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Objectives:

A series of field experiments were conducted in Manitoba over a three-year period:

1)  to determine the effect of nitrogen (N), phosphorus (P) and potash (KCl) fertilizer on the growth, yield and quality of oats

2)  to identify the impact of varying combinations of N, P, and KCl fertilizer on the growth, yield and quality of oats

Procedure:

In each of 2000, 2001 and 2002, field experiments were established at two sites in southwestern Manitoba.  The field sites selected typically contained low to moderate soil test N and P levels, and adequate soil test K levels (Table 1).

Soil samples were collected in the spring of each year.  At each site, two cores per replicate to a depth of 120 cm (in increments of 0-15, 15-30, 30-60, 60-90, 90-120 cm) were collected then composited within replicates.  Soil samples were air-dried at room temperature immediately after collection then ground (<2mm) and submitted to a commercial laboratory for analysis.  Soil NO3-N, P and K were extracted with NaHCO3, and the concentration of the nutrients determined by hydrazine reduction, molybdate/ascorbic acid and atomic absorption procedures, respectively.  Soil SO4-S was extracted with CaCl2 and determined by a methylthymol blue procedure.  Subsamples were also submitted to a second lab where soil P was extracted using a modified Kelowna method and P concentration was determined by automated molybdate colorimetry.
Fertilizer treatments were arranged in a randomized complete block design with five replicates, except at Brandon-2000 where four replicates were established.  (In 2001 at Brookdale, data from only four replicates were analyzed due to poor growth in one replicate.)  At all sites, treatments consisted of a factorial combination of four N rates (0, 40, 80, 120 kg N ha-1 as side-banded urea), three P rates (0, 30, 60 kg P2O5 ha-1 as seed-placed monoammonium phosphate) and two KCl rates (0, 40 kg K2O ha-1 as side-banded KCl).  For each treatment, N rates were adjusted such that each treatment received a rate of N equivalent to the rate indicated by treatment plus the amount of N supplied by the highest rate of monoammonium phosphate (13 kg N ha-1 in the form of monoammonium phosphate and/or urea, depending on the treatment).  A control treatment containing no fertilizer was also included in the study.  Plot dimensions were 3.6 m x 14 m.

Oats were direct-seeded in early- to mid-May, either into stubble or into soil that had been tilled the previous fall, using a 12' ConservaPak seeder equipped with hoe openers set on a 9” row spacing. The cultivar AC Assiniboia was grown at all sites, and is a standard-height oat widely-grown in Manitoba.  Weeds were controlled using recommended herbicides and rates.

A series of plant parameters were measured during the growing season.  Plant density (3-4 leaf stage) and panicle density (after heading) were determined by counting the number of plants and panicles, respectively, per 1 m length of row at two locations within each plot.  Crop lodging on a scale of 0-9 was determined at harvest at all sites.  Plant height was determined at two locations within each plot after the crop was completely headed.

Crop biomass yield was determined at the tillering stage (approximately 4 wk after crop emergence) and at the late boot to early heading stage by harvesting aboveground oat growth from a 1 m length of row at two locations within each plot.  During the later biomass sampling, 50 flag leaves were collected from random locations within each plot.  Plant tissue samples were oven-dried (60C), and the oven-dry weight of the biomass samples was determined.  Plant tissue samples were then ground to pass a 2 mm sieve and submitted to a commercial laboratory for nutrient analysis.  Total Kjeldhal N concentration was determined following a sulphuric acid digest.  Total P and K content of the digest were determined by a molybdate/ANSA method and atomic absorption, respectively.  Plant N status was also assessed in-season at or near the late boot to early heading stage using a SPAD™ chlorophyll meter.

Grain yield was determined by straight-combining the entire plot with a small-scale commercial combine.  Grain samples were cleaned using a Carter-Day dockage tester.  Cleaned grain samples were then assessed for grain quality parameters including test weight, thousand kernel weight, percentage of plump kernels and percentage of thin kernels.  Grain samples were ground and the total N, P and K concentration was determined by a commercial lab using the above-noted methods for plant tissue analysis.

Data from all site-years were analyzed together using the Proc Mixed procedure in SAS with site considered as a random variable.  In addition, data were analyzed separately for each site-year using the Proc GLM procedure in SAS to determine the effect of N, P and KCl in each site-year.  Orthogonal polynomials were used to partition treatment effects into linear and quadratic components, as appropriate for each treatment.  A P-value of ≤ 0.05 was considered statistically significant.  For the purposes of this report, grain yield and quality for individual site-years is reported in order to provide information regarding the frequency of crop responses.
Results and Discussion:

Crop establishment and growth.  Crop establishment and growth was generally good at all sites in all years.  In 2001, wet spring conditions delayed seeding until mid-May and, in 2002, dry, cold spring conditions delayed early-season growth.  In both 2000 and 2001, heavy rains in late summer contributed to lodging.

Overall, early-season plant density was not affected by fertilizer treatment suggesting that, under the conditions of this study, the fertilizer rates applied did not have a measurable effect on plant establishment (Table 2).

Both N and P application influenced oat growth during the growing season.  When averaged over all sites, P application advanced early-season crop development.  The developmental stage of the main stem, and of tillers arising from the coleoptile and the first leaf, was more advanced where P had been applied (Fig. 1; Table 2).  Applications of N and P significantly increased biomass yield at tillering, and at the boot to early heading stage, although site-years differed somewhat in the pattern of crop response to N (Fig. 2; Table 2).  A significant N*P interaction indicated that, overall, the yield response to N at tillering became more pronounced where P was applied (Fig. 3).  A similar trend was evident at the heading stage, but the effect was not statistically significant (P=0.10).  At the boot to heading stage, the pattern of crop response to P was also slightly influenced by the application of KCl, as indicated by a significant P*K interaction; however, the effect was small and did not appear to be agronomically important (Fig. 4).
Nitrogen rate also strongly influenced both panicle density (the number of panicles produced per square meter) and plant height.  Although crop responses to N differed somewhat among site years, both panicle density and plant height typically increased with low to moderate N rates, then leveled off at higher N rates (Table 2).  In most site years, oats that received the highest N rate were 10 to 18 cm taller, and produced between 38 and 137 more panicles per square meter, than oats in the 0 N treatment.  In some site-years, P application appeared to slightly enhance the effect of N on plant height as indicated by a significant Site*N*P interaction (data not presented).  Both P and KCl also increased panicle density but effects were generally much smaller than effects of N (data not presented).
Crop lodging at harvest was also influenced by fertilization, most notably by N rate.  Overall, increasing N rate increased lodging score, although site-years differed somewhat in their response to N.  A significant Site*N*P interaction indicated that, in some site-years, increases in lodging due to increasing N rate were more pronounced where P had also been applied (Fig. 5; Table 2).  Overall, KCl increased lodging slightly (<0.4 on a scale of  9), and appeared to slightly increase lodging at moderate N rates; however, effects were relatively small compared to those resulting from N application.
Grain yield.  Low rates of N fertilizer increased grain yield in all site-years, with optimum yields at individual sites typically achieved with rates of 40 to 80 kg N ha-1; yields leveled off or declined at higher N rates (Fig. 6).  All of the sites had low to medium soil test NO3-N levels in the spring prior to crop establishment, and would have received a recommendation for N fertilizer using Manitoba’s provincial soil test recommendations.  Relative grain yield (yield calculated as percent of the highest-yielding treatment for a given site-year) increased with increasing N supply (the sum of soil test NO3-N to 60 cm plus fertilizer N) then leveled out (Fig. 7).  A linear + plateau model indicated that optimum relative yield was achieved with an N supply of approximately 100 kg N ha-1.  These findings are similar to provincial recommendations in Manitoba, which suggest a total N supply of 100 lb ac-1 (112 kg N ha-1) for oat.
Phosphorus application resulted in a significant linear increase in grain yield at Brookdale in 2002 and a significant quadratic increase in grain yield at Brandon in 2002 (Fig. 8).  The observed grain yield increase to P fertilizer application did not appear to be closely linked to soil test P level.  In 2002, very dry spring conditions may have reduced the availability of P to the plant, contributing to the positive responses to P fertilizer observed in that year.
Application of KCl resulted in a small but statistically significant increase in grain yield at Brookdale in 2001, and tended to increase grain yield at Brookdale (P=0.10) and Brandon (P=0.13) in 2000 (Fig. 8).  When averaged across all sites, KCl resulted in a small but statistically significant increase in grain yield of approximately 88 kg ha-1.
No significant interactions were evident among the nutrients applied, suggesting that the pattern of response to a given nutrient was not influenced by the other nutrients present.

Relationship between plant N status and grain yield.  In light of the consistent positive effect of N application on oat grain yield, plant N status at the boot to heading stage was assessed as a predictor of final grain yield.  All methods used – N concentration of whole plant samples, N concentration of flag leaf samples, assessment of intact plants in the field with a chlorophyll meter – effectively identified increases in plant N as N fertilizer rate increased, and were positively correlated (r=0.763 to 0.923). with one another (data not presented).
In general, relative grain yield increased with increases in whole plant N concentration, flag leaf N concentration, and chlorophyll meter readings, then leveled off with further increases in plant N.  A linear + plateau model fit to the data indicated that observed differences in plant N status explained only 49 to 58% of the variability in final grain yield in this study (Fig. 9).  In part, factors other than N, such as lodging, may have also influenced the final grain yield obtained.  In the current study, critical plant tissue N concentrations at which optimum grain yield were achieved were:  1.4% N in whole plant samples, 3.3% in flag leaf samples, and a chlorophyll meter reading of 45.  However, data from additional sites and years are required to confirm these findings and establish critical plant tissue N concentrations for oat grown under a range of environments.
Grain quality.  Grain quality was most strongly and consistently affected by N under the conditions of the current study.  Increasing N rate resulted in statistically significant declines in test weight, kernel weight, and the percentage of plump kernels in all site-years (Fig. 10).  As well, increasing N rate increased the percent thin kernels in three of six site-years (data not presented).  Phosphorus application generally appeared to have inconsistent effects on grain quality in individual site years.  Averaged across all site-years, P rate had no significant effect on test weight, kernel weight or percent plump or thin kernels (Table 2).  Application of KCl resulted in statistically significant increases in percent plump kernels in three of six site-years, kernel weight in four of six site-years, and test weight in one of six site-years (Fig. 11).  In one of six site-years, a small but statistically significant decline in test weight resulted from KCl addition.  Declines in percent thin kernels were associated with KCl application in two of six site-years (data not presented).  When averaged across all site-years, KCl resulted in a statistically significant increase in thousand kernel weight and percent plump kernels and a significant decrease in percent thin kernels, but had no overall effect on test weight (Table 2).  Overall, observed effects of KCl were usually relatively small.
In individual site-years, several interactions were evident among treatments; however, interactions were not consistent across all site-years.  Although several statistically significant interactions were evident when data were averaged across all site-years, observed interactions typically had small effects, and did not appear to be of agronomic significance (data not presented).
Conclusion

Over the past decade, oats have become an increasingly important crop in western Canada, particularly in Manitoba and Saskatchewan.  Production of high-quality oats that meet the quality requirements of specialized milling and horse feed markets may provide price premiums for producers.  Fertilizer management has the potential to influence not only yield but also grain quality.

Nitrogen management may strongly influence oat growth, yield and quality.  At the field sites with low to moderate soil test NO3-N levels assessed in the current study, N fertilizer significantly increased crop growth and grain yield.  However, increases in lodging and declines in grain quality were also associated with increasing N fertilizer rate.  In order to minimize grain quality losses, and avoid problems that may be associated with lodging such as difficulty harvesting and reduced yield and quality, application of N fertilizer at rates in excess of that required to optimize grain yield should be avoided.  Soil testing provides one tool for assessing the potential for crop responses to N application.  In the current study, optimum grain yield was achieved with an N supply (fertilizer + soil NO3-N to 60 cm) of  approximately 100 kg N ha-1, which is similar to the current Manitoba guideline for N fertilization of oats that suggests:  Fertilizer N (lb/ac)=100 lb N/ac – soil test nitrate-N (lb/ac to 2’).
Plant N status at the boot to early heading stage (based on chemical analysis of whole plant or flag leaf samples, or chlorophyll meter readings of intact plants) effectively identified increases in plant N due to N fertilizer application.  However, plant N did not appear to be a highly sensitive predictor of relative grain yield in the current study and explained only 49 to 58% of the observed variability in grain yield.  In part, factors other than N, such has lodging, may have influenced grain yield in this study.  Additional information from a larger number of site-years is required to confirm these findings over a range of environments in order to establish critical plant tissue N levels for oat.
Phosphorus fertilization hastened crop development early in the growing season and consistently enhanced early-season vegetative growth in oat; however, significant increases in grain yield were observed in only two site-years, both in 2002.  Grain yield increases resulting from P fertilizer application did not appear to be closely linked to soil P levels in this study, in that yield responses to P were not evident only on soils with the lowest soil test P levels.  In 2002, very dry conditions in the spring may have limited the availability of P to the crop, contributing to observed grain yield increases with P fertilizer application.  These findings suggest that various factors including soil P level and environmental conditions may influence the probability of crop yield responses to P application.  Overall, phosphorus application did not appear to have a strong and consistent effect on grain quality parameters.
Potash application sometimes resulted in small improvements in grain yield and also grain quality parameters, such as increases in percent plump kernels and kernel weight and decreases in percent thin kernels.  Generally, experimental sites in the current study contained adequate levels of soil K for cereal crop production, as is common for many Manitoba soils.  Because observed improvements in oat yield and quality were generally relatively small and inconsistent, KCl application on high K soils did not usually provide a significant economic benefit in this study.
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Figure 1.  Effect of P rate on development of the main stem and tillers arising from the coleoptile (-0) and first leaf (-1) of oat.  The mean of all site-years is presented.
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Figure 2.  Effect of N rate on biomass yield at the tillering and the boot to early heading stage for oat at six experimental sites.
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Figure 3.  Effect of N and P rate on biomass yield at the tillering and the boot to early heading stage for oat.  The mean of all site-years is presented.
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Figure 4.  Effect of P and KCl rate on biomass yield at the boot to early heading stage for oat.  The mean of all site-years is presented.
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Figure 5.  Effect of N and P rate on lodging of oat measured at grain harvest at six experimental sites (2000-02).
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Figure 6.  Effect of N rate on grain yield of oat at six experimental sites (2000-02).  In all experiments, N rate had a significant (P≤ 0.05) rate on grain yield.
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Figure 7.  Relative grain yield of oat as a function of N supply (soil + fertilizer N).
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Figure 8.  Effect of P and KCl rate on grain yield of oat at six experimental sites (2000-02).  The ns indicates that effects were not statistically significant at P≤ 0.05.   P-values indicate differences that were statistically significant at P≤ 0.05.
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Figure 9.  Relative grain yield of oat as a function of plant tissue N content of whole plant and flag leaf samples, and as a function of chlorophyll meter readings, at the boot to early heading stage.
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Figure 10.  Effect of N fertilizer rate on test weight, thousand kernel weight and percent plump kernels of oat in six field experiments (2000-02).   All effects of N rate were significant (P ≤ 0.05).
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Figure 11.  Effect of KCl rate on test weight, thousand kernel weight and percent plump kernels in oat.
APPENDIX - Tables

Table 1.  Characteristics of experiments sites (2000-02).
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Table 2.  Analysis of variance describing effects of N, P and KCl application on oat parameters based on six site-years of field experiments.
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The statistical significance of variance component are indicated as follows:  ‘*’ = 0.05 

=

 P value 

=

 0.01; and ‘**’ = P value < 0.01.
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APPENDIX – Additional information 
Grain nutrient concentration  Overall, grain N concentration increased linearly with increasing N fertilizer rate.  Averaged across all site-years, mean grain N concentration was 1.65, 1.77, 1.93 and 2.00% in treatments receiving 0, 40, 80 and 120 kg N ha-1, respectively.  The P concentration in grain increased significantly with increasing P fertilizer rate, with a mean P concentration across sites of 0.358, 0.372 and 0.386% in treatments receiving 0, 30 and 60 kg P2O5 ha-1 as fertilizer P, respectively.  Grain P concentration was also significantly influenced by N fertilizer rate with average P concentrations of 0.381, 0.375, 0.369 and 0.363% in treatments receiving 0, 40, 80 and 120 kg N ha-1, respectively.  Declines in grain P concentration with increasing N fertilizer rate may have been due, in part, to biological dilution as grain yield increased with increasing N rates.  A significant Site*N*P interaction indicated some variations among sites in the interactive effects of N and P fertilizer on grain P concentration; however, no clear response patterns were evident (data not presented).  Fertilizer treatment had no significant effect on the K concentration in grain samples, although a significant Site*N interaction demonstrated variable effects of N on grain K concentration among site-years (data not presented).
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