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EXECUTIVE SUMMARY

This 3-year project compared agronomic performance, energy use and nitrous oxide (N2O}
emissions from a variety of N-fertilizer managements. Field sites were established near
Scott, Swift Current, Indian Head and Star City Saskatchewan, providing a wide range of soil
and climatic conditions. Crops were direct seeded into standing stubble using Flexi-Coil
Stealth openers for side-band treatments and Bourgault knives with Bourgault mid-row
coulter banders (placed between every second set of knives) for the mid-row band treatments.
Seed row openers were located at 25 cm (10 in.) spacing and on-row packing with V shaped
packers was done for all treatments. Urea and anhydrous ammonia (AA) was applied in
spring at rates that were 0.5x, 1.0x and 1.5x the rate generally recommended for each area
(60 kg N ha™' at Swift Current and Scott; 80 kg N ha at Indian Head and Star City) in mid-
row and side-row banded positions. Urea and AA were also banded in the fall at the 1.0x N
rate, and urea was broadcast at the 1.0x N rate in the spring. A check treatment (no fertilizer
N applied) was included. Phosphorus fertilizer was seed placed for all treatments except on
the side-row band treatments where it was placed with the N fertilizer. Nitrous oxide (N20O)
emissions were monitored on selected treatments primarily on the wheat crops. Samples
were collected using static vented soil chambers and analyzed using gas chromatography.
Estimates of direct N;O loss on an annual basis were developed and presented for each of the
selected treatments. All direct and indirect nonrenewable energy going into the manufacture,
formulation, packaging, distribution, transportation, maintenance, and application of all
inputs used in each crop production system were tabulated. Energy efficiencies or intensities
of the cropping systems were then calculated as (i) net energy produced (energy output minus
energy input); (i) ratio of energy output to energy input; and (iii) guantity of grain produced

per unit of energy input.

The weather created rather challenging conditions during the study period. Precipitation
ranged from above average precipitation at Swift Current and Indian Head in 2000, to a
severe drought causing complete crop failure at Scott in 2002. This was both an advantage,
in that we have results from our N management treatments over a wide range of

environmental conditions, and a disadvantage in that the results vary widely and
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interpretation must carefully consider the context of the particular year and site. In this
regard it should be noted that the results for the wheat crop at Star City in 2002, and all crops

at Scott in 2002 were not considered in our overall conclusions.

Flax tended to be the least responsive to N fertilizer amount or management. There was a
general increase in seed yield to the first increment of N added (0.5x rate), with little or no
response to higher rates. There was, however, a significant overall increase in seed N
concentration when N-fertilizer was applied, including a significant linear increase with
increasing N rate. Although emergence counts indicated a trend for flax density to be lower
when N was applied in a side-row compared to mid-row position, this did not translate into
any significant seed yield differences. Seed N concentration was significantly higher on
side-row compared to mid-row applied N in 1 of 11 site-years. Similarly, applying N as urea
or AA did not affect flax seed yield, although seed N concentration was significantly higher
on urea compared to AA in 2 of 11 site years. Flax seed yield was significantly higher on 3
site-years when N was applied in spring compared to fall, on 2 site-years when urea was
banded rather than broadcast, and on 2 site-years when side-row treatments had phosphorus

placed in the band rather than in the seed row.

Canola showed modest responses to N amount and limited response to N management
management. Grain yields often increased up to the 1.0x N rate, with strong responses up to
the 1.5x N rate occurting in 2000 at both Star City and Scott. Applying N in a side-row
compared to mid-row band did not consistently influence canola seed yield, but seed N
concentration was significantly higher on side-row compared to mid-row placement in 2 of
11 site-years. Similarly, N applied as urea compared to AA had no consistent influence on
seed yield, although seed N concentration was higher on urea compared to AA on 1 occasion.
There was a weak trend for canola to have lower grain yield on fall banded compared to
spring banded N in 5 of 11 sites years, but the difference was only significant in 1 of those
years. Conversely, canola had higher grain yield on fail banded compared to spring banded
N in 2 of 11 site years, with both instances being significant. Grain yields were lower when
urca was broadcast compared to banded in 6 of 11 site years, but the difference was only
significant in 2 of those instances. Placing P with the seed instead of banded in a side-row

position increased seed yield on 5 of 11 site years with 3 instances being significant.
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Wheat also showed modest response to N amount and management. Grain yields olten
increased up to the 1.0x N rate, with strong responses up to the I.5x N rate occurring in 2000
at both Star City and Scott. Grain yield and grain-N concentration was higher on side-band
compared to mid-row band in 2 of 10 site years while grain N concentration was higher on
side-row compared to mid-row band on 2 further occasions. Grain yields were lower when
urea was broadcast compared to banded in 5 of 11 site years, with the difference being
significant in 3 of those instances. Grain yield was also lower when N was applied as AA
compared to urea on 3 of 10 site-years. Similarly, grain N concentration was significantly
lower on AA compared to urea on 3 of 10 site-years but the reverse was true for one

0ccasion.

When the results are view across crops but within sites, a few interesting patterns emerge. At
Indian Head, canola yield was consistently higher when P was seed placed rather than side-
band place, although the difference was only significant in one of the three years. Canola
yields were significantly higher in 2 of 3 years when N was applied in the fall rather than
spring. Considering all three crops at Indian Head, grain yields were bigher from treatments
receiving urea compared to AA in 5 of the 9 crop-site years, with 3 instances being
significant. Only one relatively consistent trend emerged at Star City. Grain yields were
lower when N was applied in the fall rather than in spring on 5 of 8 crop-site years, with 3 of
those instances being significant. At Swift Current, grain yields tended to be lower when
urea was broadcast rather than banded in 7 of 9 crop-site years, with 3 instances being

significant.

Considering grain yields over all sites, crops and years, the results from this study confirm
that fall banded N and broadcasted urea tend to be less efficient than their spring banded
counterparts. Interestingly, urea appeared to provide slightly better yields at Indian Head, but
AA and urea appeared to perform equally at the other three sites. This “tack of difference”
between N-formulation is of some significance in two respects. Firstly, it suggests that side-
band placement of AA is as effective as urea. Secondly, it has long been assumed that AA is
not effective in the Swift Current area, but our results imply that AA is equal to urea in this

region. There was, however, a weak trend for grain-N concentration to be lower on AA
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treatments compared to urea. Further analysis would be required to determine if the

difference in seed-N concentration was enough to be of economic significance.

Although plant densities tended to be lower on side-band compared to mid-row banded
treatments, this was usually nof translated into differences in grain yield. Our results suggest
that side-band systems increase the potential for problems with seed-bed quality under either
dry soil conditions or on wetter conditions in heavy clay soils. However, if dry conditions
prevail during the first few weeks following seeding, access to N by the emerging crop may
be more limited with the mid-row band placement. Overall, there was no significant
difference between the two systems 84% of the time. When differences did occur, favorable
results were more or less equally split between the two systems. There was a weak trend for
grain-N concentration to be higher on side-row compared mid-row banded N. Further
analysis would be required to determine if the difference in seed-N concentration was enough

to be of economic significance.

The results of this study confirm that N,O emissions increase with fertilizer N applications.
They also suggest that, within the range of rates applied in this study, emissions increase in a
linear fashion. In other words, the percentage of fertilizer-N lost as N»O did not increase as
fertilizer rates increased. The great majority of the percent-loss values calculated, fell at or
below 0.4 % with and overall mean value of 0.2 %. Despite the high degree of uncertainty
surrounding our estimates, we feel the results clearly indicate a need to modify the current
N,O loss coefficient of 1.25 % that is applied to fertilizer-N use in western Canada. We
conclude that N,O emissions are similar from AA compared to urea. There was a weak trend
for emissions to be higher when urea was broadcast rather than banded, and when fertilizer-N
was mid-row rather than side-row banded. In general results from this study indicate that
N,O emissions are comparatively low from well-managed cropping systems in western
Canada, and suggest that the specific N fertilizer system selected (side-row vs. mid-row,

anhydrous vs. urea) is of less consequence than ensuring the optimal use of N fertilizer

additions.

Differences in total energy inputs were almost exclusively related to the energy costs of

fertilizer N inputs. In most instances, there was limited crop response to increasing fertiiizer




N rate; therefore the best net energy values and input/output ratios were achieved with the
first increment of N (0.5 x recommended rate), although gross energy outputs generally
increased with increasing rates of N application. Spring broadcasting of urea, and fall
application of urea or AA require additional field operations, thus their energy inputs are
slightly higher than spring banded treatments. These higher energy inputs combined with
fower crop yields resulted in significantly lower values for all of the energy indicators on the
fall banded treatments about 30% of the titne, but only on a few occasions for the broadcast
treatment. There was no clear difference in energy efficiency between side-band and mid-
row band systems. Total energy inputs are higher for treatments utilizing urea compared AA,
resulting in inherently lower net energy production and O/I ratios. In this study net energy
production values were significantly lower on the urea treatments only about 30% of the
time, suggesting a small yield advantage (higher gross energy output) to urca which offset
the inherently higher energy inputs. However, the output/input ratios most often looked

more favorable on the AA treatments.
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INTRODUCTION

Increasing the efficiency of nitrogen (N) fertilizer uptake by crops improves the agronomic,
economic, and environmental value of fertilizer N. The availability of fertilizer N to plants
can be affected by its position in relation to plant roots. Band placement of urea below the
soil surface increased recovery of N in plants in both conventional- and zero- tillage systems
(Malhi and Nyborg 1991). The latter systems require all fertilizer nutrients be applied during
the seeding operation. Seed-placed application of large volumes of fertilizer is not an option
due to seedling damage, thus manufacturers have developed opener systems to separate the
seed and fertilizer without compromising fertilizer uptake. These systems include side-band
and mid-row band delivery. Although researchers have investigated the performance of side-
band openers, there have been no agronomic comparisons between side-band and mid-row
banded N. Farmers are unsure as to which fertilizer system performs best or if they perform

the same.

There are serious concerns about nitrous oxide (N2Q) emissions associated with N fertilizer
applications. Nitrous oxide is a powerful greenhouse gas and also depletes stratospheric
ozone. Current estimates suggest that agricultural activities contribute approximately 60% of
all Canadian anthropogenic N,O emissions, with more than 50% of the agricultural total
being associated with nitrogen (N) fertilizer use. The relationship between the amount of N
applied and N,O emitted is not necessarily linear, but is governed by a complex interaction
between environmental conditions, soil properties, as well as the form, placement, and timing
of the fertilizer N application. If N is applied when and where plants need it most, N-use
efficiency should increase, leaving less free N in the soil for shorter periods of time, and NoO
emissions should be reduced. As indicated above, placing N fertilizer into bands mcreases
crop uptake cfficiency, but concentrating fertilizer into bands can also cause localized
alterations in soil pH, osmotic potential, and free NHy concentrations which may also
influence direct N,O losses. Changing the spread of banded fertilizer due to alterations in
opener configuration and doubling of the fertilizer rate per band with mid-row banded
placement, both of which alter the localized concentration of applied N, may therefore have a
considerable effect on the amount of NoO emitted after fertilizer N application. In addition,

studies in the United States (Breitenbeck and Bremner 1986a & b; Bremner et al. 1981) have
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suggested that losses of NoO from anhydrous ammonia (AA) may be much higher (1.63% of
N applied lost as N,O) compared to other N sources (.03 to 0.26%). This is of particular
concern for western Canada where AA is used extensively. However, this research was
carried out in locations with soil and climatic conditions, and N application rates and
placement methods markedly different from western Canada. The actual contribution of N>O
from fertilizer use in the prairie region is highly uncertain, and the influence of fertilizer

formmlation is largely unknown.

In order to accurately assess the contribution of prairie agriculture to N,O emissions, and
identify opportunities for reducing those emissions, a better understanding of the influence
that N source, placement, rates of application, and their interaction with soil and chimatic
variations is needed. Maximizing economic benefits and minimizing the potentiai for
environmental damage are both clearly linked fo the efficient management of nitrogen

fertilizer.
Project Objectives

This research provides much needed Na2O loss coefficients from representative crops and
nitrogen management technologies in western Canada. The agronomic performance of the
two most common fertilizer/seeding application systems were compared and energy use
efficiencies calculated, providing important information to help producers make cost
effective management decisions. The general objectives were: 1) to determine the influence
of nitrogen fertilizer formulation, placement, and timing on N,O emissions from
representative western Canadian soils; 2) to compare the agronomic performance and
nitrogen use efficiency of side-banded versus mid-row banded urea and anhydrous ammonia
(AA) applied at seeding, as well as fall band of both formulations; 3) to calculate a total
energy budget for the different formulations, placements, and timings of N fertilizer

application.
Applied Questions:

- How much N from fertilizers is lost directly as N,O under western Canadian
conditions?




- Does fertilizer N source influence direct losses of N;O?
- Does application time (spring vs. fall) influence direct losses of N2O?
- Are direct losses of N>O influenced by crop type?

- Does fertilizer placement influence agronomic performance and/or direct losses of
N,07?

MATERIALS AND METHODS

Field experiments were established in four Saskatchewan soil-climatic zones, using canola,
flax and wheat as test crops. Experimental sites included Swift Current (Brown soil zone),
Scott (Dark Brown), Indian Head (Black) and Star City (Dark Gray). Selected soil
characteristics for each site are provided in Table 1. At each site, and separately for each
crop, 17 treatments were arranged in a randomized complete block design (RCBD) i four
replications. Plots dimensions were 3.1 m x 9.2 m with a 0.3 m boundary between each plot.
A complete list of treatments is provided in Table 2. Treatments included the following
factors: 1) N placement (Side-banded, mid-row banded and broadcast); 2) N fertilizer
formulation (Urea and AA); 3) N application timing (fall and spring); 4) N rate; and 5)
phosphorus (P) placement (Side-banded P and P placed with the seed).

Seed row openers were located at 25 cm (10 in.) spacing using Flexi-Coil Stealth openers for
the side-banded treatments and Bourgault knives with Bourgault mid-row coulter banders
(placed between every second set of knives) for the mid-row banded treatments, On-row

packing with V shaped packers was done in all the treatments.

A blanket application of K>SOs was broadcast prior to seeding at all sites to ensure
sufficiency of these nutrients. All sites received P fertilizer (11-51-0), at rates of 17 kg 205
ha'! at Scott and Swift Current and 23 kg P,Os ha at Melfort and Indian Head. Nitrogen
fertilizer rates were, check (no N fertilizer applied, but the P fertilizer contained 4 kg N ha™!
at Scott and Swift Current and 5 kg N ha”' at Melfort and Indian Head), recommended rate
(1.0x), one-half the recommended rate (0.5x), and one and one-half the recommended rate
(1.5x). The recommended rate was 80 kg N ha”' at Melfort and Indian Head and 60 kg N ha’'

at Swift Current and Scott. Phosphorus was placed with the seed in all cases except for the




.

.

side-banded urea treatments where both N and P were placed in the side-band. An additional

side-banded urea treatment (1.0x) with seed placed P was included for comparative purposes.

Canola (InVigor 2273 in 2000; InVigor 2663 in 2001 and 2002) was seeded at 5-6 kg ha'!,
while flax (Norlin in 2000 and Bethune in 2001 and 2002) was seeded at 63 kg ha™' at all
locations. Spring wheat (AC Barrie in 2000 and 2001 and AC Eatonia in 2002) was seeded
at 134 kg ha” for Indian Head and Star City, and 90 kg ha'! for Scott and Swift Current.
Crops were rotated in the following sequence: flax was grown on spring wheat stubble,
canola on flax stubble, and spring wheat on canola stubble. Crops were direct seeded into
standing stubble using a 10 ft., 4 tank PAMI pneumatic plot seeder configured to apply either

AA or urea in addition to seed and P requirements.

Plant emergence and head counts were taken on one-meter row lengths from two positions in
each plot. Plant counts were conducted on all plots about 2 weeks after emergence; head
counts were taken after soft dough stage on the wheat plots only. Total biomass was
determined on all plots by collecting two ¥ -m row lengths by hand from two positions in
each plot. The samples were bulked, dried (temperatures < 60 °C), and weighed. Grain
yields were determined using a plot combine. Grab samples of straw were collected from
behind the combine. A representative grain and straw sample was ground and analysed for
carbon and nitrogen contents. Bushel weights and 1000 kemel seced weights were also

determined using standardized procedures.

All dependeﬁt variables were analyzed with the PROC MIXED procedure of SAS (SAS
Institute Inc. 1996) with the REML option with treatments fixed and replications random.
Single df contrast comparisons were done between several groups: 1) Side-banded N
placements (Treatments 1, 2, 3, 9, 10, 11) vs. mid-row banded N placements (Treatinents 4,
5,6, 12, 13, 14); 2) Broadcast urea (Treatment 8) vs. Banded urea (Treatments 2, 5); 3) Urea
(Treatments 1-6) vs. AA (Treatments 9-14); 4) Fall banded N applications (Treatments 7, 15)
vs. spring banded N applications (Treatments 2, 5, 10, 13); and 5) Side-banded phosphorus
(Treatment 2) vs. phosphorus placed with the seed (Treatment 17). Lincar, quadratic and

cubic effects of N rate were determined by orthogonal contrasts. All contrasts were done for
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individual groups, combined and their interactions, ‘Significance’ in the text refers to 7 <

0.03, if the P value is not given.
Nitrous Oxide Sampling

Gas samples were collected using vented soil chambers similar to those described by Lessard
et al. (1994). Plexi-glass frames (22 cm x 45.5 cm x 15 cm high) were inserted into the soil
to a depth of 5 cm. The frames were designed to fit snugly between crop rows. Care was

taken to ensure that the frames encompassed the fertilizer bands.

N,O flux was estimated from the concentration change in the chamber headspace over a 30
or 60 minute collection period. Samples were drawn from the headspace using disposable 20
ml polypropylene syringes. The gas samples were then injected into pre-evacuated 13 ml
exetainers for transport to the laboratory. The concentration of N»O in the samples was
determined using a gas chromatograph equipped with an electron capture detector. The field
plots were sampled for N,O emissions about twice weekly from snow melt until the end of
July when soil-water contents were high and the potential for N,O loss was greatest.
Sampling frequency was reduced fo once a week or less during the latter part of the season

when soil-water contents were low.

N,O emissions stimulated by fertilizer N placed in bands are most intense near the band, and
decrease with increasing distance from the band. Fertilizer is placed between every crop row
on side-row band treatments, thus samples collected from chambers enclosing the entire
inter-row area will include a representative proportion of soil that is and isn’t influenced by
the fertilizer band. Conversely, fertilizer is placed between every second crop row on the
mid-row band treatments, thus the soil voluine between the alternate crop rows (the inter-row
area not receiving fertilizer) will be largely unaffected by the fertilizer band. 'Thus, a
representative flux measurement should be an average of the two inter-row arcas. We
assumed that emissions from the inter-row area not receiving fertilizer would be unalfected
by the fertilizer band and should be similar to the check treatments. Accordingly, emission
estimates from the mid-row band treatments were calculated by averaging the flux from the
inter-row area receiving fertilizer N with the flux from the check treatmenis (used as a proxy

for the inter-row area not receiving fertilizer).
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Scasonal estimates of N;O emissions were calculated by interpolating between data points
and integrating over time assuming a constant flux (Lemke et al., 1998). Seasonal estimates
were analysed using GLM procedure in SAS, and LSDgg¢ or contrasts were used for mean
separation. Linear and quadratic effects of N rate were determined by orthogonal contrasts.
All contrasts were done for individual groups, combined and their interactions. ‘Significance’

in the text refers to £ < 0.1 if the P value is not given.
Energy Analysis

The energy performance of the nitrogen fertilizer management systems was determined using
methods described by Zentner et al. (1998). This involved identifying all direct and indirect
non-renewable energy going into the manufacture, formmlation, packaging, distribution,
transportation, maintenance, and application of all inputs used in each crop production
system. A 907 ha representative farm, with a typical complement of equipment for each

treatment, was used to extrapolate the research plot data to a farm-level basis,

The physical quantities of inputs used were converted to energy values using appropriate and
the most recent energy coefficients taken from the literature and as summarized by Nagy
(1999) and Zentner et al. (1998) (Table 3). Recommended depths of tillage (where
appropriate) and travel speeds were assumed for all field operations. Quantities of fuel and
lubricants used by tractors and other powered machinery were as reported by Saskatchewan
Agriculture and Food (1999). Grain used as seed was not included as an energy nput;
instead, it was subtracted from the harvested grain yield for each crop. Energy associated
with human labor was not included in the analysis because it has been shown in earlier
studies to account for less than 0.2% of total energy input for most cropping systems
(Zentner et al., 1984). No allowance was made for energy removed from the soil in the form
of plant nutrients, energy captured in terms of soil organic matter increases or losses
(Coxworth et al., 1994, 1995), nor for that which was captured directly from the sun by the
growing plants. The analysis also excludes heating and electrical energy used for the home
and farm buildings, and energy associated with transportation and subsequent processing of

the grains beyond the point of initial sale (i.c., delivery to a local elevator or processing
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facility). Presumably, these latter energy expenditures would occur regardiess of how the

grains were produced.

Output from the cropping systems was taken as gross energy content of the harvested grain
less the seed requirements, based on bomb calorimeter analyses (direct combustion) of
representative samples of each grain fype (Nagy, 1999). Energy in the crop residue was not

included as energy output of the treatments since it was returned to the land.

Energy efficiencies or intensities of the cropping systems were calculated as (1) net energy
produced (energy output minus energy input); (i1) ratio of energy output to energy nput; and

(iii) quantity of grain produced per unit of energy input.

The energy performance results were expressed on a per hectare basis. All data were
subjected to analysis of variance using the statistical methods described previously in the

agronomy section.

RESULTS AND DISCUSSION
Growing Conditions

Swift Current experienced an unusually warm May during 2000; otherwise mean monthly air
temperatures were similar to the long-term means for all sites in all three years of this study
(Table 4). Scott and Indian Head received about average precipitation during the 2000
growing season, but precipitation was above average at Star City and Swift Current. Late fall
and winter were dry at all sites with snowfall being particularly low at Scott and Swift
Current. The 2001 growing season was dry at all locations. Indian Head received only 30%
of long-term mean precipitation, while Swift Current, Scott, and Star City received 60%,
63% and 73% respectively. All sites received very limited snowfall during the over-winter
period, and conditions remained very dry during the early part of the 2002 growing season.
Conditions remained dry throughout the balance of the season at Scott resulting in complete
crop failure. Above average precipitation at Swift Current and Indian Head during the latter
part of the growing season resulted in modest crop yields at these two locations. At Star
City, the rains came too late (July) for the wheat crop to recover. The flax crop recovered

enough to provide poor but harvestable yields, and the canola produced modest yields.




Agronomy Results

Swift Current

In 2000, temperature and overall precipitation were generally above normal during the
growing season (May-August), although rainfall in August was quite low {(Table 4). In 2001,
the temperature was above average during most of the growing scason, with very low
precipitation. The moisture condition in the early spring of 2002 was poor due to depletion of
soil moisture in 2001 and low precipitation in May, but precipitation was well above normal

during the rest of the growing season; temperature was near normal throughout.

Wheat

The environment had a major impact on the grain yield and biomass production (Table 5).
The overall mean yield in 2000 (3.7 t ha') was about five times the yield in 2001 (0.7 t ha)
and three times the yield in 2002 (1.5 ¢ ha™). In addition to drought, sawfly damage was also

severe in 2001. A solid stem wheat variety (AC Eatonia) was seeded in 2002 to minimize

sawfly damage.

Effect of N placement; Statistical analysis indicated no significant placement x formulation

or placement x rate interactions for any agronomic variables in any ycar. Therefore only the
overall contrasts between side-banded and mid-row banded treatments are presented in
Figure 1. No significant differences in agronomic performance were found between side-
banded and mid-row banded treatments in 2000, although a considerable crop stress on the
medium and high side-banded urca treatments was visually observed in the early growing

season. These symptoms were no longer apparent by the flag leaf stage.

In 2001, mid-row banded treatments achieved slightly higher straw yield (0.1 t ha") than
side-banded treatments, which was associated with a higher plant density (P < 0.05). There
were no significant differences between side-banded and mid-row banded treatments in

heads per plant or kernel weight. In 2002, side-banded treatments harvested higher grain
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yield and straw yield (£ < 0.05) than mid-row treatments, but treatment difference was only

0.2 t ha™! for grain yield and 0.3 t ha for straw yield.

Banded N applications consistently had higher yiclds than the broadcast N treatment (urea at
medium rate) although the difference was only significant in 2002 (Fig. 2). In 2000, the mid-
row banded treatment had lower plant density (P < 0.01), which was compensated by more

heads per plant.

Effect of N formulation; There were no significant formulation x placement or formulation x

rate interactions on any agronomic variables. No significant differences m grain yield or
straw yield between vrea and AA treatments were found in any year (Fig. 3). In 2000, AA
treatments had higher plant density (P < 0.01), but less heads per plant (£ < 0.05) than urea
treatments. The AA treatments also had significantly more heads per plant than urea

treatments in 2001, but the actual difference was very small (0.2 heads plant™).

Effect of timing: Contrasts showed that, in most cases, fall N applications did not differ from
spring-banded N treatments at the medium rate in terms of agronomic performance, except
that spring applications had slightly higher yield (£ = 0.06) and significantly higher plant
density (P < 0.05) than fall applications in 2002 (Fig. 4).

Effect of N fertilizer rate; Statistical analyses indicated that there were no significant rate x

placement or rate x formulation interactions on agronomic performance. Fig. 5 shows that
grain yield was not significantly responsive to fertilizer in 2000, but straw yield responded
linearly to N rate. Heads per plant tended to increase, but plant density and kernel weight
tended to decrease with increasing N, although differences were not significant. In 2001,
neither grain yield nor straw yield responded to N. There was a trend for plant density to
decrease with increasing N (not significant). Although kernel weight was linearly reduced
with increasing N, the actual change of kernel weight was quite small. In 2002, grain yield
and straw vield increased linearly with increasing fertilizer up to the reconunended rate. Plant

density tended to decrease for the treatment with more than the recommended N rate.
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Effect of P placement: In general, different phosphorus placements did not result in

differences in agronomic performance except that side-banded P treatment had lower kernel

weight (P < 0.001) than the seed-place P treatments in 2002 (Fig. 6).

Summary: In general, differences in agronomic variables between any groups were small.
Straw yield and heads per plant tended to be more sensitive to N rate than other variables,

although grain yield tended to be lower in both 2000 and 2001 when N was fail rather than
spring applied, the difference was significant in 2002.

Canola

Similar to wheat, the environment had a major impact on the grain yield in canola at Swift
Current (Table 4). The average yield in 2000 (1.7 ¢ ha™') was about 2.4 times that of 2001 (0.7
tha) and 1.5 times that of 2002 (1.1 tha™). Considerable lodging was observed in 2000.

Effect of N placement; Statistical analysis indicated no significant placement x formulation

or placement * rate interaction for any agronomic variable in any year. Therefore, only
overall contrasts between side-banded and mid-row banded treatments are presented (Fig. 7).
There was no significant difference between the two band placements for any variable,
except that mid-row banded had significantly higher kernel weight than side-banded in 2000
(P < 0.001) and 2001(P < 0.05). Broadcast application had significantly lower seed yicld
compared to band placements (urea at medium rate) in 2002, and higher kernel weight than

the side-row placement (but not the mid-row) in 2000 (Fig. 8).

Effect of N formulation: There were no interactions of formulation x placement or

formulation x rate for contrasts between urea and AA spring-banded treatments. The AA
treatments had higher yield than urea treatments in 2001 (P < 0.05), although the actual

difference was small (Fig. 9). No other treatment differences were observed.

Effect of timing: Fall applications did not differ significantly from spring banded freatiments
at the same fertilizer rate (medium) for any agronomic variables (Fig. 10). Fall applications
only slightly (P = 0.06) increased straw production in 2001 and slightly reduced plant density
in 2002 (P = 0.06).
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Effect of N rate; In general, seed yields and straw yield responded linearly to fertilizer rate in

each year, although grain yield in the high N treatment was slightly less than on the medium
rate in 2002 (Fig. 11). The degree of increase in straw yield was reduced when the N rate was
higher than the low rate level in 2000 and the degree of increase was quite small in 2001.
Although plant density did not respond to fertilizer rate significantly, high rates of fertihizer
tended to reduce plant density in 2001 and 2002. In 2001, plant density was linearly reduced
by side-banded urea (P = 0.05) and AA (P = 0.08). Kernel weight increased linearly with

fertilizer rate in 2002,

Effect of P placement: The side-banded P treatment had fower (P < 0.05) yield in 2001 and

slightly higher (P = 0.07) straw production in 2002 (Fig. 12) compared to seed-placed P.
There were no other significant differences in agronomic performance between the two

placements of phosphorus.

Summary: Seed and straw yields showed a significant linear response to N rate in all three
years, however differences in agronomic performance between N-managements were small
and infrequeni. Grain yield was significantly higher in 2001 when P was seed-placed

compared to side-banded.

Flax

Similar to other crops at Swift Current, flax yield in 2000 was the highest (1.8 t ha™®),
followed by 2002 (1.2 t ha™) and 2001 (0.7 t ha™") (Table 7).

Effect of N placement: In general, differences in agronomic performance between side-
banded and mid-row banded treatments were not significant for flax at Swift Current, except
that mid-row banded treatments had higher kernel weight than side-banded treatments (Fig.
13) in 2002. The formulation * placement interaction was significant for plant density in
2002 (P < 0.05). The mid-row banded treatment had higher plant density compared to the
side-banded treatment for AA (P < 0.05) but not urea.

Banded treatments had higher grain yield than the broadcast treatment (urea at medium rate)

in 2001 (P < 0.01), but not in other two years (Fig. 14). The broadcast treatment had higher
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plant density in 2000 (P < 0.01) and lower kernel weight in 2002 (P < 0.05), compared to the

mid-row band treatment.

Effect of N formulation: Fertilizer formulation had no significant effect on grain yield, but

straw yields were significantly higher when N was applied as AA rather than urea in 2000
and 2001 (Fig. 15). Plant density tended to be higher for AA treatments compared to urea

{reatments, but the difference was only significant in 2000.

Effect of timing: In most cases, there were few differences in agronomic performance

between fall-banded and spring-banded treatments, although grain yield tended to be higher
when N was spring rather than fall applied, however the difference was only significant in
2001 (P < 0.05). In 2000, plant density was lower (P < 0.01) on plots receiving N in the
spring compared to fall (Fig. 16).

Effect of N rate; Grain yield did not respond to fertilizer rate in 2000 (Fig. 17). There was a

significant quadratic response in 2001, but the actual difference was very small. In 2002,
yield increased linearly over the first two increments of N applied. Straw production
responded fo the fertilizer rate in a similar fashion to that of gain yield. Plant density did not
respond significantly to fertilizer rate, however high rates tended to reduce density each year.

The kernel weight was negatively related to fertilizer rate in 2001, but not in the other two

years.

Effect of P placement: Side-banded P had higher (P < 0.05) yield in 2002 and slightty higher

(P = 0.08) plant density in 2000 compared to seed-placed P (Fig. 18). There were no other

differences in agronomic performance between P placements.

Summary: In most cases, treatment effects on agronomic variables were relatively small in

flax. The yield was only linearly responsive to the first two increments of N rate in 2002.

Higher N applications tended to reduce plant density. A 3-year trend for grain yield to be
Jlower on treatments receiving N in the fall compared to spring was noted, but the difference
was only significant in 2001. Grain yield tended to be lower on broadcast compared fo

banded treatments in 2001,

Indian Head
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Temperatures were unusually cool and precipitation was above average during May and
June at Indian Head in 2000 (Table 4). Conditions were very dry in the whole 2001 season
and the early part of 2002, Precipitation was near to slightly above normal from June to

August of 2002.
Wheat

Despite considerable differences in yearly rainfall, average wheat yields did not differ
significantly from year to year. Average yields in 2000 were 2.2t ha’l, 2.0 tha™ in 2001 , and
2.2 tha™t in 2002 (Table 8).

Effect of N placement; The difference in grain yield between side-banded and mid-row

banded treatments was not significant in 2000 (Fig. 19). Side-banded treatments had
significantly higher straw yield, higher plant density and lower heads per plant than mid-row
banded treatments for urea fertilizer, but treatment differences were not significant for AA
(Table 8). In 2001, side-banded treatments significantly reduced plant density suggesting
poorer seedbed quality or possibly seedling damage. However, an increase (£ < 0.001) in
heads per plant by side-band treatments compensated the loss of plants and resulted in simifar
grain yields between the two placement treatments. Although grain yield on the side-banded
treatment was significantly (P < 0.01) higher than on the mid-row banded treatment in 2002,

the actual difference was quite small (0.1 t ha™.

The mid-row banded treatment had lower plant density (P < 0.05), but higher heads
per plant (P < 0.05) than the broadcast treatment in 2000 (Fig. 20). In 2001, both banded
treatments had higher grain yield than the broadcast treatment. The side-banded treatment
had lower plant density (P < 0.05), but higher heads per plant (P < 0.01). In 2002, both

banded treatments had significantly lower plant density compared to the broadcast treatment.

Effect of N formulation; Urea fertilizer treatments produced significantly higher yieid than

the AA fertilizer treatments in 2000 and 2001, although the actual difference was small (0.1 t
ha™', Fig. 21). AA treatments had higher plant density compared to the urea treatments in

2002.




Effect of timing: In general, there were no significant differences in agronomic performance

between fall banded and spring banded treatments, except that fall banded tended to achieve

higher plant density each year (Fig. 22).

Effect of N rate: There was a linear effect of N fertilizer rate on grain yield each year,

although the increase was small when the rate was higher than the low level (Fig. 23). The
response of straw production to N rate was similar to that of yield. Other agronomic
characteristics did not response to N rate significantly, except that linear responses to N rate

from very low to medium were found for heads per plant and kernel weight in 2000.

Effect of P placement: No significant differences in agronomic performance were found

between seed placed and side-band placed P, except that the side-band treatment had higher

(P < 0.01) kernel weight in 2000 (Fig. 24).

Summary; In most cases, differences in agronomic variables between any groups were
relatively small in wheat at Indian Head and treatment differences were not consistent.
Broadcast and fall banded treatments tended to have higher plant density than spring-
banded treatments. Treatments receiving N as urea rather than as A4 had higher grain yield

in both 2000 and 2001.

Canola

The yearly difference of grain yield for canola was larger than that for wheat at Indian
Head (Table 9). The average yield was 2.5 t ha™ in 2000, which was about 1.7 and 1.9 times
of that in 2001 (1.5 t ha™) and 2002 (1.3 t ha™), respectively.

Effect of N placement: A significant effect of fertilizer placement on canola yield was found
in 2001 (Fig. 25). Side-band treatments had markedly lower yield compared to mid-row band
treatments (P < 0.001), which was attributed to poor emergence as a result of shallow
seeding with the side-banded opener. On June 12, the plant density of side-band treatments
only had about 1/3 that of mid-row band treatments. The plant density observed on July 3,
following rainfall, did not differ significantly among treatments (data not shown), suggesting
that delayed emergence was the cause of yield reduction in side-band treatments. Fertilizer

form x placement interactions were significant for yield and for plant density. Side-band
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treatments had significantly lower yield and lower density than mid-row treatments for both
fertilizer forms, but the reduction of yield and plant density for AA was higher than that for
urea (Table 9). In 2002, side-band treatments had lower (P = 0.07) plant density than mid-
row band treatments for AA. For urea, however, side-band treatments had significantly (P <

0.05) higher plant density (Table 9).

Lower yield and lower plant density on side-band treatments compared to the broadcast
treatment were observed in 2001 (Fig. 26). In 2002, the side-band treatment had slightly
lower yield compared to the broadcast treatment (Fig. 26), but it was not related to plant

density as the side-band treatiment actually had higher plant density (£ < 0.05).

Effect of N formulation: Urea treatments tended to have higher yields compared to AA in

2000 and 2001, but the difference was only significant (P < 0.001) in the latter year (Fig. 27).
The significance of the yield increase by urea over AA was much greater for side-band
freatments (P < 0.001) than for mid-row freatment (7 = 0.07). AA applications had
significantly (P < 0.01) lower plant density (10 m?) compared to urea applications (26 m™)
in the side-band treatments, but there was no difference in plant density in the mid-row band
treatments. In 2002, treatments receiving AA had significantly higher plant density than urea

treatments for mid-row placement (P < 0.01), but not for side-band placement (Table 9).

Effect of timing: No significant fertilizer form x timing interactions were found [or
agronomic performance (Fig. 28). Fall band treatments out-yielded spring band treatments (£
< 0.05) in 2000 and 2001. The yield gain of fall band treatments in 2001 was atiributed to
better plant establishment (£ < 0.001).

Effect of N rate: Fig. 29 showed that canola yield tended to respond linearly to N rate in each

year. Although the overall yield response was not significant in 2001, yields significantly
responded to N rate linearly and quadratically for each fertilizer form/placement, except the
treatment of urea side-banded (Table 9). Straw production did not respond to N rate
significantly in 2000 or 2001. In 2002, straw yield increased lincarly until the N application

reached the recommended rate.
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Effect of P placement: Side-band placed P had lower yield (P < 0.001), but higher plant
density (P < 0.05) compared to seed-placed P in 2002 (Fig. 30). There were no other

significant differences in agronomic performance between the two phosphorus placements.

Summary: In most cases, differences in grain yield and other variables between any groups
were relatively small in canola at Indian Head. Grain yield tended to be higher on seed-
placed compared to side-band placed P in all three years, but the difference was onfy
significant in 2002. Yields were also significantly higher when N was applied in the fall
rather than in the spring in 2000 and 2001. Side-banded treatments had markedly lower
yield compared to mid-row banded treatments in 2001, which was associated with lower

plant density.

Flax

In contrast to canola, the highest grain yield was achieved in 2002 for flax at Indian Head

(2.0 t ha™'), followed by 2000 (1.6 t ha™") and 2001 (1.2 t ha™") (Table 10).

Effect of N placement: In 2000, mid-row banded treatments had significantly (P < 0.001)

higher plant densities than side-banded treatments, but this did not result in significant
differences in grain yield or straw yield (Fig. 31). In 2001, the fertilizer form * placement
interaction for yield was significant. Side-banded treatments had higher yield compared to
mid-row banded treatments for AA (P < 0.01), but not for urea (Table 10). Side-banded
treatments had higher straw yield compared to mid-row banded treatments for both fertilizer
formulations. The fertilizer form x placement interaction for density was also significant in
2001. Side-banded treatments had significantly lower plant densities than mid-row band
treatments for both fertilizer formulations, but the reduction for urea was much higher than
for AA (Table 10). It appears that the differences in yield and straw production between two
fertilizer placements were not related to plant density. In 2002, mid-row banded treatments
had slightly (P = 0.09) higher yield than side-banded treatments. The fertilizer form x
placement interaction for density was again significant. Side-banded treatments had
significantly lower plant density than mid-row band treatments for AA, but not for urea

{Table 10).
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Contrasts between treatments of side-banded and broadcast urea at medium rate showed

that side-banding reduced plant density slightly in 2000 and significantly in 2001 (Fig. 32).

Effect of N formulation; Yield differences between two fertilizer treatments were small (Fig.

33). In 2000, urea fertilizer produced slightly (P = 0.08) more yield than AA fertilizer. In
2001, urea treatments had significantly higher yield compared to AA treatments for mid-row
band, but the actual difference was only 0.1 tha'. AA had higher plant densities than urea on

side-banded treatments (P < 0.05), but not on mid-row {reatments.

The yield difference was not significant in 2002, but straw yields tended to be higher on AA
than on urea treatments. The AA treatments had higher plant densities compared to urea

treatinents, but it was only significant for the mid-row band placement (P < 0.01).

Effect of timing: There were no significant ditferences in agronomic performance between
fertilizers applied in the fall and in the spring, except that spring applied fertilizer had lower
plant density than fall applied fertilizer in 2001 (Fig. 34). The soil was wet in the spring
which may have resulted in greater soil compaction and more difficulty in getting good seed
to soil contact. Dry windy conditions following the seeding operation would have

aggravated this problem.

Effect of N rate: In 2000 and 2002, grain yields markedly increased with the first increment

of N (Fig. 35). In 2001, no significant yield response to N rate was found for any festilizer
formulation or placement, except that yield increased linearly on side-banded AA (£ < 0.01)
with increasing N (Table 10). Plant densities tended to be reduced with increasing N rate in
2001 and 2002. This trend existed for all treatments, especially the side-banded treatments
(Table 10).

Effect of P placement: There were no significant differences in agronomic performance

between the two phosphorus placements, except that side-band placed P had lower straw
yield (P < 0.05) and higher plant density (P < 0.05) compared to the seed-placed P treatments
in 2000 (Fig. 36).




Summary: Treatment differences for agronomic variables were not consistent for flax al
Indian Head, although the side-banded treatments tended to reduce plant density. In most

cases, grain yield only responded to the first increment of N.
Star City

Wheat

The environment had a major impact on the grain yield in wheat (Table 11). The overall
average yield was the highest in 2000 (2.3 t ha™'). Severe droughts resulted in yields for 2001
and 2002 that were only about 43% (1.0 t ha™) and 13% (0.3 t ha'') of that in 2000,
respectively. An analysis and discussion of the 2002 results is provided for completeness,
however, the virtual failure of the wheat crop in this year makes the validity of the

observations rather questionable.

Effect of N placement: There were no significant differences in wheat yield between two N

placements in any year (Fig. 37). Opposite treatment differences in straw yield were found
between 2000 and 2001. Mid-row treatments had higher straw yield in 2000, but lower straw
yield in 2001 for both fertilizer forms, but the differences were only significant for urea
(Table 11). Mid-row band had less heads per plant in 2000 and lower kernel weight in 2002
than side-band (note that kernel weight data was not collected in 2000). Mid-row band
treatments tended to have higher plant densities than side-banded treatments for both
fertilizers, although the difference was not significant in 2001. Differences in plant density

did not translate into significant differences in yicld.

The side-banded urea treatment had higher yield than the broadcast treatment in 2002
(P < 0.05), which was associated with more heads per plant and higher kernel weight — even
though plant density was slightly lower (Fig. 38). The mid-row band treatment had lower

straw yield than the broadcast treatment in 2000.

Bffect of N formulation: There was no interaction between formulation and placement in

agronomic performance. In general, grain yield and straw yield differences were quite small,

but AA produced significantly higher straw yield compared to urea in 2000 (Fig. 39). AA
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treatments had much higher plant density than urea treatments in 2002, but grain yield and

kernel weight was actually reduced.

Effect of timing: Fall applied N had significantly lower grain yield in 2001 compared to
spring applied N (Fig. 40). Fall banded AA treatments had significantly lower plant densities
than spring side-banded AA in 2000 and 2002 (Table 11).

Effect of N rate: There was a marked increase in grain yield with N application in 2000,

although the magnitude of the increase was reduced with each additional increment of N
(Fig. 41). The yield increase was associated with a similar increase in heads per plant. In
2001, the increased yields were very small after the first increment of N applied. The
response pattern of straw yield to N rate was similar to that of grain yield in 2000 and 2001,
but yield increased more markedly with increasing N up to the recommended rate. Plant
density did not respond to N rate, except in 2002 when plant density was linearly reduced
with the increasing rates of urea (Table 11). Kernel weight responded negatively to N rate in

2002, but the actual change of kernel weight was very small after the first increment of N

applied.

Effect of P placement: There were no significant differences in agronomic performance

between two phosphorus placements, except that side-band placed P had lower plant density

(P < 0.01), but more heads per plant (£ < 0.001) compared to seed-placed P in 2000 (Fig.
42).

Summary: There were few significant treatment differences in grain yield or agronomic
variables for wheat at Star City. Treatments with fall applied N had lower grain yield than
spring applied N in 2001. Side-banded treatments tended to have lower plant density than

mid-row banded treatments, but this did not result in significant differences in grain yield.

Canola

The overall average canola yield was the highest in 2000 at Star City (2.5t ha™), followed by
2002 (1.5 t ha™) and 2001 (0.7 t ha™) (Table 12).
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Effect of N placement: No significant difference in grain yield between two N placements

was found in any year (Fig. 43). Side-banded treatments tended towards higher straw yield in
each year but this was only significant in 2000. Side-banded treatments had lower plant

density than mid-row banded treatments in 2000 and 2002.

Mid-row banded urea had lower grain yield than the broadcasted treatment in 2000, but
banded treatments tended to produce higher straw yield (Fig. 44). In 2002, both banded
treatments produced higher grain yield, which might be attributed to their higher plant

densities.

Fffect of N formulation: Grain yield on treatments receiving AA was higher than on those

receiving urea in 2000 (Fig. 45). In 2001, AA produced slightly lower yield, which was
associated with higher plant density, but lower kernel weight. The plant density was low for

both fertilizer treatments in 2002, but was higher on urea treatments compared to AA

{reatiments.

Effect of timing: The timing % form interaction was significant for grain yield in 2000 (Fig.

46). Fall banded treatment had lower yield for AA (0.5 t ha'!, P < 0.01), but higher yieid for
urea (0.3 ¢ ha!, P < 0.05) compared to spring banded treatments. In 2002, spring banded
treatments had higher grain and straw yields than fall banded treatments, which was

associated with their higher plant density.

Lffect of N rate: Grain yield responded linearly to N additions in each year, but the

magnitude of the increase was less for treatments with N rates higher than the first increment
in 2000 and higher than the recommended rate in 2001. The increase was very low in 2002
(Fig. 47). Straw yield increased linearly with the increases of N in each year. Straw yields
tended to respond to N rate linearly through all increments for AA, but not to the last
increment for urea (Table 12). Although kernel weight responded to N rate linearly and

quadratically in 2001, changes over all increments were very small.

Effect of P placement: The grain yield of side-banded P placement was significantly lower in

2000, but slightly higher in 2002 compared to seed-piaced P (Fig. 48). There werc no vther

significant differences in agronomic performance between the two phosphorus placements.
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Summary: Although canola responded linearly to N applications in all years, there were few
significant treatment differences in grain yield or agronomic variables at Star Cily.
Broadcast urea had lower yields than banded in 2002, but higher yield than mid-row banded
ureq in 2000. Spring banded N had significantly higher yields compared io fall banded N in
2002. Seed-placed P treatment had higher grain yields than side-placed P in 2000, as did

Ad treatments compared to urea treatments.

TFlax

Similar to wheat, the overall average yield was the highest in 2000 (1.9 t ha') (Table 13).
Severe droughts resulted in yields for 2001 and 2002 that were only about 63% (1.2 t ha™"
and 42% (0.8 t ha™") of the yield in 2000, respectively.

Effect of N placement: There were no significant differences in grain yield between the two

N placements for flax at this site. Side-banded treatments had higher straw yield in 2000,
and lower plant density in 2001 compared to mid-row banded treatments (Fig. 49). In 2002,
side-band treatments had significantly lower straw yield, but higher kernel weight. The
broadcasted urea treatment did not differ from banded treatments, except that the mid-row
banded treatment produced significantly less straw yield in 2000, but more straw yield in

2002 (Fig. 50).

Effect of N formulation: AA treatments had significantly higher grain yield than urea

treatments in 2001 (Fig. 51).

Effect of timing: Spring banded treatments tended to produce higher grain yield and straw
yield in two years (2001 and 2002) compared to fall-banded treatments (Fig. 52). In 2001, the
timing x fertilizer formulation interaction for plant density was significant (£ < 0.01). The
fall-banded treatment had significantly higher plant density than the spring-banded treatment
for AA (P <0.01), but not for urea (Table 13).

Effect of N rate: Grain yield did not generally respond to N rate. Straw yield increased

linearly with the increasing N rate in 2000 and 2002, but the increase was small for the last

increment (Fig. 53). Plant densities tended to be reduced with increasing N in 2001.
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Effect of P placement: Side-band placed P had higher yield and higher kernel weight (£ <

0.05) compared to seed-placed P in 2001 (Fig. 54). No other significant differences n

agronomic performance were noted.

Summary: In most cases, treatment differences in agronomic variables were relatively small
and not consistent. Side-banded treatments, especially that of high rate A4, tended to have
lower plant density in 2001 than mid-row banded treatments. Grain yields on treatments
receiving N in the fall rather than in the spring tended fo be lower in both 2001 and 2002,
but the difference was only significant in the latter year. Side-row placed P had significantly
higher yields compared fo seed placed P, and AA treatments had significantly higher yields

compared to urea in 2001.

Scott

Precipitation was low during the early part of the growing season in 2000 (Table 4). Severe
drought conditions were experienced in both 2001 and 2002. Although the 2002 results are
presented and discussed, all three crops were essentially a failure in that year. Consequently

the validity of any observations made for 2002 may be suspect.

Wheat

The enviromtnent had a major impact on the grain yield of wheat. The overall average
yield was the highest in 2000 (2.2 t ha™!) (Table 14). Severe droughts resulted in yields in
2001 and 2002 that were only about 71% (1.5t ha'') and 9% (0.2 t ha™") respectively, of the
2000 yield. A relatively high incidence of take-all root infection was noted in 2000.

Effect of N placement: Figure 55 shows that side-banded treatments had higher grain yields
and significantly (P < 0.01) lower straw yields than mid-row banded treatments in 2000. No
difference in plant density, heads per plant or kernel weight were noted. Under the dry
conditions early in the growing season, placement of N farther from the seed row with mid-
row band may have delayed uptake by the crop. This may be one possible explanation for the
observed yield differences. In contrast, side-band tended to have both lower grain and straw
yield in 2001 (only significant for AA, Table 14). Visual observations in the early growing

season suggested that the side-band treatments appeared more vigorous, possibly because
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they accessed fertilizer N earlier. This, in turn, may have led to more rapid depletion of
moisture reserves, restricting available moisture at grain filling, Although side-band achieved
slightly higher yield in 2002, the actual yield difference between two treatments was very
small (0.03 ¢ ha"). The placement * form interaction was significant for plant density in
2002. Mid-row treatments had higher plant density than side-band treatments for both

fertilizer formulations, but the difference was only significant (£ < 0.001) for AA (Table 14).

Band placed urea had higher grain yield than the broadcast treatment in 2000 (Fig. 56). The
spring broadcast treatment displayed very evident N deficiency symptoms early in the
prowing season in 2000. Symptoms were less evident later. It is likely that the N was
stranded in dry soil at the surface, and did not become available to the crop until precipitation
moved it deeper into the soil. Band placed urea also tended to have higher grain yield than

the broadcast treatment in 2002, although the differences were not significant.

Effect of N formulation: In 2000, AA treatments had significantly (£ < 0.01) lower grain

yield and slightlty lower kernel weight than urea treatments (Fig. 57). No explanation for this
difference can be provided at this point, but notes taken during the growing season do
suggest that a poorer response to AA was evident at the vegetative stages of growth. No
significant differences were found in the other two years, except that urea treatments had
significantly higher plant density than AA treatments for side-banded placement, but not for

mid-row banded treatments in 2002 (Table 14).

Effect of timing: In 2000, fall banded N had significantly higher grain yield and slightly

higher straw yield than spring banded N, which may have been associated with higher plant
density (Fig. 58). Fall band applications also resulted in higher density in 2002, although they
had slightly lower density in 2001 compared to spring banded treatments.

Effect of N rate: Grain yield, straw yield, heads per plant and kernel weight linearly

responded to increasing N rates in 2000 (Fig. 59). Wheat sulfered from relatively high levels
of take-all root rot infection. Severity appeared greater on unfertilized checks, but this may
have been misleading as the N fertilized treatments may have been better able to tiller and
compensate for this disease infection, thus reducing the proportion of visibly affected heads

without affecting the numbers of infected plants. In the other two years, all variables were
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either not significantly responsive to the change of N rate or the actual change was too small

to be of consequence.

Effect of P placement: There were no significant differences in agronomic performance

between the two phosphorus placements, except that side-band placed P treatment had higher

plant density (P < 0.001) compared to seed-placed P in 2001 (Fig. 60).

Summary: A number of significant yield differences (side-band less than mid-row in 2001,
broadcast less than banded and AA less than wrea in 2000), were noted.  Treatment
differences in agronomic variables in the other two years were relatively small and

inconsistent; no doubt a reflection of the drought conditions.

Canola

Overall average yield was the highest in canola in 2000 (1.2 t ha') (Table 15). Severe
droughts resulted in yields for 2001 and 2002 that were only about 70% (0.9 t ha™) and 22%
(0.3 t ha™") respectively, of yields in 2000.

Effect of N placement: Side-banded treatments tended to produce higher grain yield and

straw yield compared to mid-row banded treatments for both fertilizer formulations in 2000
(Fig. 61). Placement x form interactions were significant for plant density and kernel weight
in this year. Side-banded treatments had significantly higher plant density for urea and lower
kerel weight for AA compared to mid-row banded treatments, while no differences in
density for AA or in kernel weight for urea were found (Table 15). In 2001, mid-row
treatments had slightly higher grain yield but lower (P < 0.05) straw yield compared to side-
band treatments. This contrasted with 2000, where the opposite occurred for grain yield.
Early in the year, the side-band treatments appeared more vigorous than the mid-row band
treatments. It is possible that sideband N was accessed earlier than mid-row N. This would
lead to more vigorous growth that would deplete moisture reserves more rapidly, leaving less

for seed development and filling. No treatment differences were found in 2002,

In most cases, there were no significant differences between broadcast urea and band urea

treatments (Fig. 62). Spring broadcast urea reduced yield slightly in 2000. Observations
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indicated that the spring broadcast treatment showed N deficiency symptoms early in the

growing season of 2000.

Effect of N formulation: Yield was consistently higher for urea than for AA in 2000 (Fig.

63). A similar difference was found for straw yield. Urea treatments had higher (P < 0.05)
plant density for the side-banded placement, but not for the mid-row banded placement. In
the other two years, all variables either did not differ significantly or the actual differences

were too small to be of agronomic importance.

Effect of timing: There were no significant differences in agronomic performance between

fall and spring N applications (Fig. 64).

Effect of N rate: Canola yield and straw yield increased as fertilizer N rate increased in 2000

and 2001, although the magnitude of the responses was small in 2001 (Fig. 65). Plant density
tended to decrease in 2000, but increase in 2002 with increasing N. Plant densities, however,
were considered to be adequately high and no differences in time to emergence were noted.

Although the kernel weight was significantly reduced by increasing N, the actual differences

were small.

Effect of P placement: There were no significant differences in agronomic performance

between the two P placements (Fig. 66).

Summary: A number of significant yield differences (mid-row less than side-band, broadcast
less than banded, AA less than urea), were noted in 2000. Treatment differences in
agronomic variables in the other two years were relatively small and inconsistent, likely a

reflection of the drought conditions.
Flax

The overall average yield was the highest in 2000 (2.0 t ha') (Table 16). Severe droughts
resulted in only 1.3 t ha™ in 2001 and 0.3 t ha™ in 2002.

Effect of N placement: Side-band placed N slightly increased yield compared to mid-row
band placed N in 2000 (Fig. 67). This was clearly not related to plant density because mid-

row treatments had significantly higher plant density than side-band treatments. There were
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no other significant differences in plant growth between the two placements. No significant

differences in agronomic performance were observed in 2001 or 2002.

In 2000, both banded treatments had significantly higher yield compared to the broadcast
treatment, which was attributed to higher plant density and kernel weight for side-banded and
higher kernel weight for mid-row banded treatiments (Fig. 08). No significant differences

hetween broadcast and banded treatments were found in 2001 or 2002.

Effect of N formulation: Urea treatments produced significantly higher grain yield compared

to AA treatments in 2000, which was associated with a higher plant density (Fig. 69). In
2001, urea treatments had lower straw yield than AA treatments for side-banded placement,
not for mid-row banded placement (Table 16). Although urea treatments had higher plant
density than AA treatments, overall plant densities for all treatments were considered
adequate so as not to limit yield. No other differences in grain yicld or agronomic

performance were noted in either 2001 or 2002.

Effect of timing; Spring banded treatments produced significantly higher grain yield than fall

banded treatments in 2000, which was possibly attributed to higher kernel weight rather than
plant density (Fig. 70). Actually, fall banded treatments had higher plant density in 2000 and
2001, although this did not translate into a difference in grain yield in 2001.

Effect of N rate: In 2000, grain yield responded linearly to N rate, but the magnitude of
increase was reduced for treatments with N rates higher than the recommended level (Fig.
71). In 2001, the yield increase was small after the first increment of N. In 2002, the severe
drought prohibited any yield response to the increase of N. The response patterns of straw
yield to N rate were similar to that of grain yield although not sipnificant. Although there

were significant responses of kernel weight to N rate, the actual changes were very small.

Effect of P placement: There were no significant differences in agronomic performance

between the two P placements (Fig. 72).

Summary: A number of significant yield differences (broadcast less than banded, AA less

than urea), were noted in 2000. Treatment differences in agronomic variables in the other

two years were relatively small and inconsistent.
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Overall Summary: Yields and Yield Components

The weather, always a “wild card” in Saskatchewan, created rather challenging conditions
during this three-year study. Precipitation ranged from above average precipitation al Swift
Current and Indian Head in 2000, to a severe drought causing complete crop failure at Scott
in 2002. This was both an advantage, in that we have results from our N management
treatments over a wide range of environmental conditions, and a disadvantage in that the
results vary widely and interpretation must carefully consider the context of the particular
year and site. In this regard it should be noted that the results for the wheat crop at Star City

in 2002, and all crops at Scott in 2002 were not considered in our overall conclusions.

Flax tended to be the least responsive to either N amount or management. There was a
general increase in seed yield to the first increment of N added (30 kg ha™ at Swift Current
and Scott, 40 kg N ha™' at Star City and Indian Head), but little or no response to higher rates.
In fact at some sites and years yiclds actually decreased at the high N rate (90 kg ha! at Swift
Current and Scott, 120 kg N ha! at Star City and Indian Head). Seed yields tended to be
lower when flax received broadcast compared to banded urea in 3 of 11 site years, but the
difference was only significant in 2 of those years. Similarly, seed yields tended to be lower
when flax received fall banded rather than spring banded N in 6 of 11 site years, with the

difference being significant in 3 of those years.

Wheat showed modest response to both N amount and management. Gram yields often
increased up to the recommended rate (60 kg ha'! at Swift Current and Scott; 80 kg N ha' at
Star City and Indian Head), with strong responses up to the high N rate occurring in 2000 at
both Star City and Scott. Wheat yield was higher on side-band compared to mid-row band in
2 of 10 site years. There was a weak trend for wheat to have lower grain yield on fall banded
compared to spring banded N in 3 of 11 sites years, but the difference was only significant in
1 of those years. Grain yiclds were lower when urea was broadcast compared to banded in 5

of 11 site years, with the difference being significant in 3 of those instances.

Canola also showed modest responses to N amount and management. Grain yields ofien
increased up to the recommended N rate, with strong responses up to the high N rate

occurting in 2000 at both Star City and Scott. There was a weak trend for canola to have
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lower grain yield on fall banded compared to spring banded N in 5 of 11 sites years, but the
difference was only significant in 1 of those years. Conversely, canola had higher grain yield
on fall banded compared to spring banded N in 2 of 11 site years, with both instances being
significant. Grain yields were lower when urea was broadcast compared to banded in 6 of 11
site years, but the difference was only significant in 2 of those instances. Seed-placed P

increased seed yield on 5 of 11 sites years with 3 instances being significant.

When the results are view across crops but within sites, a few interesting patterns emerge. Al
Indian Head, canola yield was consistently higher when P was seed placed rather than side-
band place, although the difference was only significant in one of the three years. As well,
grain yields were higher from treatments receiving urea compared to AA in 5 of the 9
crop/site years, with 3 instances being significant. Lastly, canola yields were significantly

higher in 2 of 3 years when N was applied in the fall rather than spring.

Only one relatively consistent trend emerged at Star City. Grain yields were lower when N
was applied in the fall rather than in spring on 5 of 8 crop/site ycears. Similarly, only one
trend emerged for the Scott site. Grain yields were higher on urea compared to AA
treatments for all three crops in 2000, but this trend was not repeated in 2001 and all crops
failed in 2002. At Swift Current, grain yields tended to be lower when urea was broadcast
rather than banded in 7 of 9 crop/site years, with 3 instances being significant, Both canola
and flax had lower yields in each of the three years when N was banded in the fall rather than
in the spring, but the difference was only significant for flax in 2001. Wheat yields were also

lower on the fall N treatments in 2002,

Considering grain yields over all sites, crops and years, the results from this study confirm
that fall banded N and broadcasted urea are less efficient than their spring banded
counterparts. Interestingly, urea appeared to provide slightly better yields at Indian Head, but
AA and urea appeared to perform equally at the other three sites. This “lack of difference”
between N-formulation is of some significance in two respects. Firstly, it suggests that side-
band placement of AA is as effective as urea. Secondly, it has long been assumed that AA is
not effective in the Swift Current area, but our results imply that AA is equal to urea in this

region. Although plant densities tended to be lower on side-band compared to mid-row
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banded treatments, this was usually not translated into differences in grain yield. Our results
suggest that side-band systems increase the potential for problems with seed-bed quality
under either dry soil conditions or on wetter conditions in heavy clay soils. However, if dry
conditions prevail during the first few weeks following seeding, access to N by the emerging
crop may be more limited with the mid-row band placement. Overall, there was no
significant difference between the two systems 84% of the time (27 of 32 the site/crop years
considered here - crop failures were not included). Grain yield differences were more or less
equally split between the two systems. Side-band had significantly higher grain yields in 3 of
32 site/crop years (about 9%), although there was a trend for higher yields on 2 other
occasions (P< 0.10). Likewise, mid-row band tended to have significantly higher grain
yields in 2 of 32 crop/site years (about 6%), and tended (P<0.10}) towards higher yields on 2

other occasions.
Grain and Straw N Concentrations and N Uptake

Grain N Concentrations

Placement of N in the side-row or mid-row position had limited effect on the final N
concentration in the seed. Although a significant difference was observed in 10 of 32 crop-
site years (Tables 17-28), six of those instances correspond to occurrences of a seed yield
difference, and likely reflect a dilution effect (higher seed yield resulting in lower N
concentration). For the remaining four occurrences, grain N concentration was higher on
side-row compared mid-row banded N for flax at Swift Current in 2001 (Table 19) and Star
City in 2002 (Table 25), and also for canola at Star City in 2000 and 2002(Table 24).

Seed N concentrations were significantly lower when urea was broadcast rather than banded
in 4 of the 32 site-crop years. Three of those instances can be explained as yield ditution.
The remaining instance occurred at Star City in 2000 on the flax crop (Table 25). In this case
seed-N concentration was significantly higher on banded rather than broadcast urea

freatments.

Seed N concentration was higher on the fall versus spring applied N treatments on 7 of 32

site years, with 3 of those instances likely related to yield dilution (i.e. yields higher on
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spring applied N treatments). Seed-N concentration was higher on treatments receiving fall
compared to spring applied N on 3 of the remaining 4 oceurrences (wheat at Swift Current in
2000 (Table 17); and at Indian Head wheat (Table 21) and canola in 2002 (Table 18)). In the
4™ instance (wheat at Star City in 2000 (Table 23)), seed-N concentration was higher on

spring applied AA compared to fall applied AA (no differences on urea).

Lastly, and perhaps most interestingly, seed-N concentrations were lower on treatments
receiving AA rather than urea in 7 of 32 site-crop years - with the reverse occurring on one
occasion. There were 3 occasions when seed yield and seed-N concentrations were
significantly higher on treatments receiving urea rather than AA. In the agronomy discussion
we concluded that AA performed similarly to urea with respect to yield. Here we note a

trend for seed-N to be lower on AA treatments.

In contrast to grain yield, grain N concentration consistently responded to N rate. On 30 of
the 32 crop-site-year observations (4 excluded due to crop failure) there was a significant
linear response, on 10 of those occasions the response could also be described as a quadratic

response.

Summary for Grain-N Concentrations: Most of the significant treatment differences in seed-

N concentration were likely related to the yield dilution effect. Apart from this however,
there was still an indication of a weak trend for see-N concentration to be higher on side-row
compared mid-row banded N. Similarly, seed-N concentration fended io be lower on
treatments receiving N in the form of AA rather than urea. There was a consistent trend for
Seed-N conceniration to increase linearly as fertilizer-N rate increased. These observations
are based upon the results of statistical differences. Further analysis would be required to

determine if the difference in seed-N concentration was of economic importance.

Straw N Concentrations

Numerous significant treatment differences were noted for straw N concentration. However,
closer inspection does not indicate any particular relationship between seed yield or seed-N
concentration, When straw N concentrations from side-band and mid-row band were

compared, 8 of the 32 site-year combinations showed side-row having significantly higher N
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concentrations. At Indian Head in 2001 (Table 21), canola seed and straw yield were lower
from side-row compared to mid-row, and straw N concentration was significantly higher on
the side-band compared to mid-row treatments. There were no other correspondences

between a significant straw N difference and a significant seed yield difference.

Similarly, there were 7 occurrences of straw-N concentration differences between spring
broadcast and spring banded urea. In 4 instances N concentration was higher on the banded
treatments and in 3 instances the reverse was true., There were only 2 instances where
treatment differences were significant on straw N and on seed yield. At Swift Current in
2001 (Table 19), flax straw N concentration was higher on broadcast compared to banded
urea, but seed yield was lower. Conversely, at Indian Head in 2001, both canola seed yield

and straw N concentration were lower on broadcast compared to banded urea treatments

(Table 21).

There were 7 occurrences of higher straw N concentration on treatments receiving urea
compared AA. On three of those occasions there were also significant seed yield differences.
Wheat and canola receiving AA compared to urea had lower straw N and seed yield at Indian
Head in 2000 (Table 20 and 21). Conversely, canola straw N concentration was significantly

lower on treatments receiving AA rather than urea, but seed yield was significantly higher.

Lastly, there were 2 occurrences of significant treatment differences on straw N
concentration for the fall versus spring banded N comparisons. For flax at Swift Current in
2001 (Table 19), N concentration was higher on fall band treatments, but seed yield was
lower. Conversely, for canola at Star City in 2002 (Table 24), both straw N and seed yield

were lower on fall banded treatments.

Summary for Straw N _Concentrations: _The lack of concurrence between sced-N or seed

yield concentration leads us to conclude that differences in straw-N concentration on the
side-band versus mid-vrow band, and the broadcast versus spring band comparison are of
little material importance. There was a trend for straw-N concentrations {o be lower on
treatments receiving Ad rather than urea, particularly at the Indian Head site. On al least a

Jew of these occasions (3 out of 7) seed yield was also lower on A4 compared to urea.
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Nitrogen Uptake

Nitrogen uptake, expressed in terms of kilograms per hectare, is simply grain and straw yield
multiplied by their respective N concentrations. Logically, unless there are large differences
in N concentration, as yield increases so too will N uptake. It is of little surprise then that
treatment differences in N uptake largely reflect grain and/or straw yield differences.
Although each significant yield increase did not translate into a significant N uptake
difference, the reverse was largely true. That is to say, nearly all the significant treatment
differences in N uptake corresponded to a significant yield increase. There were only three
exceptions. On flax at Star City in 2002 (Table 25), N uptake was lower on treatments
receiving broadcast compared to mid-row banded urea. Also on flax in 2002, but at Indian
Head (Table 22), N uptake was lower on treatments receiving fall banded compared to spring
banded N. Lastly, on canola in 2001 at Scoft (Table 27), N uptake was lower on treatments

receiving N as AA rather than urea.
Available Soil Nitrogen

Nitrogen treatments were applied according to the experimental protocol. This meant that
plots receiving 1.5x the recommended N rate in the 1™ year, received the same (1.5x
recommended N rate) in the 2" and 3" years of the study. Thus there was the potential for
accumulations of soil N to occur on treatments receiving high compared to low N rates. In
the 1¥ year, each crop was assigned to a specific area of the field and the N treatments were
randomized within that crop area. In the o year, the same N treatments were applied (o the
same plots, but the crops were rotated so that wheat was seeded into canola stubble, flax into
wheat stubble, and canola into flax stubble. To check for indications of N accumulations, the
same physical location needs to be monitored each year. Consequently, Tables 29-40 present
mean fall and spring soil available N (KCl extractable nitrate + ammeonium) as they relate to
their physical location in the field. For example, Table 29 presents soil available N across
consecutive sampling times for each “fixed” N treatment at Swift Current. In this instance,

the treatments were seeded to canola in the 1% year, wheat in the 2" and flax in 3™,

At Swift Current (Tables 29-31), mean soil available N was lowest in the fall of 2000,
increased considerably by the fall of 2001 and then decreased to levels just slightly higher
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than the fall of 2000 by the fall of 2002. This pattern simply reflects N uptake patterns.
Growing conditions were highly favorable in 2000 and N uptake was high (Table 17-19).
Drought conditions in 2001 resulted in poor crop growth and very limited N uptake. For
example, mean N uptake fell from 131 kg N ha! in 2000 to 30.4 kg N ha™ in 2001 for wheat
receiving side-banded urea at the high (1.5x% recommended) rate (Table 17). Crop yields and
N uptake was modest in 2002, and soil available N decreased to levels only slightly higher
than they were in 2000. There were no apparent trends in soil available N relating to timing,
placement, or formulation of fertilizer-N. In the fall of 2001, soil available N increased

linearly with increasing N rate, but this effect was no longer apparent by the fall of 2002.

Soil available N patterns were similar at Indian Head (Tables 32-34), mean soil available N
was fowest in the fall of 2000, increased considerably on the wheat-flax-canola and canola-
wheat-flax cropping areas by the fall of 2001 and then decreased to levels just slightly higher
than the fall of 2000 by the fall of 2002. N uptake on wheat and particularly flax was
considerably lower in 2001 then in 2000, which would explain the higher soil available N
levels in the fall of 2001. N uptake on canola, however, was high in both 2000 and 2001
(overall mean of 125 and 121 kg ha™! respectively (Table 21)), thus soil available N on the
the flax-canola-wheat (canola in 2001) remained quite low throughout the 3-year period.
There were no consistent trends in soil available N relating to timing, placement, or
formulation of fertilizer-N. Soil available N did tend to increase with increasing fertilizer
rate (note the significant linear fit). Overall mean soil available N in the fall of 2002 was
very similar to soil available N on the check (very low N) treatments. At least in the 0-30 cm
depth there appeared to be no indication of significant N accumulations due to consecutive

applications of high rates of N.

Scott experienced dry conditions in 2000 and 2001 and a complete crop failure in 2002.
Consequently, N uptake was moderate in the in 2000 and 2001 and mintmal in 2002 (Tables
14-16). Soil available N was quite fow in 2000, increased considerably in 2001 and was very
high in 2002 (Table 38-40). There were no apparent trends in soil available N relating to

timing, placement or formulation, but the effect of N rate was significant in the fall of 2001.
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At Star City, N uptake was reasonably high for all crops in 2000 and 2001 (Tables 23-25). In
2002, N uptake was quite high for canola, modest for flax and minimal for wheat (this crop
failed in 2002). There was a general increase in soil available N from the fall of 2000 to the
fall of 2002 (Tables 35-37). Understandably levels were particularly high for the wheat area
in the fall of 2002, where crop N uptake had been minimal. Again, there were no apparent
trends in soil available N relating to timing, placement or formulation, but the effect of N rate

was significant in each of the three falls.

Summary: Available Soil N: Inter-annual differences in soil available N paitterns could be

largely explained by its inverse relationship with N uptake. When N uptake was limited due
to drought conditions, soil available N ftended to increase significantly. There were no
consistent trends in soil available N relating to timing, placement or formulation. There was
a trend for soil available N to increase with increasing fertilizer N rate, particularly in site-

years with poor crop growth
Nitrous Oxide Emissions

Estimated annual N20 loss tended to be highest from Star City followed closely by Swift
Current then Scott and lowest from Indian Head. We expected emissions would be related to
moisture deficits, and anticipated highest emissions from Star City, followed by Indian Head,
Scott and finally Swift Current. It is of considerable interest that Indian Head tended to have
the lowest fluxes. At this time, we can only speculate about the reasons behind this outcome.
The soils at Indian Head have a high clay content relative fo the other three sites (Table 2).
There is a general relationship between gross denitrification and soil texture. Under similar
moisture regimes, soils with higher clay contents will tend to have higher gross
denitrification. This could translate into higher N>;O emissions, however, soils with higher
clay content also have higher water-filled pore space, and this could resuit in lower N,O:N2
ratios (i.c. denitrification goes to completion). Thus, although gross denitrification may be
higher, ultimately less NoO may be emitted from the soil surface. Secondly, mineralization-
immobilization rates and patterns are strongly influenced by soil texture. It may be that
applied N is rapidly immobilized in the heavy clay soils of Indian Head, resulting in less

available-N during periods when the potential for N»O production is high.
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In general, the inter-annual variability of N,O loss reflected precipitation patterns. At Star
City for example, average to above average precipitation during the 2000-2001 cycle resulted
in N,O losses ranging between 162 and 672 g N ha'l. In the following much drier year, N,O
losses ranged between 7 and 25 g N ha™. A similar, but less pronounced pattern can be

observed at the other three sites.

Swift Current

Nitrous oxide loss tended to be higher from treatments recetving fertilizer N compared to the
check at the Swift Current location, but the increase was only statistically significant in two
of the three years (Table 41-43). During the first field season (May 2000-April 2001)
between 40 and 80 percent of the N»O emitted occurred during the frost-free period, while 90
to 100 percent of all losses occurred during the frost-free period of the second and third field
seasons. Very low emissions during spring of the latter two years was likely related to the

dry fall conditions and limited snowfall.

Nitrous oxide emissions were measured from three rates of urea (30, 60 and 90 kg N ha™)
placed in the mid-row band position. Fertilizer N application rate did not significantly
influence N>O emissions during the 2002-2003 annual cycle (Table 43). Fertilizer N rate did
significantly increase N;O emissions during 2000-2001 and the 2001-2002 field cycles
(Table 41 & 42). Losses increased linearly with increasing N rate during the 2001-2002
cycle, but the proportion of fertilizer N lost as NoO increased significantly at the higher N
rates in the 2000-2001 cycle; as evidenced by the significant quadratic response (Table 41;
Fig. 73).

Statistical analysis indicated that NoO emissions were higher from fall compared to spring
banded N during the spring of 2002 and 2003. However, emissions were so low during both
of these time periods that we attach no material importance to this observation. Conversely,
emissions were significantly (p<0.1) lower from fall compared to spring banded N during the
frost-free period of 2000 and 2001. On an annual basis, emissions were significantly (p<0.1)
lower from fall compared to spring banded N only in year two of the study (Table 42). In
view of the unusually dry spring conditions, we have limited confidence in the comparisons

of N2O emissions from fall versus spring applied nitrogen.
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There was no indication that fertilizer N formulation (AA versus urea) had any significant
influence on total N,O emissions. Similarly, there were no significant differences in the
emissions of N,O from spring broadcast versus spring banded N. Banding N in a mid-row
versus side-row position did appear to increase N,O losses. Emissions were significantly
higher from mid-row compared to side-row banded N in 2000 and 2001 during the frost-free

period and when considered on an annual basis (Table 41 & 42).

Scott

Fertilizer N applications tended to increase NoO emissions, but the increase was only
statistically significant during the spring thaw and frost-free period of 2002, and on an annual
basis during the 2002-2003 cycle (Table 44-46). During the first ficld cycle (May 2000-
April 2001), between 5 and 70 percent of the N,O emitted occurred during the frost-free
period, while 67 to 96 percent of all losses occurred during the frost-free period of the second
and third field cycles. Very low emissions during the spring of the latter two years was likely

related to the dry fall conditions and limited snowfall.

Nitrous oxide emissions were measured from three rates of urea (30, 60 and 90 kg N ha™)
placed in the mid-row band position. Fertilizer N application rate did not significantly
influence NO emissions during the 2000-2001 annuval cycle (Table 44); but did increase
emissions significantly during the following two years (Table 45 & 46). The increase in
entissions was linear during the 2002-2003 cycle (Table 46 & Figure 74). During the 2001-
2002 cycle, estimated cumulative NoO loss for the 60 kg N rate was lower than the 30 kg N
rate (Figure 74), thus the response to N rate could not be described as linear or quadratic.
Likely, this unusual result was simply a reflection of the extreme variability mherent to N>O

emissions.

There was no indication that fertilizer N formulation (AA versus urea) had any significant
influence on total NoO emissions. Similarly, there were no significant differences in the
emissions of N2O from fall versus spring banded N. [t should be noted that we have limited

confidence in this latter comparison in view of the unusually dry spring conditions,
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There was a weak trend for N,O emissions to be higher when N was banded in a mid-row
versus side-row position. Estimated annual N»O emissions were significantly higher from
mid-row compared to side-row banded N during the 2002-2003 cycle, and also during the
2001 frost-free period (Table 45 & 46).

Indian Head

Nitrous oxide loss tended to be higher from treatments receiving fertilizer N compared to the
check at Indian Head. The increase was statistically significant on an annual basis, during
the 2001-2002 and 2002-2003 cycles. Between 19 and 85 percent of the NoO emitted
occurred during the frost-free period, although in the final year emissions during the frost-
free period represented 75 percent or more of the total. Similar to Swift Current and Scott,
low emissions during spring thaw were likely related to the dry fall conditions and limited

snowfall.

Nitrous oxide emissions were measured from three rates of urea (40, 80 and 120 kg N ha™)
placed in the mid-row band position. On an annual basis, fertilizer N rate had a significant
influence on N,O emissions in the 2000-2001 cycle (Table 47). The 120 kg N ha™' rate
actually had lower cumulative emissions than the 80 kg N ha™! rate (Figure 75). Likely. this

unusual result is simply a reflection of the extreme variability inherent to N,O emissions.

Statistical analysis indicated that N,O emissions were higher from fall compared to spring
banded N during the spring of 2001 and 2002. However, emissions were so low during the
spring of 2002 that we attach no material importance to this observation. On an annual basis,
there were no significant differences between fall and spring applied N. Fertilizer N

formulation had no significant influence on N,O at this site.

Emissions were higher from spring broadcast compared to spring banded in the 2001-2002
and the 2002-2003 annual cycles. In both instances the difference was highly significant (p <
0.01). Banding N in a mid-row versus side-row position significantly mcreased N,O losses
when the frost-free period of 2001 and 2002 and the spring period of 2002 and 2003 were
considered independently, but differences were not significant when compared on an annual

basis.
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Star City

Nitrous oxide loss tended to be higher from treatments receiving fertilizer N applications
compared to the check at Star City. The increase was statistically significant on an annual
basis during the 2001-2002 and 2002-2003 cycles. Emissions from the spring period
represented a larger proportion of the annual emissions at this site compared the other three
sites. Although the proportion of emissions occurring during the frost-free period ranged as
high as 92%, most of the treatments had values of 70% or less. During the 2000-2001 cycle

the frost-free period represented 50% or less of the total annual emissions.

Nitrous oxide emissions were measured from three rates of urea (40, 80 and 120 kg N ha™)
placed in the mid-row band position. Although emissions tended to increase linearly with
increasing fertilizer rate, amalysis did not show the influence of rate to be statistically

significant in any year at this site.

Statistical analysis indicated that NoO emissions were higher from fall compared to spring
banded N during the spring of 2001 and 2003, as well as the frost-free period of 2002 and the
2002-2003 annual cycle. Emissions were higher from spring broadcast compared to spring
banded urea during the frost-free period of 2002, This translated into higher emissions during

the annual cycle. In both cases the differences were highly significant (Table 52).

Emissions were significantly higher from AA compared to urea during the 2000 {rost-free
period. This difference translated into significantly higher emission from AA compared to
urea when compared on an annual basis (Table 50). Emissions were not higher from AA

compared to urea in any other year or at any other site during this study.

Banding N in a mid-row versus side-row position significantly increased NO losses during
the spring and frost-free period of 2001. The latter translated into significantly higher
emissions from mid-row versus side-row N-placement for the 2001-2002 annual cycle. We
don’t attach any material significance to the difference observed during spring of 2001. There
were no significant differences in fall soil available N (extractable nitrate + ammonia) or in

total N uptake during 2000 for these two treatments.

Three Year Overview
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Table 53 presents estimated N,O loss summed across the three years of the study. Nitrogen
applications significantly increased NoO emissions compared to the check treatment at 3 of
the 4 sites. The lack of significance at Star City can be explained by the unusually high loss
on the check treatment during the spring of 2001. This resulted in a 3-year cumulative loss
estimate for the check treatment that was equal or even somewhat higher than on some of the

fertilized treatments.

Emissions were significantly higher from fall versus spring banded N at Star City, but not at
any other site. Likewise, emissions from AA were significantly higher than urea at Star City,
but not at any other location. Broadcasting rather than banding urea resulted in significantly
higher 3-year cumulative estimates at Indian Head and Star City, while mid-row was
significantly higher than side-row at Scott and Star City. NyO loss showed a significant

linear increase to fertilizer rate at 3 of 4 sifes.
Effect of Crop and Phosphorus Placement

Nitrous oxide emissions are highly dependant upon the status of soil-water, soil-N (NO;- +
NH;") availability, and dissolved organic carbon. There can be considerable differences in
water use and N-uptake patterns, root exudation and ete. between crop types. These
differences could affect the magnitude and pattern of NoO emissions.  We monitored NoO
emissions on a common treatment (urea mid-row band 1.0x rate) during the growing season
on cach of the three test crops at each site to test for the possible influence of crop type on
N,O. Canola appeared to have no significant influence on NoO emissions compared to flax
or wheat, but flax had significantly higher emissions in 3 out of 12 site years (data not

shown). The reader is cantioned that there was limited rigor in this compatison.

Phosphorus (P) was seed placed for all treatments except the side-row band, where P was
banded with the N. An additional side-banded urea treatment (1.0x N rate) with seed placed
P was included in this study to test for the potential confounding influence of P placed in the
N band. Analysis of the data from these two treatments revealed no indication of a consistent

treatment effect (data not shown).

Percentage of Fertilizer N lost as N,O
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Currently, N;O emissions associated with N fertilizer utilization are estimated using a loss
coefficient proposed by the Intergovernmental Panel on Climate Change (IPCC). This loss
estimate is 1.25% of fertilizer N applied. Emissions of N>O are the unavoidable consequence
of naturally occurring soil-microbiological processes. It is assumed that fertilizer-N
additions increase emissions above that which would occur naturally, therefore the increase

is considered an anthropogenic contribution.

We calculated the percentage of fertilizer-N lost as N»O for the four sites. We assumed that
the N,O lost from the check (no N applied) treatment represented the background emissions.
The difference between this background value and the amount of N>O lost from treatments
receiving N should represent the “fertilizer induced” N,O emission. That difference divided
by the total N applied as fertilizer (x 100) provides an estimate of the percentage of fertilizer
N lost as N;O. The percentage of fertilizer-N lost as N>O-N for the four sites are presented

in tables 54-57.

The values calculated from our results are considerably lower than the vahie (1.25 %)
currently used to estimate N>O loss from nitrogen fertilizers. The highest estimated loss
occurted on the urea broadcast treatment at Star City in the 2002-2003 annual cycle. For this
particular treatment we estimated that about 1.0 % of fertilizer-N was lost as NaO. Over 90%

of all other estimates fell at or below 0.3 %, with an overall mean value of 0.2%.

Ideally, when N,O flux measurements are taken from the chambers in the field, several
samples should be collected over the collection period. This provides a time-course for
calculating the concentration change occurring in the headspace of the chamber. For
logistical reasons, we chose to estimate N>O flux using a single time pomt, and assumed that
the concentration change in the headspace was linear. Assuming linearity tends to under-
estimate the true concentration change within the headspace. Consequently, our flux
estimates may have been biased downwards. Work is currently underway to determine the
probable bias that may have been introduced. Previous work conducted by the principle
investigator found that this bias may be in the range of 30%. liven if we assume (to be very
conservative) that our sampling methodology under-estimated NoO flux by 50% (i.e.

emissions were actually twice what we reported), our overall mean estimate of fertilizer-N
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lost N,O would still only increase to 0.4%. In our opinion, our results clearly indicated that
N,O loss coefficients for fertilizer-N usage in western Canada are considerably lower than 1s

currently assumed.
Conclusions: Nitrous Oxide Emissions

The results of this study verify that NO emissions increase with fertilizer N applications.
They also suggest that, within the range of rates applied in this study, emissions increase in a
linear fashion. In other words, the percentage of fertilizer-N lost as N>O did not increase as
fertilizer rates increased. The percentage of fertilizer-N lost as N>O calculated from our
results ranged between about zero (in drought conditions) and 1.0 %. However, the great
majority of the percent-loss values calculated fell at or below 0.4 %. The overall mean value
was 0.2 %. We indicated in the text of this report, that the sampling methodology employed
may have led to a downward bias in our estimates. Even taking this into consideration, we
feel the results clearly indicate a need to modify the current NyO loss coefficient of 1.25 %

that is applied to fertilizer-N use in western Canada.

We conclude that N>O emissions are similar from AA compared to urea. Out of 12 site-
years, there was only one occasion where NoO emissions were significantly higher on
treatments receiving AA compared to urea. There was a weak trend (4 of 12 site-years) for
emissions fo be higher when urea was broadcast rather than banded, and when fertilizer-N
was mid-row rather than side-row (5 of 12 site years) banded. In the latter instance, the
differences were generally not large in an absolute sense, and so of limited material
importance. In general results from this study indicate that N,O emissions are comparatively
jow from well-managed cropping systems in western Canada, and suggest that the specific N
fertilizer system selected (side-row vs. mid-row, anhydrous vs. urea) is of less consequence

than ensuring the optimal use of N fertilizer additions.
Energy Analysis

For an overview comparison of site, crop and year, the recommended nitrogen fertilizer rate

(1.0 x N rate) of side-banded, spring applied, urea was selected. Gross encrgy yields and crop
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yields for this particular treatment are shown in Table 58 for the year 2000, in Table 59 for

the year 2001, and in Table 60 for 2002.

The yields of canola and flaxseed at the Indian Head and Star City research sites were
substantially above the district averages in 2000, while wheat yields were slightly above the
district average at Indian Head in 2000, and somewhat below the district average at the Star
City site in 2000. The energy results reveal that canola gave much higher gross energy yields
than wheat at both sites (Table 58). The gross energy yield of flaxseed was also considerably

higher than for wheat at the Star City site in 2000.

Flaxseed yield at the Scott site was considerably above the district average in 2000, whereas
wheat and canola yields were similar to district averages. The gross energy yield of flaxseed
was substantially higher than that of wheat and canola in 2000 (Table 58). Wheat yield was
very high at Swift Current in 2000, and this crop and site gave the highest gross energy yields
of any crop at any site reflecting the very favorable growing conditions at Swift Current in

that year (Table 58).

In 2001, the Star City, Scott, and Swift Current sites experienced severe drought conditions.
Yields and gross energy production of all crops were much lower at these sites in 2001
compared to 2000 (Table 59 compared to Table 58). Flaxseed gave the highest gross energy
yields at these three sites in 2001 (Table 59).

In 2001, wheat yields at the Indian Head site were similar to wheat yields in 2000, whereas
canola and flaxseed yiclds were substantially less than were obtained at this site in 2000
(Table 59 compared to Table 58). As a result, gross energy yields of wheat and canola at this

site were similar in 2001, and somewhat higher than the gross energy yield of flaxseed.

The very dry conditions experienced in 2001 were followed by much lower than average
rainfall during April, May and the first few weeks in June of 2002. Indian Head and Swift
Current received higher than average precipitation during the balance of the growing season,
Wheat and canola yields were 74% and 90% of 10-year district averages at Swift Current, but
flax yields recovered to 117% of the 10-year district average. Yields at Indian Head were

112%, 102% and 170% of 10-year district averages respectively for wheat, canola and flax.

42




Star City did not receive substantial rainfall until July, and suffered considerable hail damage
at the same time. The wheat crop failed, the flax crop yielded 70% of the 10-year district
average, while the canola crop recovered and yielded 107% of thelO-year district average.
Precipitation remained low at Scott throughout the growing season of 2002, resulting in a
complete crop failure for all three crops. Canola at Star City provided the highest gross

energy yields in 2002, followed closely by flax and then canola at Indian Head.
Effect of Drought on Measured Energy Performance Factors.

Data from the Star City site for canola are shown in Table 61, and from the Swift Current site
for spring wheat are shown in Table 62. Once again, data for the recommended rate of side-
banded, spring applied urea is presented. The resuits indicate how drought can significantly

reduce the overall energy performance of both canola and wheat production.
Treatment Effects on Gross and Net Energy Output

Net energy output is similar in concept to net economic returns. The output/input ratio (O/1)
and grain/unit of input energy ratio (G/I) need to be considered in conjunction with net
energy output, since use of the first two measurements by themselves can be nusleading. For
example, wheat production at Indian Head in 2002 without the use of fertilizer (Table 71)
gave a high O/ and G/L. However, the gross energy yield was low and the net energy output
was low also. The low net energy output, compared to the treatments employing fertilizer,
suggests that the net economic return was likely low also for the no fertilizer treatment, even

though the O/1 and G/I values were the highest of all treatments.

Indian Head. Year 2000.

The energy effects are presented in Tables 63 to 65.

Canola: The highest gross energy output and the highest net energy output, for any crop at
any site, were achieved with canola produced with fall banded urea (1.0 X N)( Table 63).
Fall banding gave significantly higher gross and net energy outputs than spring banding
(P<0.06) and urea gave significantly higher gross and net energy outputs than ammonia with

fall banding.
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Flax: Nitrogen fertilizer increased gross energy output significantly (Table 64). Increasing
the rate of nitrogen fertilizer beyond 0.5 X N significantly decreased net energy output. The

highest net energy output was achieved with side banding with 0.5 X N of urea in the spring.

Wheat: The first increment of nitrogen fertilizer (0.5 X N) significantly increased gross and
net energy output (Table 65). While further increases in N fertilizer rate increased gross
energy output, this effect was counterbalanced by the greater energy inputs, and net energy

output did not increase or slightly decreased.
Indian Head. Year 2001,
The energy effects are presented in Tables 66 to 68.

Canola: Fall banding gave significantly higher gross energy outputs and net energy outputs
than spring banded treatments, with both urea and ammonia (Table 66). The highest net
energy output (53,682 MJ ha™") was achieved with fall banding of urea. Although lower than
the best net energy output achieved with canola in 2000, this output was still higher than the
best net energy output achieved with either flax or wheat in 2001 at Indian Head. Nitrogen
fertilization significantly increased energy output on the 0.5 X N treatment. Further
increases in N rate did not improve energy performance. Mid-row banding with either urea or
AA gave significantly higher gross energy output, net energy output, and O/1 and G/,
compared to spring side banding (Table 66). Urea significantly outperformed anunonia in
terms of all encrgy performance measurements. Urea side banding N and seed placing P
fertilizer significantly improved energy output performance compared to placing both N and

P in a side band.

Flax: Side banding treatments significantly outperformed mid-row banding, especiaily for
ammonia, in terms of gross energy output and net energy output (Table 67). The first
increment of nitrogen fertilizer (0.5 X N) gave a significantly higher net energy output than
the next increment of N. The highest net energy output (24,801 MJ ha'') was achieved when
AA was side banded at the 1.5 X N rate. However, applying the 0.5 X N rate of AA gave

almost as high a net energy output with a much lower input of energy.
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Wheat: Side banding of N in the spring, compared fo mid-row banding, significantly
increased net energy output, as well as O/I and G/I (Table 68). The first increment of N
fertilizer significantly improved net energy output compared to no N fertilizer. Broadcasting

urea, compared to banding, led to significantly lower gross and net energy outputs.
Indian Head. Year 2002.
Energy effects are presented in Tables 69 to 71.

Canola: Gross energy output ranged between 26980 and 52260 MJ ha during the 2002 crop
year (Table 69). Gross energy output was significantly increased by fertilizer addition, and
by placing P with the seed rather than in the band for the side-row band 1.0 X N treatment
(80 kg N ha). Net energy output was significantly higher for AA treatments compared (0

urea treatments. The latter is a result of the lower energy inputs for AA, not to a difference

in crop yield.

Flax: Gross energy output ranged between 39813 and 53750 MJ ha™! during the 2002 crop

year (Table 70). Gross energy output was significantly increased by fertilizer addition, but
the significant response was limited to the first increment (40 kg N ha™y of N. Gross and net

energy output was significantly higher for spring banded compared to fall banded treatments.

Wheat: Gross energy output ranged between 31881 and 41512 M ha™' during the 2002 crop
year (Table 71). The first increment of nitrogen fertilizer significantly increased gross energy
output. Net encrgy output was significantly higher for AA treatments compared to urea
treatments, a result of the lower cnergy inputs for AA, not a difference in crop yield.
Significantly higher crop yields on the side-row compated to mid-row banded N treatments
resulted in significantly higher gross and net energy outputs. Similarly, lower yields on the
treatments receiving fall applied N also had significantly lower net (but not gross) energy

outputs compared to treatments receiving spring banded N.

Indian Head: Three Year Qverview
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Across crops and years, gross energy production (significant in 7 of 9 crop/site years)
increased with the addition of N fertilizer. However, significant increases in gross energy
production were generally constrained to the first increment of N added. Yields tended not to
increase in proportion to the additional energy invested at higher rates of N fertilizer, thus
significant increases in net energy production occurred infrequently (significant in 3 of 9
crop/site years), with significant decreases in net production being observed for flax in 2000

and 2002.

The energy required to produce and transport AA is substantially lower than that required for
urea. All other things being equal, net energy production should be significantly higher on
AA compared to urea treatments. At Indian Head, a trend towards higher grain yields on the
urea treatments offset this inherent difference on 7 of 9 crop/site years. Yields were increased
enough to show significantly higher gross energy outputs for urea compared to AA

treatments on 4 of 9 crop/site years, and net energy production in 1 crop/site years.

Gross and net energy production was higher on treatments receiving spring compared to fall
applied N on 2 crop/site years, but the reverse was true on 3 occasions. Similarly, gross and
net energy production was higher on side-row compared to mid-row banded N on 2

occasions, but the reverse was true on 1 occasion.

When the means of all treatments are compared, canola provided the highest gross and net
energy outputs and O/I ratios in 2000 and 2001, but the lowest in 2002 (Table 72). Flax
provided the highest gross and net energy outputs and O/I ratios in 2002, the lowest in 2001
and was intermediate in 2000. Means of three years show canola having substantially higher
gross and net energy outputs and O/I ratios compared to flax and wheat, with little difference

between the latter two crops.

Star City: Year 2000,

The energy effects are presented in Tables 73 to 75.

Canola: Canola gross and net outputs were significantly improved by application of N
fertilizer, with the largest effect observed with the first increment of N fertilizer (0.5 X N)

(Table 73). Ammonia had a larger effect than urea. The highest net energy output was
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achieved with side banding of ammonia at the 1.0 X N rate, although mid-row banding
produced almost as high a net energy output. Fall banding with urea tmproved net energy
output more than fall banding with ammonia. Urea side banding, coupled with seed placing P
fertilizer, improved gross and net energy outputs more than placing both urea and P fertilizer

in a side band.

Flax: The gross and net energy response of flax to N fertilization was small, although
significant (Table 74). Increasing the N rate from 0.5 to 1.0 X N or to 1.5 X N significantly
decreased net energy output, and O/I and G/1. Fall banding with ammonia (1.0 X N rate)

gave significantly higher net energy output than fail banding with urea.

Wheat: Wheat was very responsive to N fertilizer and gross and net energy output increased
significantly up to the highest N rate (1.5 X N) (Table 75). The form of N (urea or ammonia)
did not significantly affect gross or net energy outputs. Placing P fertilizer with the seed gave
higher gross and net energy outputs compared to placing P in the side band with urea

fertilizer.

Star City; Year 2001,

Energy effects are presented in Tables 76 to 78, Drought affected this site in 2001. Thus all

energy performance measurements were poorer in 2001 compared to 2000 for all three crops.

Canola: Nitrogen fertilization improved gross and net energy yields and improved O/1 and
G/I (Table 76). The first increment of nitrogen improved gross and net energy outputs, while

higher rates of N had variable effects on net energy output.

Flax: The lowest rate of N fertilizer (0.5 X N), applied in spring, increased gross energy
output but had only minor effects on net energy ontput (Table 77). Ammonia, applied at the
lowest N fertilizer rate in the spring, improved gross and net energy output and the [/O and
G/1 significantly. However, higher rates of ammonia and of urea tended to lower gross and
net energy outputs significantly. Fall banding of N fertilizer gave significantly lower gross
and net energy outputs than spring banding of N fertilizer. Flax gave the highest net energy

output (best treatment conditions) of the three crops at Star City n 2001.
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Wheat: Wheat had the lowest net energy output (best treatment conditions) of the three crops
grown at this site in 2001 (Table 78). Spring banding of anwmonia, at the lowest rate (0.5 X
N), improved gross and net energy output. Higher rates of N tended to reduce net energy
outputs. Fail banding of N resulted in significantly lower gross and net energy outputs than

spring banding.

Star City: Year 2002

The energy cffects are presented in Tables 79 to 81.

Canola: Gross energy output ranged between 16242 and 56398 M) ha™ during the 2002 crop
year (Table 79). Canola responded significantly to N fertilizer application, with the first two
increments of N fertilizer significantly increasing gross and net energy output. Gross and net
energy outputs were significantly Jower when N was applied in the fall compared to spring,

and when urea was broadcast compared to banded.

Flax: Gross energy output ranged between 14633 and 24384 MJ ha'! during the 2002 crop

year (Table 80). Net energy production was significantly lower from urea compared to AA.
Gross and net energy outputs were significantly lower when N was applied in the fall

compared to the spring, and when urea was broadcast compared to banded.
Wheat: The wheat crop failed at Star City due to extreme environmental conditions.

Star Citv: Three Year Overview

Across crops and years, gross energy production (significant in 7 of 8 instances) increased
with the addition of N fertilizer. Significant increases in gross energy production were
generally constrained to the first increment of N for flax, but wheat and canola responded to
all three increments in 2000, and canola to the first two increments in 2002. Yields did not
increase in proportion to the additional energy invested at higher rates of N fertilizer on flax,
resulting in significantly lower values of net energy production at higher rates of N. The

reverse was true for canola in 2002 and wheat in 2000.
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At Star City, a trend towards higher grain yields on the AA treatments resulted i lower gross
energy production values for urea compared to AA on 3 of 8 occasions. Significantly higher
net energy production on AA compared to urea was noted on 5 of 8 occasions, but in 2
instances this result was due to the inherently lower energy inputs of AA not to yield

differences.

Gross energy production was higher on treatments receiving spring compared to fall applied
N on 6 of 8 occasions, while net energy production was lower on the fall applied N

treatments on 4 of 8 crop/site years.

When the means of all treatments are compared, canola provided the highest gross and net
energy outputs and O/I ratios in 2000 and 2002, and second highest in 2001 (Table 82). Flax
provided the highest gross and net energy outputs and O/I ratios in 2001, the second highest
in 2000 and 2002. Means of three years show canola having substantially higher gross and
net energy outputs and O/I ratios compared to flax, and flax having substantially higher gross
and net energy outputs and O/l ratios compared to wheat. The rankings remain the same

even if the comparisons are made on the mean of two years (wheat crop failed in 2002).

Swift Current. Year 2000,

The energy effects are presented in Tables 83 to 85.

Canola; The first increment of N fertilizer increased gross and net energy outputs
significantly (Table 83). Effects of further increases in N rate were variable between
treatments, but not significant. The highest net energy output was achieved when AA was

side-banded in the spring at the 1.5 X N rate.

Flax: Rate of N fertilizer or type or method of application in the spring did not significantly
affect gross or net cnergy outputs, with the exception of spring broadcasting of urea fertilizer,

which yielded higher gross and net energy outputs (Table 84).

Wheat: Wheat yields were high without N fertilizer (Table 85). N fertilizer did not
significantly improve energy performance as measured by gross or net energy outputs. Wheat

gave a higher gross and net energy output at this site than did canola or flax.
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Swift Current. Year 2001,

The energy effects are presented in Tables 86 to 88 of Appendix 1. Severe drought negatively

affected the energy performance of all crops at this site in 2001.

Canola: Application of the first increment of N fertilizer, especially ammonia, tended to
improve net energy output (Table 86). Placing P fertilizer with the seed, as distinguished
from placing P fertilizer in a side band with the urea N fertilizer, significantly improved gross

and net energy outputs.

Flax: Treatment with the lowest N rate of ammonia (0.5 X N) increased net oufput
significantly (Table 87). Fall banding significantly lowered net energy output, compared to
spring banding. The highest rate of spring banding (1.5 X N) significantly lowered net energy

output.

Wheat: Treatment with N fertilizer significantly lowered net energy output during the
drought conditions at this site in 2001 (Table 88). This effect became more pronounced as N
fertilizer rate was increased. The effect of drought on energy performance indicators was

very pronounced for this crop (compare Table 85 and Table 88).

Swift Current: Year 2002

The energy effects are presented in Tables 89 to 91.

Canola: Gross energy output ranged between 18463 and 44782 MJ ha'' during the 2002 crop
year (Table 89). The first two increments of N fertilizer increased gross and net energy

outputs si gniﬁcanﬂy. No other treatinent effects were evident for canola at this site.

Flax Gross energy output ranged between 17329 and 34451 M) ha”! during the 2002 crop
year (Table 90). The first two increment of N fertilizer increased gross energy outputs

significantly. No other treatment effects were evident for flax at this site.

Wheat; Gross energy output ranged between 13023 and 34293 MJ ha™! during the 2002 crop
year (Table 91). The first two increment of N fertilizer increased gross and net energy

outputs significantly. Gross and net energy outputs were significantly higher from side-row
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compared to mid-row banded N, from spring compared to fall banded N, and from banded

compared to broadcast urea.

Swift Current; Three Year Overview

Across crops and years, gross energy production (significant in 4 of 9 instances) increased
with the addition of N fertilizer. Significant increases in gross energy production were
generally constrained to the first increment of N except in 2002, when gross and net energy

production was significantly increased by the first two increments.

Urea treatments had significantly lower net energy production on only 1 of 9 occasions, and
were actually higher on urea compared to AA on 1 occasion, indicating that slightly higher
yields on urea managed to offset the inherently lower net energy values for urea compare to
AA. Gross energy production was higher on treatments recetving spring compared to fall
applied N on 2 of 9 occasions. Gross energy production was lower on broadcast urea

compare to banded urea on 2 crop/site years, but the reverse was true on 1 occasion.

When the means of all treatinents are compared, canola provided the highest gross and net
energy outputs and O/I ratios in 2001 and 2002, and second highest in 2000 (Tablc 92).
Wheat provided the highest gross and net energy outputs and O/I ratios in 2000, but lowest in
2001 and 2002. The exceptional yield in 2000 resulted in a 3-year mean showing wheat
having marginally higher gross and net energy outputs and O/I ratios compared to canola,

with flax coming in a more distant third.
Scott. Year 2000.
The energy effects are presented in Tables 93 to 95.

Canola: Canola responded significantly to N fertilizer application and the first increment of
N fertilizer significantly increased gross and net output (Table 93). The second increment of
N fertilizer had little effect on net energy output, but the third increment (1.5 X N} again
significantly increased gross and net energy output. Side banding gave greater gross and net
energy outputs than mid-row banding, and urea gave significantly higher gross and net

energy outputs than ammonia, whether spring applied or fall applied.
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Flax: Flax responded significantly to nitrogen fertilization and the first two increments (0.5
X N, 1.0 X N) significantly increased gross and net energy returns (Table 94). Urea tended to
causc greater increases than ammonia in gross and net energy returns. Side banding in the
spring produced higher gross and net energy returns than mid-row banding at the same N
fertilizer rate. Fall banding gave lower gross and net energy returns than spring banding.

Spring broadcast of urea resulted in lower gross and net energy returns than bandimg.

Wheat; All treatments significantly increased gross and net energy output (Table 95). Gross
and net energy returns increased significantly with each increase in N fertilizer rate. Side
banding N increased energy returns more than mid-row banding. Spring applied urea
increased gross and net energy output more than ammonia. Fall banding of wrea also
increased gross and net energy output more than fall applied ammonia. Broadcasting urea in
the spring gave lower energy returns than banded urea. Placing P fertilizer with the seed and
banding urea gave higher gross and net energy output (P<0.08) than placing P and N in the
side band.

Scott. Year 2001.

The energy effects are presented in Tables 96 to 98. This site was severely affected by

drought in 2001.

Canola: Mid-row banding was the only factor that increased net energy output in 2001,

although the effect was small and more pronounced for ammonia than urea (Table 96).

Flax: Fertilizer N slightly increased gross energy output, but the effect was not large (Table

97). No factors significantly increased net energy output.

Wheat; Banding with ammonia in the spring significantly increased net energy output
compared to banding with urea (Table 98). Ammonia was also superior to urea in increasing
net energy returns from fall banding. Mid-row banding was superior to side banding for both
urea and ammonia fertilizers. Increasing the N rate beyond 0.5 X N significantly reduced net
energy output. Urea broadcast in the spring resulted in higher net energy output than spring

banding.
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Scott: Year 2002

The energy effects are presented in Tables 99 to 101, however the results cannot be
considered meaningful as the site experienced a complete crop failure due to drought in

2002.

Scott: Two Year OQverview

Gross and net energy outputs were more responsive to N applications at this site in the first
year, increasing significantly to the first two or even three increments. However i the second
year only flax showed a significant increase in gross energy as a result of N application.
Gross and net energy production was greater when N was side-row compared to mid-row
banded and for urea rather than AA treatments for all crops in 2000. In 2001, side-row had
lower gross energy production compared to mid-row banded N on wheat. Broadcast vrea had
lower gross and net energy production compared to banded urea, as did fall compared to

spring applied N on both wheat and flax in 2000.

When the means of all treatments are compared, flax provided the highest gross and net
energy outputs and O/I ratios in both years (Table 102). Gross and net energy outputs and
O/1 ratios were stightly higher for canola than for wheat, but both were substantially lower

than flax.

Output/Input and Grain/Unit of Input Energy Ratios: Overview

Fertilizer Placement and Timing

Broadcasting of urea fertilizer requires an additional field operation compared to side or mid-
row banding, thus energy inputs are necessarily higher for this treatment. However this extra
energy cost is not large and differences in O/I or G/ ratios are primarily determined by
changes in yield or energy outputs. There were only 5 of 32 crop-site years when these
differences were large enough to result in O/ and G/I ratios that were significantly lower on

the broadcast compared to banded treatments.

Similarly, fall banding of fertilizer requires an additional field operation compared to spring

banding. Consequently, energy inputs are necessarily higher, but the extra energy cost is not
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large and significant differences in O/I or G/I ratios are primarily determined by changes in
yield or energy outputs. In 10 of 32 site-crop years these differences were large enough to
result in O/ and G/I ratios that were significantly lower on the fall banded compared to
spring banded treatments. There was 1 instance (canola at Indian Head in 2001) when the

reverse occurred.

Energy inputs for mid-row and side-row band systems were considered to be equal. Small
differences in the fuel and oil inputs are a reflection of grain yield differences resulting in
more or less grain to harvest and haul. Consequently, any significant difference in O/1 or G/I
ratios between the two systems is exclusively related to grain yield. There were 9 instances
when significant differences in O/I and G/I ratios occurred. Int 5 of these instances side band
systems had significantly higher O/ and G/I ratios, while the reverse was true on 4

occasions.
Fertilizer Rate

Fertilizer energy inputs constituted some 60 to 80 %, or more, of total energy inputs. Thus
increasing N fertilizer rate necessarily results in statistically significant increases in total
encrgy inputs. An inverse relationship between increasing fertilizer N rate and O/ and G/1
ratios would also necessarily follow, unless there was a counterbalancing increase in grain
yield. Yield response to N inputs was inconsistent, and in 26 out of 32 site/crop years it was
not great enough to offset the increased energy investment. Wheat yields at Scott in 2000,
and canola yields at Scott and Indian Head in 2000, and Swift Current and Scott in 2001, and
Star City in 2002, did increase enough to offset the additional encrgy investment. The
limited crop response to N fertilization was likely related, at least in part, to the drought
conditions experienced in 2001 and the early part of 2002, as well as the fact that fertilizer N
was not optimized according to soil test recommendations, but was applied according to a

pre-determined experimental design.

Fertilizer Formulation

The energy cost of production and transporting urea to the farm is considerably more (75.63

MJ per kg of nitrogen) than the energy cost of production and fransport of anhydrous
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ammonia (52.21 MJ per kg of nitrogen) (Nagy, 1999). Thus total energy inputs are
significantly higher for all treatments utilizing urea compared AA. Clearly, O/1 and G/I
ratios will be similarly affected unless energy or grain outputs are substantially higher for AA
compared to urea treatments. This did occur in 7 of 32 site years. In 4 cases (wheat at Scott,
and canola at Scott and Indian Head in 2000 and canola at Star City in 2002) differences in
yield and energy outputs just balanced the differences in energy input levels, resulting in no
significant difference between urea and AA treatments. In the other three instances (canola
at Scott, Swift Current and Indian Head in 2001), yield and energy output differentials were

large enough that I/O and G/I ratios were significantly higher for urea compared to AA.

Conclusions: Energy Analysis

In this study, differences in total energy inputs were almost exclusively related to the energy
costs of N fertilizer inputs. In most instances, there was limited crop response to Increasing
fertilizer N rate; therefore the best net energy values and input/output ratios were achieved
with the first increment of N (0.5 x recommended rate), although gross energy outputs
generally increased with increasing rates of N application. Spring broadcasting of urea, and
fall application of urea or AA require additional field operations, thus the energy inputs are
slightly higher than spring banded treatments. These higher energy inputs combined with
lower crop yields resulted in significantly lower values for all of the energy indicators on the
fall banded treatments about 30% of the time, but only on a few occasions (5 of 32) for the
broadcast treatment. FEnergy inputs for the mid-row banding and side-row banding
treatments were similar. Significant differences in energy production due to yield differences
were noted in 9 of 32 sites years, but these were equally split in favor of mid-row and side-
row banded systems. No clear conclusion can be drawn at this point regarding the energy
efficiency of one system compared to another. Total energy inputs are higher for treatinents
utilizing urea compared AA, resulting in inherently lower net energy production and O/
ratios. In this study net energy production valnes were significantly lower on the urea
treatments only about 30% of the time, suggesting a small yield advantage (higher gross
energy output) to urea which offset the inherently higher energy imputs. However, the

output/input ratios most often looked more favorable on the AA treatments.
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OVERALIL CONCLUSIONS

The weather, always a “wild card” in Saskatchewan, created rather challenging conditions
during this three-year study. Precipitation ranged from above average precipitation at Swift
Current and Indian Head in 2000, to a severe drought causing complete crop failure at Scott
in 2002. This was both an advantage, in that we have results from our N management
treatments over a wide range of environmental conditions, and a disadvantage in that the
results vary widely and interpretation must carefully consider the context of the particular
year and site. In this regard it should be noted that the results for the wheat crop at Star City

in 2002, and all crops at Scott in 2002 were not considered in our overall conclusions.

Flax tended to be the least responsive to either N amount or management. There was a
general increase in seed yield to the first increment of N added (30 kg ha! at Swift Current
and Scott, 40 kg N ha™! at Star City and Indian Head), but little or no response to higher rates.
Wheat showed modest response to both N amount and management. Grain yields often
increased up to the recommended rate (60 kg ha' at Swift Current and Scott; 80 kg N ha™' at
Star City and Indian Head), with strong responses up to the high N rate occurring in 2000 at
both Star City and Scott. Canola also showed modest responses to N amount and
management. Grain yields often increased up to the recommended N rate, with strong
responses up to the high N rate occurring in 2000 at both Star City and Scott. Grain-N

concentrations tended to increase linearly as fertilizer-N rate increased.

Considering grain yields over all sites, crops and years, the results from this study confirm
that fall banded N and broadcasted urea arc less efficient than their spring banded
counterparts. Interestingly, urea appeared to provide slightly better yields at Indian Head, but
AA and urea appeared to perform equally at the other three sites. This “lack of difference”
between N-formulation is of some significance in two respects. Firstly, it suggests that side-
band placement of AA is as effective as urea. Secondly, it has long been assumed that AA is
not effective in the Swift Current area, but our results imply that AA is equal to urea in this
region. There was, however, a weak trend for grain-N concentration to be lower on AA
treatments compared to urea. Further analysis would be required to determine if the

difference in seed-N concentration was enough to be of economic significance.
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Although plant densities tended to be lower on side-band compared to mid-row banded
treatiments, this was usually not translated into differences in grain yield. Our results suggest
that side-band systems increase the potential for problems with seed-bed quality under either
dry soil conditions or on wetter conditions in heavy clay soils. However, if dry conditions
prevail during the first few weeks following seeding, access to N by the emerging crop may
be more limited with the mid-row band placement. Overall, there was no significant
difference between the two systems 84% of the time. When they occurred, grain yield
differences were more or less equally split between the two systems. There was also a weak
trend for grain-N concentration to be higher on side-row compared mid-row banded N.
Again, further analysis would be required to determine if the difference in seed-N

concentration was enough to be of economic significance.

The results of this study verify that NoO emissions increase with fertilizer N applications.
They also suggest that, within the range of rates applied in this study, emissions increase in a
linear fashion. In other words, the percentage of fertilizer-N lost as N2O did hot increase as
fertilizer rates increased. The great majority of the percent-loss values calculated fell at or
below 0.4 %. The overall mean value was 0.2 %. Even taking into consideration the
possibility that our sampling methodology may have introduced some downward bias in the
flux estimates, we feel the results clearly indicate a need to modify the current N,O loss

coefficient of 1.25 % that is applied to fertilizer-N use in western Canada.

We conclude that N,O emissions are similar from AA compared to urea. There was a weak
trend for emissions to be higher when urea was broadcast rather than banded, and when
fertilizer-N was mid-row rather than side-row banded. In the latter instance, the differences
were generally not large in an absolute sense, and so likely of limited material importance.
In general results from this study indicate that NoO emissions are comparatively low from
well-managed cropping systems in western Canada, and suggest that the specific N fertilizer
system selected (side-row vs. mid-row, anhydrous vs. urea) is of less consequence than

ensuring the optimal use of N fertilizer additions.

Differences in total energy inputs were almost exclusively related to the energy costs of N

fertilizer inputs. In most instances, there was limited crop response to increasing fertitizer N
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rate; therefore the best net energy values and input/output ratios were achieved with the first
increment of N (0.5 x recommended rate), although gross energy outputs generally increased
with increasing rates of N application. Spring broadcasting of urea, and fall application of
urea or AA require additional field operations, thus the energy inputs are slightly higher than
spring banded treatments. These higher energy inputs combined with lower crop yields
resulted in significantly lower values for all of the energy indicators on the fall banded
treatments about 30% of the time, but only on a few occasions for the broadcast treatment.
There was no clear difference in energy efficiency energy efficiency between side-band and
mid-row band systems. Total energy inputs are higher for treatments utilizing urea compared
AA, resulting in inherently lower net energy production and O/I ratios. In this study net
energy production values were significantly lower on the urea treatments only about 30% of
the time, suggesting a small yield advantage (higher gross energy output) to urea which
offset the inherently higher energy inputs. However, the output/input ratios most often

looked more favorable on the AA treatments. “,,k
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Table 1. Basic soil characteristics (0-30 cm) at four experimental sites in Saskatchewan.

Soil property Star City Indian Swift current Scott
Head
pH 7.2 8.0 7.8 7.1
EC(S/cm) 0.2 0.2 0.2 0.2
Organic carbon(%) 1.3 1.5 0.7 i.4
Total carbon(%%) 1.5 2.6 1.2 I8
Total nitrogen(%) 0.12 0.17 0.12 0.11
Extractable K {ug/g) 185 380 200 153
NOs-N (ng/s) 4.3 6.4 11.9 4.2
NH.-N (ug/e) 2.9 3.7 2.6 21.4
Extractable P (ug/g) 1.9 3.7 3.5 4.2
% total sand 14.4 221 433 46.6
% total silt 33.0 8.3 321 28.0
% total clay 52.6 69.6 24.6 254

Table 2. Treatment combinations applied at each of the four sites. Treatments sclected for trace gas
monitoring are presented in bold type.

e

Treatment N rate P placement **
1. Urea + P side-band 0.5 x Nrate SB
2. Urea + P side band 1.0 x N rate SB
3. Urea+ P side-band 1.5 x N rate SB
4. Urea mid-row-band 0.5 x N rate SpP
5. Urea mid-row band 1.0 x N rate Sp
6. Urea mid-row band 1.5 x N rate SpP
7. Urea fall band 1.0 x N rate SP
8. Urea spring broadcast 1.0 x N rate Sp
9. NH; side-band 0.5 x N rate SP
10. NH; side-band 1.0 x N rate spP
11. NH; side-band 1.5 x Nrate SP
12. NHi mid-row band 0.5 x N rate Sp
13. NH3; mid-row band 1.0 x N rate sp
14. NH; mid-row band 1.5 x N rate SP
15. NH; fall band 1.0 x N rate sp
16. Check (side-band no N) no N sp
17. Urea side-band 1.0 x N rate SPp

*% SB = side-banded with N; SP = seed-row placed
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Table 3. Summary of energy parameters for outputs and inputs.

Output/Input Ifem Energy Units
Value
Products
Wheat 18.71 M1 kg!
Flax 25.98 Ml kg™
Canola 29.43 MI kg™
Fuel
Diesel 43.99 MJL
Gasoline 39.601 MiL!
Lubricants 43.80 M) L
Urea -N 75.63 M kg
Anhydrous Ammonia 52.21 MJ kg
P,0;5 9.53 MJ kg
K0 9.85 M1 kg
S 1.12 M kg
2,4-D amine 98.00 MJ kg
2,4-D ester 241.00 MJ kg
Bromoxynil & MCPA ester (1:1) 335.00 M kg
Clodinafop-propargyl 297.45 MJ kg
Clopyralid & MCPA 22128 MIJ kg™
Dicamba & mecoprop & MCPA amine (5:5:22) 242.9] MJ kg
Flaroxypyr & clopyralid & MCPA ester (18:5:28) 328.12 M kg
Glyphosate 511.00 MJ kg
Glufosinate ammonium 363.56 MJ kg
Paraquat & diquat 511.83 MJ kg
Sethoxydim 308.00 MJ kgt
Sethoxydim & clopyralid & MCPA ester (45:5:28) 529.28 MJ kg"
Surfactant 201.00 ML
Tralkoxydim 313.77 M1 kg
Machine Operations Fuel & Qil  Overhead”
Swather 103.70 17.30 MJ ha'!
Spray 29.60 8.50 MJ ha”!
Haul water 11.40 .90 MJ ha
Granular Applicator 85.90 4.90 M ha
Zero-till air seeder 257.40 60.50 MI ha™!
Zero-till air seeder with NH; 275.40 64.74 MJ ha!
Fall Banding 317.93 64.15 M] ha'
Fall Banding with NHa 339.44 68.64 MJ ha'!
Combine & on-farm transport of g g,l'un wheat’ 357.29 46.82 M ha!
Combine & on-larn transport of grain - canoia 533.32 75.65 M} ha
Combine & on -farm transport of grain - flax’ 599.07 86.41 M1 ha'!
Grain Storagc - 31.30 MJ ha
Miscelleaneous” 249.00 FE10 M ha

..Energy for all herbicides are shown per unit of active ingredient.

3 Includes energy for repairs and cnergy expended in the manufacture, assembly and transport of machines to the farm gate.

? Shown for a yield of 2000 kg ha'l.

4 Includes energy for local transport of inputs and transport of produets from the farm to initial point of sale.
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Table 4. Mean monthly air temperature and precipitation (May-August) at four sites.

Temperature (°C) Precipitation (mm)
2000 2001 2002  Longterm 2000 2001 2002 Long term
(30 yr) (30 yr))
Swift Current
May 18.9 12.2 8.5 11.0 65 23 22 48
June 13.8 15.0 15.7 15.6 54 32 144 68
July 19.1 19.7 19.6 182 127 63 73 53
August 184 209 15.5 17.9 I3 3 102 41
Mean for temperature
Sum for precipitation 15.6 17.0 14.8 15.7 259 121 341 210
Indian Head
May 0.1 11.4 73 12.2 68 2 18 56
June 13.0 14.8 158 16.2 105 29 115 95
July 18.0 18.1 i8.6 18.9 46 41 49 69
August 16.4 18.9 157 16.2 63 £3 98 52
Mean for temperature
Sum for precipitation 14.4 15.8 144 15.9 282 85 280 272
Star City
May 9.0 12.0 6.8 10.8 43 46 4 44
June 13.5 14.4 16.7 15.6 74 35 54 69
July 17.5 18.8 19.6 17.4 11t 73 94 75
August 16.2 19.2 15.9 16.4 49 22 91 54
Mean for termperature
Sum for precipitation 14.1 16.1 14.8 £5.1 277 175 243 24
Scott
May 9.4 1.0 8.0 10.2 24 36 3 36
June 135 13.9 16.4 i4.5 39 49 69 61
July 17.8 17.7 19.3 17.3 76 41 32 6l
August 15.6 19.0 15.6 16.2 60 3 42 45
Mean for temperature
Sum for precipitation 14.0 15.4 14.8 14.5 198 129 140 203
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Table 17. Grain and straw N concentration and total N uptake in wheat at Swift Current,

Grain N (%) Straw N (%) N uptake (kg ha)
Treaiment 2000 2001 2002 2000 2001 2002 2000 2001 2002
1) Side-banded urea with low rate 2.65 323 2.25 0.29 0.60 0.28 116.0 273 343
2) Side-banded urea with medium rate 2.85 326 2.67 0.32 0.59 0.43 139.3 29.1 57.2
3) Side-banded urea with high rate 3.15 345 2.79 0.39 0.76 .45 131.0 304 60.2
4) Mid-row banded urca with low rate 2.62 337 2.35 0.30 0.66 0.28 114.5 30.5 341
5) Mid-row banded urea with medium rate 2,78 3.37 2.67 0.28 0.63 (.42 123.6 320 337
) Mid-row banded urea with high rate 3.09 3.50 2.83 0.38 0.79 0.45 147.5 20.8 57.4
7) Fall banded urea with medium rate 2.94 3.45 278 0.30 0.82 0.44 130.1 30,6 435
8) Broadcasted urea with medium rate 2.83 3.42 2.62 0.26 0.78 0.38 119.7 29.2 373
9) Side-banded AA with low rate 2.60 343 235 0.24 0.74 0.25 110.8 25.9 358
10) Side-banded AA with medium rate 2.54 348 246 0.20 (.80 0.36 98.1 27.5 56.0
I1) Side-banded AA with high rate 2.86 3.50 2.67 0.26 0.76 0.38 129.8 277 564
12) Mid-row banded AA with low rate 2.64 3.03 2.37 0.23 0.50 0.30 103.1 27.0 20.0
13) Mid-row banded AA with medium rate 2.66 345 2.53 0.27 3.73 0.33 t04.4 3.1 442
14} Mid-row banded AA with high rate 2.99 3.49 2.72 0.38 0.75 0.40 157.6 30.8 49.2
[5) Fall banded AA with medium rate 3.00 3.44 2.60 032 0.70 .46 141.1 29.8 475
16) Very low N 2.62 2.86 2.51 0.20 0.48 0.31 1150 25.2 24.4
17} Side-banded urea with medium rate + P 3.02 3.26 2.66 0.34 0.70 0.33 143.9 25.1 508
Mean 281 335 258 029 069 036 1250 286 452
LSD (0.05) 033 025 0.2 0.15 0.14 010 512 64 126
Significance ** Fkk *EE NS HEE ok NS NS kok
Contrast
Side vs. mid-row NS NS NS NS NS NS NS NS *
Broadcast vs. banding NS NS NS NS ek NS NS NS wE
Urea vs. AA 0.10 NS ok 0.06 NS 0.08 NS NS NS
Fall vs. spring *E NS ok NS 0.07 NS NS NS NS
Orthogonal contrasts for N rate N3 NS NS NS NS N5
Linear ik k3 ez ® H ek deksk NS NS ko
Quadratic NS * HA* NS NS NS NS N3 NS
Cubic NS NS HkE NS NS * NS NS ok

T'Side>mid only in AA treatments.
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Table 18. Grain and straw N concentration and total N upfake in canola at Swift Current.

Grain N (%) Straw N (%) N uptake (kg ha™)
Treatment 2000 2001 2002 2000 2001 2002 2000 2001 2002
1) Side-banded urea with fow rate 3.10 422 3.42 0.36 0.52 6.36 754 42.7 51.5
2} Side-banded urea with medium rate 3.21 4.97 3.79 0.45 1.4 0.47 824 51.8 75.9
3) Side-banded urea with high rate 3.81 5.11 434 058 1.23 0.06 1110 606 3738
4) Mid-row banded urea with fow rate 3.20 4.14 3.24 0.41 .54 .26 82.2 29.6 377
5) Mid-row banded urea with medium rate 3.32 4.83 3.64 6.50 0.96 0.39 1011 52.9 591
6) Mid-row banded urea with high rate 3.74 5.01 404 051 1.05 0.56 106.4 63.3 74.5
7) Fall banded urea with medium rate 333 491 392 043 091 0.50 85.9 56.7 62.9
8) Broadeasted urea with medium rate 3.50 4.64 364 042 0.66 0.40 80.8 493 54.2
9) Side-banded AA with low rate 341 4.38 3.25 040  0.64 0.35 82.5 37.1 50.2
10) Side-banded AA with medium rate 346 4.63 347 044 067 040 87.3 471 533
11) Side-banded AA with high ratc 3.67 4.73 399 046 0.67 045 99.0 617 633
12) Mid-row banded AA with low rate 3.10 4.05 3.00 0.38 0.51 0.22 73.2 335 313
13) Mid-row banded AA with medium rate 3.30 4.63 344 039 036 037 86.1 498 547
14) Mid-row banded AA with high rate 3.51 4.51 3.91 0.46 (.60 (.53 107.7 63.2 78.9
15) Fall banded AA with medium rate 3.28 4.52 390 038 0.67 0.46 78.5 524 58.0
16) Very low N 2.91 426 3.09 033 0.50 0.29 49.4 26.6 25.3
17) Side-banded urea with medium rate + P 337 4.69 392 048 085 059 84.4 555 082
Mean 337 4.60 3.65 (.43 .75 0.43 86.7 49.0 363
LSD (0.05) 0.33 0.51 049  0.13 6.25 0.18 26.5 15.0 19.9
Sigﬂiﬁcaﬂce F¥ *3k sk * *kk FkE £ dkk ksl
Contrast
Side vs. mid-row NS NS NS NS * 0.09 NS NS NS
Broadeast vs. banding NS NS NS NS ek NS NS NS NS
Urea vs. AA NS 0.09 * NS HEE 0.07 NS NS NS
Fall vs. spring NS NS * NS NS NS NS NS NS
Orthogonal contrasts for N rate NS NS NS NS N3 NS NS
Linear sk skesesk kg ek EX3 EE X EE S ok EE ]
Quadratic NS NS NS NS NS NS NS NS NS
Cubic NS * NS NS NS NS NS NS N3
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Table 19. Grain and straw N concentration and tofal N uptake in flax at Swift Current.

Grain N (%) Straw N (%) N uptake (kg ha™")

Treatment 2000 2001 2002 2000 2001 2002 2000 2001 2002
1) Side-banded urea with low rate 3.75 4.64 2.25 0.34 0.70 0.28 78.2 273 38.0
2) Side-banded urea with medium rate 3.94 472 2.67 0.35 0.56 0.43 78.6 29.1 40.9
33 Side-banded urea with high rate 4.08 4.65 2.79 042 0.66 0.45 92.1 30.4 323
4) Mid-row banded urea with low rate 37 445 235 032 052 028 82.4 305 37.1
5) Mid-row banded urea with medium rate 396 4.38 267 039 051 0.42 804 320 486
6) Mid-row banded urea with high rate 4.14 4.69 2.83 0.44 0.78 0.45 97.4 268 363
7) Fall banded ures with medium rate 3.87 475 2.78 0.38 0.78 (.44 78.2 30.6 35.7
8) Broadcasted urea with medium rate 3.8 4.65 262 034 083 038 89.8 292 356
9) Side-banded AA with low rate 3.66 4.37 2.35 0.28 0.42 0.25 80.9 259 436
10) Side-banded AA with medium rate 3.72 4,51 2.46 0.31 0.55 0.36 84.2 275 8.6
11) Side-banded AA with high rate 3.64 476 2.67 0.33 0.73 (.38 814 27.7 34.2
12} Mid-row banded AA with low rate 3.55 3.98 2.37 0.34 0.31 .30 70.3 27.6 36.4
13) Mid-row banded AA with medium rate 3.83 4.44 2.53 0.35 0.68 0.33 92.8 31.1 376
14) Mid-row banded AA with high rate 3.77 4.66 2,72 0.44 0.65 0.40 78.5 308 43.9
15) Fall banded AA with medium rate 3.77 4.73 2.66 0.38 0.80 0.40 82.9 298 40.8
16) Very low N 3.66 3.82 2.51 0.32 0.54 0.31 713 252 240
17) Side-banded urea with medium rate + P 3.93 4.58 266 035 066 033 88.7 251 357
Moan 381 452 258 036 063 036 832 286 379
LSD (0.05) 0.32 0.35 0.26 0.06 0.29 0.13 21.8 9.2 14.7
Significance * wEF Hoak FkoE * * NS * otk
Contrastl

Side vs. mid-row NS * NS wE NS NS NS NS NS

Broadcast vs. banding NS NS NS NS * NS NS * NS

Urea vs. AA EEE 0.09 NS ** NS NS NS NS NS

Fall vs. spring NS * NS NS * NS NS NS NS
Orthogonal contrasts for N rate

Liﬂcaf * H ek EE 3 Fk 009 i NS * L

Quadratic NS 0.06 NS NS NS NS NS ke ok

Cubic NS NS NS NS NS NS NS NS NS
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Table 20. Grain and straw N concentration and total N uptake in wheat at Indian Head.

N uptake (kg ha'')

Grain N (%) Straw N (%)
Treatment 2000 2001 2002 2000 2001 2002 2000 2001 2002
1} Side-banded urea with low rate 2.91 2.80 2.64 0.45 045 0.43 99.6 72.5 75.4
2) Side-banded urea with medium rate 2.94 2.89 2.78 0.45 0.49 0.44 105.3 87.4 82.0
3) Side-banded urea with high rate 3.00 2.89 2.81 058  0.51 0.44 1182 81.9 83.1
4) Mid-row banded urea with low rafe 2.94 2.6l 2.56 04l 0.44 0.39 93.6 67.1 70.0
5) Mid-row banded urea with medium rate 2.93 2.80 276 044 046 039 91.1 17 760
6) Mid-row banded urea with high rate 294 2.83 2.81 0.49 0.50 0.42 95.5 77.1 81.2
7) Fall banded urea with mediun rate 3.02 2.89 2.83 0.49 0.52 .37 103.4 83.1 74.3
%) Broadcasted urea with medium rate 2.94 2.65 2.77 0.41 0.44 0.40 i03.8 616 78.9
9) Side-banded AA with low rate 2.88 2.76 2.62 0.35 0.52 (.37 84.8 69.7 754
10) Side-banded AA with medium rate 2.85 2.77 2.75 0.41 0.45 0.41 90.3 7.3 80.8
11) Side-banded AA with high rate 3.06 2.90 2.83 0.58 0.57 0.42 110.4 72,6 854
12) Mid-row banded AA with low rate 2.85 249 2.50 0.36 0.39 0.36 77.0 59.1 641
13) Mid-row banded AA with medium rate 295 2.64 2.1 037 040 038 95.5 588 744
14) Mid-row banded AA with high rate 293 2.66 2.80 .44 0.43 0.42 99.1 70.1 80.5
15} Fall banded AA with medium rate 3.01 2.79 2.79 041 0.48 0.41 90.8 714 74.4
16} Very low N 2.80 2.60 243 (.38 0.36 0.31 39.1 51U 324
17) Side-banded urea with medium rate + P 2.99 2.95 278 050 056 039 110.4 81.2 795
Mean 294 276 272 044 047 040 958 712 757
LSD (0.03) 021 0.i4 0.09 0.10 0.09 .07 18.9 15.6 10.0
Signiﬁcance NS Fk T FET] FTT] * EEk *k ®k ok
Contrast
Side vs. mid-row NS ok * * ok 0.08 # * ok
Broadcast vs. banding NS o NS NS NS N8 NS ek NS
Urea vs. AA NS *E NS * NS 0.08 0.07 E NS
Fall vs. spring NS NS * NS NS NS NS NS NS
Orthogonal contrasts for N rate NS NS NS NS NS NS NS
Linear * ok Fkx Fkx kg dk Aok ok L4
Quadratic NS NS NS NS NS NS 0.06 NS ok
Cubic NS NS NS NS 0.07 NS NS NS NS
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Table 21. Grain and straw N concentration and total N uptake in canola at Indian Head.

Grain N (%)

Straw N (%)

N uptake (kg ha'h

Treatment 2000 2001 2002 2000 2001 2002 2000 2001 2002
1) Side-banded urea with low rate 3.74 3.87 380 070 085 043 118.7 898 662
2) Side-banded urea with medium rate 371 4.05 4.01 0.77 1.12 0.50 111.9 137.7 61.4
3) Side-banded urea with high rate 3.89 422 3.99 0.83 1.41 0.58 151.8 132.0 837
4) Mid-row banded urea with low rate 3.54 4.04 3.80 0.62 0.73 0.45 101.8 1159 620
5) Mid-row banded urea with medium rate 3.78 4.05 401 068 095 052 141.0 1257 845
6) Mid-row banded urea with high rate 379 4.10 408 072 079 055 140,4 1288 84.2
7) Fall banded urea with medium rate 392 398 402 083 074  0.54 173.8 143.0 762
8) Broadcasted urea with medium rate 3.68 3.96 3.54 0.80 0.67 0.53 106.5 L19.5 805
9) Side-banded AA with fow rate 370 402 362 061 127 042 1210 954 587
10) Side-banded AA with medium rate 3.59 4.21 3.84 0.58 1.37 0.48 105.4 I31.6 822
1) Side-banded AA with high rate 375 4.23 4.13 0.72 1.77 0.51 145.4 161.6 98.0
12) Mid-row banded AA with low rate 3.67 3.72 3.70 .67 0.51 0.40 1092 899 344
13) Mid-row banded AA with medium rate 3.60 3.85 3.90 .59 0.56 0.42 109.0 1045 79.0
14) Mid-row banded AA with high rate 3.61 4,03 4.00 .05 0.77 0.49 [15.8 1262 83.0
15) Fall banded AA with medium rate 3.59 411 3.89 0.64 0.66 0.49 113.5 125.0 714
16) Very low N 3.78 3.60 3.56 0.75 0.63 0.38 107.0 (9.4 44.2
17) Side-banded urea with medium rate + P 3.90 4.17 409  0.72 1.03 050 156.3 168.5 987
Mean 3.72 4.01 3.90 0.70 0.93 0.48 125.2 1214 74.6
LSD (0.05) 0.27 0.24 0.20 0.15 0.25 0.08 56.4 62.7 19.0
Significance NS wEE i * daE R NS NS ok
Contrast
Side vs. mid-row NS ] NS NS  #==* NS NS NS NS
Broadcast vs. banding NS NS NS NS *E NS NS NS NS
Urea vs. AA N3 NS 0.06 * NS *ok NS NS NS
Fall vs. spring NS NS NS * * NS NS NS NS
Orthogonal contrasts for N rate NS NS NS NS NS NS NS NS NS
Linear NS sk Koo NS *ok ok NS s -
Quadratic NS NS NS * NS NS NS NS NS
Cubic NS NS NS NS NS NS NS NS NS

" Side>mid only in AA treatments
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Table 22. Grain and straw N concentration and total N uptake in flax at Indian Head.

Grain N (%) Straw N (%) N uptake (kg ha™

Treatment 2000 2001 2002 2000 2001 2002 2000 2000 2002
1) Side-banded urea with low rate 3.60 3.90 3.88 0.67 0.48 0.64 101.4 59.7 96.2
2) Side-banded urea with medium rate 375 4.08 393 085 052 0353 112.6 610 957
3) Side-banded urca with high rate 3.94 4,02 392 091 .52 0.68 118.1 63.1 107.6
4y Mid-row banded urea with low rate 3.66 370 377 072 0.57 0.58 107.3 58.6 99.2
5) Mid-row banded urea with medium rate 3.7 3.88 3.95 0.80 0.53 0.56 112.9 60.2 102.5
6) Mid-row banded urea with high rate 378 392 3.92 0.85 0.54 0.68 1117 619 1092
7) Fall banded urea with medium rate 3.77 4.02 4.01 0.80 0.59 (.55 109.0 60.1 892
&) Broadcasted urea with mediom rate 3.80 3.97 392 071 0.50 0.58 1.4 58.6 1026
9) Side-banded AA with low rate 347 3.63 384  0.63 0.45 0.57 92.7 S88 1018
10) Side-banded AA with medium rate 3.74 3.85 3.96 0.83 0.54 0.64 110.9 62.3 100.6
t1} Side-banded AA with high rate 3.87 3.96 3.96 (0,90 0.56 0.36 123.6 74.5 HOGLT
12) Mid-row banded AA with low rate 3.49 3.63 3.72 0.6t 0.57 0.49 91.6 59.3 9.7
13) Mid-row banded AA with medium rate 3.65 396 391 068 062 054 103.1 514 1027
14) Mid-row banded AA with high rate 3.69 4.05 397 0.72 0.63 .48 104.6 59.9 97.4
15) Fall banded AA with medium rate 3.67 4.09 395 0.71 0.57 0.53 102.2 61.7 90.1
16) Very low N 3.39 3.39 3.53 0.59 0.51 0.58 89.0 512 77.0
17} Side-banded urea with medium rate + P 3.83 3.90 398  0.81 049  0.57 120.8 63.3 95.6
Mean 3.69 3.88 389 075 0.54 0.57 17.2 60.7 us8.0
LSD (0.05) 0.18 0.27 0.17 0.13 010  0.18 16.9 12.5 13.3
Signiﬁcance B2 FHHK Hkk Heke * NS *%k NS &%
Contrast

Side vs. mid-row 0.06 NS NS * *k NS NS 0.07 NS

Broadcast vs. banding NS NS NS * NS NS NS NS NS

Urea vs, AA * NS NS * 0.09 0.07 0.06 NS NS

Fall vs. spring NS NS NS NS NS NS NS NS *
Orthogonal contrasts for N rate

Liﬂear E L Hokok ek Hgck NS NS kaksk g sk ok

Quadratic NS * wEE NS NS NS NS NS E

Cubic NS NS NS NS NS NS N3 NS NS
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Table 23. Grain and straw N concentration and total N uptake in wheat at Star City.

Grain N (%)

Straw N (%)

N uptake (kg ha™')

Treatment 2000 2000 2002 2000 2001 2002 2000 2001 2002
1) Side-banded urea with low rate 2.57 3.60 3.82 0.57 1.4] 1.80 793 84.7 283
2) Side-banded urea with medium rate 2.67 3.64 383 056 L34 LT 918 975 302
3) Side-banded urea with high rate 2.89 363 3.81 0.55 £.53 §.82 102.2 97.1 41.0
4} Mid-row banded urea with low rate 2.56 3.49 3.97 0.54 i.26 1.82 74.3 81.8 28.1
5) Mid-row banded urea with medium rate 2.64 3.68 387 057 140 130 87.7 1000 26.7
6) Mid-row banded urea with high rate 2.78 3.72 3.84 0.52 1.52 1.96 99.6 1025 321
7) Fall banded urea with medium rate 2.68 3.76 386 045 160 190 90.7 993 353
8) Broadcasted urea with medium rate 2.59 3.68 397 054 139 209 91.9 927 229
9) Side-banded AA with low rate 2.62 3.38 3.93 0.53 1.17 1.79 74.8 74.8 20.6
10) Side-banded AA with medium rate 2,79 3.62 3.93 0.52 1.42 1.89 98.0 97.4 333
11) Side-banded AA with high rate 2.94 3.66 3.88 0.57 1.56 1.89 108.9 96.6 31.0
12) Mid-row banded AA with low rate 2.59 3,40 3.89 0.48 1.18 1.71 70.1 §2.7 323
13) Mid-row banded AA with medium rate 2.69 3.62 393 049 129 189 83.0 922 332
14) Mid-row banded AA with high rate 283 372 395 0.57 146 .88 104.5 t03.9 327
15) Fall banded AA with medium rate 2.58 3.69 3.92 051 1.48 1.78 81.9 82.0 30.7
16) Very low N 2.02 3.14 3.82 033 1.02 1.67 473 529 231
17) Side-banded urea with medium rate + P 2.64 3.66 387 654 147 193 94.0 997 253
Mean 269 359 389 053 139 185 874 905 302
LSD {0.05) 0.08 0.15 0.15 0.12 0.21 0.18 11.6 14.9 0.4
Significance Fk Ak NS NS HAF rE sk ok NS
Contrast
Side vs. mid-row HEE NS NS NS 0.06 NS * NS NS
Broadcast vs. banding NS NS NS NS NS *AE NS NS NS
Urea vs. AA Hkk 0.07 .06 NS * NS NS NS NS
Fall vs. spring #! * NS NS 0.08 NS NS NS NS
Orthogonal contrasts for N rate
Linear Hkok Lt NS NS L3 2 H ook ikk H# ok
Quadratic Hokk ik NS NS NS NS * ok NS
Cubic NS NS NS NS NS NS NS NS NS

'Spring>fall only in AA treatments
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Table 24. Grain and straw N concentration and total N uptake in canela at Star City.

Grain N (%) Straw N (%) N uptake (kg ha™)

Treatment 2000 2001 2002 2000 2001 2002 2000 2001 2002
1) Side-banded urea with low rate 3.43 4,40 351 047 122 0.52 1150 84.0 72.1
2) Side-banded urea with medium rate 3.53 499 4.12 0.46 1.68 0.91 116.8 126.4 1307
3) Side-banded urea with high rate 3.81 5.18 433 0.47 2,04 1.07 120.1 1477 1259
4) Mid-row banded urea with low rate 3.20 4.40 343 051 1.27 0.54 98.5 80.6 63.1
5} Mid-row banded urea with medium rate 349 4.97 396 044 157 082 1619 1025 112}
6) Mid-row banded urea with high rate 31.56 4.38 431 0.44 1.90 1.10 123.2 138.5 1203
7) Eall banded urea with medium rate 3.59 4.84 4.14 0.38 1.81 0.90 116.6 [17.0  107.5
8) Broadcasted urca with medium rate 3.28 4.96 402 046 196 085 107.5 1264 987
9) Side-banded AA with low rate 2.96 4.55 3.56 0.54 1.06 0.61 94,7 69.2 68.4
10} Side-banded AA with medium rate 3.54 4.78 4.16 .36 1.48 1.o1 118.5 1057 1284
11) Side-banded AA with high rate 401 5.17 431 0.58 2,15 1.18 151.0 146.1 159.2
12) Mid-row banded AA with low rate 3129 4.44 346 0.56 1.38 .56 107.0 752 051
13) Mid-row banded AA with medium rate 3.38 4.89 401 044 190 089 116.6 1205 113.7
14) Mid-row banded AA with high rate 3.59 5.08 4.25 0.59 2.21 0.95 129.1 155.0 1329
15) Fall banded AA with medium rate 3.32 4.89 4.04 047 1.60 0.75 98.6 1089 915
16) Very low N 2.98 4,11 3.73 0.51 1.14 0.62 72.7 48.5 36.3
1'7) Side-banded urea with medium rate + P 3.52 4.93 423 049 1.87 099 1262 1204 1183
Mean 3.44 479 3.97 048 1.66 0.84 112.4 170.2 1020
LSD (0.05) 0.24 0.24 0.17 0.17 0.34 0.13 igd 27.2 19.1
Signiﬁcance EL 2] $%k L3 NS Lt 3] kcksk ok ek Aok
Contrast

Side vs. mid-row * NS *E NS NS o NS NS NS

Broadcast vs. banding * NS NS NS * NS NS NS NS

Urea vs. AA NS NS NS NS NS 0.08 0.07 NS NS

Fall vs, spring NS NS NS NS NS 0.05' NS/ NS NS
Orthogonal contrasts for N rate

Liﬂear gk Foks H Rk NS £33 A e ksesk Ak HR

Quadratic NS NS ik NS 0.06 Ak NS NS NS

Cubic NS NS o NS NS FEE NS NS NS

'Spring>fall only in AA treatments
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Tabie 25. Grain and straw N cencentration and total N uptake in flax at Star City.

Grain N (%) Steaw N (%) N uptake (kg ha)

Treatment 2000 2001 2002 2000 2001 2002 2000 2001 2002
1) Side-banded urea with low rate 3.55 4.42 3N 0.606 (.87 1.34 91.9 101.9 51.9
2) Side-banded urea with medium rate 3.98 4.55 3.93 0.74 0.98 1.40 105.7 1013 61.3
3) Side-banded urea with high rate 4.20 4.48 39 076 086 147 11238 84.6 63.2
4) Mid-row banded urea with low rate 3.53 4.29 355 0.61 0.82 1.24 895 92.1 57.5
5) Mid-row banded urea with medium rate 3.85 4.54 377  0.68 1.00 1.39 93.3 106.2 688
6) Mid-row banded urea with high rate 3.91 4.53 3.92 0.70 1.04 1.43 98.6 91.8 61.6
7) Fall banded urea with medium rate 3.96 4.41 3.83 0.66 [.02 1.36 97.7 87.3 42 .8
8) Broadcasted urea with medium rate 371 4.55 381 056 091 P33 922 98.3 624
9) Side-banded AA with low rate 347 4.30 3.61 065 077 .20 914 100.5 524
10) Side-banded AA with medium rate 31.80 4.55 390 061 1.02 1.33 98.0 103.3 60.3
11) Side-banded AA with high rate 4.19 4.54 3.84 0.76 0.91 1.63 113 95.7 57.0
12) Mid-row banded AA with low rate 343 4.30 343 0.63 0.79 1.25 83.1 100.5 33.0
13) Mid-row banded AA with medium rate 4.04 4.54 377 0.73 0.87 £.39 L00.6 96.4 644
14) Mid-row banded AA with high rate 4.16 4.50 3.91 086 092 1.48 1124 101.6 72,7
15) Fall banded AA with medium rate 3.5 4.50 3.90 0.66 0.94 1.29 97.6 96.6 4.6
16) Very low N 3.24 4.14 3.31 0.59  0.68 1.03 73.0 783 393
17) Side-banded urea with medium rate -+ P 3.91 4.61 385 068 1.04 151 1018 94.2 63.9
Mean 3.81 4.46 376 .68 091 136 972 96.3 57.2
LSD (0.05) 0.15 0.21 0.16 0.6  0.le6 028 1.9 13.9 9.1
Signiﬁcance kksk *k L& 3 NS Fgok ¥ ok * gk
Conirast

Side vs. mid-row NS NS B NS NS NS * NS i

Broadcast vs, banding * NS NS * NS NS NS NS NS

Urea vs. AA NS NS NS NS NS NS NS NS NS

Fall vs. spring NS NS NS NS NS NS NS *E ki
Orthogonal contrasts for N rate

Linear FoR kg Feck kk Hkx e Hoskok e ok

Quadratic NS * * NS 0.05 NS NS e ® 4

Cubic HE NS NS NS NS NS NS NS NS
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Table 26. Grain and straw N concentration and total N uptake in wheat at Scott.

Grain N (%) Straw N (%) N uptake (kg ha'')

Treatment 2000 2001 2002 2000 2001 2002 2000 2001 2002
1) Side-banded urea with low rate 2.35 2.80 3.59 0.58 1.24 1.55 58.3 589 153
2) Side-banded urea with medium rate 2.54 332 348 0.72 1.27 1.39 833 70.5 13.8
3) Side-banded urea with high rate 2.67 3.55 3.6% 097 1.54 £.54 1150 632 14.4
4) Mid-row banded urea with low rate 2.32 2.72 343 0.79 1.11 1.42 54.5 58.1 13.6
5) Mid-row banded urea with medium rate 2438 3.14 3.58  0.86 1.34 140 842 G618 135
6) Mid-row banded urea with high rate 2.59 332 3.52 0.83 1.06 1.59 92.9 683 13.7
7) Fall banded urea with medium rate 2.35 3.32 377 08l 106 143 944 597 4.7
8) Broadcasted urca with medium rate 2.54 2.91 363 079 1.35 f46 724 706 11.0
9) Side-banded AA with low rate 2.39 2.57 3.36 0.83 1.12 1.34 58.0 48.9 4.1
10) Side-banded AA with medium rate 2.40 3.04 3.63 0.78 1.39 1.44 68.3 63.7 13.4
11) Side-banded AA with high rate 2.66 341 372 098 1.25 142 1184 380 2.
12) Mid-row banded AA with low rate 2432 2.51 3.56 0.73 .93 1.37 43.1 55.7 3.1
13) Mid-row banded AA with medium rate 2.40 3.06 371 0.83 b2t 140 652 658 1.6
14) Mid-row banded AA with high rate 2.48 3.20 376 1.06 1.29 1.48 79.0 824 12.4
15) Fall banded AA with medium rate 2.41 3.02 377 093 1.37 134 741 699 136
16) Very low N 2.49 2.22 3130 0.88 1.1t 1.29 36.8 42.4 15.4
17) Side-banded urea with medium rate + P 243 329 373 080 1.45 146 849 725 137
Mean 247 302 360 083 124 143 754 030 435
L3D (0.05) 0.09 ¢.19 0.31 0.26 0.43 0.32 12.6 5.6 3.1
Significance HkE wAE NS NS NS NS HAE R NS
Contrast

Side vs. mid-row ok ** NS NS NS NS hoAk NS NS

Broadeast vs. banding NS ok NS NS NS NS * NS NS

Urea vs. AA 0.09 HEE NS NS NS NS HE NS 0.07

Fall vs. spring 0.07' NS NS NS NS NS * NS NS
Orthogonal contrasts for N rate

Linear * FEE *k *H NS NS *AE FkE 0.06

Quadratic Hkk NS NS NS NS NS NS NS NS

Cubic NS NS NS NS NS NS NS NS NS

[Spring>fall only in urea treatments.
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Table 27. Grain and straw N concentration and total N uptake in canola at Scoft.

Grain N (%) Straw N (%) N uptake (kg ha™')

Treatment 2000 200t 2002 2000 2001 2002 2000 2001 2002
1) Side-banded urea with low rate 3.06 3.86 4.50 023 1.55 1.61 50.1 70.3 431
2) Side-banded urea with medium rate 2.88 425 4.56 030 1.77 1.84 52.5 80.2 5t
3} Side-banded urea with high rate 3.06 4.54 488 029 205 1.87 68.0 102.8 585
4) Mid-row banded urea with low rate 3.03 3.67 441 0.29 i.51 1.41 48.0 64,7 448
5) Mid-row banded urca with medium rate 2.92 4.12 467 030 1.72 1.86 533.6 808 46.6
6) Mid-row banded urea with high rate 3.10 4.57 4.85 0.31 2.03 1.66 61.6 893 522
7} Fall banded urca with medium rate 2.94 4.28 466 026 147 1.70 52.4 1.6 0603
8) Broadcasied urea with medium rate 2.90 429 4,74 0.28 1.78 1.93 46.7 80.8 63.4
9) Side-banded AA with low rate 2.94 3.69 4777 0.25 1.38 1.72 39.5 54.8 48.0
10} Side-banded AA with medium rate 2.78 3.93 4.51 0.37 1.6l 2.08 48.9 78.2 531
11) Side-banded AA with high rate 3.19 4.59 4.62 (.28 2.02 191 63.3 90.0 56.9
12) Mid-row banded AA with low rate 2.84 3.56 4.62 0.46 1.49 1.54 379 577 50.2
13} Mid-row banded AA with medium rate 2.96 4.28 462 044 £.60 1.95 38.4 722 434
14) Mid-row banded AA with high rate 297 4.47 4.08 0.31 1.92 .85 497 954 51.6
15) Fall banded AA with medium rate 281 4.06 482 030 1.51 1.83 40.1 76.2 53.8
16) Very low N 298 3.56 431 0.32 1.41 1.25 295 49.1 374
17) Side-banded urea with medium rate + P 2.91 4.17 473 028 183  1.86 53.9 88.4 613
Mean 2.96 4.11 4.64 0.31 1.69 1.76 49.4 772 51.6
LSD (0.05) 0.34 0.48 (.48 0.19 0.31 (0.37 15.5 15.6 17.0
Significance NS *EE NS NS FhE *k ok ki NS
Contrast

Side vs. mid-row NS NS NS NS NS NS o NS NS

Broadcast vs. banding NS NS NS NS NS NS NS NS NS

Urea vs. AA NS NS NS NS NS (.09 NS * NS

Fall vs. spring NS NS NS NS NS NS NS NS NS
Orthogonal contrasts for N rate

Lilleal‘ NS EE3 * NS B sk ek i S

Quadratic NS NS NS NS 0.05 * NS NS NS

Cubic NS NS NS NS NS NS NS NS NS
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Table 28. Grain and straw N concentration and total N uptake in flax at Scott.

Grain N (%) Straw N (%) N uptake {kg ha'!)

Treatment 2000 2001 2002 2000 2001 2002 2000 2001 2002
1) Side-banded urea with low rate 3.26 395 4.69 0.33 1.65 2.31 2.5 80.7 26.5
2) Side-banded vrea with medium rate 370 444 466 035 1.83 224 93.1 88.1 28.9
3) Side-banded urea with high rate 3.87 4,51 4,73 (.40 1,73 231 104.4 860.1 25.6
4) Mid-row banded urea with low rate 3.41 i 4,79 6.34 1.64 223 67.1 883 28.60
5) Mid-row banded urea with medium rate 3.68 438 454 042 £.97 2.20 95,1 87.8 251
6) Mid-row banded urca with high rate 4.06 4.25 4.60 0.37 1.82 2.26 106.3 1052 251
7) Fall banded urea with medium rate 375 448 453 044 1.42 2.28 92.6 Q.4 217
8) Broadcasted urea with medium rate 343 423 477 036 1.63 2.22 75.8 89.7 207
9) Side-banded AA with Iow rate 3.16 3.83 4.63 0.48 1.66 2.27 66.9 75.7 242
10) Side-banded AA with medium rate 3.53 4.06 4,52 0.36 1.67 2.33 87.0 94.7 19.7
11) Side-banded AA with high rate 3.91 4.37 4.07 0.46 2.02 2.57 106.7 101.1 20.7
12} Mid-row banded AA with low rate 3.09 385 4,55 0.40 1.79 2.21 57.9 84.2 246
13) Mid-row banded AA with medium rate 353 418 475 04} 1.82 225 77.4 935 254
14) Mid-row banded AA with high rate 354 424 478 0.40 1.88 232 85.4 1015 323
153 Fall banded AA with mediuni rate 333 428 460 040 172 2.260 7.7 885 254
16) Very low N 332 3.62 448 0.36 1.38 2.11 48.5 60.8 284
17) Side-banded urea with medium rate + P 360 447 465 0.41 1.91 248 91.9 82.3 258
Mean ss4 415 464 039 174 229 824 881 259
LSD (0.05) 0.33 0.33 0.88 0.13 0.37 0.25 0.8 17.5 10.7
Significance ok HkE NS NS NS NS ok Hk NS
Conlrast

Side vs. mid-row NS NS NS NS NS NS wE NS NS

Broadcast vs. banding NS NS NS NS NS NS ok NS NS

Urea vs. AA *k 0.06 NS 0.07 NS NS HRE NS NS

Fall vs. spring NS NS NS NS NS NS NS NS NS

© Orthogonal contrasts for N rate

Liﬂear *kkk sekok NS NS &R * Fokok EE L NS

Quadratic 0.06 NS NS NS NS NS NS (.08 NS

Cubic 0.05 * NS NS NS NS NS NS NS
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Table 29. Soil available N (kg ha') at 0-30 cm at Swift Current in the rotation of Canola-Wheat-Flax,

Fall, 2000 Spring, 2001  Fall, 2001  Spring, 2002 Fall, 2002

Treatment Canola Wheat Wheat Flax Flax
1) Side-banded urea with low rate 16.9 209 24.6 379 17.1
2) Side-banded urea with medium rate 16.3 2775 20.7 40.1 18.6
3) Side-banded urca with high rate 18.3 28.4 96.6 50.7 22.6
4) Mid-row banded urea with low rate 14.4 388 22.9 66.4 20.3
5y Mid-row banded urea with medium rate 15.7 49.3 62.1 343 18.3
6) Mid-row banded urea with high rate 16.3 34.0 50.7 68.8 25.1
7) Fall banded urea with medium rate 16.7 18.3 472 35.8 19.2
8) Broadcasted urca with medium rate 16.8 28.5 39.8 40.7 24.6
9) Side-banded AA with low rate 17.3 254 40.3 48.8 19.]
10) Side-banded AA with medium rate 14.4 26.1 39.7 41.0 20.1
11) Side-banded AA with high rate 19.1 27.0 104.5 493 29.9
12) Mid-row banded AA with low rate 203 27.0 25.1 56.7 17.4
13) Mid-row banded AA with medium rate 217 29.6 48.1 104.4 334
14) Mid-row banded AA with high rate 18.1 17.6 23.4 40.8 26.7
15) Fall banded AA with medinm rate 16.2 32.8 47.3 52.6 20.8
16) Very low N 153 26.9 139 56.4 18.3
17) Side-banded urea with medium rate + P 16.5 20.5 319 17.6 20.7
Mean 1.1 28.1 43.5 49.5 21.9
LSD (0.05) 73 203 54.7 53.9 12.5
Significance NS5 NS NS NS NS
Contrast

Side vs. mid-row NS NS NS NS NS

Broadcast vs. banding NS NS NS NS NS

Urea vs. AA NS NS NS NS NS

Fall vs. spring NS NS NS NS NS
Orthogonal contrasts for N rate

Linear NS NS * NS .09

Quadratic N3 NS NS NS NS

Cubic NS NS NS NS NS
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Table 30. Soil available N (kg ha') at 0-30 cm at Swift Current in the rotation of Wheat-Flax-Canala.

Fall, 2000  Spring, 2001  Fall, 2001  Spring, 2002 Fall, 2002

Treatment Wheat Flax Flax Canola Canola
1) Side-banded urea with low rate 15.9 17.8 213 377 244
2) Side-banded urea with medium rate 16.2 21.2 28.3 51.2 253
3) Side-banded vrea with high rate 232 192 72.0 378 427
4) Mid-row banded urea with low rate 20.9 23.6 254 43.8 25.6
5) Mid-row banded urea with medium rate 14.8 216 328 328 21.8
6) Mid-row banded urea with high rate 21.7 27.8 94.5 52.7 34.0
7} Fall banded urea with medium rate 200 46.2 44.9 32.7 34.0
8) Broadcasted urca with medium rate 19.0 208 235 L9 320
) Side-banded AA with low rate 13.2 21.0 222 32.0 224
10} Side-banded AA with medium rate 14.6 29.0 64.5 29.6 328
11} Side-banded AA with high rate 18.4 18.2 37.6 315 40.8
12) Mid-row banded AA with low rate 1.9 23.6 7.4 31.6 22.8
13) Mid-row banded AA with medium rate 229 20.5 38.6 33.7 25.8
14) Mid-row banded AA with high rate 213 20.7 15.2 34.0 26.4
15) Fall banded AA with medium rate 22.9 18.8 47.7 30.9 35.0
16) Very low N 14.1 46.1 10.9 383 239
17) Side-banded urea with medium rate + P 21.6 23.8 40.9 501 333
Mean 184 247 36.9 37.3 29.6
LSD {0.05) 9.7 253 442 27.9 12.9
Significance NS NS * NS *
Contrast

Side vs. mid-row NS NS NS NS *

Broadcast vs. banding NS NS NS NS NS

Urea vs. AA NS NS NS 0.06 NS

Fall vs. spring NS * NS NS *
Orthogonal contrasts for N rate

Linear 0.06 NS * NS *

Quadratic NS NS NS NS NS

Cubic NS NS NS NS NS
"Urea only
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Table 31. Soil available N (kg ha™) at 6-30 cm at Swift Current in the rotation of Flax-Canola-Wheat.

Fall, 2000  Spring, 2001  Fall, 2001  Spring, 2002 Faii, 2002

Treatment Flax Canola Canola Wheat Wheat
1) Side-banded urea with low rate 20.1 255 12.] 67.0 323
2) Side-banded urea with medium rate 17.1 29.8 12.2 87.8 26.3
3) Side-banded urea with high rate 419 68.9 52.0 54.6 40.8
4) Mid-row banded urea with low rate 185 21.5 243 342 34.5
5) Mid-row banded urea with medimt rate 14.7 29.6 15.7 80.2 325
6) Mid-row banded urea with high rate 46.7 24.0 279 42,1 31
7) Fall banded urea with medium rate 24.6 274 16.1 72.7 385
8) Broadcasted urca with medium rate 128 23.1 17.2 59.6 314
9) Side-banded AA with low rate 10.9 249 17.0 61.2 28.4
10) Side-banded AA with medium rate 12.4 18.2 26.5 52.6 29.4
11) Side-banded AA with high rate 16.7 21.9 20.6 58.9 34.6
12) Mid-row banded AA with low rate 15.9 40.7 114 85.0 28.8
13) Mid-row banded AA with medium rate 13.0 23.7 16.6 67.4 31.8
14) Mid-row banded AA with high rate 20.4 23.6 13.8 43.8 29.6
15) Fall banded AA with medium rate 20.6 39.1 17.7 73.3 30.4
16) Very low N 10.1 40.0 9.8 82.2 28.6
17) Side-banded urea with medium rate + P 22.8 34.2 18.1 51.5 34.4
Mean 199 30.4 19.4 63.2 32.0
LSD (0.05) 20,6 6.4 20.7 56.0 8.4
Significance * NS 0.05 NS NS
Contrast

Side vs. mid-row NS NS NS NS NS

Broadcast vs. banding NS NS NS NS NS

Urea vs. AA * NS NS NS NS

Fall vs, spring NS NS NS NS 0.08'
Orthogonal contrasts for N rate

Linear * NS 0.06 NS NS

Quadratic NS NS NS NS NS

Cubic NS NS NS NS NS

'Significant (P <0.05) only for urea.
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Table 32. Soil available N (kg ha-1) at 0-30 cm at Indian Head in the rotation of Canola-Wheat-Flax.

Fall, 2000  Spring, 2001  Fall, 2001 Spring, 2002 Fall, 2002

Treatment Canola Wheat Wheat Flax Flax
1) Side-banded urea with low rate 358 454 85.9 97.8 47.6
2) Side-banded vrea with medium rate 352 45.6 99.9 109.4 332
3) Side-banded urea with high rate 50.6 51.8 1222 123.1 57.8
4) Mid-row banded urea with low rate 38.6 36.7 55.1 74.4 34.7
5) Mid-row banded urca with medium rate 38.9 50.3 60.7 77.3 38.8
6) Mid-row banded urea with high rate 432 56.2 341.5 124.7 40.5
7y Fall banded urea with medium rate 41.5 76.5 104.6 117.5 47.5
&) Broadcasted urea with medium rate 39.2 44.8 85.8 87.4 537
9 Side-banded AA with low rate 354 491 55.8 74.7 503
10) Side-banded AA with medinm rate 330 40.7 84.6 95.4 552
11) Side-banded AA with high rate 44.9 51.1 1012 158.6 87.7
12) Mid-row banded AA with Tow rate 37.1 41.1 156.4 49.0 47.1
13) Mid-row banded AA with medium rafe 34.7 353 1492 1013 62.7
14) Mid-row banded AA with high rate 336 443 173.4 152.2 60.6
15) Fall banded AA with medium rate 3.6 91.6 83.2 97.8 42.0
16) Very low N 34.6 398 50.2 34.6 510
17) Side-banded urca with medium rate + P 36.5 47.1 919 139.8 68.5
Mean 379 49.8 111.9 100.9 54.0
LSD {0.05) 8.2 300 132.0 80.3 24.2
Significance o 0.05 * NS *
Countrast

Side vs. mid-row NS NS * NS NS

Broadcast vs. banding NS NS NS NS NS

Urea vs. AA * NS NS NS g

Fall vs. spring NS FEE NS NS NS
Orthogonal contrasts for N rate

Linear * (.06 * Bk 0.09

Quadratic NS NS NS NS NS

Cubic NS NS NS NS NS
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Table 33. Soil available N (kg ha™") at 0-30 cm at Indian Head in the rotation of ‘Wheat-Flax-Canola.

Fall, 2000 Spring, 200F  Fall, 2001  Spring, 2002 Fall, 2002

Treatment Wheat Flax Flax Canola Canola
1) Side-banded urea with low rate 39.6 43.2 50.7 498 43.0
2) Side-banded urea with medium rate 44.1 36.7 147.6 77.3 459
3) Side-banded urea with high rate 46.7 49.6 i26.5 103.7 61.8
4) Mid-row banded urea with low rate 41.0 48.0 68.7 40.5 388
5) Mid-row banded urea with medium rate 385 43.4 46.9 75.7 434
6) Mid-row banded urea with high rate 439 48.8 127.5 143.5 48.1
7) Fall banded urea with medium rate 45.8 70.6 73.6 163.5 57.0
8) Broadcasted urea with medium rate 356 42.3 26.7 416 52.2
93 Side-banded AA with low rate 40.7 43.9 36.2 34.5 299
10) Side-banded AA with medium rate 34.8 42.4 65.5 53.9 433
[1) Side-banded AA with high rate 50.4 54.3 105.5 68.0 68.8
12) Mid-row banded AA with low rate 40.3 42.8 39.5 55.7 46.5
13) Mid-row banded AA with medium rate 36.8 40.1 454 117.6 50.8
14) Mid-row banded AA with high rate 43.9 41.1 56.0 52.4 56.7
15) Fall banded AA with mediuvm rate 43.4 134.8 733 60.5 46.8
16) Very low N 36.6 473 283 28.9 42.0
17) Side-banded urea with medium rate + P 34.8 44.0 77.0 80.7 483
Mean 41.0 51.4 70.3 73.8 48.4
LSD (0.05) 125 25.3 72.2 75.1 £9.1
Significance NS Hark ® * 0.05
Contrast

Side vs. mid-row NS NS NS NS NS

Broadcast vs. banding NS NS * NS NS

Urea vs. AA NS NS * NS NS

Fall vs. spring NS ks NS NS' NS
Orlhogonal contrasts for N rate

Linear * NS * * *

Quadratic NS NS NS NS 0.08

Cubic NS NS NS NS NS

'Fall>spring for urea (P <0.05).
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Table 34. Soil available N (kg ha-1) at 0-30 cm at Indian Head in the rotation of Flax-Canola-Wheat.

Fall, 2000  Spring, 2001  Fall, 2000 Spring, 2002 Fall. 2002

Treatment Flax Canola Canola Wheat Wheat
1) Side-banded urea with low rate 253 379 28.8 56.3 335
2) Side-banded urea with medium rate 35.6 48.0 44.0 51.6 43.1
3) Side-banded urea with high rate 48.1 55.0 68.7 66.2 582
4} Mid-row banded urea with low rate 3i3 338 30.8 42.4 40.0
5) Mid-row banded urea with medium rate 326 38.0 26.8 53.8 46.9
6) Mid-row banded urea with high rate 46.1 54.7 138.0 68.7 47.8
73 Fail banded urea with medium rate 36.9 69.0 344 38.6 454
8) Broadeasted urea with medium rate 38.7 45.1 39.5 46.8 4377
9) Side-banded AA with low rate 34.1 40.5 24.0 399 323
10) Side-banded AA with medium rate 432 37.7 39.6 66.3 44.3
11) Side-banded AA with high rate 52.7 72.9 119.8 94.9 66.7
12) Mid-row banded AA with low rate 29.5 36.2 29.4 32.7 35.1
13) Mid-row banded AA with medium rate 34.3 40.3 26.0 354 374
14} Mid-row banded AA with high rate 38.5 45.6 404 60.9 43 8
15} Fall banded AA with medium rafe 34.1 69.1 36.7 57.3 44.0
16} Very low N 277 384 24.7 333 29.1
17) Side-banded urea with medium rate + P 343 393 47.1 37.8 40.7
Mean 36.6 47.1 412 54.9 43.0
L3D (0.05) 16.4 23.1 89.8 38.6 19.6
Significance NS wE NS 0.06 0.07
Contrast

Side vs, mid-row NS * NS 0.08 NS

Broadcast vs. banding NS NS NS NS NS

Urea vs. AA NS NS NS NS NS

Fall vs. spting NS *EE NS NS NS
Orthogonal contrasts for N rate

Linear R *¥ 0.08 *E *E

Quadratic NS * NS NS NS

Cubic NS N3 NS NS NS
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Table 35, Soil available N (kg ha™") at 0-3¢ em at Star City in the rotation of Canola-Wheat-Flax.

Fall, 2000 Spring, 2001  Fall, 2001  Spring, 2002  Fall, 2002

e

Treatment Canola Wheat Wheal Flax Flax
1} Side-banded urea with low rate 22.6 36.6 32.0 52.8 377
2) Side-banded urea with medium rate 25.6 36.0 41.8 57.2 5L.3
3) Side-banded urca with high rate 333 33.1 86.0 48.6 100.5
4) Mid-row banded urea with low rate 227 40.4 222 60.5 239
5} Mid-row banded urea with medium rate 29.0 37.0 29.0 44,9 494
6) Mid-row banded urea with high rate 29.2 342 859 277 59.5
7) Fall banded urea with medium rate 23.5 36.9 54.8 40.6 80.2
3) Broadcasted urea with medium rate 20.5 32.7 34.0 39.0 65.0
9) Side-banded AA with low rate 214 389 21.9 63.6 31.5
10) Side-banded AA with medium rate 21.4 34.9 30.1 392 75.4
11) Side-banded AA with high rate 277 347 83.3 71.8 L16.0
12) Mid-row banded AA with low rate 19.8 31.6 36.9 319 319
13) Mid-row banded AA with medium rate 25.2 33.7 22.1 66.7 44.9
14) Mid-row banded AA with high rate 24.7 39.2 22.3 330 55.0
15) Fali banded AA with medium rate 25.1 37.0 353 29.0 53.2
16) Very low N 143 39.7 213 379 29.1
17} Side-banded urea with medium rate + P 218 3279 51.7 452 6t.3
Mean 24.0 35.8 41.8 46.4 56.8
LSD (0.05) 7.6 9.3 32.5 43.0 354
Significance o NS *HE NS hok
Contrast
Side vs. mid-row NS NS 0.07 NS *E
Broadcast vs. banding * NS NS NS NS
Urea vs. AA * NS 0.06 NS NS
Fall vs. spring NS NS NS NS NS
Orthogonal contrasts for N rate
Linear ExA NS *E NS Rk
Quadratic NS NS 0.08 NS NS
Cubic NS NS NS NS NS
'Urea only.
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Table 36. Soil available N (kg ha‘l) at 0-30 em at Star City in the rotation of Wheat-Flax-Canola,

Fall, 2000  Spring, 2001  Fall, 2001 Spring, 2002 Fall, 2002

Treaiment Wheat Flax Flax Canoia Canola
1) Side-banded urea with low rate 21.4 28.8 28.4 422 17.8
2) Side-banded wrea with medium rate 23.7 63.7 47.6 59.8 342
3} Side-banded urca with high rate 49.4 312 78.5 47,0 67.3
4} Mid-row banded urea with low rate 30.3 429 294 457 £9.0
5} Mid-row banded urea with medium rate 27.6 23.8 22,8 322 274
6) Mid-row banded urea with high rate 312 19.7 90.8 34.6 52.2
7) Fall banded urea with medium rate 37.1 26,1 423 58.0 46.4
8) Broadcasted urea with medium rate 23.7 29.5 472 43.8 32.8
9) Side-banded AA with low rate 309 255 28.3 41.7 274
10) Side-banded AA with medium rate 254 219 40.3 334 343
[1) Side-banded AA with high rate 36.8 23.2 125.5 290 793
12) Mid-row banded AA with low rate 304 229 20.4 27.9 22.0
13) Mid-row banded AA with medium rate 30.0 25.6 342 40.9 29.0
14) Mid-row banded AA with high rate 334 231 309 32.6 53.2
15) Fall banded AA with medium rate 31.9 26.0 327 49.1 38.1
16) Very low N 15.2 50.0 217 64.4 19.6
17) Side-banded urea with medium rate + P 25.6 233 60.4 34.9 48.2
Mean 29.6 29.8 46.0 42.2 38.1
LSD (0.05) 14.6 328 34.0 323 20.2
Significance * NS Tk NS Hord
Contrast
Side vs. mid-row NS NS * NS *
Broadcast vs. banding NS NS NS NS NS
Urea vs. AA NS NS NS NS NS
Fall vs. spring 0.09 NS NS NS 0.08
Orthogonal contrasts for N rate
Linear 3} 3 NS F iRk *® sk
Quadratic NS NS 0.06 NS &
Cubic NS NS NS NS NS
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Table 37. Soil available N (g ha™) at 0-30 cm at Star City in the rotation of Fiax-Canola-Wheat.

Fall, 2000 Spring, 2001  Fall, 2001  Spring, 2002  Fali, 2002

Treatment Flax Canola Canola Wheat Wheat
1} Side-banded urea with low rate 17.6 353 19.5 29.7 46.1
2} Side-banded urea with medium rate 17.5 279 31.2 364 G5.0
3} Side-banded urea with high rate 315 25.9 49.6 324 1159
4y Mid-row banded urea with low rate 15.4 25.8 24.9 62.3 42.4
5} Mid-row banded urea with medium rate 17.1 30.7 34.7 51.1 80.1
6} Mid-row banded urea with high rate 228 50.0 33.7 66.7 71.5
7) Fall banded urea with medium rate 23.8 30.0 29.2 60.0 76.6
8) Broadcasted urea with medium rate 19.9 24.4 299 60.6 79.6
9) Side-banded AA with low rate 13.8 447 22.1 75.7 43.0
10) Side-banded AA with medium rate 22.1 259 29.2 58.2 50.7
11) Side-banded AA with high rate 29.7 38.6 84.3 106.7 102.3
12) Mid-row banded AA with low rate 20.1 30.5 254 373 40.5
13) Mid-row banded AA with medium rate 18.2 334 26.4 81.7 68.7
14) Mid-row banded AA with high rate 35.2 26.9 5t 499 1794
15) Fall banded A A with medium rate 15.4 27.0 345 83.1 54.8
16) Very low N 9.0 24.1 19.8 58.0 337
17) Side-banded urea with medium rate + P 19.3 30.1 29.4 65.1 53.2
Mean 205 31.2 33.8 59.7 711
LSD (0.05) 10.8 22,1 18.2 56.3 39.7
Significance * NS ko NS ok
Contrast

Side vs. mid-row NS NS NS NS NS

Broadcast vs. banding NS NS NS NS NS

Urea vs. AA NS NS 0.09 0.07' NS

Fall vs. spring NS NS NS NS NS
Orthogonal condrasts for N rate

Linear *ksk NS HEE NS ok

Quadratic NS NS 0.06 NS .07

Cubic NS NS NS NS NS

'AA>urea (P <0.05) for side-banded.
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Table 38. Seil available N (kg ha™) at 0-30 ¢ at Scott in the rotation of Canola-Wheat-Flax.

Fall, 2000  Spring, 2001  Fall, 2001  Spring, 2002  Fall, 2002

Treatment Canola Wheat Wheat Flax Flax
1) Side-banded urea with low rate 152 22.8 24.6 224 75.6
2) Side-banded urea with medium rate 16.2 22,5 36.0 27.0 1165
3) Side-banded urea with high rate 15.9 25.2 319 58.5 103.1
4) Mid-row banded urea with low rate 15.4 253 24.8 19.5 53.6
5) Mid-row banded urea with medium rate 15.1 23.2 23.7 30.7 78.4
6) Mid-row banded urea with high rate 213 27.7 51.9 69.4 104.6
7) Fall banded urea with medium rate 65.3 40.0 67.2 1123
8) Broadcasted urea with medium rate . 24.0 33.9 43.2 67.4
9) Side-banded AA with low rate 18.0 257 32.5 21.0 55.2
10) Side-banded AA with medium rate 174 19.9 26.1 44.0 81.5
11) Side-banded AA with high rate 17.5 22,5 33.2 357 D6.8
12) Mid-row banded AA with low rate 11.8 233 24.1 19.4 67.6
13) Mid-row banded AA with medium rate 40.6 22.8 42.6 228 LURY
14) Mid-row banded AA with high rate 16.2 243 20.2 26.3 67.2
15) Fall banded AA with medium rate . 92.9 24.6 153.6 82.3
16) Very low N 13.6 24.7 233 184 72.4
17) Side-banded vurea with medium rate + P . 22.7 33.0 28.0 93.9
Mean 13.8 303 313 41.6 83.2
LSD (0.05) 21.8 222 24.1 49.0 61.9
Significance NS Hod NS kK NS
Confrast

Side vs. mid-row NS NS NS NS NS

Broadcast vs. banding NS NS NS NS NS

Urea vs. AA NS NS NS NS NS

Fall vs. spring NS *rE NS Fd NS
Orthogonal contrasts for N rate

Linear NS NS NS #hxl NS

Quadratic NS NS NS NS NS

Cubic NS NS NS NS NS
'Urea only.
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Table 39, Soil available N (kg hay at 0-30 cm at Scott in the rotation of Wheat-Flax-Caneola,

Fall, 2000  Spring, 2001  Fall, 2001 Spring, 2002  Fall, 2002

Treatment Wheat Flax Flax Canola Canola
1) Side-banded urea with low rate 16.0 27.5 17.2 17.3 48.0
2) Side-banded urea with medium rate 193 29.0 41.6 29.0 67.9
3) Side-banded urea with high rate 16.5 298 34.6 60.8 75.9
4) Mid-row banded urea with low rate 17.3 28.7 14.7 11.2 301
5} Mid-row banded urea with medium ratc 17.8 27.5 257 28.5 T0.4
6) Mid-row banded urea with high rate 13.5 23.5 374 38.4 78.9
7) Fall banded urea with medium rate 106.8 17.7 95.3 449
8) Broadcasted urea with medium rate . 319 29.3 29.7 69.7
9) Side-banded AA with low rate 16.5 23.0 20.1 14.3 325
10) Side-banded AA with medium rate 16.6 26.5 18.3 339 42.0
11} Side-banded AA with high rate 13.1 29.6 44.6 36.7 34.2
12) Mid-row banded AA with low rate 18.7 308 19.6 24.4 43.1
13) Mid-row banded AA with medium rate 13.8 22.9 4.7 28.5 41.9
14) Mid-row banded AA with high rate 16.8 26.3 304 33.3 46.0
15) Fall banded AA with medium rate . 69.7 344 67.0 58.5
16) Very low N 13.0 302 13.1 14.6 324
17) Side-banded urca with medium rate + P . 250 277 257 58.7
Mean 123 34.6 25.9 34.6 52.6
LD (0.05) 72 27.8 20.6 38.6 379
Significance NS ok * o NS
Contrast

Side vs. mid-row NS NS NS NS NS

Broadcast vs. banding NS NS NS NS NS

Ureavs. AA NS NS NS NS *

Fall vs. spring NS R NS *x NS
Orthogonal contrasts for N rate

Linear NS NS ok ok *

Quadratic NS NS NS N3 NS

Cubic NS NS NS NS NS
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Table 40. Soil available N (kg ha’) at 0-30 cm at Scott in the rotation of Flax-Canola-Wheat,

Fall, 2000 Spring, 2001  Fall, 2001  Spring, 2002

Fall, 2002

Treatment Flax Canola Canola Wheat Wheal
1} Side-banded urca with low rate 16.6 19.9 21.6 213 90.8
2} Side-banded urea with medium rate 13.2 24.1 19.1 238 90.3
3) Side-banded urea with high rate 17.2 18.3 26.1 354 892
4) Mid-row banded urea with low rate 154 16.8 18.6 19.9 837
5) Mid-row banded urea with medium rate 134 18.1 22.1 238 153.6
6) Mid-row banded urea with high rate 15.6 23.1 253 28.0 84.2
7) Fall banded urea with medium rate . 93.4 22,6 394 97.4
8) Broadcasted urea with medium rate . 17.9 243 374 914
9) Side-banded AA with low rate 13.8 13.5 20.4 20.7 84.9
10) Side-banded AA with medinm rate 112 18.2 19.4 20.8 70.2
11) Side-banded AA with high rate 12.8 19.3 213 22.2 1002
12) Mid-row banded AA. with low rate 16.3 18.5 19.4 22.9 67.9
13} Mid-row banded AA with medium rate 14.1 18.8 216 26.0 76.5
14) Mid-row banded AA with high rate 119 23.1 27.6 31.6 69.7
15) Fall banded AA with medium rate . 152.0 19.6 48.0 80.8
16) Very low N 10.1 214 21.2 28.2 59.0
17) Side-banded urea with medium rate + P . 15.4 22.0 26.3 103.1
Mean 10.7 313 21.9 28.0 87.8
LSD (0.05) 8.5 89.2 9.3 22.8 48.1
Significance NS NS NS NS NS
Contrast
Side vs. mid-row NS NS NS NS NS
Broadcast vs. banding NS NS NS NS NS
Urea vs. AA NS NS NS NS *
Fall vs. spring NS o NS * NS
Orthogonal contrasts for N rate
Linear NS NS NS NS NS
Quadratic NS NS NS NS NS
Cubic NS NS NS NS NS
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Table 41. Estimates of seasonal and annual (May 2000-April 2001) N,O losses measured at Swilt

Current, and significance levels for selected treatment contrasts.

Treatment Frost-free 2060 Spring 2001 Annual “
grams N ha’!
AA Fall band 149 152 301
AA Side-row band 100 146 246
AA Mid-row band 318 93 471
Urea Fall band 135 205 340
Urea Side-row band 196 105 302
Urea Mid-row band (0.5x rate) 130 116 246
Urea Mid-row band 282 112 393
Urea Mid-row band (!.5x rate) 547 114 661
Urea broadcast 188 214 403
Check (no N applied) 94 137 231
Contrasts Significance
N applied vs. no N applied <101 ns ¥ 0.08
Fall banded N vs. Spring banded N < (.01 ns ns
Mid-row vs. Side-row banded N < (.01 ns 0.06
NH3 vs. Urea ns s ns
Urea broadcast vs. Urea spring band ns 0.10 ns
Orthogonal Contrasts for N rate
raie <0.01 ns <0.01
linear <0.01 ns <0.01
quadratic <0.01 ns 0.03

Z annual estimates include the growing season and falf of 2000 plus spring thaw 2001.

Y not significant at p > 0.1, values presented arc actual probability levels
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Table 42. Estimates of seasonal and annual (May 2001-April 2002) N,O losses measured at Swift

Current, and signiticance levels for selected treatment contrasts.

Treatment Frost-free 2001 Spring 2002 Annual
grams N ha''
AA Fall band 55 8 63
AA Side-row band 156 0 155
AA Mid-row band 157 2 159
Urea Fall band 37 1 39
Urea Side-row band 56 0 55
Urea Mid-row band (0.5x rate) 78 0 78
Urea Mid-row band 163 0 163
Urea Mid-row band (1.5x rate) 273 4 277
Urea broadcast 110 l 111
Check (no N applied) 28 0 27
Contrasts Significance
N applied vs. no N applied 0.04 ns ¥ 0.03
Fall banded N vs Spring banded N <0.0] < (.01 0.08
Mid-row vs. Side-row banded N 0.10 ns 0.10
NH3 vs. Urea ns 0.07 ns
Utea broadcast vs. Urea spring band ns ns ns
Orthogonal Contrasts for N rate
rate <(.01 ns <0.01
linear 0.02 ns (.01
quadratic ns ns ns

Z anmual estimates include the growing season and fall of 2001 plus spring thaw 2002.

¥ not significant at p > 0.1, values presented are actual probability levels
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Table 43. Tstimates of seasonal and annual (May 2002-April 2003) NO losses measured at Swift
Current, and significance levels for selected treatment contrasts.

Treatment Frost-free 2002 Spring 2003 Annual

grams N ha'!

AA Fall band 260 50 310
AA Side-row band 298 34 332
AA Mid-row band 237 17 254
Urea Fall band 569 28 596
Urea Side-row band 180 28 208
Urea Mid-row band (0.5x rate) 209 13 223
Urea Mid-row band 323 15 338
Urea Mid-row band (1.5x rate) 390 19 409
Urea broadcast 247 19 265
Check (no N applied) 122 13 135
Contrasts Significance

N applied vs. no N applied ns ¥ ns ns
Fall banded N vs. Spring banded N ns 0.05 ns
Mid-row vs. Side-row banded N ns 0.10 ns
NH3 vs. Urea ns 1s ns
Utea broadcast vs. Urea spring band ns ns ns

Orthogonal Contrasts for N rate

rate 1ns ns s
tinear ns ns ns
quadratic nsg ns ns

7 annual estimates include the growing season and fall of 2002 plus spring thaw 2003.
¥ not significant at p > 0.1, values presented are actual probability levels
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Table 44. Estimates of seasonal and annual (May 2000-April 2001) N,O losses measured at Scott,
and significance lcvels for selected treatment contrasts.

Treatment Frost-free 2000 Spring 2001 Annual *

grams N ha!

AA Fall band i3 181 194
AA Side-row band 6 104 110
AA Mid-row band 100 66 166
Urea Fall band 172 64 236
Urea Side-row band 30 91 121
Urea Mid-row band (0.5x rate) 8 102 109
Urea Mid-row band 37 78 115
Urea Mid-row band (1.5x rate) 95 97 193
Urea broadcast 44 74 118
Check (no N applied) -25 110 95
Contrasts Significance

N applied vs. no N applied ns ns ns
Fali banded N vs. Spring banded N ns ns ns
Mid-row vs. Side-row banded N ns ns ns
NH3 vs. Urea ns ns ns
Utrea broadcast vs. Urea spring band ns ns ns

Orthogonal Centrasts for N rate

rate ns ns ns
linear 0.03 ns ns
quadratic ns ns ns

7 annual estimates include the growing season and fall of 2000 plus spring thaw 2001
¥ not significant at p > 0.1, values presented are actual probability levels
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Table 45. Estimates of seasonal and annual (May 2001-April 2002) NyO losses measured at Scott,
and significance levels for selected treatment contrasts.

Treatment Frost-free 2001 Spring 2002 Annual *
grams N ha’’
AA Fall band 110 17 127
AA Side-row band 59 18 76
AA Mid-row band 175 13 188
Urea Fall band 88 9 97
Urea Side-row band 31 15 46
Urea Mid-row band (0.5x rate) 121 4 125
Urea Mid-row band 69 7 76
Urea Mid-row band (1.5x rate) 340 5 345
Urea broadcast 60 3 63
Check (no N applied) 22 | 23
Contrasts Significance
N applied vs. no N applied ns ¥ 0.10 ns
Fall banded N vs. Spring banded N ns ns ns
Mid-row vs. Side-row banded N 0.08 ns ns
NH3 vs. Urea ns ns s
Urea broadcast vs. Urea spring band ns 18 ns
Orthogonal Contrasts for N rate
rate 0.03 ns 0.04
linear ns s s
quadratic ns ns ns

7 annual estimates include the growing season and fafl of 2001 plus spring thaw 2002,

¥ not significant at p > 0.1, values presented are actual probability levels
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Table 46. Estimates of seasonal and annual (May 2002-April 2003) N;O losses measured at Scolt,
and significance levels for selected treatment contrasts.

ey

Treatment Frost-free 2002 Spring 2603 Annual ”
grams N ha'!
AA Fall band 163 18 181
AA Side-row band 126 16 142
AA Mid-row band 270 22 292
Urea Fall band 118 I8 136
Urea Side-row band 97 15 112
Urca Mid-row band (0.5x rate) 101 18 119
Urea Mid-row band 252 8 271
Urea Mid-row band (1.5x rate) 323 22 346
Urea broadcast 326 20 346
Check (no N applied) 72 18 90
Contrasts Significance
N applicd vs. no N applied 0.02 ns 0.02
Fall banded N vs. Spring banded N ns ns ns
Mid-row vs. Side-row banded N <0.01 ns < (.01
NH3 vs. Urea ns ns ns
Urea broadcast vs. Urea spring band <0.01 ns <0.01

Orthogonal Contrasts for N rate

rate 0.01 ns 0.01
lincar <0.01 ns <0.01
quadratic ns ns ns

Z anmual ostimates include the growing season and fall of 2002 plus spring thaw 2003.
¥ not significant at p > 0.1, values presented are actual probability levels
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Table 47. Estimates of seasonal and annual (May 2000-April 2001) N,O losses measured at Indian

Head, and significance levels for selected treatment contrasts.

Treatment Frost-free 2000 Spring 2001 Annual ”
grams N ha™
AA Fall band 36 151 187
AA Side-row band 133 67 200
AA Mid-row band 72 21 93
Urea Fall band 72 156 218
Urea Side-row band 81 69 150
Urea Mid-row band (0.5x rate) 45 46 92
Urea Mid-row band 115 37 152
Urea Mid-row band (1.5x rate) 59 23 82
Urea broadcast 96 33 129
Check (no N applied) 31 22 52
Contrasts Significance
N applied vs. no N applied ns ¥ 0.08 118
Fall banded N vs. Spring banded N ns <0.01 ns
Mid-row vs. Side-row banded N ns s ns
NH3 vs, Urea ns ns ns
Utrea broadcast vs. Urea spring band ns ns ns
Orthogonal Contrasts for N rate
rate ns ns 0.01
linear 0.1 ns <0.01
quadratic 18 ns 0.10

7 omual estimates include the growing season and fall of 2000 phus spring thaw 2001,

¥ not significant at p > 0.1, values presented are actual probability levels
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Table 48. Estimates of seasonal and annual (May 2001-April 2002) NO losses measured at Indian
Head, and significance levels for selected treatment contrasts.

Treatment Frost-free 2001 Spring 2002 Annual *

grams N ha'!

AA Fall band 28 19 47
AA Side-row band 23 20 43
AA Mid-row band 48 10 59
Urea Fall band 28 35 64
Urea Side-row band 29 18 46
Urea Mid-row band (0.5x rate) 10 4 14
Urea Mid-row band 19 8 27
Urea Mid-row band (1.5x rate) 21 13 34
Urea broadcast 124 16 140
Check (no N applied) 1 3 4
Contrasts Significance

N applied vs. no N applied 0.08 0.02 0.08
Fall banded N vs. Spring banded N ns ¥ 0.01 ns
Mid-row vs. Side-row banded N 0.02 (.08 ns
NH3 vs. Urea ns ns 1s
Urea broadcast vs. Urea spring band 0.06 ns <0.01

Orthogonal Contrasts for N rate

rate ns 0.08 ns
linear ns 0.03 ns
quadratic ns ns ns

7 apmual estimates include the growing season and fall of 2001 plus spring thaw 2002.
¥ ot significant at p > 0.1, values presenied are actual probability levels
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Table 49. Estimates of seasonal and annual (May 2002-April 2003) N;O losses measured at Indian

Head, and significance levels for selected treatinent contrasts.

Treatment Frost-free 2002 Spring 2003 Annual
prams N ha™!
AA Fall band 54 17 71
AA Side-row band 69 32 101
AA Mid-row band 66 2 78
Utrea Fall band 83 27 10
Urea Side-row band 61 30 90
Urea Mid-row band (0.5x rate) 45 17 62
Urea Mid-row band 66 22 89
Urea Mid-row band (1.5x rate) 04 21 114
Urea broadcast 133 21 154
Check (no N applied) 44 13 57
Contrasts Significance
N applied vs. no N applied 0.06 ns 0.04
Fall banded N vs. Spring banded N ns "’ ns ns
Mid-row vs. Side-row banded N (.02 0.05 ns
NH3 vs. Urca s ns ns
Urea broadcast vs. Urea spring band <0.01 ns 0.01
Orthogonal Contrasts for N rate
rate ns ns ns
linear 0.04 ns 0.02
quadratic ns ns ns

7 annual estimates include the growing season and fall of 2002 plus spring thaw 2003.

¥ not significant at p > 0.1, values presented are actual probability levels
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Table 50. Estimates of seasonal and annual (May 2000-April 2001) N,O losses measured at Star
City, and significance levels for selected treatment contrasts.

Treatment Frost-free 2000 Spring 2001 Annual “

grams N ha™

AA Fall band 71 343 414
AA Side-row band 230 242 472
AA Mid-row band 357 403 760
Urea Fall band 89 582 672
Urea Side-row band 66 96 162
Urea Mid-row band (0.5x rate) 55 405 460
Urea Mid-row band 69 432 501
Urea Mid-row band (1.5x rate) 58 366 424
Urea broadcast 87 253 340
Check (no N applied) 39 592 031
Contrasts Significance

N applied vs. no N applied ns ¥ <{.01 ns
Fall banded N vs. Spring banded N ns 0.03 ns
Mid-row vs. Side-row banded N ns <0.01 0.01
NH3 vs. Urea 0.02 1S 0.08
Urea broadcast vs. Urea spring band ns ns ns

Orthogonal Contrasts for N rate

rate ns ns ns
linear ns 0.05 HE)
guadratic ns ns ns

7 nual cstimates include the growing season and fall of 2000 plus spring thaw 2001.
¥ ot significant at p > 0.1, values presented are actual probability levels
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Table 51. Estimates of seasonal and annual (May 2001-April 2002) N,O losses measured at Star
City, and significance levels for selected treatment contrasts.

Treatment Frost-free 20601 Spring 2002 Annual *

grams N ha”

AA Fall band 9 10 19
AA Side-row band 6 2 3
AA Mid-row band 25 6 31
Urea Fall band 9 14 23
Urea Side-row band 9 17 25
Urea Mid-row band (0.5x rate) 8 4 12
Urea Mid-row band 15 3 18
Utea Mid-row band (1.5x rate) 14 11 25
Urea broadcast 9 3 11
Check (no N applied) 3 5 7
Contrasts Significance

N applied vs. no N applied 0.08 ns 0.05
Fall banded N vs. Spring banded N ns ns ns
Mid-row vs. Side-row banded N <0.01 ns 0.01
NH3 vs. Urea ns ns ns
Urea broadcast vs, Urea spring band ns ns ns

Orthogonal Contrasts for N rate

rate ns ns s
finear 0.07 ns 0.06
quadratic ns ns ns

7 annual estimates include the growing season and fall of 2001 plus spring thaw 2002.
¥ hot significant at p > 0.1, values presented are actual probability levels
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Table 52. Estimates of seasonal and annual (May 2002-April 2003) N,O losses measured at Star

City, and significance levels for selected treatment contrasts.

Treatment Frost-free 2042 Spring 2003 Annual
grams N ha!
AA Fall band 372 258 631
AA Side-row band 255 128 383
AA Mid-row band 383 107 491
Urea Fall band 358 216 574
Urea Side-row band 208 120 328
Urea Mid-row band (0.5x rate) 176 119 295
Urea Mid-row band 239 98 337
Urea Mid-row band (1.5x rate) 245 155 399
Urea broadcast 883 73 955
Check {no N applied) 167 79 246
Contrasts Significance
N applied vs. no N applied <0.01 ns <0.01
Fall banded N vs. Spring banded N 0.05 0.03 0.01
Mid-row vs. Side-row banded N ns ns ns
NH3 vs. Urea ns nsg ns
Urea broadcast vs. Urea spring band < (.01 ns <0.01
Orthogonal Contrasts for N rate
rate ns ns ns
linear 0.07 ns 0.06
guadratic ns ns ns

Z anmual estimates include the growing season and fall of 2002 plus spring thaw 2003.

¥ not significant at p > 0.1, values presented are actual probability levels
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‘Fable 53. Estimated 3-year cumulative (May 2000-April 2003) N;O loss at four sites in
Saskatchewan, and significance levels for selected treatment contrasts.

Freatment Swift Current Scott Indian Head Star City
grams N ha
AA Fall band 624 484 287 1064
AA Side-row band 699 420 313 863
AA Mid-row band 807 625 218 1280
Urea Fall band 947 451 365 1268
Urea Side-row band 563 264 225 515
Urea Mid-row band (0.5x rate) 521 336 151 767
Urea Mid-row band 879 443 246 856
Urea Mid-row band (1.5x rate) 1327 g6l 210 848
Urea broadcast 761 507 406 1290
Check (no N applied) 381 180 100 384
Contrasts Significance
N applied vs. no N applied 0.07 0.02 <().01 ns
Fall banded N vs. Spring banded N ns ns ns 0.02
Mid-row vs. Side-row banded N ns 0.07 18 <{1.01
NH3 vs, Urea ns ns ns 0.09
Urea broadcast vs, Urca spring band ns ns 0.02 <(.01
Orthogonal Contrasts for N rate
rate <001 <0.01 <(.01 ns
linear <0.01 <0.01 <().01 ns
quadratic ns ns ns ns

¥ not significant at p > 0.1, values presented are actual probability levels
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Table 54. Estimated percentage of fertilizer-N lost as NpO-N at Swift Current.

Treatment 2000/2001 2001/2602 200072003 Mean
(3-year)
v -

AA Fall band 0.1 0.1 0.3 0.2
AA Side-row band 0.0 0.2 0.4 0.2
AA Mid-row band 0.3 0.2 0.2 0.3
Urea Fall band 0.2 0.0 0.8 0.4
Urea Side-row band 0.1 0.1 0.1 0.1
Urea Mid-row band (0.5x rate) 0.1 0.2 0.3 0.2
Urea Mid-row band 0.3 02 0.4 0.3
Urea Mid-row band (1.5x rate) 0.5 0.3 0.3 0.4
Urea broadcast 0.3 0.1 0.2 0.2
Table 55. Estimated percentage of fertilizer-N lost as NoO-N at Scott.

Treatment 2000/2001 2001/2002 2000/2063 Mean

(3-year)
%

AA Fall band 0.2 0.2 0.2 62
AA Side-row band 0.1 0.1 0.1 0.1
AA Mid-row band 0.2 0.3 0.4 0.3
Urea Fall band 0.3 0.1 0.1 0.2
Urea Side-row band ‘ 0.1 0.0 0.0 0.1
Urea Mid-row band (0.5x rate) 0.1 0.4 0.1 0.2
Urea Mid-row band 0.0 0.1 0.2 0.1
Urea Mid-row band (1.5x rate) 0.1 0.4 0.3 03
Urea broadcast 0.1 0.1 0.5 0.2
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Table 56. Estimated percentage of fertilizer-N lost as NoO-N at Indian Head.

Treatment 2000/2001 2001/2002 2006/2003 Mean
(3-year)
%
AA Fall band 0.2 0.1 0.0 0.1
AA Side-row band 0.2 0.1 0.1 0.1
AA Mid-row band 0.1 0.1 0.0 0.1
Urea Fall band 0.2 0.1 0.1 0.1
Urea Side-row band 0.1 0.1 0.1 0.1
Urea Mid-row band (0.5x rate) 0.1 0.0 0.0 0.1
Urea Mid-row band 0.1 0.0 0.0 0.1
Urea Mid-row band (1.5x rate) 0.0 0.0 0.1 0.0
Urea broadcast 0.1 0.2 0.1 0.1

Table 57. Estimated percentage fertilizer-N lost as N>O-N at Star City.

{ Treatment 20002001  2001/2602  2008/2003 Mean
(2-year) ¥
_ R o o
AA Fall band 037 0.0 0.5 0.3
AA Side-row band -0.2 0.0 0.2 0.1
AA Mid-row band 0.2 0.0 0.3 0.2
Urea Fall band 0.1 0.0 0.5 0.2
Urea Side-row band -0.6 0.0 0.1 0.1
Urea Mid-row band (0.5x rate) -0.5 0.0 0.1 0.1
Urea Mid-row band -0.2 0.0 0.1 0.1
Urea Mid-row band (1.5x rate) -0.2 0.0 0.1 0.4
Urea broadcast -0.4 0.0 1.0 0.5

“ Negative values resulted from an unusually high loss from the check treatment during spring.
¥ Means based on 2001-2002 and 2002-2003 annual cycles.
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Table 58. Gross energy production (MJ ha'') and crop yield (t ha') (in parentheses) for wheat, canola

and flaxseed at four sites in 2000. Side banding with urea (1.0 X N rate) in spring.

Location Wheat Canola Flaxseed

Indian Head (Black) 40,442  (2.34) 62,826  (2.14) 39243 (1.60)
Star City (Dark Gray) 37,027  (2.11) 67,233 (2.29) 45,738  (1.82)
Scott (Dark Brown) 38,005 (2.17) 36,663 (L.25) 53,142 {2.11)
Swift Current {Brown) 78,063  (3.80) 48,074 (1.56) 40,990  (1.56)

Tabile 59. Gross energy production (MJ tia”'y and crop yield (t ha')(in parentheses) for wheat, canola

and flaxseed at four sites in 2001, Side banding with urea (1.0 X N rate) in spring.

Location Wheat Canola Flaxseed

Indian Head (Black) 37,514 (2.14) 37,045  (1.26) 27,110 (1.11)
Star City (Datk Gray) 15,272 (0.95) 23,213 (0.79) 28,325 (1.13)
Scott (Dark Brown) 20,286  (0.73) 21,204 (0.73) 28,565 (1.16)
Swift Current (Brown) 1,451 (0.70) 14,840 (0.51) 16,712 (0.71)

Table 60. Gross energy production (MJ ha™'} and crop yield (¢ ha”) (in parentheses) for wheat, canola

and flaxseed at four sites in 2002. Side banding with NH; (1.0 X N rate) in spring.

Location Wheat Canola Flaxseed

Indian Head (Black) 41323 (2.34) 46105 (1.57) 48174 (1.92)
Star City (Dark Gray) 1445 (0.27) 50478 (1.72) 22140 {0.92)
Scott (Dark Brown) 779 (0.18) 8020 (0.28) 4487 (0.24)
Swift Current (Brown) 34293 (1.92) 34986 (1.19) 28390 (1.16)
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Table 61. Effect of drought on energy performance factors for canola at the Star City site.
Comparison of the year 2000 and the year 2001 {drought in 2001).

Enecrgy factor determined 2000 2001

Gross energy output (MJ ha) 67,233 23,213

Total energy input (MJ ha) 9,644 8,744
Net energy output (MJ ha™) 57,589 14,469
Grain Yield (kg ha™") 2,290 790
Graim/unit of input encrgy (kg GI'YH 237 91
Qutput/input ratio 7.0 2.7

Table 62. Effect of drought on energy performance factors for wheat at the Swift Current site.
Comparison of 2000 with 2001 (drought in 2001). Data from a singie treatment (recommended rate of
side-banded urea applied in spring) is shown.

Energy factor measured 2000 2001

Gross energy output (MJ ha™") 78,063 11,451
Total energy input (MJ ha' 7,666 6,674
Net energy output (MJ ha™y 70,397 4,776
Yield (kg ha™) 3,803 700
Grain/unit of energy input (kg GI'h 556 105
Output/input ratio 10.2 L7
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Grain vield (t ha™)

Straw (t ha™)
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Heads per plant
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0.0

36.0

32.0 4
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24.0 1

Kernel weight (mg)

20.0

Side Mid Side wid Sida
N placement

Fig. 1. Comparisons between side banded N (Side) and Mid-row
handed N (Mid) treatments in wheat at Swift Current. *, ns:
significant and not significant at 0.05 probability levels,
respectively, within the same year.
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Fig. 2. Effects of N broadcast (Broad), side band (Side) and mid-row
band (Mid) in the treatments of urea at medium rate in wheat at Swift
Current. *, ns: significant and not significant at 0.05 probability levels,
respectively, within the same year, compared with broadcast placement.
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Urea AA

N formulation

Urea AA

rsi,

Fig. 3. Comparisons between Urea ad AA treatments in wheat at
Swift Current. *, **, ns: significant at 0.05 and 0.01and not
significant at 0.05 probability levels, respectively, within the same

year.
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Fall Spring

Timing
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Fig. 4. Comparisons between N fertilizations in fall and in spring at
medium rate in wheat at Swift Current. *, ns: significant and not
significant at 0.05 probability levels, respectively, within the same

year.
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Fig. 5. Effects of N fertilizer rate on agronomic performance in
wheat at Swift Current. *, **, ***, ns: significant at 0.05, 0.01

Very low Low Medium Higk

Rate

and 0.001 and not significant at 0.05 probability levels,

respectively.
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Grain yield (tha™)

Straw (t ha™)

Density (plant m®)

Heads per plant

ns

Kernel weight (mg)

Side Seed Side Seed

Side Seed

Phosphorus placement

—

Fig. 6. Comparisons between phosphorus side-banded (Side)
and phosphorus placed with the seed (Seed) in wheat at Swift
Current. ***, ns: significant at 0.001 and not significant at 0.05
probability levels, respectively, within the same year.
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Straw (t ha™)
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2.0

Side Mid Side Mid Side Mid

N placement

Fig. 7. Comparisons between side banded N (Side) and Mid-row
banded N (Mid) treatments in canola at Swift Current. *, ¥ ns:
significant at 0.05, 0.001 and not significant at 0.05 probability
levels, respectively, within the same year.
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Grain yield (t ha™)

Straw (t ha™)

Density (plant m?)

Kernel weight (mg)

0.0 . - -
Broad Side Mid Broad Side Mid Broad Side Mid

N placement

Fig. 8. Effects of N broadcast (Broad), side band (Side} and mid-row
band (Mid) in the treatments of urea at medium rate in canola at Swift
Current. *, ns: significant and not significant at 0.05 probability levels,
respectively, within the same year, compared with broadcast placement.
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Fig. 9. Comparisons between Urea ad AA treatments in canola at
Swift Current. *, ns: significant at 0.05 and not significant at 0.05
probability levels, respectively, within the same year.
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Fig. 10. Comparisons between N fertilizations in fall and in spring at
medium rate in canola at Swift Current. ns: not significant at 0.05
probability level, within the same year.

166




2.4
—_ 1 —@— 2000
T 2'0: —— 2001 finear***
< ] — 2002
) lingar**, dratic**
% 1o r***, quadratic’
-; ] H Ak Rk
S o / fear
= ]
| =l
¢ 041
0.0
| linear™*
— 6.0
"o ]
o
o404 finear**
Z
= finear™*
v 204
0.0
& ap
h 66
£ |
= ns
@ 60 1
"‘9; } ns
. 54
= A
7] linear*
- i
S 48
a J
42
48
© ]
e finear**
=~ 4.0
=
3 ] Y —h———A——A
S
T 321 L4 & ® s
- J
@
N 2.4
Very fow Low Madium High
Rate

Fig. 11. Effects of N fertilizer rate on agronomic performance
in canola at Swift Current. *, **, ***, ns: significant at 0.05, 0.01
and 0.001 and not significant at 0.05 probability levels,
respectively.
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Fig. 12. Comparisons between phosphorus side-banded (Side)
and phosphorus placed with the seed (Seed) in canola at Swift
Current, *, ns: significant and not significant at 0.05 probability
levels, respectively, within the same year.
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banded N (Mid) treatmentsin flax at Swift Current. *, ns: significant
at 0.05 and not significant at 0.05 probability levels, respectively,
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Fig. 14. Effects of N broadcast (Broad), side band (Side) and mid-row
band (Mid) in the treatments of urea at medium rate in flax at Swift
Current. *, ns: significant and not significant at 0.05 probability levels,
respectively, within the same year, compared with broadcast placement.
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Fig. 15. Comparisons between Urea ad AA treatments in flax at Swift
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Fig. 23. Effects of N fertilizer rate on agronomic performance in
wheat at Indian Head. *, **, ***, ns: significant at 0.05, 0.01
and 0.001 and not significant at 0.05 probability levels,
respectively.
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Fig. 25. Comparisons between side banded N (Side) and Mid-row
banded N {Mid) treatments in canola at Indian Head. *, ***, ns:
significant at 0.05, 0.001 and not significant at 0.05 probability
levels, respectively, within the same year.
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Fig. 26. Effects of N broadcast (Broad), side band (Side) and mid-row
band (Mid) in the treatments of urea at medium rate in canola at Indian
Head. *, ns: significant and not significant at 0.05 probability levels,
respectively, within the same year, compared with broadcast placement.
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Fig. 29. Effects of N fertilizer rate on agronomic performance
in canola at Indian Head. *, ™, ***, ns: significant at 0.05, 0.01
and 0.001 and not significant at 0.05 probability levels,
respectively.
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Fig. 33. Comparisons between Urea ad AA treatments in flax at indian
Head. *, ns: significant at 0.05 and not significant at 0.05 probability
levels, respectively, within the same year.
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medium rate in flax at Indian Head. *, **, ns: significant at 0.01,
0.05 and not significant at 0.05 probability level, within the same year.
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Fig. 37. Comparisons between side banded N {Side) and Mid-row
banded N (Mid) treatments in wheat at Star City. *, ns:
significant and not significant at 0.05 probability levels,
respectively, within the same year.
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Fig. 38. Effects of N broadcast (Broad), side band (Side) and mid-row
band (Mid) in the treatments of urea at medium rate in wheat at Star
City. *, ns: significant and not significant at 0.05 probability leveis,
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Fig. 39. Comparisons between Urea ad AA treatments in wheat at
Star City. *, **, ns: significant at 0.05 and 0.01and not
significant at 0.05 probability levels, respectively, within the same
year,
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Fig. 40. Comparisons between N fertilizations in fall and in spring at
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and 0.001 and not significant at 0.05 probability levels,
respectively.
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Fig. 42. Comparisons between phosphorus side-banded (Side)
and phosphorus placed with the seed {Seed) in wheat at Star
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Fig. 43. Comparisons between side banded N (Side) and Mid-row
banded N (Mid) treatments in canola at Star City. *, *** ns:
significant at 0.05, 0.001 and not significant at 0.05 probability
levels, respectively, within the same year.
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Fig. 44. Effects of N broadcast (Broad), side band (Side) and mid-row
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City. *, ns: significant and not significant at 0.05 probability levels,
respectively, within the same year, compared with broadcast placement.
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Fig. 45. Comparisons between Urea ad AA treatments in canola at
Star City. *, ns: significant at 0.05 and not significant at 0.05
probability levels, respectively, within the same year.
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Fig. 47. Effects of N fertilizer rate on agronomic performance

in canola at Star City. *, **, ***, ns: significant at 0.05, 0.01
and 0.001 and not significant at 0.05 probability leveis,
respectively.
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Fig. 48. Comparisons between phosphorus side-banded (Side)
and phosphorus placed with the seed (Seed) in canola at Star
City. *, ns: significant and not significant at 0.05 probability
levels, respectively, within the same year. l
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Fig. 49. Comparisons between side banded N (Side) and Mid-row
banded N {Mid) treatmentsin flax at Star City. *, ns: significant
at 0.05 and not significant at 0.05 probability levels, respectively,
within the same year.
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Fig. 50. Effects of N broadcast {Broad), side band (Side} and mid-row
band (Mid) in the treatments of urea at medium rate in flax at Star
City. *, ns: significant and not significant at 0.05 probability levels,
respectively, within the same year, compared with broadcast placement.

207




e,

2.4
2] M 2000
3 2001

1.6 2002

1.2 1

0.8 1

Grain yield (t ha™)

0.4

0.0

6.0 1
ns

4.0 1

Straw (t ha™)

0.0
600

500 A ns

L

400 A

Density (plant m?)

300

ns

6.0 1

4.0 -

2.0 4

Kernel weight (mg)

0.0 -
Urea AA Urea AA Urea AA

N formulation

Fig. 51. Comparisons between Urea ad AA treatments in flax at Star
City. *, ns: significant at 0.05 and not significant at 0.05 probability
levels, respectively, within the same year.
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Fig. 52. Comparisons between N fertilizations in fali and in spring at
medium rate in flax at Star City. *, **, ns: significant at 0.01,
0.05 and not significant at 0.05 probability level, within the same year.
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Fig. 53. Effects of N fertilizer rate on agronomic performance in
flax at Star City. *, ***, ns: significant at 0.05 and 0.001
and not significant at 0.05 probability levels, respactively.
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Fig. 54. Comparisons between phosphorus side-banded (Side)
and phosphorus placed with the seed (Seed) in flax at Star
City. *, ns: significant and not significant at 0.05 probability
levels, respectively, within the same year.
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Fig. 56. Effects of N broadcast (Broad), side band (Side) and mid-row
band (Mid) in the treatments of urea at medium rate in wheat at Scot
*, ns: significant and not significant at 0.05 probability levels,
respectively, within the same year, compared with broadcast placement.
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Fig. 57. Comparisons between Urea ad AA treatments in wheat at
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significant at 0.05 probability levels, respectively, within the same

year.
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Fig. 59. Effects of N fertilizer rate on agronomic performance in
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respectively.
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Fig. 61. Comparisons between side banded N (Side) and Mid-row
banded N (Mid) treatments in canola at Scott. *, ***, ns:
significant at 0.05, 0.001 and not significant at 0.05 probability
levels, respectively, within the same year.
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Fig. 62. Effects of N broadcast (Broad), side band (Side) and mid-row
band (Mid) in the treatments of urea at medium rate in canola at Scott.
* ns: significant and not significant at 0.05 probability levels,
respectively, within the same year, compared with broadcast ptacement.
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Fig. 67. Comparisons between side banded N (Side) and Mid-row
banded N (Mid) treatmentsin flax at Scott. *, ns: significant
at 0.05 and not significant at 0.05 probability levels, respectively,
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Fig. 68. Effects of N broadcast (Broad), side band (Side) and mid-row
band {Mid) in the treatments of urea at medium rate in flax at Scott
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respectively, within the same year, compared with broadcast placement.
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Fig. 69. Comparisons between Urea ad AA treatments in flax at Scoft.
*, ns: significant at 0.05 and not significant at 0.05 probability
levels, respectively, within the same year.
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Fig. 70. Comparisons between N fertilizations in fall and in spring at
medium rate in flax at Scott. *, **, ns: significant at 0.01,
0.05 and not significant at 0.05 probability level, within the same year.
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flax at Scott. *, ***, ns: significant at 0.05 and 0.001
and not significant at 0.05 probability levels, respectively.
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Fig. 72. Comparisons between phosphorus side-banded (Side)
and phosphorus placed with the seed (Seed) in flax at Scott.
*, ns: significant and not significant at 0.05 probability
levels, respectively, within the same year.
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Figure 73. Influence of fertilizer N application rate on estimated cumulative N2O emissions during
the 2000, 2001 and 2002 frost-free periods at Swift Current,
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Figure 74. Influence of fertilizer N application rate on estimated cumulative N2O emissions during
the 2001 and 2002 frost-free periods at Scott.
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Figure 75. Influence of N rate on cumulative annual N,O emissions at Indian Head during
the 2000-2001 annual cycle.
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