farmers’
average YP

~10-15%

Framework: yield potential (YP), actual yield, and yield gap



Irrigated maize systems in the Western U.S. Corn Belt

• The Western U.S. Corn Belt 
includes one of the largest 
irrigated areas cultivated with 
maize in the world (3.2 million ha)

• Irrigated maize accounts for 60% 
of total annual maize production 
in the region (~60 million Mg)

• High and stable irrigated maize 
production supports economic 
viability  of associated industries 
such as cattle feeding operations 
and ethanol plants

Area cultivated with maize is indicated in yellow
Source: USDA-NASS



OBJECTIVE:

How large is the yield gap for irrigated maize 
in this system?



On-farm analysis: maize 
fields in the Tri-Basin NRD

---3 years of data (2005, 2006, and 2007) 

---777 field-year data identified with 
100% irrigated maize



Database: data on yield and crop management

Whole database (n=777):

GPS coordinates
Grain yield (Mg ha-1)
Irrigation (mm)
Rate of N fertilizer (kg ha-1)
Previous crop
Irrigation system

Subset of field-year crops with data on 
management practices (n=123):

GPS coordinates
Grain yield (Mg ha-1)
Irrigation (mm)
Rate of N fertilizer (kg ha-1)
Previous crop
Irrigation system
Sowing date
Seeding rate
Hybrid brand and maturity
Tillage system
Incidence of crop adversities: 
diseases, insect pests, hail, green 
snap, lodging, stand des-uniformity.

Applied N Applied 
irrigation

Yield

2005 P = 0.95 P = 0.17

P = 0.74

P = 0.65

P = 0.91

2006 P = 0.43 P = 0.04

2007 P = 0.28 P = 0.50

Significance of T-tests between databases for 
yield, irrigation, and N fertilizer for each year:



Tri-Basin NRD: maize yields and management practices
Effect of year on grain yield, applied irrigation, and sowing date was significant (p < 0.0001); thus, data were split by 
year [2005 (──), 2006 (──), and 2006 (──)]. Average variables mean, coefficient of variation (CV), and skewness are 
shown. Variable means for each year also shown.

Grassini et al., submitted to Field Crops Res.
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Applied irrigation (mm)
0 150 300 450 600 900

Rate of N fertilizer (kg N ha-1)
75 125 175 225 275

Sowing date (DOY)
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Hybrid relative maturity (d)
104 108 112 116 120

Seeding rate (m-2)
6 7 8 9 10

Mean: 13.0 Mg ha-1

CV: 8%
Skewness: -0.2

Mean: 272 mm
CV: 41%
Skewness: 1.4

Mean: 183 kg N ha-1

CV: 17%
Skewness: 0.1

Mean: DOY 117
CV: 5%
Skewness: -0.2

Mean: 113 d
CV: 2%
Skewness: -0.8

Mean: 7.5 m-2

CV: 5%
Skewness: 2.3

Year    n     Mean
2005   229   13.6
2006   213   12.5
2007   335   12.9

Year    n     Mean
2005   229   182
2006   213   184
2007   335   181

Year    n     Mean
2005    33    114
2006    33    115
2007    57    123

Year    n     Mean
2005    33    113
2006    33    113
2007    57    113

Year    n     Mean
2005    33     7.5
2006    33     7.5
2007    57     7.5

Year    n     Mean
2005   229    347
2006   213    257
2007   335    213
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Using Hybrid-Maize model to estimate yield potential

Validation of the Hybrid-Maize model for 
irrigated and rainfed crops:

Grassini et al. (2009): Agric. For. Meteoro.

http://www.hybridmaize.unl.edu/

Hybrid-Maize does not account 
for nutrient deficiencies, insect 
pests, diseases or weeds

Yang et al. (2004): Field Crops Res.



Simulations based on actual management in 123 fields

Whole database (n=777):

GPS coordinates
Grain yield (Mg ha-1)
Irrigation (mm)
Rate of N fertilizer (kg ha-1)
Previous crop
Irrigation system

Subset of field-year crops with data on 
management practices (n=123):

GPS coordinates
Grain yield (Mg ha-1)
Irrigation (mm)
Rate of N fertilizer (kg ha-1)
Previous crop
Irrigation system
Sowing date
Seeding rate
Hybrid brand and maturity
Tillage system
Incidence of crop adversities: 
diseases, insect pests, hail, green 
snap, lodging, stand des-uniformity.

Required inputs to 
simulate YP using 
Hybrid-Maize model



Weather station
A

Weather station
B

Weather station
C

14
 k

m

20 km

8 km

Weather station
A

Weather station
B

Weather station
C

14
 k

m

20 km

8 km

Determination of daily weather data for each field

Data source: High Plains Regional Climate Center (HPRCC)

Weather station network:

0 90 18045 MilesÜ

Radiation, minimum and maximum 
temperature, relative humidity and reference 
evapotranspiration data were taken from 
AWDN network (n = 8) 

Rain data were taken from 31 rain gauges 
which belong to 3 different networks: AWDN 
(n = 8), NWS-COOP (n = 8), NE-RAIN (n = 17) 

Interpolation method:

Inverse distance weighting 



Heterogenous
field

Homogeneous 
field

Data source: SSURGO database (USDA-NRCS)

Determination of soil 
properties for each field

Geospatial soil databases:

soil series

soil water-holding 
capacity

0 90 18045 MilesÜ

Geospatial soil databases:

soil series

soil water-holding 
capacity

0 90 18045 MilesÜ 0 90 18045 MilesÜ



Actual yields represents, on average, 89% of the simulated yield
potential based on site-specific weather data and farmer’s management.  
This is very high and will likely lead to yield stagnation…..

* Simulated yield-potential based on actual weather, planting date, hybrid brand and maturity, 
and plant population for each of the 123 site-year crops; ** yield gaps calculated as the 
difference between actual yields and yield potential.

Farmer’s yield potential* and yield gaps**

Grassini et al., submitted to Field Crops Res.

Yield gap (Mg ha-1)
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(11% of YP)
Year     Mean Year   Mean (%YP)

2005  -1.7 (11%)
2006  -2.2 (14%)
2007  -1.3 (9%)

2005    15.3 
2006    15.1
2007    14.2

n total = 123 n total = 123



Can farmers increase yield potential by changing current  
management practices?

Maturity Density Planting date
GDD (plants ha-1) April 20th April 27th May 4th

72,000 14.3 14.4 14.5
109 79,000 14.9 14.9 15.1

86,000 15.4 15.4 15.6
72,000 15.3 15.4 15.4

113 79,000 15.9 16.0 16.1
86,000 16.5 16.6 16.6
72,000 16.3 16.3 16.4

117 79,000 16.9 16.9 17.0
86,000 17.4 17.4 17.5

Simulated yield potential using 21-y of weather 
records at four weather stations inside Tri-Basin NRD: 

Longer hybrid maturity combined with higher plant population may increase YP. However, 
benefits may be offset by economic (higher seed cost), logistic (insufficient time for grain 
dry-down and harvest operations), and abiotic factors (increasing frost risk, lodging)

Current Yp

+13% of 
current Yp

Grassini et al., submitted to Field Crops Res.



* Average Tri-Basin NRD irrigated yields derived from NASS (1970-2008); ** Simulated maize yield-potential 
based on standard management practices in Tri-Basin NRD (AVERAGE YP) or based on the combination of 
management practices that gives the highest yield potential (MAXIMUM YP)

Actual irrigated yield* and yield-potential** trends in 
the Tri-Basin NRD: are we approaching the ceiling? 

Significant increases on 
actual yields are unlikely  
without changes on the 
yield-potential ceiling

Grassini et al., submitted to Field Crops Res.
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Actual irrigated yield
Slope = 135 ± 12 kg ha-1 yr-1; r2 = 0.79

Simulated average YP

Mean: 15.4 ± 0.3 Mg ha-1

Simulated maximum YP

Mean: 17.5 ± 0.4 Mg ha-1

Last 8-y yield = 12.1 Mg ha-1

(~ 80 and 70% of average and 
maximum YP, respectively)



Intensification leads to higher (and more stable) 
yields and resource-use efficiency

Mean values based on data collected from commercial-scale fields of sunflower and maize (Grassini et al., 2009 and 
unpub. data), wheat (Sadras, 2002, 2004), and rice (Cassman et al., 1996, Tabbal et al., 2002). Sunflower yield was 
adjusted by grain biomass oil content following Hall et al. (1995). Total water supply includes available soil water at 
sowing, sowing-to-maturity rainfall, and applied irrigation. Coefficients of variation (CV) for yield are also shown.
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Grain yield (Mg ha-1)

Irrig
ated maize 

USA (CV=8%)

Rainfed wheat Australia (CV=37%)

Rainfed sunflower 
Argentina (CV=37%)

Irrigated rice Philippines (CV=18%)

14 kg grain ha-1 mm-1 water supply
71 kg grain kg-1 N fertilizer



Conclusions

• Irrigated maize producers in the Western U.S. Corn 
Belt are operating close to YP (80-90% of YP) and also 
achieve high levels of water- and nitrogen-use 
efficiency

• Yields are likely to plateau without increase in YP

• Capacity to increase YP is relatively small (+13%). It 
requires fine tuning of current management practices 
(e.g., longer maturity and higher plant population) but 
such refinements are constrained by associated 
increases in both risks and costs



Questions?

“There are no facts, only interpretations”

Friedrich Nietzsche


