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Funding 

This study is funded through the Strategic Field Program (SFP).  

Organizations 

• Irrigation Crop Diversification Corporation, (ICDC) 

• Saskatchewan Ministry of Agriculture, (MoA) 

Principle Investigators 

• Gursahib Singh, ICDC 

• Morgan Cote, MoA 

Objectives 

Phosphorus (P) fertilizer management is critical for optimizing dry bean crop production, especially in 
regions like Saskatchewan with prevalent soil P deficiencies. This study investigates the response of 
irrigated wide-row dry bean crops to varying phosphorus fertilizer rates and positional placement in 
small plot trials established on cereal stubble by identifying appropriate phosphorus (P) fertilization 
rates for two different market classes of dry beans under wide row production system and studying the 
effects of P placement (seed placed vs side band) on dry bean seed safety and yield. 
 

Research Plan 

Small plots trials were established under irrigation on cereal stubble. This project treatment included 
two-sized market-class dry bean varieties. 
 
Pinto beans (large seed: WM-3), (ii) Black beans (small seed: Blackstrap) and P2O5 rates and positional 
placement were: 

1. 0 kg P2O5/ha  
2. 15 kg P2O5/ha - seed placed 
3. 30 kg P2O5/ha - seed placed 
4. 45 kg P2O5/ha - seed placed 
5. 15 kg P2O5/ha - side banded 
6. 30 kg P2O5/ha - side banded 
7. 45 kg P2O5/ha - side banded 
8. 60 kg P2O5/ha - side banded 

 
Sixteen treatments were replicated four times in a randomized complete block design (RCBD). Dry beans 
were sown in a wide-row planting system with a 50 cm row spacing after the May long weekend when 
the soil temperature reached 16.5°C. Soil test results can be found in Table 1. Applied nitrogen (N) 
fertilizer rates were determined based on the N rate recommendation for Saskatchewan irrigated dry 
bean production (ADF# 20180081). A total of 100 kg N/ha was applied, consisting of 80 kg N/ha from 
fertilizer and 24 kg soil-available N/ha. Plots were cultivated twice during the growing season within the 
inter-row spacing. A small plot bean undercutter was employed, and the plots were windrowed. Swaths 
were then combined using a Wintersteiger small plot combine. Dates of various operations are listed in 
Table 2. 
 
 

Table 1. Soil Test Available Nutrients 
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Depth 
(cm) pH O.M. (%) C.E.C. NO3-N (lb N/ha) P (ppm) K (ppm) 

SO3-N (kg S/ha) 

0 – 15 7.8 2.9 19.6 7 7 307 42 

15 – 30    4   120+ 

30 - 60    10    

 
 

Table 2. Dates of operations in 2023. 

Operation Dates 

Pre-seed herbicide (if needed) EDGE MICROACTIV (8.5 kg/ha) on May 1 

Seed trial May 23 

Plot size 1.5 m X 8 m 

Emergence counts June 14 

Inter-row cultivation June 20 and July 6 

In-crop Herbicide None (hand weeding as necessary) 

In-crop Fungicide none 

In-crop Insecticide none 

Undercut August 29 

Seed Yield: corrected to 13.5% moisture Sept 11 

 
 

Results 

Mean temperatures and total precipitation amount for May through August are provided in Table 3, 
along with corresponding long-term averages for Outlook, SK. Notably, growing season temperatures 
exceeded historical expectations in May, June, and August, while July's average temperature was 0.8 °C 
lower than the historical average. On average, the mean growing season temperature in 2023 was 2.0 
°C, or 12% higher than the 30-year average. However, natural precipitation fell significantly below 
historical averages for all months of the growing season. The cumulative precipitation for the growing 
season was only 64.9 mm (2.55”), contrasting sharply with the 30-year expectation of 206.5 mm (8.13”). 
The total rainfall in 2023 was a mere 31% of the long-term historical expectancy. 
 
Despite implementing in-season irrigation of 250 mm to compensate for the limitations in natural 
precipitation, the prevailing hot and dry conditions in 2023 are believed to have adversely affected the 
potential grain yield response to phosphorus (P) fertilizer treatments. 
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Table 3. Mean monthly temperatures, precipitation amounts, and long-term (1992-2023) normal for 
the 2023 growing season 

Year  May  June  July  August  September  Average  

   ------------------------------Mean Temperature (°C) ----------------     

2023  15.2  19.45  18.6  18.7  15.4  17.5   

Long-term  11.2 16.1  18.8  17.9  13.0 15.5 

   May  June  July  August  September  Total  

   ------------------------------Precipitation (mm) Y -------------------     

2023  17.2  15.3  15.5  46.6  16.6  111.2  

Long-term  42.6 63.9 56.1 42.8 30.5 235.9 

y Outlook also received a total of 245 mm cumulative precipitation as irrigation in 2023 

 
2023 trial results 
The response of dry bean plant densities, plant tissue P uptake, and seed yield P fertilizer treatment 
(rate and placement) are shown in Table 4. 
 
In the 2023 trial, we encountered an issue with the seed rate. The pinto bean seeds obtained from Rudy 
Agro Ltd, Outlook, SK, exhibited higher germination rates than the recommendations provided by the 
seed seller. Consequently, this resulted in a higher plant density than the intended target population of 
30 plants/m2. The plant densities of black beans were in the expected range. The placement of 
phosphorus (P) had a pronounced impact on plant densities, with higher densities observed when P 
fertilizer was side-banded compared to seed-placed P fertilizer, indicating the presence of salt toxicity 
effects. While the P rate significantly affected plant densities, there was no significant interaction 
between the P rate and the dry bean class. Due to the higher plant count in pinto beans, the average 
plant densities (combined pinto and black beans) remained close to the target plant densities. 
Consequently, it is challenging to discern precisely how the varying P rates influenced plant densities 
(Table 4). 
 
Plant tissue phosphorus (P) levels exhibited no significant differences between dry bean market classes, 
indicating similar P fertilizer demands for both classes regardless of plant and seed size. Additionally, the 
placement of fertilizer P did not influence plant tissue P levels. However, varying P rates did have a 
significant impact on plant tissue P levels. The most pronounced difference was observed between the 
control group and the P fertilizer-applied treatment, with the control group displaying lower plant tissue 
P levels compared to the P fertilizer treatment. Within the different P fertilizer rates, the variations in 
tissue P levels among treatments were marginal, differing by only 0.02% (Table 4). 
 
The average grain yields obtained for both market-class dry beans in this trial (Pinto bean - 2312 kg/ha 
and black bean – 1983 kg/ha) is below the average yield of irrigated dry beans in Saskatchewan (3026 
kg/ha: ICDC- Irrigation Economics and Agronomics 2024). Yield was adversely influenced, despite 
irrigation, by the adverse climatic conditions persisting throughout the growing season. Only 64.9 mm 
(2.55”) of natural precipitation was received, and although 250 mm (10”) was applied by irrigation, the 
crop was still stressed and yields adversely influenced. Additionally, during the second inter-row 
cultivation, some plants were lost due to root injury from the harrow (see Appendix Figure 2). The final 
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plot area was adjusted before calculating the yield for each plot.  Despite these challenges, the overall 
yield obtained for the control treatment (0 P2O5/ha) was the lowest numerically, suggesting that P 
fertilizer applications were beneficial. The highest yield was recorded in 30 kg P2O5/ha seed-placed 
applications, followed by 15 kg P2O5/ha seed-placed applications. Yield decreased as the seed placed 
P2O5/ha rate increased to 45 kg P2O5/ha. Sideband applications followed a similar trend; yield increased 
with each 15 kg P2O5/ha application to the 30 kg P2O5/ha treatment. The average yield for seed-placed 
applications was higher than the sideband application (Table 4). 
 
 

Table 4. Analysis of variance (P-values) for dry bean market class, P fertilizer rates, and placement 
effect on plants/m2 (PPMS), tissue P levels (%), and mean yield (kg/ha) at Outlook, SK 2023. Means 
within a column followed by the same letter do not significantly differ (LSD, P ≤ 0.05). 

 TRT# PPMS 
 

P uptake 
 

Yield 
 

Class <0.001 
 

NS 
 

0.0007 
 

Rate 0.001 
 

0.027 
 

<0.001 
 

Rate*Class NS 
 

NS 
 

NS 
 

Placement 0.001  NS  0.002  

Grand Mean 37.1 
 

NS 
 

1848 
 

CV 21.4 
 

16.1 
 

16.8 
 

Class       

Black bean 28.7 B 0.28 
 

1983 B 

Pinto bean 45.4 A 0.28 
 

  2312 A 

Rates 
      

15 seed 36.4 B 0.29 AB 2599 A 

15 side 44.8 A 0.3 A 1927 B 

30 seed 26.3 C 0.3 A 2904 A 

30 side 43 AB 0.27 BC 2081 B 

45 seed 28.2 C 0.28 B 1989 B 

45 side 38.5 AB 0.28 B 1981 B 

60 side 41.8 AB 0.27 BC 1931 B 

Control  37.6 AB 0.24 C 1880 B 

Placement 
      

Side band 42 A 0.287 
 

1953 B 

Seed placed 30.3 B 0.278 
 

2497 A 

 

Conclusion 

Results are preliminary; no conclusions can be made.  


