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Life on Earth depends on photosynthesis. Photosynthetic systems evolved early in Earth history, providing
evidence for the significance of pigments in plant functions. Photosynthetic pigments fill multiple roles from
increasing the range of energy captured for photosynthesis to protective functions. Given the importance of
pigments to plant functioning, greater effort is needed to determine and quantify the relationship between
gross primary production (GPP) and canopy chlorophyll (Chl) content, the main photosynthetic pigment, as
well as its proxy, green leaf area index (GLAI), both used as quantitative measures of plant greenness. The objec-
tive of this study is to establish relationships for GPP vs. canopy Chl content and GPP vs. GLAI in maize. The main
focus of the paper is to reveal fine details of the relationships and understand their features in different stages of
maize development. Data onGPP, leaf Chl content andGLAIwere collected across ten years (2001–2010) at three
AmeriFlux sites in Nebraska over irrigated and rainfed maize. Relationships of GPP vs. total canopy Chl content
and GPP vs. GLAI were established for vegetative, tasseling and reproductive stages. In each stage, relationships
were closewith determination coefficients above 0.9; however, the shapes and slopes of the relationships in veg-
etative stageswere different from reproductive stages. This differencewasmore pronounced for the GPP vs. GLAI
relationship. In part, this difference is due to different leaf Chl contents in vegetative and reproductive stages.
Smaller but detectable differences in shape and slopewere also found for the GPP vs. canopy Chl relationship. De-
spite the differences in relationships for vegetative and reproductive stages, for the entire growing season, green
LAI (GLAI) explained 90% of GPP variation with a coefficient of variation (CV)= 17%, while total canopy Chl con-
tent explainedmore than 92% of GPP variation with CV= 15%. Quantitative characterization of relationships be-
tween GPP and such biophysical characteristics as GLAI and canopy Chl content underlines the role of chlorophyll
in photosynthesis and has significant implications on remote sensing of primary production.

© 2014 Elsevier Inc. All rights reserved.
1. Introduction

Assessments of the exchanges of carbon between soil, vegetation,
and the atmosphere remain critically important for improving our
understanding of ecosystem functioning, for establishment of carbon
budgets, for agricultural management and for yield forecasting
among others. Terrestrial biosphere models improve the process
understanding and descriptions; however, the downside of the
enhanced complexity is that additional land-surface parameters are
challenging to define with acceptable accuracy over spatial and
temporal domains, hampering the ability to describe spatial and inter-
annual variability of terrestrial carbon fluxes (Schaefer et al., 2012).

Chlorophylls are vital pigments for photosynthesis; strong
correlations have been reported between leaf chlorophyll (Chl)
ghts reserved.
content and N content (Clevers & Kooistra, 2012; Houlès et al.,
2006; Sage, Pearcy, & Seemann, 1987; Schlemmer et al., 2013).
Baret, Houles, and Guerif (2007) found that canopy Chl content is a
close proxy of canopy level N content and claimed that N status
could be assessed through Chl content. The use of Chl as a proxy of
N is more convenient as it directly relates to the plant absorption of
photosynthetically active radiation (PAR) and photosynthesis.
Canopy Chl content is a physically sound quantity since it represents
the optical path in the canopy where absorption by Chl dominates
the radiometric signal. Thus, absorption by Chl provides the
necessary link between remote sensing observations and canopy
state variables that are used as indicators of photosynthetic activity.
Leaf and canopy Chl content can be retrieved from satellite observed
radiances by inversion of leaf optics and canopy reflectance models,
as well as with semi-analytical and empirical models.

The carbon exchange between the crop canopy and the atmosphere
is mainly controlled by the amount of solar radiation absorbed, the

http://crossmark.crossref.org/dialog/?doi=10.1016/j.rse.2014.01.004&domain=pdf
http://dx.doi.org/10.1016/j.rse.2014.01.004
mailto:agitelson2@unl.edu
http://dx.doi.org/10.1016/j.rse.2014.01.004
http://www.sciencedirect.com/science/journal/00344257

	Relationships between gross primary production, green LAI, and canopy chlorophyll content in maize: Implications for remote...
	1. Introduction
	2. Methods
	2.1. Study area
	2.2. PARin observations and PARpotential calculations
	2.3. Eddy covariance GPP flux measurements
	2.4. Determination of leaf area index (LAI) and total canopy Chl content

	3. Results and discussion
	3.1. Relationship between green LAI and Chl content
	3.2. Hysteresis of GPP vs. GLAI∗PARin relationship
	3.3. Relationships between GPP and GLAI and GPP and Chl content
	3.3.1. Vegetative stages
	3.3.2. Tasseling
	3.3.3. Reproductive stages and whole growing season


	4. Summary
	Acknowledgments
	References




