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Fertilizer Recommendations for Silage
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Dryland Production
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This study is funded through the Agriculture Development Fund (ADF).

Organizations

e Irrigation Crop Diversification Corporation (ICDC)
Principle Investigators

e Gursahib Singh, ICDC
Objectives

e Determine nitrogen (N) uptake and N fertilizer use efficiency for silage & grain corn under
irrigated and dryland production.

e Determine N fertilizer rate recommendations for silage & grain corn under irrigated and dryland
production.

e Develop corn target yield N fertilizer values based on soil test N levels, N uptake and yield
response to applied N

Research Plan

The primary objective of this study is to develop specific nitrogen (N) fertilizer recommendations based
on target yield expectations for silage and grain corn, under either irrigation or rainfed production
systems. A total of 36 individual corn trials were established during the three-year period 2021-2023.
Half the trials were conducted under irrigation, half under dryland production conditions. Likewise, half
of each production system was conducted with grain corn, half with silage corn. Each trial consisted of N
fertilizer application rates of 0, 50, 100, 150, 200 and 250 kg N/ha.

Over three years of trials (2021, 2022,2023) a total of thirty-six individual research trials were
established within the South Saskatchewan River Irrigation District (SSRID). Half of these trials (18) were
established under irrigated production and half (18) established relying on rainfed (dryland) production
conditions. Within each production system, half the trials (9) evaluated silage corn and half (9) assessed
grain corn. Due to limited corn production within Saskatchewan, and within SSRID, the majority of trials
were established on land with no prior history of corn production. All trials were established in a
randomized complete block design replicated four times.
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The silage hybrid planted was P7527AM, considered a dual-purpose silage or grain hybrid with a 2150
corn heat unit rating. The grain corn hybrid used was P7005AM with a heat unit rating of 2000. The
SSRID region typically accumulates 2200-2400 corn heat units annually. Irrigated trials were seeded to
target final plant stands of 80,000-85,000 plants/ha and dryland 70,000-75,000 plants/ha. Plots
consisted of 4 rows of corn at 75 cm row spacing.

Soil samples from each control plot (0 fertilizer N, 4 plots for each silage and grain trial) were taken prior
to seeding. Soil samples were obtained for the 0 — 15, 15 — 30, 30 — 60, 60 — 90 and 90 — 120 cm depths.
Two soil samples were obtained from each plot and material composited for nutrient analyses. A
general composite for each site was also obtained from 0 — 15, 15 — 30, 30 — 60 cm depths. Samples
were collected using a Giddings hydraulic soil sampler. Soil samples were submitted to Agvise
Laboratories for nitrate (NO3-N) analyses.

Nitrogen fertilizer, as urea (46-0-0), was banded at 25 cm spacings across the width of plots at time of
seeding. Nitrogen fertilizer was applied at the following rates to both silage and grain and irrigated and
dryland trials:

N Treatments:
kg N/ha
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All plots also received supplemental additions of monoammonium phosphate (11-52-0) seed-placed at a
rate of 30 kg P205/ha. Soil testing indicated adequate availability of sulphur, potassium, and micro-
nutrients at all sites. Weed control was provided by pre-burn and in-season glyphosate applications.
Biomass samples for % N and N Uptake determinations were obtained for both silage and grain corn
trials at approximately the R3 growth stage. Samples were obtained by cutting down whole plants close
to the soil surface. Biomass sample size was 1m length of each of the two center corn rows. Biomass
fresh weights were determined in-field upon sampling, all material was processed through a wood
chipper and a representative subsample obtained for moisture determinations. Dried material was
ground through a stainless-steel Wiley mill to pass through a 2.0 mm sieve and subsamples submitted to
Agvise Laboratories for N tissue analysis determinations. Final yield harvest was obtained from the
same center 2 corn rows and adjusted for the removed biomass area. Silage yield was obtained at
approximately % milk line stage (target plant moisture 65-70%), grain corn yield was taken when kernels
were hard (<12% moisture). Silage yields were obtained with a Hege small plot forage combine
equipped with a mulching header, grain yields by hand picking all ears within the harvest area, ears were
then dried and thrashed through a stationary Wintersteiger plot combine.

All data was statistically analyzed by individual trials in each site year and in combined site-year, trial and
N-rate and all interactions in a mixed model analysis.

Irrigation applied in 2021 to irrigated trials at CSIDC was 218.4 mm (8.6”), at ICDC 259.1 mm (10.2”) and
at Pederson 208.3 mm (8.2"). Total in-season irrigation applied in 2024 to irrigated trials at ICDC — Area
51 was 228.6 mm (9.0”) and at ICDC — Hnatowich 165.1 mm (6.5”). Supplemental precipitation by
irrigation in 2023 totaled 255.0 mm (10”) on ICDC land-base trials, 245.0 mm (9.6”) at Grunerud and
315.0 mm (12.4”) at Primrose locations.
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Results
Weather

Mean temperatures, corn heat units and precipitation for each of the 3-years of trials is provided in
Tables 1, 2 and 3 respectively.

Environmental conditions are considered to have significantly influenced the results obtained
throughout the three years of investigation. Mean seasonal temperatures where hotter by 1.6 - 3.3 °C,
more importantly, annual precipitation was significantly less than historic 30-year averages. Above
average temperatures throughout the duration of this trial are also reflected in the cumulative corn heat
units which were greater than long-term records. Dryland trials were obviously more susceptible to
moisture stress compared to irrigated trials. The South Saskatchewan River Irrigation District in which all
trials were established has been experiencing drought conditions since 2017. In each year of the study
both silage and grain corn were planted at 3 dryland sites annually, however, only 4 sites of the total of
12 trials planted for each were ultimately harvested. The remaining trials simply did not survive drought
conditions, a picture of the 2021 Larson dryland trial at time of tasselling (and abandonment) and early
season 2023 Grunerud site is shown in the appendix (Figure 7a and 7b). The 4 silage and 4 grain trials
harvested under dryland conditions would possibly be lower had half not been established on previously
irrigated fields. Though no irrigation was applied through the growing season, it’s believed these trials
benefited from stored soil moisture at depth from preceding irrigation. It is strongly believed that
drought conditions also adversely influenced irrigated trials. Consequently, results obtained may not
reflect what would have been obtained under non-drought conditions and all results discussed must be
nuanced by these adverse conditions.

Table 1. Mean monthly temperatures within SSRID Region compared to long-term (30 years) averages.

Year May June July August Sept Avg. / Total
Temperature (°C)

2021 10.1 18.8 21.6 17.9 14.4 18.6
Long-term 11.3 16.0 18.6 17.8 12.7 15.3

2022 11.8 16.3 19.7 20.5 16.0 16.9
Long-term 11.2 16.0 18.7 17.8 12.8 15.3

2023 15.2 19.5 18.6 18.7 15.5 17.5
Long-term 11.3 16.1 18.9 17.9 13.0 15.4

Table 2. Mean corn heat units within SSRID Region compared to long-term (30 years) averages.

Year May June July August Sept

2021 171 794 1530 2148 2597
2022 202 763 1467 2169 2654
2023 311 976 1628 2285 2781
Long-term 211 739 1408 2026 2350

Table 3. Precipitation received within SSRID Region compared to long-term (30 years) averages.

Year May June July August Sept Avg. / Total
Precipitation (mm) ---------------------
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2021 44.5 10.3 13.8 37.7 0.2 106.5

Long-term 43.2 69.3 57.6 44.2 32.7 247.0
2022 35.7 75.2 53.2 7.0 5.2 176.3
Long-term 43.2 69.0 57.1 44.0 32.2 245.5
2023 17.5 15.3 15.5 16.6 16.6 81.5

Long-term 41.5 65.3 55.8 43.9 30.5 237.0

General Observations — Individual Sites (2021, 2022 and 2023)
Individual results for each agronomic measurement for all trials are provided in the Appendix in Tables 8-
40. These tables have additional agronomic observations obtained but not discussed in this report.

Combined Site Analyses — (2021, 2022 and 2023)

Silage Corn Trials

Combined site (n=8) irrigated silage corn yield, moisture, tissue N, midseason biomass dry weights, plant
N uptake and plant populations are provided in Table 4. Similarly, combined site results for these factors
for irrigated grain (n=7), dryland silage (n=4) and dryland grain (n=4) are shown in Tables 5, 6 and 7
respectively.

Table 4 also demonstrates results obtained for agronomic observations between years. This year-by-year
variability is significant but importantly to note that yields obtained in all years are below normal
expectations. This is problematic with respect to the project objectives of determining N fertilizer
recommendations as upper yield goals were not obtained.

The combined year analyses indicates that all fertilizer N applications were statistically greater in yield
compared to the unfertilized control treatment. Though results show no statistical difference between N
fertilizer rates there were numerical differences of interest. Maximum vyield was obtained with the
application of 200 kg N/ha with a 28% vyield gain above the unfertilized control. However, the first 50 kg
N/ha applied resulted in the largest incremental yield response of 20% above the unfertilized control.
Each additional 50 kg N/ha fertilizer applications resulted in small incremental % yield gains. Table 4 also
indicates the wet silage yield expressed as metric tonnes/acre adjusted to 65% moisture. It should again
be highlighted that silage yields obtained are less than the yield potential possible in comparison to
previous ICDC irrigated trials, some of which have been 25% higher than the mean yields obtained in this
study.

The lack of statistical yield responses to increasing N fertilization applications is problematic in developing
specific N fertilizer recommendations, as is the limited average yield obtained throughout the trial period.
Yield results obtained suggest that, numerically, silage yield maximizes with the application of 200 kg N/ha
and then levels. On this basis, for irrigated silage corn the suggested N fertilizer input of 150 kg N/ha can
be recommended for near optimal yields. To create N fertilizer recommendations for specific target yields
we had hoped to find greater yield responses between successive N fertilizer additions, and higher yield
potentials.

Silage moisture content was not influenced by N fertilizer additions. Moisture content was slightly higher
than the desired plant moisture of 65% targeted. The 65% moisture content was assumed by harvesting
biomass when the kernel milk-line was 50%. Historically, this has worked well with harvest moisture +/-
1-3% of the targeted 65%. Silage harvest was conducted at the 50% milk-line in all years of the study, the
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higher moistures obtained might be another indication of plant stress and rapid plant maturation.
Generally, N fertilization did not influence plant days to tassel or silk (Appendix Tables 13 & 14).

Generally, tissue N content increased as the rate of N fertilization increased however only at rates of 2100
kg N/ha were differences statistically significant. Total N uptake was greater in all fertilizer N application
compared to the unfertilized control, however the high coefficient of variation (CV%) suggests results are
suspect in accuracy. Similar results were obtained with respect to total N uptake. Midseason biomass was
not influence by N fertilizer additions. This is also problematic as these results impact total N uptake and
the relationship between silage yield and N uptake correlations. A strong relationship is required with
these components in developing target yield N fertilizer recommendations. N fertilization decreased plant
population with N fertilizer applications, statistically so at the highest two application rates. While only
33% of the total fertilizer N was banded to the side and below the seed of each corn row, these results
suggest that during the dry germination and emergence period experienced the fertilizer did damage
seed.

Table 4: Influence of treatments on combined site (n= 8) irrigated silage corn yield and plant
characteristics. Different letters indicated significant differences between treatments (ANOVA, P < 0.05).

N Dry Tissue

Dry WeightWet Weight Silage Tissue . Plant

Yield (65% H,0) Moisture N Uptake N."dseason Population
Treatment . (kg/ha) Biomass

(kg/ha)  Yield (T/ac) (%) (%) (plant/ha)

(kg/ha)

Year
2021 18643 21.6 68.1 1.44 175 12382 84829
2022 12032 13.5 73.0 2.10 146 6880 63484
2023 16254 18.8 72.6 2.19 152 7059 87073
N Fertilizer treatment kg N ha-
0 kg N/ha 13360b  15.4b 71.5a 1.57c 126 b 8420 a 89904 a
50 kg N/ha 16041a 18.5a 70.5a 1.66 ¢ 132 b 8435 a 82246 b
100 kg N/ha  16626a 19.2a 70.1a 1.89b 170 a 9391a 83036 ab
150 kg N/ha 16942a 19.6a 709a 1.98 ab 181a 9898 a 80151 bc
200kgN/ha  17153a 189a 71.2a 2.09a 173 a 8895 a 72424 cd
250kg N/ha  16954a 19.6a 71.6a 2.10a 172 a 8945 a 74245 d
Pvalue <0.001 <0.001 NS <0.001 <0.001 NS <0.001
CV (%) 13.5 13.5 3.2 12.5 27.9 18.9 17.4
Location x N Fertilizer Interaction P value

0.004 0.004 NS NS NS NS 0.003

NS = not significant at P < 0.05

Dryland silage corn results are presented in Table 5. Similar to the irrigated trials dryland yields were, on
average, lowest in 2022, followed by 2023 and highest in 2021. Dryland yields obtained for each N fertilizer
application are low and not statistically different. Again, it is note-worthy that only 4 of 9 established
dryland silage trials were carried through to completion over the three-year trialing period. Further, 2 of
the 4 completed dryland silage corn trials likely only survived by being established on previously irrigated
land and believed benefited by soil moisture reserves from the prior growing season. Though the
unfertilized control was the lowest vyielding, no statistical differences occurred between fertilizer
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treatments. As such N fertilizer recommendations based on a specific target yield cannot be developed.
Numerical yield in Table 5 maximized at 100 kg N /ha. Therefore, this data suggests that for dryland silage
corn 100 kg N/ha can be applied for optimal yield. Yield results indicate the 2 lowest yield belonged to
the 250 kg N/ha treatment suggesting this high rate of N fertilizer being detrimental in dry, stress growing
conditions. Of agronomic importance, fertilizer N applications did, generally, increase plant tissue N
content. Total N uptake was statistically greater than the control for the 100 through 200 kg N/ha fertilizer
applications, declining at the 250 kg N/ha application due to lower midseason biomass production.
Midseason biomass was not influenced by N fertilizer rate, partially explained by lower plant populations
obtained at high fertilizer rates. This observation mimics the irrigated silage corn results of plant
populations.

Table 5: Influence of treatments on combined site (n=4) dryland silage corn yield and plant characteristics. Different
letters indicated significant differences between treatments (ANOVA, P < 0.05).

) Wet N Dry Tissue
Dry WeightWeight  Silage Tissue . Plant
i Uptake Midseason .

Treatment Yield (65% Hz(?) Moisture N (ke/ha) Biomass Population

(kg/ha) Yield(%) (%) (plant/ha)

(T/ac) (kg/ha)

Year
2021 15777 18.2 63.5 1.47 146 10046 77381
2022 8612 10.0 70.2 2.16 118 5555 61258
2023 12474 144 75.0 2.44 153 6288 80495
N Fertilizer treatment kg N ha
0 kg N/ha 10007 a 12.8a 69.2 ¢ 1.83 ¢ 109 ¢ 6645 a 73352 ab
50 kg N/ha 12017 a 153a 67.7d 1.74 c 120 bc 7296 a 77404 a
100 kg N/ha 12240 a 15.6 a 69.5 bc 2.09b 143 ab 7144 a 76374 a
150 kg N/ha 11713 a 149a 70.1 abc 2.21ab 153 a 7227 a 71360 ab
200kg N/ha 11732 a 149a 70.8 ab 232a 150a 6663 a 64148 bc
250kg N/ha 10293 a 13.1a 71.0a 2.17 ab 130 abc 6233 a 57729 ¢
Pvalue NS NS <0.001 <0.001 0.004 NS <0.001
CV (%) 14.8 14.8 2.8 13.0 243 20.2 18.2
Location x N Fertilizer Interaction P value

0.01 0.01 NS NS NS NS 0.03

NS = not significant at P < 0.05

Grain Corn Trials

Combined site irrigated gain corn agronomic information is shown in Table 6. As with silage corn trials the
yield of grain corn was lowest in 2022 but highest in 2023. Average grain yield did not approach yield
obtained in prior ICDC trials, which have achieved 180 bu/ac under small plot replicated conditions. This
lack of obtaining high yields also again questions the feasibility of developing target yield N fertilizer
recommendations. Combined year and trial location analyses indicated that yield response to N fertilizer
applications increased until the 100 kg N/ha fertilizer rate and then declined with subsequent fertilizer N
additions. It appears a luxury of N available at higher fertilizer N rates was detrimental under stressful
growing conditions. All fertilizer N applications statistically increased tissue N content in irrigated grain
corn. Within N fertilizer treatments tissue N content did not statistically differ at N rates > 150 kg/ha.
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Similarly, total N uptake by irrigated grain corn increased with fertilizer N applications. Total N uptake did
not statistically increase with fertilizer N application rates > 100 kg N/ha. N fertilizer applications did not
influence midseason biomass yield, plant population was reduced at the two highest N fertilizer rates.

Table 6: Influence of treatments on combined site (n= 7) irrigated grain corn yield and plant
characteristics. Different letters indicated significant differences between treatments (ANOVA, P < 0.05).

i i i Dry Tissue
Yield Yield Tissue N . .
Midseason Plant Population

(15% H,0) (15% H,0) N Uptake .
Treatment Biomass (plant/ha)

(kg/ha) (bu/ac) (%) (kg/ha)

(kg/ha)

Year
2021 7614 121.3 1.42 165 11674 87393
2022 3867 61.6 2.05 97 4665 80563
2023 8635 122.7 2.22 140 6415 87683
N Fertilizer treatment kg N ha- | |
0 kg N/ha 5926 ¢ 90.7 ¢ 1.57d 105 ¢ 7205 a 90345 a
50 kg N/ha 6875 b 104.5b 1.74c 130b 8084 a 90659 a
100 kg N/ha 7640 a 116.8a 1.84 bc 147 a 8746 a 89835 a
150 kg N/ha 7464 ab 114.1a 1.92 ab 146 ab 8176 a 86264 ab
200 kg N/ha 7250 ab 110.9 ab 1.95a 144 ab 7920 a 80377 bc
250 kg N/ha 7017 b 107.6 ab 196 a 158 a 8723 a 75667 ¢
Pvalue <0.001 <0.001 <0.001 <0.001 NS <0.001
CV (%) 14.7 14.7 9.6 20.9 20.5 13.9
Location x N Fertilizer Interaction P value

NS NS NS 0.0333 0.0202 0.0167

NS = not significant at P < 0.05

Combined site dryland gain corn agronomic information is shown in Table 7. Unlike the irrigated dryland
silage corn, grain corn average yields were lowest in 2022 but highest in 2021. Again, as with the dryland
silage corn trials only 4 trials were completed in the 3-years of trialing, and half of the completed likely
only brought to harvest from establishment on previously irrigated land. Fertilizer N applications generally
had no influence on dryland grain corn. Yields, grain and midseason biomass, were not statistically
elevated by N fertilizer additions. However numerically, grain yields increased to the 100 kg N/ha rate and
declined at rates = 200 kg N/ha. Note the high coefficient of variation (CV%) associated with the combined
dryland grain yield results, thus, reliability of grain yield results is suspect. N fertilizer applications did
increase tissue N content with each incremental rate of N. This indicates that, despite stressful growing
conditions, N provided by fertilizer did contribute to the N status of growing plants. Increased tissue N
also contributed to higher total N uptake of fertilized treatments; however total N uptake did not
statistically increase with rates > 100 kg N/ha. Total N uptake was not statistically influenced with fertilized
N additions. Again, plant populations declined as N fertilizer rates increased.

Table 7: Influence of treatments on combined site (n= 4) dryland grain corn yield and plant
characteristics. Different letters indicated significant differences between treatments (ANOVA, P < 0.05).

Yield Yield Tissue N Dry Tissue Plant Population
Treatment (15% H,0) (15% H,0) N Uptake Midseason (plant/ha)
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(kg/ha) (bu/ac) (%) (kg/ha) Biomass

(kg/ha)

Year
2021 5160 82.2 1.31 126 9718 77289
2022 2898 46.2 1.89 92 4998 63003
2023 3794 60.4 2.29 163 7113 80174
N Fertilizer treatment kg N ha- | |
0 kg N/ha 2907 a 46.3a 1.36d 80c 6421 a 77198 a
50 kg N/ha 3784 a 60.3 a 1.64c 112 b 6949 a 77541 a
100 kg N/ha 4072 a 64.9 a 1.90b 132 a 7228 a 74863 ab
150 kg N/ha 3950 a 62.9 a 1.98b 131a 6772 a 68269 bc
200 kg N/ha 3646 a 58.1a 2.02ab 129 ab 6783 a 67376 ¢
250 kg N/ha 3744 a 59.6 a 2.10a 122 ab 6085 a 59959d
Pvalue NS NS <0.001 <0.001 NS <0.001
CV (%) 17.3 17.3 8.7 20.5 20.4 13.3
Location x N Fertilizer Interaction P value

0.0485 0.0485 NS NS NS 0.0463

NS = not significant at P < 0.05

Soil Test Results vs N Uptake in Corn Biomass

Detailed soil sampling procedures were conducted on all “control” (i.e. 0 kg N/ha) treatments prior to
seeding and fertilizer applications. It was intended to obtain soil samples from the 0 — 15, 15 — 30, 30 —
60, 60 — 90 and 90 — 120 cm depths. This was attempted at all times. Unfortunately, sample acquisition
from the deepest depths was not always obtained. At a number of locations throughout the three years
the lower soil profiles were extremely dry and soil could not be retained within the sampling tube, even
when equipped with appropriate dry soil tube tips. All trials were conducted in the SSRID region on soils
classed as sandy to sandy loam texture which are challenging to collect under dry soil conditions.
Consequently, only soil from the 0 — 15, 15 — 30 and 30 — 60 cm depths were obtained consistently at all
trial locations. Biomass of all corn was conducted at the R3 stage at expected maximum plant growth and
biomass production. Biomass was then analysed for total N uptake. The relationship between soil test N
levels (0-60cm) and total plant N uptake is shown in Figure 1. The figure is a compilation of both irrigated
silage and grain corn trials as there were little differences between silage and grain corn N uptake
relationships. There is a high degree of variability above and below the trend line. These deviations are
indicated by the low coefficient of determination (R2). The relationship provides a guide as to the quantity
of N provided during the growing season and available for plant uptake. It suggests that >46 kg N/ha is
available for plant uptake in addition to the soil test available N. This would be obtained from soil N
reserves below the 60 cm sample depth and from N mineralization processes during the growing season.
However, the relationship is weak and a reason we did attempted to obtain soil samples from deeper
depths.

I u |”

Corn a very deep-rooted crop is capable of extracting soil N reserves from below the typical rooting zone
of typical small grain cereals, oilseed and pulse crops. Results suggest a large portion of the total N uptake
was acquired from subsoil depth. Potential soil N reserves are a potential weakness within this project. A
concern with the study is the majority of trials conducted were established on land with no prior history
of corn production. Therefore, deep soil N reserves may have masked potential N fertilizer applications
responses. Consequently, these results may reflect corn uptake on “virgin” fields only. N uptake on

128



previously cropped corn ground may have withdrawn deep depth soil N reserves and N suppling potential
would differ from results obtained here. N fertilizer recommendations could differ significantly between
these differing cropping histories.

The model presented in Figure 1 predicts that a soil test of 40 kg N/ha (0-60 cm) would provide a total of
106 kg N to corn through the growing season (106 =1.5[40] + 46.264). It is important to stress these results
represent findings obtained from abnormal environmental conditions. It is uncertain these results would
reflect potential findings under historically typical growing season environmental conditions. Additional
research would be required to either refute or support these findings. Additional data is necessary for the
development of target yield N fertilizer recommendations.

Figure 1. Relationship between unfertilized spring soil test N and irrigated corn N uptake, 2021-2023.
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Similarly, the results obtained for dryland corn trials is shown in Figure 2. Dryland silage and grain corn
were also combined in Figure 2. The reason for combining is the same rational used in irrigated trials.
Concerns of the usefulness of these results are those expressed for Figure 1. Caution is again warranted
by these results due to both adverse environmental conditions and the limited number of dryland sites
obtained over the three years of the study. The relationship suggests that a higher amount of subsoil N is
available compared to irrigated trials, possibly due to historically less leaching losses.

Figure 2. Relationship between unfertilized spring soil test N and dryland corn N uptake, 2021-2023.
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Relationship between Yield and Plant N Uptake

All plots (fertilized and unfertilized treatments) were sampled at the R3 growth stage and subjected to
analysis for total plant N silage content. The relationship between final dry silage yield and total plant N
uptake for irrigated silage corn is demonstrated in Figure 3, irrigated grain is shown in Figure 4. Unlike soil
test vs N uptake, silage and grain are not combined as their respective relationships differed.

Figure 3. Relationship between irrigated silage corn yield and total plant N uptake, 2021-2023.
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Figure 4. Relationship between irrigated grain corn yield and total plant N uptake, 2021-2023.
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The trendlines and associated equations in Figures 3 & 4 indicate that silage corn yield is predicted to
level prior to obtaining yields of 20000 kg/ha; and grain corn does not obtain 10000 kg/ha. These yields
have been achieved both in this study and previous ICDC trials. The reliability of these equations does
not accurately equate to the actual results obtained at lower yield potential environments. For
example, actual results obtained for the control silage corn treatment was a yield of 13360 kg/ha with
total N uptake of 126 kg N/ha (Table 4). The model predicts only 100 kg N/ha total uptake required to
achieve an equal yield. However, the mean yield obtained for the 200 kg N/ha treatment for irrigated
silage corn was 17153 kg/ha with total N uptake of 173 kg N/ha. The model predicts 168 kg N/ha total
uptake to achieve the same yield.

The relationship between final dry silage yield and total plant N uptake for dryland silage corn is
demonstrated in Figure 5, irrigated grain is shown in Figure 6.

Again, the validity of these yield vs N uptake relationships requires further evaluation under stress-free
growing conditions.

Figure 5. Relationship between dryland silage corn yield and total plant N uptake, 2021-2023.
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Figure 6. Relationship between irrigated grain corn yield and total plant N uptake, 2021-2023.
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Fertilizer N Recovery
Fertilizer N recovery or nitrogen fertilizer use efficiency (NUE) was determined by the following
calculation,

%NUE=NU+N_NUON X100

Fertilizer N Applied

NU.y = plant N uptake (kg N/ha) of the fertilizer treatment
NUoy = plant N uptake (kg N/ha) of the unfertilized control treatment
Fertilizer N Applied = either 50, 100, 150, 200 or 250 kg N/ha

Fertilizer N recovery was similar for all scenarios being 45% for irrigated silage, 42% for irrigated grain,
41% for dryland silage and 42% for dryland grain corn averaged across the three years of trialing. Results
are lower than typically expected for western Canada N fertilizer recovery. Fertilizer N recovery in this
study were approximately 10% lower than norms and reflect drought influence on fertilizer efficiency.

Developing a Target Yield N Fertilizer Recommendation — An Example

The following is an example intended as a guide for future research in developing a corn target yield N
fertilizer recommendation. The principal investigators are not suggesting these tables should be
considered accurate as we have concerns on the validity of results generated by the study negatively
influenced by environmental conditions. This is strictly an example and not intended for use.

For irrigated trials we have found the relationship between the N suppling power of unfertilized soil and
total N uptake by corn is described by the equation of y = 1.5x + 46.264 where;

y = total N uptake by corn in kg/ha

x = soil test N (kg/ha) in the 0-24” sample depth.

We can then develop the following chart of the N supplying power during the growing season bases a 0-
24" spring soil sample, values are rounded to the closed whole number.

Chart 1. Predicted corn N uptake from soil test available N results

Soil Test NOs-N (kg/ha)
0-24"

N Provided to Irrigated Corn Plants
Total N Uptake (kg/ha)

10

61

132



20 76
30 91
40 106
50 121
60 136
70 151

For irrigated silage corn the relationship between silage dry yield and total N uptake is described by the
formulay =-2.417x2 + 112.86x + 4238.9 where;

y = corn silage dry yield in kg/ha

x = total N uptake in silage corn necessary to obtained a desired yield.

The following chart summarizes the relationship of the total N uptake (kg N/ha) required to achieve
specified silage yield.

Chart 2. Predicted total N uptake for target irrigated silage yield.

Total N Uptake Irrigated Silage Corn Dry Yield
(kg/ha) (kg/ha)

57 10000

88 12500

125 15000

177 17500

Model does not predict 20000

this yield potential

From the previous two charts the following matrix chart 3 can be created which indicates how much
more N is required above soil supply to achieve the desired target yield.

Chart 3. Additional N required in irrigated silage corn plants in addition to soil N to obtain yields.

| N Required for Irrigated Silage Corn in Addition to Soil N Supply
Target Irrigated 10000 12500 15000 17500 20000
Dry Silage Yield
(kg/ha)
Soil Test NO3-N
Kg/ha in 0-24”
10 0 27 64 116
20 0 12 49 101
30 0 0 34 86 Model does not
40 0 0 19 71 predict this yield
50 0 0 4 56 potential
60 0 0 0 41
70 0 0 0 26
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Lastly the nitrogen fertilizer use efficiency needs to be factored into the Chart 3 obtained values. For
irrigated silage corn the NUE determined from the study was 45%. Typically, NUE IS 50% or greater,
depending on method of fertilizer application. For this exercise we assume irrigated corn has a NUE of
50%. Therefore, the amount of fertilizer N required to obtain specificirrigated silage target yields is shown
in Chart 5.

Chart 5. N Fertilizer Recommendations (kg N/ha) for Irrigated Silage Corn.

| N Required for Irrigated Silage Corn in Addition to Soil N Supply
Target Irrigated 10000 12500 15000 17500 20000
Dry Silage Yield
(kg/ha)
Soil Test NO3-N
Kg/ha in 0-24”

10 0 54 128 232

20 0 24 98 202

30 0 0 68 172 Model does not
40 0 0 38 142 predict this yield
50 0 0 8 112 potential

60 0 0 0 82

70 0 0 0 52

Conclusion

Results from the study should be deemed inconclusive and require further investigation. The principal
investigators were concerned through the entirety of the study with the adverse climatic conditions
under which the investigations were conducted. This was obviously more problematic with dryland
trials. However, even under irrigation both silage and grain corn plants often expressed stress responses
(leaf-curling, dessicating silks). As such, irrigated corn yields did not statistically respond to N fertilizer
applications exceeding 100 kg N /ha for grain corn and 50 kg N /ha for silage corn. Dryland trials failed to
respond to fertilizer N applications. Consequently, results obtained during these investigations are
deemed inconclusive.
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