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Effect of Tillage Management and Seeding 
Date on Dry Bean Establishment and Yield 
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Funding 

This project was funded by the Irrigation Crop Diversification Corporation (ICDC) and through the 
Strategic Field Program (SFP). 

Organizations 

• Irrigation Crop Diversification Corporation (ICDC) 

• Ministry of Agriculture, Crops and Irrigation Branch (MoA) 

Principal Investigators 

• Gursahib Singh, ICDC 

• Garry Hnatowich, ICDC 

• Morgan Cote, MoA 

Objectives  

The study aimed to assess the impact of stubble management, soil warming, and seeding date on dry 
beans' emergence, plant stand, and subsequent seed yield. The experiment employed a factorial design, 
incorporating three tillage treatments (Heavy Tillage, Mid-Tillage, and No-Tillage) and three seeding 
dates (May 10, May 21, and June 1). Agronomic data and plant characteristics data was recorded to 
evaluate crop response. 
 

Research Plan 

The trial was established on-station at CSIDC in 2021 and on the ICDC land along the east side of the 
station in 2022 and 2023 on a field previously planted to spring wheat.  The trial was established in a 3 x 
3 level factorial in a randomized complete block design with 4 replicates.  The first factor will contrast 
tillage treatments.  The three tillage treatments were: 

1. Heavy Tillage – plots were tilled with a tractor-attached rototiller until the soil was blackened 
and then harrow packed (Fig. 1) 

2. Mid-Tillage – plots were tilled with a cultivator and harrow packed. 
3. No-Tillage – plots were undisturbed, and beans were planted into standing stubble. 

The second factor was seeding dates.  CDC Blackstrap, a Black market class dry bean, was solid-seeded 
on all plots on 25 cm (10”) row spacings.  Plots were seeded on, 

1. May 10 
2. May 21 (The target date intended was May 21, but the actual seeding date varied due to 

expected inclement weather)  
3. June 1 

Seeded plot size was 1.5 m wide (6 dry bean rows) and 10 m in length, plots were later trimmed to 1.5 m 
x 8.0 m harvest dimensions.  Dry bean rhizobia inoculant was commercially unavailable, so all plots 
received a side band application with urea at seeding with an N rate of 100 kg N/ha (soil available N + 
fertilizer), along with 20 kg P2O5/ha seed-placed mono ammonium phosphate. 
 
Weed control involved a spring pre-seed application of glyphosate pre-seed burn-off at 1.33 L/ac in all 
three years of the trial. For in-season weed control tank mix application of Viper ADV (imazamox & 
bentazon) at 400 ml/ac plus Basagran Forte (Benton) at 135 ml/ac was applied in 2021 and 2022, 
whereas in 2023, Centurion (clethodim) at 75 ml/ac was used to control grassy weeds.  Plots were also 
periodically hand-weeded as required.  Weather was dry in all three years of the trials and disease 
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pressure was low. In 2021, a blanket application of Priaxor (fluxapyroxad & pyraclostrobin) at 120 ml/ac 
was applied at flowering for disease control or suppression. 
Plant height and pod height were determined just prior to harvest. For pod height, five random plants 
were collected per plot, and the number of pods with < 5.0 cm of distance from the soil surface to the 
pod was recorded for each plant, and the average of five plants was used for the final analysis.  This is 
deemed the minimum distance required for the combine cutter bar to undercut the pod and minimize 
harvest loss.  Therefore, a lower value is desirable. 
 
Before harvest, all plots were assessed for sclerotinia (white mold) disease incidence.  All seeding dates 
were harvested in a straight-cut operation with a Wintersteiger small plot combined at same time in all 
three years.  The seed was cleaned, and yields were adjusted to 16% moisture. Dates of various 
operations are listed in Table 1. 
 

Table 1. Trail site, seeding and harvest dates for 2021, 2022, and 2023. 
 

2021 2022 2023 

Trail site CSIDC-field 8 ICDC-Hnatowich field-block 2 ICDC-Hnatowich field-block 4 

Seeding 
dates 

May 10, May 19, and 
June 01 

May 10, May 21, and June 01 May 10, May 20, and June 01 

Harvest 
dates 

September 3 September 16 September 6 

 

Results 

Growing season precipitation and heat accumulation varied among the three years of the study (Table 
2), contributing to the importance of the environment throughout this study (Table 3). Among site years, 
from May through September, total growing season precipitation varied from 81.5 to 176.3 mm and was 
well below the long-term average (237 mm) for Outlook, Saskatchewan. The mean daily temperature 
varied over the years and was higher than the long-term average throughout the growing season in the 
three years of this study.    
 

Table 2.  Mean monthly temperature and precipitation for each environment (2021, 2022, 
and 2023) at ICDC, Outlook, SK 

Year May June July August Sept Total 

Mean Temperature (°C)  

2021 10.1 18.8 21.6 17.9 14.4 - 

2022 11.8 16.3 19.8 20.6 16 - 

2023 15.2 19.5 18.6 18.7 15.5 
- 

Long-term (1993-2022) 11.25 16.1 18.85 17.9 13 
- 

 Precipitation (mm)  

2021 44.5 10.3 13.8 37.7 0.2 
106.5 
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2022 35.7 75.2 53.2 7.0 5.2 
176.3 

2023 17.5 15.3 15.5 16.6 16.6 
81.5 

Long-term (1993-2022) 41.5 65.3 55.8 43.9 30.5 
237.0 

 Irrigation (mm)  

2021  - 91.6 107.1 19.7  - 
218.4 

2022  - 81.7 104.3 17.3  - 
203.3 

2023  - 116.8 119.4 43.1  - 
279.3 

 
Soil temperatures were recorded at the intended seeding depth for each seeding date, and the results 
are presented in Table 3. The analysis revealed that tillage did not impact soil temperature. However, 
variations in soil temperature were observed with different seeding dates due to changing 
environmental conditions at time of seeding. It is noteworthy that while tillage did not directly affect soil 
temperature, it is essential to consider that temperature measurements were taken at the time of 
seeding, representing a single point in a day. Consequently, it is challenging to definitively attribute the 
observed soil temperature differences solely to tillage. It is plausible that the soil in tilled plots warmed 
up more rapidly than in non-tilled plots, potentially contributing to improved establishment and yield. 
Throughout the three years of the study, spring temperatures remained consistently warm, influencing 
soil temperature dynamics. Additionally, there were no recorded instances of frost in May across all 
three years. These findings highlight the complexity of the relationship between tillage, soil 
temperature, and environmental conditions, emphasizing the need for a nuanced interpretation of the 
results. 
 

Table 3.  Soil Temperatures at different seeding times for each environment (2021, 2022, and 
2023) at ICDC, Outlook, SK 

Year Tillage treatment Soil Temperature at 5 cm 

2021    10-May 19-May 01-Jun 

  Heavy Till 15.5 10.3 30.1 

  Mid-Till 15.5 10.2 32.6 

  No-Till 15.5 10.1 33.3 

 2022   10-May 21-May 01-Jun 

  Heavy Till 9.8 11.3 14.8 

  Mid-Till 12.6 11.2 14.3 

  No-Till 10.1 12.5 16.8 

 2023   10-May 20-May 01-Jun 

  Heavy Till 21.9 14.0 26.0 

  Mid-Till 20.5 15.3 26.3 

  No-Till 22.5 16.3 27.0 
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For this report, data from all years were combined for statistical analysis, and detailed results for each 
year are provided in the Appendices (Table 5, 6 and 7). The agronomic data and plant characteristics 
results are summarized in Table 4. 
 
Across the study period, dry bean yields exhibited variability. Yields were higher in 2021 and 2023 
compared to 2022. The tillage treatment had a discernible impact on seed yield, with heavy tillage 
resulting in higher yields when compared to medium and no-till treatments. A possible explanation for 
this difference in yield may be due to the improved soil contact and enhanced root development 
facilitated by the heavy tillage, ultimately resulting in higher yield. While our observations couldn't 
quantify, there is a possibility that worked soil imposed less physical resistance during the germination 
of dry beans. Consequently, emerging plants might have displayed heightened vigor, potentially 
resulting in a higher yield. It is important to note that while soil temperatures were not affected by 
tillage, the timing of temperature measurements at the time of seeding (a singular daily occurrence) 
complicates the attribution of temperature variations solely to tillage practices. Nonetheless, it is 
possible that soil in tilled plots warmed up more rapidly than in non-tilled plots, potentially contributing 
to yield variation. Studies on the effect of tillage on dry bean establishment and yield are scarce, making 
it challenging to draw comparisons and provide insights into the factors contributing to improved yields 
in our trials. It's crucial to note that the three years during which this study was conducted coincided 
with the driest and warmest conditions in Saskatchewan over the past few decades, with no occurrences 
of spring frost. Farmers typically wait until the soil temperature reaches above 12°C (usually around the 
third week of May) before commencing seeding. However, in our trials, we experienced an unusually 
warm start to the spring, and the soil temperature was already within optimal seeding conditions at the 
early seeding date. These climatic conditions and farming practices should be considered when 
interpreting our study's results.  
 
With respect to the seeding date treatments, yields demonstrated an increase with delayed seeding, a 
pattern that aligns with expectations and mirrors findings observed in warm-season legumes in 
Saskatchewan. These results contrast with a study (Endres et al. 2021) conducted in North Dakota 
between 2012 and 2015, where yield (average across the six trials) indicated it was highest with early 
planting. Various seeding date treatments tested in the above study were based on spring conditions. 
The first seeding dates ranged from May 11 to 17 in dry spring (2012 and 2015), whereas May 23 to 24 
was in wet conditions (2013 and 2014). The second seeding dates ranged from May 22 to June 5, and 
late seeding dates ranged from June 5 to June 18. It is important to note that weather conditions 
between 2012 to 2015 were notably different, characterized by wet years, compared to the dry years 
observed in this study (2021 to 2023). Statistical analyses failed to identify any significant interaction 
between the year, tillage, and seeding date except in 2021, where interaction between tillage and 
seeding date was significant (Table 6 and Figure 2). The primary interactions manifest between tillage 
practices and seeding dates, particularly evident in the operations conducted on May 10 and May 19. On 
May 10, it is plausible that soils warmed more rapidly from planting to seedling emergence when 
employing heavy tillage, potentially resulting in a higher yield. Conversely, as environmental 
temperatures decreased during and after planting on May 19, the undisturbed treatment may have 
been shielded from fluctuations in soil temperature by the protective undisturbed stubble and thatch 
debris. This protective effect could contribute to the observed yield. 
 
The test weight of dry bean seeds exhibited variation across the project years and was highest in 2022, 
followed by 2021 and 2023. Notably, neither tillage nor seeding date treatments had a discernible 
impact on the test weight of harvested seeds. 
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Thousand kernel weight (TKW) displayed significant variability across years, with higher values observed 
in 2021. The influence of tillage treatment on TKW exhibited a trend at a 91% confidence interval (p = 
0.09), indicating that there may be a potential effect. Specifically, the no-tillage treatment demonstrated 
a higher TKW compared to the medium and heavy tillage treatments. Seeding date significantly affected 
TKW, with plots seeded in early May showing higher values. This observation aligns with the logical 
expectation that these plots, having more days for grain filling, produced coarser seeds compared to 
those seeded on May 21 and June 01. 
 
Observations on plant characteristics, including days to emergence, plant population, days to maturity, 
plant height, and pod clearance, were recorded. The days to emergence exhibited variation across the 
years. In 2021 and 2023, soil temperatures were consistently higher at all three seeding dates during 
May than in 2022. Consequently, in these warmer years (2021 and 2023), dry beans took fewer days to 
emerge in contrast to the cooler conditions observed in 2022. Notably, tillage treatment did not have a 
significant impact on the days to emergence. 
 
Seeding date treatment did influence the emergence timeline, with dry beans requiring fewer days to 
emerge when seeded on June 1. In contrast, there was no significant difference in the days to 
emergence for the May 10 and May 21 seeding dates. Similar to the yield results, the interaction 
between environmental factor (years), tillage practices, and seeding dates proved insignificant. 
The recommended plant population for black beans (CDC Blackstrap) in Saskatchewan is 40 plants/m2; 
the seed was adjusted for germination and vigor based on annual seed test reports. However, our 
observed plant populations fell below the target rates in all three years, averaging 33.3 plants/m2 in 
2021, 28.2 plants/m2 in 2022, and 30.6 plants/m2 in 2023. Interestingly, the plant stand did not show 
improvement with different tillage treatments, consistently ranging from 30.5 to 30.9 plants/m2 across 
three tillage treatments. Plant population increased with delayed seeding, reaching its highest in plots 
seeded on June 01. 
 
Tillage regimes did not influence the number of days to plant maturity; however, maturity accelerated 
with each delay in seeding (data not shown). Pod clearance varied over the project years, with more 
pods positioned lower on plants in 2022 than in 2021 and 2023, potentially leading to direct combined 
losses and contributing to the lower yields observed in 2022. Like plant maturity, pod clearance was not 
influenced by tillage operations but changed with the seeding date. Delayed seeding resulted in higher 
pod placement on the plant. 
 
Similarly, plant height in 2022 was shorter, potentially contributing to lower pod sets and yields. While 
tillage treatment did not affect plant height, an increase in height was observed with each delay in the 
seeding date. This intricate relationship among tillage, seeding date, and plant characteristics 
underscores the complexity of factors influencing dry bean cultivation outcomes. 
Sclerotinia disease pressure was absent in all the three years of the study.
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Table 4. Influence of treatments on dry bean yield, seed, and plant characteristics.  Different 
letters indicated significant differences between treatments (ANOVA, P ≤ 0.05). 

 
Treatment 

Yield 
(kg/ha) 

Test 
weight 
(kg/hl) 

Seed 
weight 
(g/1000) 

Days to 
Emergence 

Pod 
Clearance 
(number 
of pods) 

Height 
(cm) 

Plant 
Population 

Year         

2021 
3640 
a 77.3 b 175. 0 a 8.7 c 1.6 a 41.2 b 

33.3 a 

2022 
2715 
b 

78.4 a 153.4 b 
16.0 a 1.8 a 36.7 c 

28.2 b 

2023 
3541 
a 

74.7 c 146.3 c 
12.3 b 

1.0 b 50.3 a 30.6 b 

P value 
<0.0
01 

<0.001 <0.001 <0.001 0.0004 <0.001 0.001 

CV (%) 15.8 1.1 8.22 3.3 41.4 16.6 18.1 

Tillage   

Heavy Till 
3478 
a 

76.9 a 158.4 ab 12.4 a 1.6 a 41.6 a 30.7 a 

Mid-Till 
3245 
ab 

76.7 a 154.8 b 12.3 a 1.5 a 42.6 a 30.9 a 

No-Till 
3172 
b 

76.7 a 161.5 a 12.2 a 1.4 a 43.8 a 30.5 a 

P value 0.05 NS 0.09 NS NS NS ns 

Seeding Date         

10-May 
3052 
b 

76.9 a 163.3 a 13.8 a 1.9 a 41.0 b 29.8 b 

21-May 
3272 
ab 

76.8 a 156.2 b 13.8 a 1.5 a 
42.5 
ab 

29.1 b 

01-Jun 
3572 
a 

76.7 a 155.2 b 9.3 b 1.0 b 44.7 a 33.2 a 

P value 
<0.0
05 

NS 0.02 <0.01 0.0002 0.03 0.004 

Year x Tillage Interaction   

  NS NS NS NS NS NS NS 

Year x Seeding Date Interaction 

 NS NS NS NS NS NS NS 

Tillage x Seeding Date Interaction 

 NS NS NS NS NS NS NS 

Year x Tillage x Seeding Date Interaction 

 NS NS NS NS NS NS NS 
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Conclusion 

This project provided valuable insights into the interplay of tillage management and seeding date on dry 
bean establishment and yield. Heavy tillage demonstrated a positive influence on seed yield, likely 
attributed to enhanced soil conditions and root development. Seeding date emerged as a critical factor, 
with delayed seeding positively impacting yields and influencing plant characteristics. Soil temperature 
variations were observed across seeding dates, highlighting the dynamic nature of environmental 
factors. The study's findings contribute to understanding the complexities involved in dry bean 
cultivation, emphasizing the need for a nuanced approach to tillage and seeding practices. Despite 
observed variations in plant population and other characteristics, the project did not identify significant 
interactions between year, tillage, and seeding date, emphasizing the need for continued research and a 
tailored approach to dry bean production under varying environmental conditions. The results serve as a 
foundation for optimizing tillage and seeding practices, ultimately enhancing dry bean cultivation 
efficiency in Saskatchewan.


