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Yield and Stomatal Conductance Response of Experimental Dry 
Bean Genotypes to Drought under Greenhouse Conditions

Jim Heitholt1 and Annalisa Piccorelli2 

Introduction
Dry bean breeders and physiologists continue to seek 
varieties with better drought tolerance. To assess drought 
tolerance, researchers grow plants under drought 
conditions and perform a calculation that allows a ranking 
of genotypes. Our goal is to identify parental lines for our 
breeding program.

Objectives
The objectives are to quantify the yield and yield 
component (i.e., pod number and seed size) response 
of differing genotypes to drought and to calculate their 
drought susceptibility indices. 

Materials and Methods
Seed of six dry bean genotypes were sown in 3-gallon 
pots (with a sand:soil:bark mix) in a Laramie Research 
and Extension Center (LREC) greenhouse on May 10, 
2016. We used four cultivars and two experimental lines 
(courtesy of Associate Professor Carlos Urrea, University 
of Nebraska–Lincoln’s Panhandle Research and Extension 
Center near Scottsbluff, Nebraska) with six pots per 
genotype. At bloom, half the pots were assigned to a full 
irrigation and the other half received half that amount. 
Stomatal conductance (SC) was measured during pod fill 
(July 2, 2016) with a Decagon SC-1 leaf porometer. Other 
agronomic traits were measured at maturity. Pod harvest 
index (PHI) was determined as: ([seed weight]/[seed 
weight + pod wall weight]). Aborted seed per normal seed 
(ASPNS) was calculated as: aborted seed number/normal 
seed number. Drought susceptibility index (DSI) was 
calculated as per Fischer and Maurer (1978).

Results and Discussion
Drought reduced seed yield (p=0.009), but genotypes 
did not differ (p=0.077) (Table 1). The 52% greater yield 
due to full irrigation was paralleled by increases in seed 
number per pot (47%), pod number per pot (29%), seed 
per pod (13%), nodule number per pot (28 vs. 8), whereas 
seed size only increased 5%. Drought did not affect PHI or 
ASPNS, but genotypes differed (Table 2). Drought reduced 
SC and maturity (68 vs. 71 days). Additional studies with 
the genotype NE28-15-51 are planned for 2017 to see if its 
drought tolerance is consistent.
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Table 1 . Effect of drought on yield and drought susceptibility index (DSI) of six dry bean genotypes grown in the greenhouse under 
two watering regimes (DT, drought; FI, full irrigation) during spring–summer 2016. 
Genotype Yield – DT Yield – FI Seed Size – DT Seed Size – FI DSI

g* g mg** mg
Long’s Peak 23.8 35.5 316 363 0.95
Marquis 24.9 38.7 288 260 1.03
NE28‑15‑9 25.1 38.4 305 345 1.00
NE28‑15‑51 23.0 31.5 319 360 0.78
Othello 24.1 37.4 305 360 1.15
Powderhorn 22.7 37.6 330 317 1.00
Mean 23.9 36.5 311 327 na
Least significant 
difference (0.05)

4.4 4.4 28 28 na

Notes: 1 gram*=0.04 oz; for example, 23.8 g=0.84 oz; 1 mg**=0.000035 oz; for example, 316 mg=0.01 oz

Table 2 . Effect of drought on aborted seed per normal seed (ASPNS), pod harvest index (PHI), root weight per pot (RW), nodule 
number per pot (Nod), and stomatal conductance (SC) of six dry bean genotypes grown in the greenhouse under two watering 
regimes (drought, DT; full irrigation, FI) during spring–summer 2016. 
Genotype ASPNS PHI RW – DT RW – FI Nod SC – DI* SC – FI

% % g g no. mmol m‑2 s‑1 mmol m‑2 s‑1
Long’s Peak  5.5 76 3.1 3.8  3 399 1040
Marquis  9.3 75 2.6 5.6 13 424  701
NE28‑15‑9 17.0 78 3.1 4.9 29 433  873
NE28‑15‑51  4.7 75 4.1 5.4 32 456  791
Othello 10.8 78 2.7 3.2 20 671  736
Powderhorn  2.2 78 2.7 3.0 12 477  991
Mean  8.6 77 3.0 4.3 18 477  855
Least significant 
difference (0.05)

 5.7  2 1.1 1.1 21 276  276

Note: mmol m‑2 s‑1* is the standard units for quantifying leaf stomatal aperture.




