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Introduction
Inclusion of edible dry beans in crop rotations increases diversity, creates potential for biological N2 fixation (BNF), 
and may improve farm income through the production of a high-value specialty crop. However, typical tillage and 
harvest practices create conditions for rapid mineralization and loss of organic material potentially contributed by dry 
bean roots and residues, including BNF. Recent improvements in sugar beet varieties that have increased yields and 
decreased acreage, along with a transition to sprinkler irrigation, have created opportunities for more diverse rotations, 
including expanding the acreage of edible dry beans. Conservation tillage and direct harvest may represent sustainable 
production practices, but more information is needed about the effects of these practices on bean yield, BNF, and soil 
properties. 

Objectives
Our objective was to assess yield and BNF of four varieties (Poncho, COSD-7, Monterrey, and Windbreaker) in a 
conservation tillage system under and full/deficit irrigation.

Materials and Methods
We established trials set in the dry bean phase of a long-term sugar beet dry bean-barley rotation experiment at the 
Powell Research and Extension Center. Each of the four varieties was planted in one-planter-width strips (6 rows) 
under minimum- and conventional-tillage across three sub plots and two sprinkler irrigation levels (full and 75% of 
plant needs; 48, 11- by 100-ft plots). Conventional tillage included moldboard plowing, disking, and roller mulching 
in the fall following sugar beet harvest, and disking in the spring to incorporate dry granular urea and MAP (applied 
according to early spring soil-test-based recommendations). Minimum tillage included fall strip tillage and direct 
planting in the spring. Dry beans in the conventional tillage plots were harvested by undercutting and windrowing, 
while those in the minimum tillage plots were direct-harvested. Prior to harvest, two 10-foot sections of each row were 
hand harvested in each plot to determine “true yield.” Whole-plant samples and root subsamples for quantification 
of BNF were collected at the mid-pod stage from one foot of row in each plot (root biomass was calculated based on 
typical shoot:root ratio of 4.2 for dry beans). Non-N2-fixing weeds were also collected from each plot. Biological N2 
fixation was determined by the 15N-isotopic method (Peoples et al., 1989). In this method, BNF is determined by 
quantifying the difference between the 15N/14N ratio in the non-N2-fixing plants, which derive all of their N from the 
soil, and legumes, which derive much of their N from the atmosphere, based on the fact that 15N isotope abundance 
is higher in soil N than in atmospheric N. Plant samples were oven-dried at 60°C, weighed, and analyzed for total and 
15N in the University of Wyoming Stable Isotope Facility.

Results and Discussion
Hand-harvested grain yields ranged from 950 to 3889 pounds per acre and varied significantly by cultivar and irrigation 
level, but not between the two tillage systems (Fig. 1). Poncho had the highest grain yield under both irrigation levels, 
while Monterrey was least affected by deficit irrigation. 
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Figure 1. 2018 hand-harvested dry bean yields. Tillage system did not significantly affect yields. Horizontal lines = means, box = standard 
deviation, and vertical lines = the range of values.

The amount of N2 fixed by the dry beans varied from 15 to 66 pounds per acre, and BNF by the four varieties responded 
differently to tillage and irrigation. Preliminary data presented in Figure 2 indicates a weak inverse relationship between 
pounds BNF per acre and bean yield from Figure 1 (R=0.38), with Poncho yielding the most beans but fixing the least 
N2. No clear relationships among tillage, irrigation level, and BNF are evident in this preliminary data. 

Figure 2. Preliminary results of 2018 BNF by four different dry bean varieties under two tillage systems and two irrigation levels (Full and 75%). 
Hatched bars represent conventional tillage and solid bars represent minimum tillage. 

These 2018 results indicate that tillage did not affect bean yield and that all four varieties fixed appreciable N2 that 
could be credited in fertilizer recommendations. Further data analysis will indicate whether direct harvest caused 
appreciable yield losses.
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