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Drought Susceptibility Index and Canopy Traits of 49 Dry 
Bean Genotypes Subjected to Water Stress

J. Heitholt1 and B. Baumgartner2

Introduction
Although many dry bean farms in the Intermountain 
West, including Wyoming, are managed with full irri-
gation, genotypes possessing drought tolerance are still 
sought. Morphological and physiological traits that 
confer drought tolerance vary depending on the produc-
tion environment.

Objectives
The objectives of this study were to determine drought 
tolerance in a diverse group of dry bean genotypes and 
plant responses to drought. 

Materials and Methods
Forty-nine genotypes of dry bean across multiple 
market classes were sown in a field June 19, 2015, at the 
James C. Hageman Sustainable Agriculture Research 
and Extension Center (SAREC) near Lingle. The soil 
is a Haverson and McCook loam. Experimental design 
was a split plot with irrigation level the main plot and 
genotypes assigned to subplots. 

Irrigation levels were (1) full vs. (2) partial drought—
full irrigation pre-bloom and approximately 50% crop 
evapotranspiration (ETc) post-bloom. After factoring 
in atmospheric data and assuming soil moisture is not 
limiting, ETc is the estimate of combined water loss 
from a crop canopy by two processes: (1) evaporation of 
water directly from soil; and (2) transpiration (the loss of 
water directly from plant tissues such as leaves).

Two replicates were used, and subplots were one row 
each 25 feet long with 30-inch row spacing. Seeding 
rate was approximately 87,000 seeds/ac. An herbi-
cide application of 24 oz Roundup PowerMAX® and 
12 oz Outlook® was applied June 22. A second herbicide 

application of 4 oz Raptor® and 16 oz Basagran® was 
applied July 16. 

The irrigation was applied through a lateral-move sprin-
kler utilizing Valley® variable-rate irrigation technol-
ogy to adjust the amount of water applied to the fully 
irrigated plot in comparison to the limited-irrigation 
plot. The fully irrigated plot received 6.09 inches of 
supplemental water while the limited plot received 2.38 
inches of supplemental water (irrigation was performed 
weekly). The field also received 4.77 inches of natural 
moisture from June through August and another 2.37 
inches in September. Canopy temperature was collected 
August 9. At maturity, plant height and yield (15-feet 
of row) data were collected. Just prior to harvest, two 
plants and their pods were harvested from each plot for 
determination of yield components.

Results and Discussion
At Lingle, mid-day canopy temperature readings during 
reproductive growth were unaffected by irrigation with 
stressed plots averaging 79°F and well-watered aver-
aging 77°F. The water-by-genotype interaction on 
canopy temperature was not significant, but genotype 
effects were (p=0.001). A water-by-genotype inter-
action affected plant height (p=0.002). Maturity was 
not affected by irrigation (98 vs. 96 days after planting 
[DAP] for well-watered vs. drought) nor by the water-
by-genotype interaction, but genotype effects were 
found (p=0.001).

As expected, genotypes such as Othello, CO-46348, 
Croissant, and Bill-Z (78–82 DAP) were among the 
earliest maturing, and UCD0908, Mist, Dynasty, 
and Rosie (93–100 DAP) were among the latest. 
Seed yields—although not affected by the main effect 
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of irrigation—tended to be greater in the well-wa-
tered plots (1,130 and 622 lb/ac for the well-watered 
and drought-stressed plots, respectively). For yield, 
no genotype-by-water interaction effect was detected. 
Genotypes varied in yield (p=0.001) with four experi-
mental lines from the University of Nebraska breeding 
program ranking in the top five. Seed size, seed per pod, 
and pod harvest index all tended to be higher (2–8%) 
in the well-watered plots than drought stressed, but the 
differences were not significant. Genotype effects for all 
these traits were detected. Using n=49, yield was nega-
tively correlated with canopy temperature and maturity 
within each irrigation level and when irrigation levels 
were combined (three data sets). Yield was positively 
correlated with plant height, again across all three data 
sets. Correlations with each water regime are provided 
in Tables 1–2. 

Our results indicate that many mid-season and 
end-of-season traits were correlated with yield in both 
drought and well-watered environments. It remains 
to be seen whether these traits could provide an effi-
cient short-cut in breeding programs seeking to develop 

higher-yield genotype, where thousands of progeny 
plots are being evaluated. Regardless, traits such as 
canopy temperature and plant height could definitely be 
considered as “tie-breakers” in breeding programs where 
all of the top-yielding lines cannot be statistically sepa-
rated from each other. Note: for results of the 49 differ-
ent genotypes, please contact the lead author (contact 
information is below).
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Table 1. Correlation coefficients and significance level of dry bean traits grown 
under well-watered conditions near Lingle, 2015. Lower left (p-value), upper 
right (r). n=49. Correlation of a variable with itself equals 1.0, and, thus, “na” is 
placed in those cells.

Trait Yield Maturity Canopy Temp Height

Yield na -0.421 -0.737  0.630

Maturity 0.003 na -0.421  -0.068

Canopy Temp 0.001  0.008 na  -0.429

Height 0.001  0.643  0.002 na

Table 2. Correlation coefficients and significance level of dry bean traits grown 
under drought conditions near Lingle, 2015. Lower left (p-value), upper right 
(r). n=49. Correlation of a variable with itself equals 1.0, and, thus, “na” is placed 
in those cells.

Trait Yield Maturity Canopy Temp Height

Yield na -0.596 -0.616  0.365

Maturity 0.001 na  0.392 -0.351

Canopy Temp 0.001 0.005 na -0.145

Height 0.010 0.013  0.325 na


