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Abstract

Anhydrous ammonia (AA) is generally marketed as the most economical form of fertilizer N
available to western Canadian farmers. Application of AA in the fall and spring prior to seeding is a
common practice. It was a general recommendation that seeding be delayed for several days after
spring application of AA. However, research in the 1980’s has shown that AA can be applied
immediately prior to seeding provided that adequate seed - fertilizer separation prevents seed being
placed into the ammonia injection zone. Growth in direct seeding practices has increased interest in
the adaptation of AA to low disturbance, one-pass, seed and fertilizer application. A research trial
was conducted in Saskatchewan and Alberta to determine the potential for precision side band
application of Cold-Flo AA at seeding. While AA increased seedling stand damage over that
observed with urea for both wheat and canola, no difference was recorded in wheat grain yield
from seven field trials. No grain yield difference to N form was recorded at four of the five trials
evaluating canola. However, at Melfort canola grain yields were lower for AA than urea, reflecting
N loss from the AA applied on these clay soils while wet. Loss of AA on wet clay and silty clay
soils resulted in reduced crop N uptake and lowered NUE relative to urea. The results of this study
indicate that given adequate seed - fertilizer separation, AA can be safely applied at seeding in a
precision side band application. Soil conditions which are known to cause N loss on application of
AA, in particular wet clay soils, may benefit more from an alternative N source. Producers
interested in adapting this technology to their seeding system are encouraged to conduct their own
on-farm evaluation, particularly where they farm lands with rolling to hilly topography which
include eroded hill tops.

Introduction

Anhydrous ammonia is one of the largest sources of fertilizer N applied by farmers on the
Canadian prairies. In terms of total sales of pounds of actual N for the year ending June, 1993, AA
amounted to 400,491 while urea was 372,893 (Agriculture and Agri-Food Canada, 1994). In
general, AA has been applied as a subsoil band either in the fall prior to freeze-up, or in the spring
before seeding. Concern over the toxic effect on crop seedlings of AA bands applied in the spring
prior to seeding led to the recommendation that fertilizer be applied several days before the field is
to be seeded. Hogg and Henry (1982) reported that the concern over ammonium damage to
seedlings from AA bands was likely unnecessary, given that greater than 90% of the NH4-N was
retained in a five cm diameter zone around the injection point. While ammonia bands must be
separated from the seed, there were safe limits. Varvel(l982) conducted field trials evaluating the
effect of time between ammonia application and seeding, and banding depth of ammonia. While
AA applied the same day as seeding was found to result in minor reductions in wheat and barley
seedling stands, no negative effect on grain yield was recorded. The greatest damage to seeding
stands occurred with increasing banding depth, reflecting the increased level of seedbed damage.
Similar results were reported by Ukrainetz (1988) for wheat and canola seeded immediately
following ammonia application on 30 cm centers and at a depth of either 110 or 15 cm. Delaying
seeding actually reduced seedling stand establishment as a result of the seed bed damage produced.
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The wide spread interest and adoption of direct, or zero-till, seeding systems on the Canadian
prairies has increased interest in one-pass seed and AA application. While little concern has been
expressed with seeding implements capable of AA band application several inches away from the
seed row, such as mid-row banding, there is demand for evaluation of those openers which
provide precision side band placement of N at seeding. The objective of this research was to
determine the potential of precision side band AA application on the establishment and yield of
zero-till wheat and canola.

Materials and Methods

Trails evaluating the effect of side band application of AA were conducted at seven locations in
Saskatchewan and Alberta for wheat and canola, and one location for barley (data not included).
Two of the canola trials were lost due to hail (Indian Head and Deep Lake). Soil type, textural
analysis, cation exchange capacity, soil residual nitrate-N, wheat and canola variety, seeding date,
harvest date and environmental conditions are listed for each trial location in Table 1.

Plots were 3.7 by 91 .O m in size. A 3.7 m pneumatic seeder, fitted with C o n s e r v a - P a k  side band
openers on 30 cm spacing, was used to seed all field trials. The opener places seed on an
unworked soil base 2.5 to 5.0 cm above and 2.0 to 2.5 cm to the side of the fertilizer band. Both
urea and Cold-Flo AA were side banded at rates of 0, 56, 84 and 112 kg N/ha at seeding. A
fertilizer blend of 9 kg/ha N, 11 kg/ha P205 and 8 kg/ha SO4 was seed row applied for both wheat
and canola at all trial locations. The canola was seeded at 1.3 to 2.0 cm depth, at a rate of 5.6
kg/ha, with an equal amount of granular insecticide. The wheat was seeded at a rate of 112 kg/ha,
to a depth of approximately 2.5 cm. All crops were seeded into unworked stubble.

Grain yields were collected using a small plot combine. Prior to harvest an above ground biomass
sample was collected from each plot and oven dried for determination of harvest biomass yield.
Harvest index was calculated as the ratio of gram yield to harvest biomass yield. Canola grain and
straw N concentration was determined using Kjeldahl, as were wheat straw N concentration and
wheat grain from Indian Head and Deep Lake. Wheat grain N concentration from all other
locations were calculated from grain protein (grain N% = grain protein/5.7) determined using Near
Infrared analysis (Grainspec). Total N yield was determined as the sum of gram N yield and straw
N yield. Nitrogen use efficiency (NUE) was determined using the difference method where:

NUE = (total N yield in treatment - total N yield in check)/N rate * 100

Nitrogen harvest index was calculated as the ratio of grain N yield to total N yield.

Trials were arranged as a three replicate, two factor factorial (N rate and N form) RCBD. Data was
analyzed using ANOVA or GLM procedures (SAS Institute, 1989).

Results and Discussion

Wheat

The wide range of soil types selected for the study provided a unique opportunity to evaluate the
overall performance of side band AA and urea on wheat and canola (Table 1). Growing conditions
were rated as good at five of the trial locations, with mid-season drought stress producing average
conditions at White Fox and Carbon. Wet soils at the Melfort and Carbon canola trial resulted in
poor seedbed condition on these clay soils, and visible ammonia loss at seeding.
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Good wheat seedling populations were established at all trial location (Table 2). On average AA
produced a seedling stand that was 95% (range 93 - 98%) of urea. Significant reductions in wheat
seedling stand were recorded at Indian Head and Strathmore with AA. In general, wheat seedling
stands reduced as N rate increased, with a significant reduction recorded at Nipawin and Melfort.
At both Carbon and Strathmore a significant N rate by form interaction was recorded where a
steady decline in wheat seedling number was recorded with AA, while urea showed a positive
response at low N rates, relative to the unfertilized check.

Grain yields ranged from a low of 1473 kg/ha to 2942 kg/ha in this study. Fertilizer N form had no
significant effect on wheat yield in this study (Table 3). A positive response to increasing N rate
was recorded at six of the seven trial locations, while a negative response was observed at
Nipawin. High residual N at Nipawin, in combination with an ubcertian history of manure
application, resulted in significant crop lodging. The highest N rates lodged first, minimizing the
period of time when grain filling was unaffected.

Wheat dry matter yield showed a positive response to N rate at four of the seven trial locations
(Table 4). The lodged Nipawin site again showed a negative response to N rate, with lodging
damage increasing with added N. Urea produced more wheat dry matter than AA at the Carbon
trial location, a clay soil site where lumpy seed bed conditions were experienced. While a wide
range in harvest index was recorded between trials (.23 to .42) little difference was recorded within
any one site (Table 5). A mid-summer drought, combined with heavy leaf disease infection,
provided for poor grain tilling conditions at White Fox and a low HI.

Low grain yields were reflected in both low grain and total N yields (Table 6 and 7). Significant
increases in N uptake were recorded with increasing N rate at five and six of the trials for grain N
yield and total N yield, receptively. Urea produced significantly higher grain N and total N yields
than AA at the Carbon location, again reflecting the probable loss of ammonia at seeding on these
wet clay soils. The variable nitrogen harvest index (NHI) provides an indication of N translocation
to the grain from the biomass. A low NHI indicates high levels of N in the straw, rather than being
translocated to the grain. This could be a result of late season environmental stress or late season
uptake of N by the crop. Wheat NHI values ranged from 0.50 to 0.86 in this study, with the low
yielding White Fox site having the lowest NHI (Table 8). There were no significant differences
recorded in NHI in this study.

While the general trend was for nitrogen use efficiency (NUE) to decline with increasing N rate, a
significant negative response was only recorded at three of the seven location (Table 9). Total N
yield of the lodged crop at Nipawin was lower than the unfertilized check, resulting in a negative
NUE. Our Carbon trial shows a significantly lower NUE for AA, reflecting the lower total N yield
and N losses at this location. The absence of any response to N form at the remaining trials
indicates that urea and AA performed very similar.

Canola

Canola seedling stands showed little difference to fertilizer form, with increased seedling numbers
with AA relative to urea at the Carbon trial (Table 10). Increasing N rate resulted in a reduction in
seedling number at two of the five locations, however, the absence of a significant interaction
between N rate and N form indicates that seedling stand were equally affected by both N forms.
Canola grain yields ranged from 900 to 1400 kg/ha in this study, with two of the trials showing no
response to added N (Table 11). While a uniform seedling stand was established at the Melfort
trial, the rough seed bed produced when seeding the silty clay soils resulted in AA loss and lower
grain yields.
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A positive response to N rate was recorded for dry matter yield at all canola trials (Table 12).
Similar to grain yield, AA produced lower dry matter yield than urea at the Melfort location.
However, the opposite was recorded at Strathmore, where urea out yielded AA for dry matter
yield. Harvest index (HI) ranged from .17 to .32 in this study, with low HI recorded at the low
grain yield locations (Table 13). While HI values remained relatively constant across the trials,
crop lodging at the Nipawin location resulted in a decline in canola HI with increasing N rate.

Grain N yield responses for canola mirrored those recorded for grain yield (Table 14). The clay
soils at Carbon and Melfort, where N losses with AA at seeding were suspected, show
significantly lower grain N yield with AA relative to urea. However, the opposite was recorded on
the loam soils at Nipawin, with urea producing higher grain N yield than AA. All trials showed a
positive response to increasing N rate for total N yield (Table 15). In addition, the clay soils at
Carbon and Melfort show lower total N yield with AA relative to urea.

A wide range of NHI was recorded with canola in this study (Table 16). A negative response for
NHI to increasing N rate at Strathmore and Nipawin indicates poor N translocation at into the grain
at these trials. Differential lodging at Nipawin between N treatments would explain the results
recorded. Canola NUE was similar to wheat, with the characteristic decline in NUE with
increasing N rate (Table 17). The impact of N loss from AA at seeding for the Carbon and Melfort
sites is indicated by the significantly higher NUE for urea.

Summary

The results of this study indicate that where adequate seed and fertilizer separation can be achieved,
Cold-Flo AA can be applied as part of a one-pass seeding system. The large number and variety of
side band openers available to farmers requires careful attention for this application with each
individual opener. Nitrogen losses and reduced NUE were observed on clay and silty clay soils
seeded when wet. The advantage of maintaining soil moisture at the surface of fields in zero-till
may actually become a problem for AA application on these soils. While good seedling stands and
yields can be achieved, the problems with banding trench closure, and lumpy surface condition
produced, can increase the loss of ammonia at seeding. The authors also wish to emphasize that
soil variability within a given field, and in particular on the eroded portions of the landscape, may
respond differently to AA application. Individual farmers considering AA application at seeding
should evaluate their landscape and seeding implement carefully before investing in the necessary
technology.
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Table 1. Site characteristics for Side banded ammonia trials in Saskatchewan
and Alberta, 1994.

Location Soil tvnez
Soil Characteristicsy Soil Nitrate-N Seeding

Sand Silt Clav CEC to 60 cm Variety Date
WHEATW
Indian Head

Deep Lake

Nipawin

White Fox

Melfort

Carbon

Strathmore
CANOLAV
Nipawin

White Fox

Melfort

Carbon

Strathmore

Black Chemozem

Black Chemozem

Dk.Gray Luvisol

Gray Luvisol

Black Chemozem

Dk.Brown Chemozem

Black Chemozem

Dk.Gray Luvisol

Gray Luvisol

Black Chemozem

Dk.Brown Chemozem

Black Chemozem

% % %  meq/100g
38.713 21 66

47 25 28

48 33 19

33 51 16

18 30 52

24 24 52

56 23 21

48 33 19

33 51 16

18 30 52

24 24 52

56 23 21

20.4

19.1

10.1

36.0

41.9

20.4

19.1

10.1

36.0

41.9

20.4

kg/ha
42.8

26.8

56.0

30.2

56.3

40.3

51.5

60.5

73.9

36.0

21.3

51.5

Laura

Laura

Laura

Katepwa

Laura

Katepwa

Roblin

Reward

Reward

Reward

Horizon

Horizon
z Canadian Soil Survey Committee, Subcommittee on Soil Classification (1978).
Y Methods from Plains Innovative Laboratory Services, Saskatoon.
x Good - Above average rainfall, well distributed during growing season; moisture reserves adequate to cope with
growing season wind and heat stress.
Average - No extended dry periods. Heat and/or wind stress may have been yield reducing factors.
Poor - Periodic drought combined with heat and/or wind stress.
w - Wheat (Triticum aestivum L.)
v - Canola (Brassica rapa L.)

(day/m
15/05

16/05

26/05

26/05

01/06

06/05

06/05

27/05

26/05

01/06

06/05

06/05

8 5



Table 2. Spring wheat seedling numbers from side banded ammonia trials,
1994.

Indian Vale
Head Farm

Nipawin White Fox Melfort Carbon Strathmore

Seedlings per m2
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 Table 3. Spring wheat grain yield from side banded ammonia trials, 1994.

Indian Vale
Head Farm

Nipawin White Fox Melfort Carbon Strathmore

Grain Yield (kg/ha)

Rate
0
56
84
112
Rate x
Form
0 UR

1394
2458
2600
2727

1442

2849 2620 1537 2707 2734 2347
2850 2740 1473 2942 2637 2410

I I I

1866 I 3189 I 1248 I 2736 I 1426 I 1984
3030 2750 1531 3041 2827 2503
3169 2315 1593 3082 3149 2475
3331 2466 1649 2438 3340 2553

1966 3244 1279 2662 1397 1936
1767 3134 1218 2810 1455 2033
2974 2483 1560 2749 2949 2523
3086 3017 1502 3332 2704 2482
3151 2224 1607 3038 3215 2466

3126
I -~~~

3186 2408 1579 3084 2483
3303 2531 1703 2377 3373 2465
3359 2401 1595 2499 3306 2640

0.0001 0.0027 0.0013 0.0558 0.0001 0.0010
0.9950 0.4003 0.2959 0.1824 0.1469 0.4776
0.9110 0.3222 0.9699 0.698 1 0.4171 0.8228

L I I I

14 I 13 I 10 I 15 I 6 I 9

87



Table 4. Spring wheat dry matter yield from side banded ammonia trials,
1994.

Indian Vale
Head Farm

Nipawin White Fox Melfort

Dry Matter Yield (kg/ha)

Carbon Strathmore 

RxF 0.2990 0.73 16 0.8232 0.4383 0.3933 0.4360 0.8355

c v  17 21 17 11 14 5 10
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Table 5. Spring wheat harvest index from side banded ammonia trials, 1994.

89



Table 6. Spring wheat grain N yield from side banded ammonia trials, 1994.

Rate 0.0001 ,000 1 0.1583 0.000 1 0.0838 0.000 1 0.000 1
Form 0.1589 0.7758 0.7315 0.2539 0.3426 0.0141 0.1889
RxF 0.7617 0.8835 0.1924 0.9329 0.7024 0.2492 0.9394

c v  11 11 11 9 16 6 9
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Table 7. Spring wheat total N yield from side banded ammonia trials, 1994.

Indian Vale
Head Farm

Nipawin White Fox Melfort

Total N Yield (kg/ha)

Carbon Strathmore
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Table 8. Spring wheat nitrogen harvest index from side banded ammonia
trials, 1994.

Indian Vale
Head Farm

Nipawin White Fox Melfort Carbon Strathmore 

NHI
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Table 9. Spring wheat nitrogen use efficiency from side banded ammonia
trials, 1994.
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Table 10. Canola seedling numbers from side banded ammonia trials, 1994.

Form
Urea
AA

Carbon

46
54

1 Strathmore 1 Nipawin 1 White Fox 1 Melfort
Seedling number / m2

65 70 69 94
62 75 74 95

112 AA
Pr>F
Rate
Form
RxF
c v

53 63 73 75 85

0.0093 0.9015 0.6999 0.028 1 0.0975
0.0359 0.4741 0.3579 0.2263 0.7407
0.4495  0.1589 0.3756 0.0670 0.6947

18 16 16 12 15

94



Table 11. Canola grain yield from side banded ammonia trials, 1994.
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Table 12. Canola dry matter yield from side banded ammonia trials, 1994.
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Table 13. Canola harvest index from side banded ammonia trials, 1994.

0 AA
56 UR
56 AA
84 UR
84 AA
112 UR
112 AA
Pr>F
Rate
Form
RxF

.31 .31 .22 .26 .I I

.31 .32 .17 .16 .17

.31 .32 .23 .23 .17

.31 .32 .15 .21 .18

.31 .30 .17 .25 .17

.33 .32 .13 .26 .15

.33 .30 .20 .24 .17

0.2263 0.706 1 0.1046 0.2234 0.83 18
0.6459 0.0407 0.0790 0.7738 0.7211
0.9057 0.7899 0.5664 0.9348 0.4946
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Table 14. Canola grain nitrogen yield from side banded ammonia trials, 1994.

Carbon 1 Strathmore 1 Nipawin 1 White Fox M Melfort
Grain Nitrogen Yield (kg/ha)

CV I 7 I 7 I 21 I 15 I 10

98



Table 15. Canola total nitrogen yield from side banded ammonia trials, 1994.

I Carbon 1 Strathmore 1 Nipawin 1 White Fox M Melfort
Total Nitrogen Yield (kg/ha)

Form
Urea
AA

46.6 64.0 74.2 84.6 87.5
42.1 67.5 77.5 81.2 76.1

I

Rate
0 17.3 40.2 45.9 68.4 55.9
56  41.4 72.5 74.6 85.0 79.7
84 54.2 76.2 88.0 95.9 83.0
112 64.5 74.1 94.9 85.7 108.4
Rate x Form
0 UR
OAA
56 UR

18.6 34.8 44.1 65.5 53.9
16.0 45.6 47.7 71.2 57.9
43.0 72.3 69.1 76.6 88.3

RxF 0.3585 0.1990 0.2069 0.1074 0.2828
c v  7 7 18 12 15
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Table 16. Canola nitrogen harvest index from side banded ammonia trials,
1994.
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Table 17. Canola nitrogen use efficiency from side banded ammonia trials,
1994.

101


	CDROM Index
	Table of Contents Listings
	1995 TOC

