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Project Identification 

1. Project Title: Oat Response to Phosphorus and Potassium Fertilization at Varying Nitrogen Levels 

2. Project Number: 20130394 

3. Producer Group Sponsoring the Project: Indian Head Agricultural Research Foundation 

4. Project Location(s): Indian Head, Saskatchewan, R.M. #156  

5. Project start and end dates (month & year): April 2014 to February 2015 

6. Project contact person & contact details: 

Chris Holzapfel, Research Manager 

Indian Head Agricultural Research Foundation 

P.O. Box 156, Indian Head, SK, S0G 2K0 

Phone: 306-695-4200 

Email:  

Objectives and Rationale 

7. Project objectives:  

The objective was to generate information on oat response to various fertilizer applications and 

provide a forum for discussion of fertility considerations when targeting high oat yields. Specifically, 

the field trial evaluated the effects of phosphorus (P) and potassium (K) fertilizer applications on the 

yield and quality of white milling oat under both high and low nitrogen (N) levels.  

8. Project Rationale:  

While oats are frequently considered relatively unresponsive to fertilizer applications and excellent 

scavengers of residual soil nutrients, producers seek innovative ways to enhance grain yield and 

quality with this crop. Many see full and balanced fertility as one step towards achieving this goal, 

particularly over the long-term. A 3584 kg ha
-1

 (100 bus ac
-1

) oat crop takes up 108-131 kg N ha
-1

, 

40-50 kg P2O5 ha
-1

, 147-179 kg K2O ha
-1

 and 13-16 kg S ha
-1

 (Canadian Fertilizer Institute 1998) 

therefore, when yields are high, oats do require abundant nutrients, regardless of how they respond to 

fertilizer applications. In 2013 near Indian Head, oat yields exceeding 7500 kg ha
-1

 (~200 bu ac
-1

) 

were achieved and the crops responded to much higher N rates than usual. Under these high yielding 

conditions, there is increased potential for other important nutrients to become limiting. 

While research has shown that oat response to phosphorus fertilizer application can be inconsistent, 

maintaining P levels is important from a long-term soil quality perspective and therefore fertilization 

and a sound nutrient management plan is important, regardless of the response in the year of 

application. Yield responses to P fertilizer application are most likely under cool, dry conditions in 

the spring or when soil residual P levels are low. Potassium is rarely considered limiting in 

Saskatchewan soils and documented oat responses to this nutrient are rare; however, research in 

Manitoba has shown small but significant improvements in yield and quality with K fertilization in 

high K soils. Potassium may also improve drought stress tolerance and reduce lodging under certain 

conditions. This demonstration will benefit producers by providing an opportunity to reinforce the 

importance of balanced and adequate fertility for maintaining long-term soil productivity while 

generating valuable response data for P and K fertilizer under contrasting N fertility levels. 

____________________________________________________________________________________ 
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Methodology and Results 

9. Methodology:  

A field trial was established on a heavy clay soil (Indian Head heavy clay) near Indian Head 

in the thin Black Soil Zone of southeast Saskatchewan (50°32'40" N 103°36'00" W). Twelve 

fertilizer treatments were arranged in a split-plot design with four replicates. The treatments 

were a factorial combination of 2 N levels (50 and 115 kg N ha
-1

), 3 P2O5 levels (0, 20 and 

40 kg P2O5 ha
-1

) and 2 K2O levels (0 and 30 kg K2O ha
-1

). Nitrogen levels comprised the 

main plots and the rationale for a split-plot design was to make it easier to visually 

demonstrate treatment effects while improving our ability to detect potentially subtle 

responses to P and K treatments. Additional plots were established where no fertilizer was 

applied; however, this treatment was not randomized within the study area and, due the 

factorial design, was excluded from the statistical analyses. However, all data were collected 

from these unfertilized plots and are provided for interest sake. All N was supplied as side-

banded urea (46-0-0), the P source was side-banded monoammonium phosphate (11-52-0) 

and potash (0-0-60) was seed-placed as the K source. For all treatments, the fertilizer rates 

and placements used were within the current recommendations for maximum safe rates of 

seed-placed fertilizer in the province of Saskatchewan. A complete list of the fertilizer 

treatments are provided in tabular form in Table 1. 

 

Table 1. Fertilizer treatments evaluated in ADOPT Oat Fertility Demonstration at 

Indian Head, Saskatchewan in 2014. 

Trt # N P2O5 K2O 

 -------------------------------------- kg/ha -------------------------------------- 

1 50 0 0 

2 50 20 0 

3 50 40 0 

4 50 0 30 

5 50 20 30 

6 50 40 30 

7 115 0 0 

8 115 20 0 

9 115 40 0 

10 115 0 30 

11 115 20 30 

12 115 40 30 
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Immediately prior to seeding, a two depth (0-15 cm and 15-60 cm) composite soil sample 

was collected from the site and submitted to ALS Laboratories (Saskatoon, SK) for residual 

nutrient analyse and fertilizer recommendations. Triactor, a white milling oat variety with 

excellent lodging resistance, was seeded on May 9, 2014 into canola stubble using a 

SeedMaster plot drill with 8 openers spaced 30 cm apart. The seed bed utilization on this 

drill is 6.3% and the fertilizer band is located 3.8 cm (1.5”) beside and 1.9 cm (3/4”) below 

the seed-row.  Weeds were controlled with a fall application of PrePass (glyphosate plus 

florasulam) and an in-crop application of Buctril M (MCPA plus bromoxynil) on June 17, 

2014. The site was relatively free of wild oats and early seeding at high rates is an effective 

way to manage this weed in oats. The foliar fungicide Twinline (pyraclostrobin plus 

metconazole) was applied on July 8 (late flag-leaf stage) to ensure that disease was not a 

yield limiting factor. Pre-harvest glyphosate was applied on August 28, 2014 to assist with 

crop dry down and the centre five rows of each plot were straight-combined with a 

Wintersteiger plot combine on September 6, 2014. 

Various data were collected during the growing season and post-harvest. On August 22, 

lodging was rated on each plot using the Belgium lodging scale which is the product of the 

plot area (A) affected (0-9) and the intensity (I) of observed lodging (1-5) multiplied by a 

factor of 0.2. The possible final values using this rating system range from 0.2-9.0. Seed 

moisture content and dockage were determined to correct seed yields which are expressed as 

kg ha
-1

 clean seed, corrected to 13.5% seed moisture content. Test weights were determined 

using standard Canadian Grain Commission methodology and are expressed as g 0.5 L
-1

 

while thousand kernel weights (TKW) were determined by mechanically counting and 

weighing 1200-1600 seeds per plot. Percent plump kernels were determined from 100 g sub-

samples and were defined as the proportion of cleaned seed from a 100 g sample that stayed 

on top of a 2.18 x 19.05 mm (5.5/64 x ¾”) slotted hand sieve. Percent thin seeds were also 

determined and were the proportion of the sample that passed through a 1.98 x19.05 mm 

(5/64 x ¾”) slotted hand sieve. 

Response data were analyzed with the Mixed procedure of SAS 9.3 with the effects of N 

level, P level, K level and all possible interactions considered fixed. Fisher’s protected LSD 

test was used to separate treatment means for both the main effects and their interactions. All 

treatment effects and differences between means are considered significant at P ≤ 0.05. 
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10. Results:  

Results from the spring soil test analyses for the site are provided in Table 2. The site was low in 

both residual N and P but not in K or S, which is fairly typical for these soils. For a user specified 

target yield of 6100 kg ha
-1

 (160 bu ac
-1

), the fertilizer recommendation was 202-213 kg N ha
-1

 plus 

45-50 kg ha
-1

 P2O5 with 15 kg K2O ha
-1

 considered optional. No S fertilizer was recommended for 

oats on this site due to the relatively high residual levels and low requirements for this crop. 

Table 2. Residual soil nutrient and recommended fertilizer rates for oat 

fertility trial at Indian Head, Saskatchewan (2014). The previous crop 

was canola and the soil at this site is an Indian Head Heavy Clay. 

Soil Property / 

Recommendation 
Residual Recommended 

Z
 

 ------------------------- kg/ha ------------------------- 

N (60 cm) 29 202-213 

P (15 cm) 7 45-50 

K (15 cm) >605 0-17 

S (60 cm) 66 0 

pH (15 cm) 8.0 — 
Z
 Recommendation from ALS Laboratories (Saskatoon, SK) for target oat yield of 6100 kg ha

-1 
(160 bu ac

-1
) 

Mean monthly temperatures and precipitation amounts for the 2014 growing season at Indian Head 

are presented relative to the long-term averages in Table 3. While it was a late spring with respect to 

snow melt and accessing the fields, May was drier than normal but with slightly below average 

temperatures. In contrast, June was extremely wet with more than 2.5 times the long-term normal 

precipitation but, again, slightly cooler than average temperatures. Following heavy rains at the start 

of the month, the weather in July turned dry but August was also very wet with close to normal 

temperatures. Overall, the oats remained in excellent condition all season long and, despite the heavy 

rains causing problems for some crops in the region, this site was well-drained and standing water 

did not accumulate for any significant lengths of time. 

Table 3. Mean monthly temperatures and precipitation amounts along with long-term (1981-2010) 

averages for the 2013 and 2014 growing seasons at Indian Head, SK. 

Year May June July August Avg. / Total 

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

2014 10.2 14.4 17.3 17.4 14.8 

Long-term 10.8 15.8 18.2 17.4 15.6 

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

2014 36.0 199.2 7.8 142.2 385 

Long-term 51.8 77.4 63.8 51.2 244 
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Results from the overall tests of fixed effects for each of the three nutrients tested (N, P and K) and 

all possible interactions for the response variables lodging, yield, test weight, TKW and percent 

plump and thin kernels are presented in Table 4. 

Table 4. Tests of fixed effects for nitrogen (N), phosphorus (P) and potassium (K) fertilizer main 

effects along with their interactions on various response data for oats at Indian Head (2014). Data 

were analyzed with the Mixed procedure of SAS 9.3 and treatment effects are considered significant 

at P ≤ 0.05. 

Source Lodging 

Ratings 

Grain 

Yield 

Test 

Weight 
1000 Kernel 

Weight 
Plump 

Seeds 

Thin    

Seeds 

 ------------------------------------------- Pr > F ------------------------------------------  

Nitrogen (N) 0.091 0.002 0.002 <0.001 0.844 0.645 

Phosphorus (P) <0.001 <0.001 <0.001 0.003 0.313 0.321 

Potassium (K) 0.661 0.088 0.222 0.260 0.119 0.061 

N × P <0.001 0.027 0.347 0.020 0.690 0.714 

N × K 0.661 0.694 0.770 0.641 0.196 0.464 

P × K 0.548 0.311 0.221 0.234 0.055 0.211 

N × P × K 0.548 0.070 0.836 0.204 0.763 0.382 

AICC 33.0 516.6 176.2 146.8 -63.6 -219.5 

All of the plots in this demonstration stood well and any lodging that did occur was minor and did 

not affect harvestability. Lodging was affected by P rate (P < 0.001) with a significant N x P 

interaction (P < 0.001). The effect of N on its own was not significant under these conditions but 

lodging did tend to be higher at the higher N rate (P = 0.091; Tables 4 and 5). Due to a visibly 

heavier crop, P fertilization increased lodging slightly; however, the interaction was such that this 

effect was only observed at the higher N rate with no lodging at the lower N rate regardless of P or K 

rate (Table 6). Again, despite the significant treatment effects, lodging was minor in all cases. The 

highest rating of any individual treatment was 1.18 (out of 9) with 115-40-30 kg N-P2O5-K2O ha
-1

 

(Table 7; Appendices). 

With no fertilizer at all, the mean oat yield on this site was 3732 kg ha
-1.

 Grain yields were affected 

by N rate (P = 0.002), P rate (P < 0.001), marginally affected by K rate (P = 0.088) and a significant 

interaction between N and P was detected (P = 0.027). The average yield at the 55 kg N ha
-1

 was 

quite high at 6021 kg ha
-1

; however, this was increased by over 20% to 7329 kg ha
-1

 at the higher N 

rate. Considering the large spread between the two rates evaluated, the optimum N rate was likely 

somewhere between the two rates evaluated in this demonstration. The addition of 20 kg P2O5 ha
-1

 

resulted in a 4% yield increase compared to no P fertilizer when averaged across N and K levels. 

Increasing the P rate did not result in further significant yield increases although the 40 kg P2O5 ha
-1

 

rate would have come closer to replacing the P removed by the crop at the observed yields. The N × 

P interaction was such that yields were actually slightly lower at the 40 kg P2O5 ha
-1

 rate than at the 
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20 kg ha
-1

 rate when only 55 kg N ha
-1

 was applied; however, this was not observed at the higher N 

rate where mean yields were similar for the 20 and 40 kg P2O5 ha
-1

 rates and both were higher than 

when no P was applied (Table 6). While not significant at the desired probability level, the yield 

response to K was noteworthy (P = 0.088); however, with only a 1.5% increase (98 kg ha
-1

 or 2.7 bu 

ac
-1

), the economic returns on this application are questionable at best. While the N × P × K 

interaction was not significant at the desired probability level (P = 0.070), the highest observed 

yields were with the full fertilizer package (115-40-30) but this was not consistently higher than 

when just 115 kg N ha
-1

 and P fertilizer were applied (Table 7). 

Table 5. Least squares means for nitrogen (N), phosphorus (P) and potassium (K) fertilizer main 

effects on oat lodging, grain yield and quality at Indian Head (2014). Main effect means followed by 

the same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

Main Effect 

(N/P/K) 

Lodging 

Ratings 

Grain 

Yield 

Test 

Weight 
1000 Kernel 

Weight 

Plump 

Seeds 

Thin   

Seeds 

 (1-9) (kg/ha) (g/0.5 L) (g/1000 seeds) (%) (%) 

No Fertilizer 
Z
 — 3732 238.5 36.5 62.4 1.5 

55 kg N ha
-1 Y

 0.2 a 6021 b 238.9 a 39.8 a 51.0 a 2.5 a 

115 kg N ha
-1

 0.82 a 7329 a 232.5 b 31.8 b 50.4 a 2.7 a 

S.E.M. 0.18 112.4 0.43 0.52 2.6 0.24 

0 kg P2O5 ha
-1 Y

 0.31 b 6450 b 231.9 b 36.4 a 52.3 a 2.6 a 

20 kg P2O5 ha
-1

 0.59 a 6719 a 237.0 a 34.9 b 51.0 a 2.8 a 

40 kg P2O5 ha
-1

 0.63 a 6856 a 238.2 a 36.0 a 48.8 a 2.4 a 

S.E.M. 0.13 98.9 0.42 0.50 2.4 0.24 

0 kg K2O ha
-1 Y

 0.50 a 6626 a 235.3 a 36.0 a 51.9 a 2.4 a 

30 kg K2O ha
-1

 0.53 a 6724 a 236.0 a 35.6 a 49.5 a 2.8 a 

S.E.M. 0.13 94.9 0.42 0.47 2.2 0.2 
Z 

The unfertilized check was not included in the statistical analyses 
Y 

N and P side-banded, K seed-placed 

Oat test weights were only affected by N rate (P = 0.002) and P rate (P < 0.001) with no significant 

interactions detected between nutrients (P = 0.221-0.770). Thousand kernel weights (TKW) were 

also affected by N (P < 0.001) and P (P = 0.003) but no other nutrients; however in this case the N × 

P interaction was significant (P = 0.020). With respect to both test weight and TKW, oat quality was 

lower overall at the higher N level (Table 5). Declining test weights and seed size with increasing N 

has been well documented with oat and is an important factor to consider when choosing an N rate; 

however, it is a delicate balance to optimize both quality and yield with this crop. Despite the 

negative impacts of excess N, test weight was increased by 2.5% with P fertilizer which suggests 

that, in low P soils, P fertilization can help alleviate these negative to a certain extent. The effects of 

P fertilization on TKW were somewhat inconsistent with an N × P interaction which was due to a 

slight reduction at the 20 kg P2O5 ha
-1

 with 55 kg N ha
-1

 but no effect at 115 kg N ha
-1

 rate (Table 6). 
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The treatment effects on percent plump or thin kernels were not significant in any cases; however, 

there was an overall tendency for fewer plump kernels and more thin kernels with higher fertility 

(Table 5). Despite the observed reductions at the higher N rate, overall oat quality was improved 

with P fertilization and the 115 kg N ha
-1

 was chosen to be non-limiting; therefore, it is probable that 

an N rate below 115 kg N ha
-1

 may have produced similar yields, but with slightly higher quality.     

Extension and Acknowledgement 

This field trial was highlighted at the Indian Head Crop Management Field Day on July 22 which 

was attended by over 200 producers and industry representatives. The discussion at the site revolved 

around some the opportunities and challenges of nutrient management for high yielding oats. Signs 

were in place to identify treatments and to acknowledge the support of the Agricultural 

Demonstrations of Technologies and Practices (ADOPT) program. The plots were also shown during 

multiple smaller tours where producers and agronomists visited the site throughout the season. 

Results from this project will be made available in the 2014 IHARF Annual Report (available online) 

and also made available through a variety of other media (i.e. oral presentations, popular agriculture 

press, fact sheets, etc.) when there is opportunity to do so.  

  

11. Conclusions and Recommendations 

This project has demonstrated that, when soil residual N and P are low and yield potential is high, 

oats are quite responsive to both N and P fertilization. In this particular case, yields were increased 

by 20% when the N rate was increased beyond 55 kg N ha
-1

 and by an additional 4% with P 

fertilization. While oats are sensitive to excess N rates in that grain quality can be negatively 

impacted, as shown in this demonstration, adequate P fertilization did help to bring test weights up to 

some extent. Phosphorus fertilization is also important from a long-term soil health perspective. In 

the highest yielding treatments of this demonstration, removal in the grain likely exceeded 50 kg 

P2O5 ha
-1

; thus, even at the higher P fertilizer rate, there was an overall deficit. That being said, the 

agronomic benefit realized going from 20 to 40 kg P2O5 ha
-1

 in the year of application was 

negligible, even at the higher N rate. There were no statistically significant benefits to K fertilization 

observed for oats in these high K soils and, while there was a small increase in yield when averaged 

across N and P rates, the economic returns associated with a 1.5% yield increase would be 

negligible, even at these high yields. All things considered, a sound nutrient management plan should 

take into consideration that the optimal N rate is likely to be higher than 55 kg N ha
-1

 under high 

yielding conditions and that high yielding oats remove large quantities of P. While oats are not the 

most responsive crop to fertilizer applications, yield increases with P fertilization are likely when 

residual levels are low. Soil testing is a useful tool to predict whether higher than usual N rates are 

required and whether P fertilization is likely to increase yield; however, in this case the tests may 

have overestimated N requirements and growers do need to exercise caution when choosing N rates 

to minimize the potential impact on grain quality.     

____________________________________________________________________________________ 

Supporting Information 
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13.  Appendices 

Table 6. Least squares means for nitrogen (N) and phosphorus (P) fertilizer effects on oat lodging, 

grain yield and quality at Indian Head (2014). Main effect means followed by the same letter do not 

significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

Interaction 

(N rate X P rate) 

Lodging             

Ratings 

Grain 

Yield 

1000 Kernel       

Weight (TKW) 

kg N-P2O5 ha
-1

 (1-9) (kg/ha) (g/1000 seeds) 

55-0 0.2 b 5810 d 40.4 a 

55-20 0.2 b 6292 c 38.2 b 

55-40 0.2 b 5962 d 40.6 a 

115-0 0.4 b 7091 b 32.4 c 

115-20 1.0 a 7420 a 31.6 c 

115-40 1.1 a 7477 a 31.4 c 

S.E.M. 0.19 125.4 0.62 

 

Table 7. Least squares means for individual nitrogen (N), phosphorus (P) and potassium (K) fertilizer 

treatment effects on oat lodging, grain yield and quality at Indian Head (2014). Main effect means 

followed by the same letter do not significantly differ (Fisher’s protected LSD test, P ≤ 0.05). 

N × P × K 

(kg N-P2O5-K2O ha-1) 
Lodging 

Ratings 

Grain 

Yield 

Test 

Weight 

Kernel 

Weight 

Plump 

Seeds 

Thin   

Seeds 

 (1-9) (kg/ha) (g/0.5 L) 
(g/1000 

seeds) 
(%) (%) 

No Fertilizer 
Z
 — 3732 238.5 36.5 62.4 1.5 

55-0-0 0.20 b 5822 f 233.6 c 40.2 ab 60.7 a 1.9 a 

55-20-0 0.20 b 6122 e 239.3 b 39.1 b 54.2 a 2.7 a 

55-40-0 0.20 b 5938 ef 242.4 a 40.9 a 55.0 a 2.0 a 

55-0-30 0.20 b 5797 f 235.7 c 40.7 ab 50.4 a 3.1 a 

55-20-30 0.20 b 6461 d 240.8 ab 37.3 c 46.7 a 3.0 a 

55-40-30 0.20 b 5986 ef 241.4 ab 40.4 ab 55.6 a 2.3 a 

115-0-0 0.49 b 7101 c 228.4 d 32.2  de 56.6 a 2.4 a 

115-20-0 0.93 a 7448 ab 233.7 c 31.4 de 54.8 a 2.3 a 

115-40-0 0.96 a 7324 bc 234.6 c 32.1 de 47.5 a 2.9 a 

115-0-30 0.35 b 7081 c 230.0 d 32.5 d 53.4 a 2.9 a 

115-20-30 1.03 a 7391 ab 234.2 c 31.7 de 48.7 a 3.3 a 

115-40-30 1.18 a 7629 a 234.2 c 30.8 e 57.3 a 2.3 a 

S.E.M. 0.207 142.6 1.01 0.75 4.6 0.4 
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Abstract  

14. Abstract/Summary: 

A field trial was established near Indian Head in 2014 to demonstrate oat response to N, P and K 

fertilization under high yielding conditions. The soil at this location is an Indian Head heavy clay 

(Rego Black Chernozem) and the specific site was considered low in both residual N and P but high 

in K and S according to spring soil test results. The fertilizer treatments evaluated were a factorial 

combination of two N rates (55 and 115 kg N ha
-1

), three P rates (0, 20 and 40 kg P2O5 ha
-1

) and two 

K rates (0 and 30 kg K2O ha
-1

). Overall, growing conditions were considered excellent at this site and 

the oats stood well with yields exceeding 7000 kg ha
-1

 for many of the treatments. Increasing N rates 

from 55 to 115 kg N ha
-1

 resulted in a 20% yield increase but significant reductions in both test 

weight and thousand kernel weights. Phosphorus fertilization reduced the impact on quality to a 

certain extent and resulted in an average overall yield increase of 4%, but no short-term agronomic 

benefits were detected when rates were increased from 20 to 40 kg P2O5 ha
-1

. However, since the 

crop in this demonstration presumably removed over 50 kg P2O5 ha
-1

 in the highest yielding 

treatments, the higher rate is recommended for maintaining soil fertility over the long-term. There 

were no statistically or agronomically significant benefits to K fertilization detected with respect to 

either lodging, yield or grain quality under these specific field conditions. This trial was shown as 

part of IHARF Crop Management field days and results will be made available through a variety of 

media including annual reports, popular agricultural press and oral presentations where there is 

opportunity to do so. 

 


