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Variation in Canopy Temperature and Normalized Difference 
Vegetation Index for 23 Dry Bean Genotypes Grown 

under Well-Watered and Water Stress Conditions
Jim Heitholt1 and Vivek Sharma1,2

Introduction
In recent years, breeders and crop physiologists have 
tried to quantify dry bean canopy traits to see if those 
traits relate to yield or would help in the identification of 
parental material for use in breeding programs. Two very 
simple traits are midday canopy temperature (CT) and 
normalized difference vegetation index (NDVI), where 
cooler canopy temperatures and canopies that reflect more 
far-red light are presumed healthier.

Objectives
The objectives of this study were to characterize CT, 
NDVI, leaf chlorophyll, and stomatal conductance of 23 
dry bean cultivars. 

Materials and Methods
The study was sown on May 27, 2016, at the James C. 
Hageman Sustainable Agriculture Research and Extension 
Center (SAREC) using a split-plot arrangement with 
two irrigation rates and 23 genotypes replicated three 
times. Irrigation rate (full vs. less-than-full) was the 
main plot and genotype the subplot. Plots (four rows) 
were 16 feet long with 30-inch row spacing at ~90,000 
seeds per acre. Leaf chlorophyll was measured with a 
soil plant analysis development (SPAD) meter on June 
28 prior to any visible water stress. NDVI was collected 
mid- to late-morning on July 8 with a handheld crop 
sensor after the first differential watering where the stress 
plots received less irrigation (0.75 inches vs. 0.50 inches). 
Canopy temperature was collected mid-morning and mid-
afternoon on July 23 with an infrared thermometer several 
days after another differential watering. Also on July 23, 
stomatal conductance was measured midday on three 
genotypes with a leaf porometer. A hail storm on July 27 
terminated the crop.

Results and Discussion
Leaf chlorophyll differed among genotypes as expected 
(Table 1). NDVI also differed among genotypes, but 
values were in the expected range and are not discussed 
in detail here. Stomatal conductance was not significantly 
affected by any of the treatments although leaves from 
well-watered plots had numerically higher conductance 
than leaves from drought-plots, meaning that the well-
watered leaves transpired at a greater rate and possibly 
had a higher photosynthetic rate. As expected, canopy 
temperatures on July 23 were lower in the morning 
(88.0°F) than in the afternoon (90.7°F). Differences 
in canopy temperature were not significantly different 
between watering regimes although a noticeable trend was 
apparent. In the morning, drought plots exhibited CT of 
90.7° vs. 85.1° for the well-watered plots. In the afternoon, 
the difference was 92.8° vs. 88.5° with drought plots being 
warmer. Genotypes that are considered more adapted 
to southeast Wyoming tended to have lower CT than 
genotypes not adapted to Wyoming. In our other studies 
where yield was collected, genotypes with cooler canopies 
yielded higher than genotypes with warmer canopies, 
but because yield could not be measured in this study 
due to the hail storm, we cannot provide management or 
genotype recommendations. 
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Table 1 . Canopy traits of 23 dry bean genotypes grown at SAREC in 2016 averaged across two irrigation levels. 
Measurement dates are provided in the text.
Genotype Chlorophyll NDVI Canopy Temp (a .m .) Canopy Temp (p .m .)

(SPAD1 Units) °F °F
Avalanche 44.1 0.54 88.7 92.1
Bill‑Z 48.3 0.72 88.2 90.9
Centennial 43.5 0.61 86.7 89.6
Com. Red Mexican 43.9 0.69 87.6 90.0
CO‑46348 49.1 0.72 86.5 89.4
COSD‑25 42.7 0.62 86.9 90.3
COSD‑35 47.9 0.65 91.2 90.7
Croissant 45.1 0.70 88.5 89.2
Desert Song 53.4 0.62 86.0 89.8
Eclipse 41.4 0.49 90.0 93.4
El Dorado 46.8 0.62 86.7 89.2
ISB1231‑1 48.8 0.69 88.2 89.1
La Paz 45.3 0.59 86.5 91.2
Long’s Peak 43.1 0.66 85.8 89.6
Monterrey 48.3 0.65 87.1 91.4
Othello 49.9 0.71 85.8 90.1
Poncho 48.2 0.71 88.2 90.3
Rosie 44.2 0.72 91.9 95.2
T‑9905 45.3 0.44 89.2 92.3
UI‑259 42.7 0.69 88.9 91.2
UIP‑40 42.0 0.59 86.4 90.5
UIP‑46 43.9 0.65 87.3 90.1
Zorro 43.3 0.45 89.1 92.1
Least significant 
difference (0.05)  3.7 0.06   3.1

1SPAD=soil plant analysis development. The higher the number, the greener the plant.

 




