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Growth and Pod Traits Correlate with Grain Yield among 50 
Dry Bean Cultivars

J. Heitholt1, A. Pierson2, C. Reynolds2, and A. Piccorelli3

Introduction
Identifying morphological and physiological traits asso-
ciated with dry bean grain yield may benefit breed-
ers and facilitate the development of higher-yielding 
genotypes. 

Objectives
The objectives of this study were to quantify mid-season 
and late-season physiological and morphological vari-
ables among a diverse range of dry bean cultivars and 
determine the correlation(s) of those variables to yield 
and each other.

Materials and Methods
This experiment was located at the Powell Research 
and Extension Center (PREC) in 2015. The soil of the 
experiment area is classified as Garland clay loam (fine, 
mixed, mesic: Typic Haplarid). The site was worked by 
a roller harrow, leveled, and then bedded up in prepa-
ration for planting in the spring. Fertilizer application 
took place on March 31, 2015, at a rate of 80 pounds/ac 
of urea (46-0-0), 20 pounds/ac of mono-ammonium 
phosphate (11-52-0), and 5 pounds/ac of zinc. Weeds 
were controlled with the incorporation of a preplant 
herbicide treatment consisting of a tank mixture of 
ethalfluralin (2 pts Sonalan®) and dimethenamid-P 
(1 pt Outlook®) on April 7. 

On June 3, seed of 50 diverse dry bean cultivars across 
several market classes were sown in plots measuring 
3.7 (two rows) by 20 feet using International Harvester 
Cub 185 planter units with cone attachments set on a 
row spacing of 22 inches. The experimental design was 
a split plot with two water treatments (main factor), 
cultivars (subplot), and two replications. Irrigation was 
applied using furrow/flood method. All plots were well 

watered until the first cultivar flowered. After that, fully 
irrigated plots received water every 10 days. Limited-
irrigated plots received water every 14 days. Total water 
applied was not estimated. Data collected included days 
to bloom, plant height (late-season), days to maturity, 
yield (5-feet from each of the two rows), and yield compo-
nents. The yield components included: pod number per 
unit area, seed number per unit area, seed size, pod 
harvest index [seed weight/(podwall+seed weight)], and 
number of aborted seed from a hand-shelled subsample 
of at least 25 pods per plot.

Results and Discussion
Due to August rainfall, the differences for most traits 
between the fully irrigated and limited-irrigated 
plots were rather small and statistically insignificant. 
Averaged across all 50 cultivars, however, seed size was 
significantly higher in the fully irrigated compared to 
the limited-irrigation treatment (0.0126 vs. 0.0122 oz 
per seed). Otherwise, there were no other effects of 
the irrigation treatments, and additionally, there were 
no noteworthy irrigation-by-cultivar interactions. 
Cultivars, however, varied significantly for nearly every 
trait. Yields (corrected to 14% moisture) ranged from 
4,790 lbs/ac for Othello to 2,070 lbs/ac for UCD0908. 
Using the mean values (average of the four observations 
for each cultivar), yield was correlated positively to seed 
per pod, pod harvest index, and plant height (Table 1). 
Other interesting associations were: pod harvest index 
(PHI) and maturity (earlier cultivars had higher PHI), 
plant height and seed size (taller plants had smaller 
seed), and pod harvest index and the number of seed 
per pod (number of seeds per pod increased as PHI 
increased). The number of aborted seed per pod and 
number of aborted seed per seed were both greater as 
seed size increased and as individual pod size increased. 
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As expected, there was a strong negative correlation 
between seed size and number of seed per pod.

Our results support previous findings in the literature 
as far as the relationship between yield and pod harvest 
index (Beebe et al., 2013). The correlations between 
yield and height and between pod harvest index and 
maturity were not particularly surprising given the 
literature. One correlation, the positive relationship 
between pod harvest index and the number of seed per 
pod, is challenging to interpret, but could involve seed 
size, which itself was negatively correlated with seed 
per pod. Physiological reasons that might facilitate the 
ability of small-seeded cultivars to partition a greater 
percentage of their pod biomass to seed vs. carpel (a 
simple pistil) could involve the need for larger-seeded 
cultivars to have a stronger pod wall. Because this is just 
one year of data, we cannot make major claims as to 
whether plant height, pod harvest index, or seed per pod 
would be effective variables from which to base selec-
tion of experimental lines within a breeding program. 
Nevertheless, if these results are substantiated in 2016 
and beyond, then we may utilize these traits as part of a 
selection strategy.
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Table 1. Correlations (r) and significance (p>F) of traits from 50 dry bean cultivars grown in Powell in 
2015. Pod harvest index, number of seed per pod, aborted seed per pod, and maturity are designated 
as PHI, NSPP, ASPP, and Mat, respectively. Lower left (p-value); upper right (r).

Trait Yield PHI Height Seed Size NSPP ASPP Mat

Yield na 0.643 0.385 -0.074 0.350 -0.111 -0.193

PHI 0.001 na 0.378 -0.348 0.561 -0.054 -0.364

Height 0.006 0.007 na -0.350 0.308 -0.042  0.097

Seed Size 0.742 0.013 0.013 na -0.774 0.499 -0.079

NSPP 0.013 0.001 0.030 0.001 na -0.383 -0.071

ASPP 0.444 0.710 0.771 0.001 0.006 na -0.004

Mat 0.180 0.009 0.502 0.587 0.622 0.979 na


