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• Over time, increases in maize hybrid grain yield have been accompanied 
with changes in gross morphological traits. 
 
 
 
 
 

 
• Field spectrometers allow for monitoring of leaf traits like relative water 

and chlorophyll concentrations throughout the growing season. 
• Chlorophyll concentrations serve as a proxy for crop gross primary 

production (Peng et al., 2011). 

Objectives 
1) Measure leaf chlorophyll content and water content nondestructively 

using a spectrometer. 
2) Analyze genetic gain for these and other agronomic traits. 
3) Identify specific points in the growing season when genetic gains are 

exaggerated. 

Materials and Methods 
• 36 popular commercial hybrids released from 1936 to 2012. 
• Evaluated in two-row plots in Lincoln, NE (2014 and 2015). 
• Randomized complete block design with two treatments:  irrigated 

(WW) and rain-fed (WS). Three replications per treatment. 
• Due to excessive rainfall in 2015 both treatments  were considered well-watered and the WS treatment from 2014 was 

discarded from all analysis except for the correlations. 

• Phenotypes collected: 
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Correlations 
On a plot by plot basis, two indices correlated strongly with both chlorophyll and water 
content:  (760/730) (Winterhalter et al., 2011) and Chlorophyll Index Red Edge (CIRE) 
(Gitelson et al., 2005). 

Figure 2. Scatterplot of CIRE index and chlorophyll concentration. 

Leaf Traits 
ANOVA results indicate that the 
indices as well as the measured 
chlorophyll and water contents 
can detect differences among 
all hybrids.  
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Genetic Gain of Agronomic Traits 
Linear regression models were fit to analyze how traits have changed in maize hybrids over 
time. In agreement with Duvick, et al. (2004) modern hybrids exhibit a short ASI, lower ear 
height, less root lodging, and decreased senescence. In addition, at certain points in the 
growing season, modern hybrids showed increased water and chlorophyll contents. 

Figure 1. Scatterplot of (760/730) index and relative water content. 

Power of Reflectance Indices 
The (760/730) index shows that it can differentiate old and new hybrids 
more robustly than laboratory measurements of chlorophyll content.  

Genetic Gain of Indices 
At basically every sampling date across the growing season, the (760/730) 
index discovered significant genetic gains. Although most dates were 
significant, the best fits (determined by steep slopes and high coefficients of 
determination) peaked around flowering. 

Conclusions 
• Hyperspectral reflectance indices correlate well with leaf traits, primarily 

serving as a proxy for chlorophyll content and, in turn, gross primary 
production. 

• Accompanying other agronomic traits, modern hybrids exhibit increased 
grain yield and chlorophyll content with decreased lodging and ASI. 

• Throughout the growing season, the spectrometer could easily 
distinguish old and new hybrids. 

• While most measurement dates showed significant genetic gains in index 
values, the maximum gains around flowering may represent the 
importance of that growth stage for enhanced production. 

Left:  List of era hybrids. 
Above:  Spectrometer use in the field. 
Below:  Typical reflectance signature of a 
maize leaf. 

Although chlorophyll and water contents were only measured twice per year for the 
correlation analysis, the spectrometer took nondestructive measurements frequently 
throughout the growing season. From the previous results, it is obvious that the indices 
provide a robust indicator of chlorophyll content. 

Figure 3. Linear regression of grain yield over year of 
hybrid release. 

Figure 4. Linear regression of chlorophyll content over year of hybrid 
release (July 28, 2014). 

Figure 5. Linear regression of the (760/730) index over year of hybrid 
release (July 28, 2014). 

Figure 6. Slopes from the linear regression model of the (760/730) index 
over year of hybrid release for all measurement dates. 


