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Introduction
Although most crop species prefer NO3-N as their predominant source of N, species differ in their response when 
NH4-N represents a high percentage of the soil N. For most leguminous crops, source of N does not matter because 
N is rarely applied but dry bean (Phaseolus vulgaris L.) is an unfortunate exception. Previous studies have indicated 
that dry bean prefers a higher ratio of NO3-N than of NH4-N but more observations are needed, especially under the 
calcareous soil conditions found in Wyoming.

Objectives
The primary objective of this study was to compare ammoniacal-N to NO3-N  fertilizers on the growth and yield 
of dry bean under greenhouse conditions. A secondary objective was to compare inoculating vs. no inoculant and a 
third objective was to compare different rhizobia strains.

Materials and Methods
Greenhouse studies were performed on 15 October 2015, 16 July 2016, and 16 March 2017 at the University of 
Wyoming Laramie Research & Extension Center, Laramie (41°14’ N, 105°5’ W; elevation 2184 m), Wyoming, USA.

In the first experiment, 36 pots (11-liter, 8 kg) were filled with native soil (obtained from the A-horizon of a 
Wycolo-Alcova complex, 3 to 10% slope, fine-loamy, mixed Borollic Haplagids), a pinebark mix (BM Berger), and 
sand (1: 1: 1, v/v). Three dry bean genotypes (CO 46348, Rio Rojo, and UI-537) with four sources of inorganic N 
fertilizer (urea, ammonium nitrate, potassium nitrate, and control). Ammonium nitrate (NH4NO3), urea (CH4N2O), 
and potassium nitrate (KNO3) were applied at 60 lb N/acre plus to control treatment; moreover, nitrogen application 
was applied in a solution of 100 ml per pot. Split N application was used to minimize N loss in 21, 28, 35, and 42 
days after planting (DAP). An equivalent amount of K as KCl was applied at 21 DAP for other treatments that did not 
supply KNO3.

In the second experiment, 30 pots were filled as described before. Five dry bean genotypes (CO 46348, Othello, 
Poncho, Rio Rojo, and UI537) with two sources of inorganic N fertilizer (urea and ammonium nitrate). Ammonium 
nitrate and urea (seasonal equivalent of 68 kg N ha-1) were applied as a source of inorganic N fertilizer in a solution 
of 100 ml per pot (17 kg N ha-1 per application). A split application of N was used in 18, 23, 28, and 35 days after 
planting (DAP).

In the third experiment, 36 pots were filled as described earlier. Two inoculation treatments (inoculation and 
no-inoculation), two pinto bean genotypes (CO 46348 and Poncho) with three rates of N (0, 30, and 60 lb N/acre) 
were tested. In the third study, two dry bean genotypes (CO 46348 and Poncho) were sown, five seeds from each 
genotype per pot. Two inoculation treatments (inoculation and no-inoculation) were applied. At emergence stage, 
plants were thinned to three plants per pot. Hand irrigation was carried out to avoid drought stress. Ammonium 
nitrate was applied at 0, 30, and 60 lb N/acre in a solution of 50 and 100 ml per pot at 16, 23, 33, and 38 DAP. Split 
application was used to avoid N loss.
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In the fourth experiment, different preparations of rhizobia were compared.

For all four experiments, a completely randomized design (CRD) with three replicates was used. Guard – N 
inoculant was applied as a source of commercial rhizobia to inoculate seeds at sowing except for Exp 4. Bean plants 
were thinned to three plants per pot after seedling emergence. N rates were converted to pounds per acre using 
the assumption of 2 × 106 pounds of soil per acre. Seed yield was measured at maturity after hand-harvesting and 
shelling pods. Other traits measured throughout the study are published elsewhere.

Results and Discussion
Preplant soil test results for the three experiments are provided in Table 1. Seed yield of the three studies is provided 
in Table 2. Source of N did not affect grain yield response.

Table 1. Soil analysis of greenhouse experiments in Laramie before planting.
Soil properties 2015 - Exp. 1 2016 - Exp. 2 2017 - Exp. 3
pH  7.9 8.1 7.1

EC (ms/cm-1)  0.4 0.5 0.3

Organic Matter (%)  1.6 2.0 3.2

NO3-N ppm  7.0 8 62

Phosphorus P ppm 30.1 13.9 15.4

Potassium K ppm 324 183 193

Zinc Zn ppm 1.8 1.4 1.7

Iron Fe ppm 6.4 3.3 5.9

Sulfur S ppm 24.1 24.1 35.7
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Table 2. Effect of different N sources on seed yield of dry bean across four studies.
Study N Source Yield

g per pot
One Zero 16.1

Urea 17.9

NH4NO3 17.5

KNO3 17.4

LSD (0.05) ns

Two Urea 35.7

NH4NO3 36.4

LSD (0.05) ns

Three No Inoculant – Zero N 18.3

No Inoculant – With N 21.6

Plus Inoculant – Zero N 20.8

Plus Inoculant – With N 21.2

LSD (0.05) ns

Four Untreated 16.7

USDA 2668 17.7

USDA 2673 14.4

Commercial Rhizobia 13.5

LSD (0.05) ns
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