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Strategies to Build Sustainable 

Phosphorus Levels and Optimize Water 

Use Efficiencies on Low P Soil. 
 

Funding 

Funding for this project provided by SaskCanola and SaskWheat. 

Organizations 

• Irrigation Crop Diversification Center, (ICDC)  

• Agriculture and Agri-Foods Canada (AAFC) 

Principle Investigators 

• Gursahib Singh, ICDC 

Objectives 

This project will:  

1. Evaluate the benefit of annual P fertilizer versus single large P fertilizer applications over a 4-
year irrigated cropping system.  

2. Assess whether higher single P applications inhibit Zn availability to plants.  

3. Determine total water use and assess water productivity as it relates to P fertilization strategies 
for irrigated production 

 

Research Plan 

The study was established on the ICDC land base adjacent to the Canada-Saskatchewan Irrigation Crop 
Diversification Centre at Outlook, SK in the spring of 2023. The soil is classified as a Bradwell Orthic Dark 
Brown very fine sandy loam. The field had been continuously cropped under natural rainfed conditions 
until July 2021 when limited irrigation began. As such this field represents a transition to irrigation and is 
very low in plant available P.  The study was established in a complete randomized block design with 
four replications. Individual plots are 1.5 m wide and 8.0 m in length.  
The trial will remain static for four years and additional treatments, where applicable, applied to 
previous fertilizer applications. In 2023 the trial was seeded to spring wheat; in subsequent years the 
test crops will be dry bean, durum and canola.  
  

Detailed soil sampling in the initiation year was conducted by random sampling 10 random cores from 
each plot at 0-15, 15-30 and 30-90 cm depths. Cores were composited for each sample depth and 
analysed by Agvise Laboratories for plant available P and Zn, nutrients of interest, as well as N (nitrate), 
K and S (sulphate). An additional 3 large cores foreach depth were collected for gravimetric moisture 
determinations.  
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Annual rates of phosphorus fertilization compared to single applications were applied in 2023. 
Phosphorus (P) fertilizer rates will vary but other macronutrients will be applied to ensure they are not 
limiting in each of the 4 years. Detailed treatment information is shown in Table 1.  
  

Table 1. P Fertilizer Treatments  

Phosphorus Rate  Phosphorus Placement  Total Phosphorus Applied   

1. 0 kg P2O5/ha  Control  0 kg P2O5/ha  

2. 10 kg P2O5/ha  Seed-Placed Annually  40 kg P2O5/ha over 4 years  

3. 20 kg P2O5/ha  Seed-Placed Annually  80 kg P2O5/ha over 4 years  

4. 30 kg P2O5/ha  Seed-Placed Annually  120 kg P2O5/ha over 4 years  

5. 40 kg P2O5/ha  Seed-Placed Annually  160 kg P2O5/ha over 4 years  

6. 10 kg P2O5/ha  Side Band Annually  40 kg P2O5/ha over 4 years  

7. 20 kg P2O5/ha  Side Band Annually  80 kg P2O5/ha over 4 years  

8. 30 kg P2O5/ha  Side Band Annually  120 kg P2O5/ha over 4 years  

9. 40 kg P2O5/ha  Side Band Annually  160 kg P2O5/ha over 4 years  

10. 40 kg P2O5/ha  Broadcast & Incorporated  40 kg P2O5/ha applied 1st year only  

11. 80 kg P2O5/ha  Broadcast & Incorporated  80 kg P2O5/ha applied 1st year only  

12. 120 kg P2O5/ha  Broadcast & Incorporated  120 kg P2O5/ha applied 1st year only  

13. 160 kg P2O5/ha  Broadcast & Incorporated  160 kg P2O5/ha applied 1st year only  

14. 240 kg P2O5/ha  Broadcast & Incorporated  240 kg P2O5/ha applied 1st year only  

15. 480 kg P2O5/ha  Broadcast & Incorporated  480 kg P2O5/ha applied 1st year only  

  

Phosphorus fertilizer source was monoammonium phosphate (11-52-0). Nitrogen fertilizer as urea (46-
0-0) was applied at a rate of 170 kg N/ha balanced across treatments to account for the N content in 11-
52-0 rates. Broadcast P fertilizer applications were applied on May 19 and the entire trial area was 
rototilled to incorporate broadcast applications and equalize tillage effects across all treatments. 
Incorporation depth was targeted for approximately 5 cm depth and subsequently roller packed to 
minimize seedbed moisture loss. Seed-placed and side band P fertilizer applications were applied at the 
time of seeding on May 20. Soil testing indicated high levels of soil available K and S so supplemental 
fertilizer application of these nutrients was not applied.   
  

Weeds were controlled with a in-crop application of Buctril® M (bromoxynil +MCPA ester; 0.4 L/ac) and 
Simplicity™ (pyroxsulam; 28 g/ac) on June 20, 2023, followed by a second Simplicity™ application on July 
2, 2023. Wheat remained disease and pest free throughout the growing season, so no additional 
pesticides were required.   
  

Heading notes were conducted on July 8, 2023, however no treatment effects were evident on wheat 
head emergence nor plant maturity which occurred on 21 August 2023. Plant emergence counts were 
conducted at the three-leaf stage by counting the plants within a 1.0-meter length section of rows 2 and 
3 from the front of each treatment plot and within 1.0-meter length sections of rows 4 and 5 from the 
back of each plot. Plant biomass, sampled on July 17 when wheat was at BBCH 85 (soft dough stage), 
was obtained in the same manner as emergence counts.  Lodging assessment, at maturity, indicated no 
differences due to P treatments.   
  

Yields were estimated by direct cutting the entire plot with a small plot combine when the plants were 
dry enough to thresh and seed moisture content was < 16%.  All plots were harvested on August 26, 
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2023. Harvested samples were cleaned and yields were adjusted to a moisture content of 14.5%.  Total 
in season irrigation applied in June, July and August was 250.0 mm (10.0”).  
Water use efficiency (WUE) analysis was incorporated into the study to evaluate the impact of 
phosphorus management on irrigation water use.  With recent drought conditions and lower levels in 
source water reservoirs (Broderick Reservoir and Lake Diefenbaker), improved WUE is important to 
maximize existing water resources.    
WUE is determined by conducting a water balance on individual plots to determine the total water used 
and lost and combining with plot yields to determine the yield weight per unit of water.  In irrigated 
production, a water balance can be calculated (Eq 1):  

Eq 1: P + I – ET – D – R = ∆SM  

Where:  
P – precipitation (mm)  
I – irrigation (mm)  
ET – evapotranspiration (mm)  
D – drainage (mm)  
R – run-off (mm)  
∆SM – change is soil moisture (mm)  

To simplify the analysis, drainage and runoff (small in a well-managed irrigation system) can be grouped 
with evapotranspiration to determine the water required in crop production (incorporates 
inefficiencies).  Therefore equation 1 can be simplified to determine the water use (Eq 2):  

Eq 2: Water Use = P + I - ∆SM  

 
Precipitation (P) data was collected using an on-site Environment and Climate Change Canada weather 
station.  Total precipitation for the analysis was the summation of daily precipitation between seeding 
and harvest.  Irrigation (I) events were recorded and applied water depths measured using an infield 
tipping bucket rain gauge and irrigation records from the field operations manager.  
Soil moisture measurements were taken immediately prior to seeding and after harvest to limit any 
changes in soil moisture occurring outside of the crop production period.  Soil cores were taken to a 
depth of 1m from each of the research plots using a tractor mounted Giddings© soil sampler (Figure 
1).  Samples were weighed, oven dried and re-weighed to calculated the gravimetric soil moisture 
content.  These values were converted into a volumetric soil moisture content using the measured soil 
bulk density.  A positive change in soil moisture is an increase in the moisture over the season and 
accounts for moisture not used in crop production; conversely this method accounts for water reserves 
used in crop production (decrease in soil moisture over the growing season).  Soil tension was 
monitored throughout the growing season (WaterMark® probe), to guide irrigation timing.  This limited 
potential excess irrigation events which could result in increased efficiency losses due to runoff or deep 
drainage.  
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Figure 1. Giddings© hydraulic soil sampler, Outlook, Sk. 2023  

 

Results 

Growing season weather  
Mean temperatures and total precipitation for May through August are presented with the long-term 
averages for Outlook, SK in Figures 2 and 3, respectively. Growing season temperatures were higher 
than historic expectations in May, June, and August. July’s average temperature was 0.8   
 °C lower than historic. On average, the mean growing season in 2023 was 2.0 °C, or 12%, higher than 
the 30-year average. Natural precipitation was significantly below historic average for all months of the 
growing season. On average, a total of 64.9 mm (2.55”) was received through the growing season 
compared to the 30-year expectation of 206.5 mm (8.13”). Total 2023 rainfall was only 31% of long-term 
historic expectancy.  
  

Although in-season irrigation totaled250 mm to augment natural precipitation limitations, the hot, dry 
conditions experienced in 2023 are deemed to have negatively influenced potential grain yield obtained 
for all P fertilizer treatments.  
  

  

Figure 2. Growing season temperatures by month for 2023 and the 30-year average.  
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Figure 3. Growing season precipitation by month for 2023 and the 30-year average.  
  

Initial residual soil nutrient results  

The soil sampling strategy prior to fertilizer applications is described in the project methodology. The 
trial is comprised of 60 treatment plots, each with 10 random soil samples per plot, at3 depths, sampled 
for a total of 900 individual soil cores obtained. This intensive regime was undertaken to minimize soil 
nutrient variability within plots. To minimize analytical cost, each depth of the 10 cores per plot were 
bulked, thoroughly mixed, and a single representative soil sample submitted for soil analysis. 
  

Soil P levels throughout the entirety of the trial are very low. In Saskatchewan the probability of a yield 
response to P fertilization on dryland soils is > 50% for soils containing < 22 kg/ha P (SK Ministry of 
Agriculture, 2022). For soil P levels available in this study the predictability of a yield response increases 
to > 75%. Soil samples analysed for available P within the trial resulted in the following P distribution:  

    
Available Soil Test P (kg/ha)  

  4.5  6.7  9.0  

n=  133  23  4  

%  83  14  3  

     
  

As a non-mobile nutrient, Zn is typically only sampled in the surface 0-15 cm soil depth. However, it was 
desired to evaluate deeper depths for potential variability. Soil analyses revealed that Zn concentrations 
were variable with respect to soil depth and spatially between depths. The lowest Zn level of 0.05 ppm 
was obtained at the 30-60 depth, the highest value of 1.08 ppm from a 0-15 cm depth. The average Zn 
concentration from all 0-15 depths was 0.39 ppm (median value = 0.38 ppm Zn) and theaverage forthe 
15-30 cm depth was 0.22 ppm (median value = 0.21 ppm Zn).Similarly, the 30-60 cm depth was 0.22 
ppm (median value = 0.21 ppm Zn).   
  

Critical soil test levels for Zn have not been identified for Saskatchewan soils. In the 1980’s the legacy 
Saskatchewan Soil Testing Laboratory suggested that plant Zn deficiencies could develop on soils 
containing <0.5 ppm Zn (Singh et. al., 1987). Agvise Laboratories, which provides soil analysis for the 
Northern Great Plains region, uses the following Zn soil test interpretation:  
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Very Low  Low  Medium  High  Very High  

≤0.3 ppm  0.31 – 0.60 ppm  0.61 – 1.00 ppm  1.01 – 2.00 ppm  ≥2.0 ppm  

  

Prof. J. Schoenau, Dept. of Soil Science, University of Saskatchewan suggests that any soil with <0.8 ppm 
may exhibit Zn deficiency symptoms, particularly to Zn sensitive crops (personal communication).   
Therefore, soil Zn levels within the trial area are considered very low, although Zn deficiency symptoms 
were not apparent at any time throughout the growing season.   
  

On average, soil NO3-N levels in the 0-15, 15-30 and 30-60 cm depths were 10, 8 and 22 kg/ha, 
respectively. A recommendation of 170 kg N/ha was therefore applied across the trial treatments. Soil K 
averaged 825 kg K/ha for the 0-30 cm combined depth and deemed very high. Soil SO4-S levels were > 
562 kg/ha in a combined 0-60 cm depth across the trial and deemed very high. No supplemental K or S 
fertilizer was applied to the trial.  
  

2023 trial results  

Seed yield and seed quality parameters measured are shown in Table 2; agronomic and tissue sampling 
results are shown in Table 3. Yield was negatively 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 
depressed. Average grain yields obtained in the trial are lower than historic expectations would predict. 
Adverse conditions also resulted in a higher coefficient of variation (CV) than desired for some measured 
agronomics, including grain yield. However, the obtained seed yield indicated interesting observations. 
Yield obtained for the control treatment was the lowest numerically, suggesting that P fertilizer 
applications were beneficial. P fertilizer influence on grain yield is graphically illustrated in Figure 4. 
Seed-placed P applications trended higher with each 10 kg P2O5/ha application to the 30 kg P2O5/ha 
treatment. Conversely, little yield difference was found between the 10, 20 and 30 kg P2O5/ha side band 
applications but a seed yield bump was observed with an additional 10 kg P2O5/ha to 40 kg P2O5/ha. Little 
difference was observed, on average, between P seed-placed and P side band applications. On average, 
the 4 seed-placed P treatments averaged a yield of 3850 kg/ha (57.2 bu/ac) while side band applications 
averaged 3896 kg/ha (57.9 bu/ac). These intended annual applications increased yield over the 
unfertilized P control treatment by > 700 kg/ha (10.4 bu/ac) in 2023. Broadcast P fertilizer applications 
were as effective as seed-placed and side band applications with rates of 40kg P2O5/ha through to 240 kg 
P2O5/ha. This supports claims that broadcast and incorporated P may need to be 2-4 times seed-placed P 
application rates to obtain similar yields (Alberta Ministry of Agriculture and Irrigation). This year the 
yield obtained with 40 kg P2O5/ha broadcast treatment was equivalent, or higher, than the 10 and 20 kg 
P2O5/ha seed-placed or side band applications. The highest grain yield obtained occurred with the 480 kg 
P2O5/ha broadcast application which provided a numerical yield increase over the unfertilized P control 
of 4318 kg/ha (64.2 bu/ac). This may reflect the very high level of supplemental P required on this very 
low P available soil to elevate yield to irrigated expectations.  
  

P fertilizer additions had no impact on either seed protein content nor test weight (Table 2).  Seed 
weight was somewhat variable but tended to increase with higher rates of both side banded and 
broadcast and incorporated P fertilizer applications (Table 2).  
  

Table 2. Spring wheat seed yield and seed quality analysis.  Different letters indicate significant 
differences between treatments (ANOVA, P ≤ 0.05).  

P Fertilizer Rate  
P Fertilizer  
Placement  

Yield  
(kg/ha)  

Yield  
(bu/ac)  Protein (%)  

Test Weight 
(kg/hl)  

Seed Weight 
(g/1000)  



  
182 

0 kg P2O5/ha  control  3146 d  46.8 d  13.0 a  82.3 a  40.1 e  

10 kg P2O5/ha   with seed  3331 cd  49.5 cd  13.4 a  82.3 a  40.2 e  

20 kg P2O5/ha   with seed  3657 bcd  54.3 bcd  13.2 a  83.0 a  41.5 bcde  

30 kg P2O5/ha   with seed  4465 bc  66.4 bc  12.3 a  77.7 a  40.9 cde  

40 kg P2O5/ha   with seed  3947 bcd  58.7 bcd  12.2 a  82.8 a  41.0 bcde  

10 kg P2O5/ha   side band  3696 bcd  54.9 bcd  13.0 a  82.7 a  40.0 e  

20 kg P2O5/ha   side band  3623 bcd  53.8 bcd  12.4 a  82.4 a  41.5 bcde  

30 kg P2O5/ha   side band  3625 bcd  53.9 bcd  12.3 a  82.5 a  41.3 bcde  

40 kg P2O5/ha   side band  4639 bc  69.0 bc  12.2 a  83.2 a  42.0 abcd  

40 kg P2O5/ha   broadcast  3870 bcd  57.5 bcd  13.3 a  82.6 a  40.6 de  

80 kg P2O5/ha   broadcast  4314 bcd  64.2 bcd  12.3 a  82.9 a  42.2 abcd  

120 kg P2O5/ha   broadcast  4140 bcd  61.5 bcd  11.9 a  82.4 a  40.6 de  

160 kg P2O5/ha   broadcast  4730 b  70.3 b  11.5 a  82.3 a  42.5 abc  

240 kg P2O5/ha   broadcast  4489 bc  66.7 bc  11.3 a  82.3 a  43.4 a  

480 kg P2O5/ha   broadcast  7474 a  111.2 a  12.4 a  83.2 a  42.8 ab  

LSD (0.05)    652  9.9  NS  NS  1.8  

CV (%)    20.9  20.9  7.4  3.2  3.1  

NS = not significant at P ≤ 0.05  

  

  

Figure 4. Grain yield obtained by P fertilizer applications, 2023.  
  

P fertilizer additions had no influence on plant emergence, plant height or plant biomass obtained at 
BBCH 85 (soft dough stage) (Table 3).  
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Plant tissue P and total P uptake were influenced by treatment P additions (Table 3). Intended annual P 
application treatments (10-40 P2O5/ha seed-placed and side band applications) did not increase tissue P 
concentration (%) as compared to the unfertilized control. Higher rates of broadcast P did tend to 
elevate tissue P values. Critical P concentration levels in tissue can vary between crops, plant parts, and 
sample time. Agvise Laboratories provides plant tissue nutrient guidelines (Agvise 2012). Agvise 
guidelines suggest a P sufficiency nutrient range of 0.35-8.0 % P. On this basis, the tissue P content of all 
treatments included in the study is deemed very low. Low tissue P content is likely also contributing to 
low yields, in conjunction with adverse environmental conditions. Future testing years and alternative 
crops should indicate whether P tissue concentrations will increase with treatments. Similarly, total P 
uptake does increase with fertilizer P additions, but also is considered low.     
  

Table 3. Spring wheat plant agronomics, plant biomass, % tissue P and plant P uptake.  Different letters 
indicate significant differences between treatments (ANOVA, P ≤ 0.05).  

P Fertilizer Rate  
P Fertilizer  
Placement  

Plant 
Emergence  
(plants/m2)  

Plant Height  
(cm)  

Plant 
Biomass  
(kg/ha)  

Tissue P  
(%)  

P Uptake  
(kg/ha)  

0 kg P2O5/ha  control  237 a  79 a  3663 a  0.185 efg  6.7 d  

10 kg P2O5/ha   with seed  244 a  84 a  4500 a  0.185 efg  8.5 cd  

20 kg P2O5/ha   with seed  249 a  79 a  5050 a  0.185 efg  9.6 cd  

30 kg P2O5/ha   with seed  271 a  80 a  3875 a  0.170 g  6.6 d  

40 kg P2O5/ha   with seed  269 a  83 a  4263 a  0.208 cdefg  8.8 cd  

10 kg P2O5/ha   side band  249 a  83 a  4388 a  0.170 g  7.6 d  

20 kg P2O5/ha   side band  251 a  82 a  4100 a  0.180 fg  7.4 d  

30 kg P2O5/ha   side band  242 a  80 a  3788 a  0.198 defg  7.4 d  

40 kg P2O5/ha   side band  238 a  81 a  4075 a  0.220 bcde  8.9 cd  

40 kg P2O5/ha   broadcast  270 a  81 a  3963 a  0.233 bcde  9.0 cd  

80 kg P2O5/ha   broadcast  265 a  81 a  3945 a  0.217 bcdef  8.5 cd  

120 kg P2O5/ha   broadcast  269 a  81 a  3800 a  0.245 bc  9.4 cd  

160 kg P2O5/ha   broadcast  249 a  78 a  4325 a  0.250 b  10.8 bc  

240 kg P2O5/ha   broadcast  248 a  83 a  4375 a  0.298 a  12.9 ab  

480 kg P2O5/ha   broadcast  238 a  79 a  4600 a  0.328 a  15.2 a  

LSD (0.05)    NS  NS  NS  0.039  3.35  

CV (%)    16.1  6.5  20.8  12.3  24.6  

NS = not significant at P ≤ 0.05  

  

When high rates of P fertilizer are applied the concentrations of micronutrients in plants can be 
influenced, especiallyZn and copper (Cu). Plant tissue Zn and Cu and total plant uptake of both 
micronutrients is shown in Table 4. Generally, all P fertilization rates exceeding 10 kg P2O5/ha, regardless 
of fertilizer placement, reduced both Zn and Cu tissue concentrations. The lowest concentrations of 
both Zn and Cu occurred when P applications were > 40 kg P2O5/ha. Agvise Labs nutrient sufficiency 
guidelines for Zn are 20-75 ppm Zn. Tissue analysis indicates that only the unfertilized control treatment 
obtained Zn concentrations within sufficiency levels. All P fertilizer treatments are considered deficient 
in plant Zn. Agvise Labs nutrient sufficiency guidelines for Cu are 6-20 ppm Cu. Accordingly, all 
treatments within the study suggest Cu is limiting and deficiency is accentuated by P fertilizer additions. 
Unfortunately, soil test Cu levels were not evaluated (previous soil test reports for AAFC and ICDC 
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research stations have indicated adequate soil Cu levels). At no time during the growing season were 
visual Zn or Cu deficiencies exhibited by wheat on any P fertilizer treatment. It is reasonable to consider 
the relatively low seed yields obtained within the study are a combined effect of adverse environmental 
conditions, P, Zn and Cu deficiencies.  Supplemental application of Zn and Cu fertilizer will be 
considered across all treatments in 2024.  
  

Total plant uptake from harvested biomass indicated no statistical difference with respect to plant Zn 
and Cu uptake to P fertilization additions. Static Zn and Cu uptake is a function of declining plant 
concentration of each micronutrient offset by numerically higher plant biomass associated with P 
fertilization.   
  

Table 4. Spring wheat plant tissue concentrations and total biomass uptake for Zn and Cu.  Different 
letters indicate significant differences between treatments (ANOVA, P ≤ 0.05).  

P Fertilizer Rate  
P Fertilizer  
Placement  

Tissue Concentration (ppm)  
Plant Uptake  
(kg/ha)  

Zn   Cu   Zn   Cu   

0 kg P2O5/ha  control  21.0 a  4.8 a  0.08 a  0.02 a  

10 kg P2O5/ha   with seed  19.3 ab  4.3 abc  0.09 a  0.02 a  

20 kg P2O5/ha   with seed  17.8 bcd  4.3 abc  0.09 a  0.02 a  

30 kg P2O5/ha   with seed  14.8 de  4.0 bcd  0.06 a  0.02 a  

40 kg P2O5/ha   with seed  16.5 bcde  4.0 bcd  0.07 a  0.02 a  

10 kg P2O5/ha   side band  18.0 abc  4.0 bcd  0.08 a  0.02 a  

20 kg P2O5/ha   side band  16.8 bcde  4.0 bcd  0.07 a  0.02 a  

30 kg P2O5/ha   side band  16.8 bcde  4.0 bcd  0.06 a  0.02 a  

40 kg P2O5/ha   side band  18.0 abc  4.5 ab  0.07 a  0.02 a  

40 kg P2O5/ha   broadcast  17.8 bcd  4.0 bcd  0.07 a  0.02 a  

80 kg P2O5/ha   broadcast  16.3 bcde  3.8 cd  0.06 a  0.01 a  

120 kg P2O5/ha   broadcast  16.0 cde  3.8 cd  0.06 a  0.01 a  

160 kg P2O5/ha   broadcast  14.3 e  3.5 d  0.06 a  0.02 a  

240 kg P2O5/ha   broadcast  14.0 e  3.8 cd  0.06 a  0.02 a  

480 kg P2O5/ha   broadcast  14.8 de  3.8 cd  0.07 a  0.02 a  

LSD (0.05)    3.0  0.65  NS  NS  

CV (%)    12.7  11.4  25.6  23.7  

NS = not significant at P ≤ 0.05  

  

Total plant nutrient uptake for micronutrients Fe, Mn, B and Na and macronutrients Ca and Mg are 
shown in Table 5. P fertilizer additions did not influence uptake of any nutrient within the Table. Average 
Fe, Mn, B, Ca, Mg and Na tissue concentrations were 57 ppm, 47 ppm, 4 ppm, 0.12%, 0.15% and 0.01% 
respectively (data not shown). No nutrient listed is deemed deficient, however, both Mn and B are low 
and tissue levels of these micronutrients will be assessed in subsequent years.  
  

Table 5. Spring wheat plant tissue total biomass uptake for additional nutrients.  Different letters 
indicate significant differences between treatments (ANOVA, P ≤ 0.05).  

P Fertilizer Rate  
P Fertilizer  
Placement  

Fe  
(kg/ha)  

Mn  
(kg/ha)  

B  
(kg/ha)  

Ca  
(kg/ha)  

Mg  
(kg/ha)  

Na  
(kg/ha)  
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0 kg P2O5/ha  control  0.20 a  0.16 a  0.01 a  4.21 a  5.34 a  0.37 a  

10 kg P2O5/ha   with seed  0.25 a  0.19 a  0.02 a  5.33 a  6.96 a  0.45 a  

20 kg P2O5/ha   with seed  0.30 a  0.24 a  0.02 a  6.09 a  7.80 a  0.51 a  

30 kg P2O5/ha   with seed  0.21 a  0.16 a  0.02 a  4.33 a  5.54 a  0.39 a  

40 kg P2O5/ha   with seed  0.23 a  0.19 a  0.01 a  4.90 a  6.20 a  0.43 a  

10 kg P2O5/ha   side band  0.25 a  0.19 a  0.02 a  5.58 a  6.60 a  0.44 a  

20 kg P2O5/ha   side band  0.22 a  0.19 a  0.02 a  5.12 a  6.15 a  0.51 a  

30 kg P2O5/ha   side band  0.22 a  0.18 a  0.02 a  4.81 a  5.65 a  0.38 a  

40 kg P2O5/ha   side band  0.25 a  0.22 a  0.02 a  5.64 a  6.83 a  0.41 a  

40 kg P2O5/ha   broadcast  0.23 a  0.18 a  0.01 a  5.05 a  5.95 a  0.61 a  

80 kg P2O5/ha   broadcast  0.21 a  0.17 a  0.01 a  5.04 a  6.12 a  0.36 a  

120 kg P2O5/ha   broadcast  0.24 a  0.18 a  0.01 a  5.02 a  6.14 a  0.38 a  

160 kg P2O5/ha   broadcast  0.25 a  0.21 a  0.02 a  5.27 a  6.73 a  0.43 a  

240 kg P2O5/ha   broadcast  0.26 a  0.24 a  0.02 a  5.04 a  7.37 a  0.44 a  

480 kg P2O5/ha   broadcast  0.27 a  0.25 a  0.02 a  6.27 a  7.76 a  0.46 a  

LSD (0.05)    NS  NS  NS  NS  NS  NS  

CV (%)    23.2  26.5  30.0  28.4  27.0  34.7  
  

Water Productivity and Water Use Efficiency  

  

Precipitation was well below seasonal, with a measured depth of 64.9 mm occurring between seeding 
and harvest.  This is in addition to the measured irrigation depth of 279 mm, measured utilizing tipping 
bucket rain gauges during irrigation events.  This resulted in a total season water applied to the research 
site of 343.9 mm.  Each plots soil moisture was depleted over the depth of the root zone, indicating that 
there was insufficient water applied through irrigation and rainfall.  Taking into account changes in soil 
moisture, seasonal water use ranged between 428 and 536mm, which aligns with published seasonal 
water requirement data.  
  

Incorporating yield with water use data, WUE values varied significantly between treatments, 6 and 15 
kg/ha-mm (Figure 5).  This variation is largely a result of differences in yield, although changes in soil 
moisture and resulting water use also impacted efficiency results.  Alberta Agriculture currently reports 
that the average water use efficiency for wheat is approximately 13.2 to 18.5 kg/ha-mm (5 to 7 bu/ac-
in);  this studies results were on average below these published values, likely a result of fertility or 
insufficient moisture during the peak water use period.  It should be noted that there is a positive 
relationship between improved fertility and water use efficiency, this highlights the impact agronomic 
practices has on water utilization in irrigated agriculture. 
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Figure 5.  Water use efficiency for phosphorus management method, Wheat, Outlook. Sk. 2023  

 

Conclusion 

Results are preliminary and no conclusions can be made.    

 

 

 

 

 

 


