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Dynamics of Leaf Stomatal Resistance to Photosynthetic 
Photon Flux Density for Different Dry Bean Genotypes
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Introduction
Crop evapotranspiration (ETc) is defined as the combined 
transfer of water from land surfaces to atmosphere in the 
form of water vapor by evaporation and transpiration. 
During the process of transpiration, water vapor from 
vegetative surfaces has to overcome a diffusive resistance 
(i.e., stomatal resistance; Rs) and a boundary layer 
resistance before entering the atmosphere. Rs is defined 
as the opposition to transport of water vapor and carbon 
dioxide to or from the stomata (small pores on the leaf 
surface). Quantification of Rs is vital to estimate the 
transpiration rate from plant communities.

Many researchers have observed that leaf Rs depends on 
photochemical processes (i.e., chemical effects of light) 
and is a function of the radiation flux density (Sinclair 
et al., 1976; Norman, 1980). Radiative flux density is the 
amount of power radiated through a given area, in the 
form of photons. It is often measured as photosynthetic 
photon flux density (PPFD is a measurement of light), and 
it explains the majority of variation in Rs. Good estimates 
of integrated Rs can be obtained by dividing the plant 
canopy into two layers of leaves: those that are sunlit and 
those that are shaded. Currently, little information exists 
on the relationship between Rs and PPFD at different crop 
development stages for dry bean genotypes.

Objectives
The objective of this study is to investigate the 
relationship between stomatal resistance (Rs) 
and photosynthetic photon flux density (PPFD) at 
different growth development stages for different dry 
bean genotypes.

Materials and Methods
Field experiments were conducted during the 2016 
growing season at the Powell Research and Extension 

Center (PREC). Four dry bean genotypes (La Paz, Othello, 
Poncho, and CO46348) were selected for the analysis. 
Rs and PPFD were measured using an AP4 steady-state 
leaf porometer (Delta-T Devices Ltd., Cambridge, United 
Kingdom). On each measurement day, three to four 
plants were sampled for each genotype. On each plant, 
measurements were taken for three healthy leaves at 
three levels of canopy, i.e., bottom leaves (shaded), middle 
leaves, and top leaves (sunlit).

Results and Discussion
The measured Rs response to PPFD at leaf level for four 
days (July 14, July 21, August 2, and August 17) and 
four genotypes is presented in Figure 1. The curves were 
developed by simultaneously measuring incident PPFD 
and Rs on leaves for sunlit, middle, and shaded leaves. 
In general, no significant difference in Rs vs. PPFD 
relationship was observed among different dry bean 
genotypes on all dates; however, relationships changed 
with the measurement day because of variation in climatic 
and plant characteristics. Figure 1 indicates that sunlit 
leaves in the upper canopy layer (higher PPFD values in 
Figure 1, along the x-axis) with low Rs (along the y-axis) 
contribute to the majority of transpiration compared to 
leaves in the lower canopy layer. The research is part 
of an ongoing study. The relationship developed in this 
study along with meteorological and plant variables can 
further be used to quantify dry bean crop transpiration 
and evapotranspiration rates, which have important 
applications in agricultural water management. 
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Figure 1. Relationship between measured leaf stomatal resistance (Rs) and photosynthetic photon flux density 
(PPFD) for four dry bean genotypes: Poncho, La Paz, Othello, and CO46348 on (a) July 14, 2016, (b) July 21, 2016, 
(c) August 2, 2016, and (d) August 17, 2016. 




