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Abstract

We are reporting on one year of results of an experiment to evaluate the potential for
variable rate application of N, P, and seed to increase the economic returns for stubble-seeded
spring wheat on rolling landscapes in the Brown soil zone. There was little yield response to
either P or seeding rates and no important differences  in the response by landscape position.
There was a good yield response to N and the response was greater on the lower slopes than
the upper slopes. However, a simple economic analysis showed that there was no economic
advantage to varying the N rate by landscape position and, in fact, an economic disadvantage
to varying N rate when using a single N-P fertilizer blend.

Introduction

Recent developments in knowing ones location with the aid of satellite transmissions
(GPS) combined with the underlying knowledge that response to inputs is not uniform  across
real fields has spurred interest among growers in applying inputs at different  rates in different
parts of the field. The goal is to apply inputs on small areas of the field at rates that produce
the greatest economic benefit over that small area thereby raising realized profits on a field
basis. Although not a primary concern among growers, nitrate contamination of groundwater
and enrichment of surface runoff with P are the major water quality concerns on the prairies.
Thus, if variable fertilizer rates reduces over-fertilization, it could also serve to protect water
quality.

The objective of this paper was to give an first-year indication of the value of variable
application rates of N, P, and seed on rolling land in the Brown soil zone.

Methods

This paper reports on the Brown soil zone component of a larger project funded
under AFIF to evaluate the potential for variable rate application of N, P, and seed across
rolling landscapes. The project involves four locations across the agricultural climates of
Saskatchewan: Swift Current (Brown soil zone), Watrous (Dark Brown Soil zone), Prince
Albert (Black soil zone), and Outlook (irrigation). The project is coordinated by Dr. Dan
Pennock of Department of Soil Science, University of Saskatchewan, Saskatoon. The project
will continue until at least harvest of 1999.
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The site was moderately rolling Haverhill loam located 13 km E of Swift Current. The
experiment was randomized complete block with six replicates. There were essentially three
interwoven variable rate experiments within this study involving spring wheat (‘AC Barrie’):
N rates, P rates, and seed rates. The P (expressed as P,O& rates at an N rate of 50 lb/ac and
seeding rate of 90 lb/ac were 0, 30, and 60 lb/ac The N (actual) rates at a P rate of 30 lb/ac
and a seed rate of 90 lb/ac were 0,25, 50, 75, and 100 lb/ac. The seeding rates at an N rate of
50 Ib/ac  and a P rate of 30 lb/ac were 40, 60, 90, and 120 lb/ac. Based on soil testing for the
mid-slope landscape position the recommended N rate was 50 lb/ac and P rate was 30 lb/ac
Fertilizer source for P was mono-ammonium phosphate and that for N was urea. An
unfertilized check at a seeding rate of 90 Ib/ac was also included.

Each of the treatments was laid out in long strips that encompassed an upper slope,
mid slope, and lower slope position. The plots were 2 m wide with varying lengths to
encompass all slope positions. Seeding was done directly into spring wheat stubble with a
Nobel 2200 hoe drill on a 8-inch row spacing. Pre-seeding glyphosate burn off plus an in-
crop application of tralkoxydim/bromoxynil/MCPA  ester (Achieve Extra Gold) was used to
provide weed control. Yields were measured with a plot combine sampling about 10 to 12 m
length from each slope position within each plot.

Because the presentation of the slope positions could not be randomized, we analyzed
the experiment as a repeated measures to account for the possibility of unequal covariances
between slope positions (McConkey et al. 1997). Statistical analysis was done using General
Linear Models procedure in SAS 6.0 (SAS Inst. 1990)

Results and Discussion

Soil nitrates and crop water use

There was considerable variability over the experiment in soil nitrates and water use.
There was an obvious but non-significant (P>O.  10) trend for greater water use and soil
nitrates moving from the upper to lower slopes (Table 1).

Seeding rate

There was no significant (P>O.  10) interaction between landscape position and seeding
rate. Grain yields were lower at 40 lb/ac seeding rate than higher rates (P<0. 10) but there
were no apparent yield advantage to seeding rates above 60 lb/ac (Figure 1). The plant
density (measured June 3), head density (measured July 22) and kernel mass increased as
seeding rate increased (Table 2). The ratio of heads to plants shows that the plants had more
tillers at lower seeding rates. Presumably, the tillers produced kernels with less mass than the
main stem explaining the differences in kernel masses. Although not measured directly, the
results indicated that the kernels per head must have decreased as seeding rate increased.

Response to P

There was no significant interaction of P response with slope position. Grain yields
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tended to be higher with P applied compared with no P (Figure 2) although this was not
significant (P>O.  IO). Comparing only the two P treatments without N  there was an apparent
yield response to P alone at the lower slope position and comparing the tow treatments with
N=50 lb/ac with and without P, an apparent yield response to P at the upper and mid slopes
(Table 3). The weak yield response to P was not unexpected since a significant yield response
to P for crops seeded on stubble occurs only about one year out of three (Campbell et al.
1994).

Response to N

There was a significant (PCO.05)  interaction of N rate with slope positions. There was
strong N response at all slope position with the response to N rates > 50 lb/ac increasing
moving from the upper to the lower slopes (Figure 3). In 1997, protein contents were low
and less variable within a treatment than grain yields (Figure 4). As expected, protein did not
increase until grain yield response to N decreased (Figure 5). Owing to its generally lower
yields, the upper slopes had higher grain protein content.

Economics of varying N based on landscape position

Based on one year of results, the only input to consider applying at different rates on
the three landscape units was N. To evaluate the potential economic advantages of varying N,
we assumed the results for individual strips would apply across the entire field. We assumed
the final farm-gate price was be $3.50 (basis <12% protein) with protein premiums of $0.11,
0.2 1,0.32,  0.46, 0.59, 0.76, and 0.92 per bushel for each sequential 0.5% protein unit increase
above 12%. Grain yields and protein contents were on a 13.5% grain moisture basis.

We calculated gross returns as field yield times the price per bushel based on the field
mean protein content (i.e. assuming the entire field is binned and sold as one lot). We’
assigned 50% of the field area as mid slopes and 25% as upper slopes and the remaining 25%
as lower slopes. Net return was the gross return less fertilzer  cost based on a N price of
$0.25/lb and P price of $0.3O/lb. Return per fert $ was calculated as the (gross returns minus
gross returns with no fertilizer) divided by the fertilizer cost. We did the economics analysis
two ways: 1) using a 3-tank cart capable of independent N and P rates such that the N rate
varied but P remained fixed at 30 lb/ac 2) using 2-tank cart with a fertilizer blend with N and
P ratio of 50:30 (e.g. 25-15-O) and assuming that, with P applied with the N in this ratio, there
was no response to additional P (latter assumption would appear reasonable given the
observed minima1 response to P). Variable rate application was assumed to have no additional
cost-to be profitable, the cost of variable rate technology must be less than the gross return
increase (if any) for varying fertilizer rates for individual landscape positions.

Table 4 summarizes the economic performance of the uniform rates. Owing to the
minimal response to P, the N=50 lb/ac P=O lb/ac had clearly the highest return per fert $
followed the soil test recommended rate (N=50 lb/ac P=30 lb/ac Because protein levels
were low in this field in this year, protein premiums on a field basis only existed for the
uniform N=l 00 lb/ac rate.

Table 5 summarizes the economic performance for varying the N rate. Strategies 1
through 6 have equal fertilizer cost for the field using the soil-test recommended rates

240



uniformly over the entire field. Strategies 2 and 3 represent an attempt to boost production
on upper slopes with additional application of N and P while reducing N and P application on
the more fertile lower slopes. Note that strategy 2 approximates the strategy that would result
from soil-test recommendations on a individual landscape position basis from an extensive
field (e.g. grid) sampling for soil nitrates (Table 1). Strategies 4 and 5 correspond to reducing
application of fertilizer at the less productive upper slopes while increasing fertilizer
application to the more productive lower slopes. Strategy 6 reduces fertilizer application to
the less productive upper slopes and the more fertile lower slopes while increasing fertilizer
application to the responsive mid slopes. Finally strategies 7 and 8 increase total field
fertilizer cost compared with uniform  soil-test recommendations in an attempt to increase
production on a field basis.

The net returns and returns per fert $ vary surprisingly little among variable fertilizer
strategies for a 3-tank cart system. Importantly, there is no strategy that provided a
significant benefit over uniform application at soil-test recommended rates. However, using
one fertilizer blend along with the assumption of no P response, the returns per fert $ for any
variable rate strategy were consistently less than the 3-tank system. This occurs because once
the N rate exceeds 50 lb/ac unnecessary P fertilizer is also applied. Because of the generally
low protein levels, variable N application did not result in any protein premiums for any on the
strategies (i.e. protein on field basis always less than 12%).

Concluding observations

The one year of results at this one site appears to confirm the appropriateness of
current soil-test recommendations for fertilizer even for this variable rolling land. There was
no indication that there is much advantage to varying either P fertilization or seeding rate
based on landscape position. There was no estimated economic incentive to using a variable N
fertilization strategy. However, had grain protein been higher, variable rate fertilization might
have had greater effect on protein price premiums. In a related study, Dormer et al. (1998)
found similar performance regarding the wheat yield response to fertilizer N and P and to
seeding rate on rolling land. In that study, proteins ranged throughout the protein premium
range depending on the fertilizer rate but that did not impart a large economic advantage to
varying fertilzer application based on landscape position.

The results for the first year of this study strongly suggest that the overall technology
to identity management units in the field that have similar response to fertilizer and the
equipment to apply fertilizer at varying rates will both need to have a low cost per acre to be
competitive with uniform application based on conventional soil testing for nutrients. More
field investigation is needed into variable rate fertilizer application with an emphasis on low-
cost technologies to delineate management units  in the field such as one involved in this study
based simply on landscape position.
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Table 1. Minimum, mean, and maximum nitrates in spring and water use for the
treatment fertilized as per soil-test recommendations.

upper

Mid

LOWfiT

O-2 fi nitrates (lb/at)

min. mean

5.5 16.6

11.1 20.4

18.5 26.2

max.

23.8

24.7

34.3

O-3 fi crop water use (in)

min. mean max.

8.2 10.4 13.5

9.8 11.4 12.5

11.4 12.1 12.8

Table 2. Plant and head density, kernel mass, and grain yield as a function of seeding rate

Seeding rate Plants Heads Kernel mass Grain Yield

(Ib/ac) (m? (mw2) (mg) (bdac)

40 75 c* 228 b 30.2 b 26.8

60 123 b 247 b 31.1 b 28.7

90 158 b 264 b 31.4 b 28.4

120 270 a 331 a 32.7 a 29.7
* means in columns not followed by same letter are significantly different  at P=O.O5.
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Table 3. Wheat grain yields response to P and N.

Nutrient (lb/at) Wheat yield (bu/ac)

N P upper mid lower

0 0 8.9 b* 12.6 b 13.1 b

0 30 10.5 b 13.8 b 19.50 b

50 0 21.9 a 27.5 a 30.2 a

50 30 26.8 a 31.7 a 30.0 a

* means in columns not followed by same letter are significantly different at P=O.O5.

Table 4. Field grain yield and protein contents and net returns and return per fert $ for
different  uniform N and P rates.

N P Field
Yield

Protein Fert. Gross Return Return per

(lb/at) (lb/at) (bu/ac) (W (%/ac) (%/ac) Fert $

0 0 11.8 9.8 0 44.86 __

0 30 14.4 9.8 9.00 53.25 0.95

25 30 23.7 9.4 13.63 88.81 3.24

50 0 26.8 11.2 12.50 98.54 4.31

50 30 30.0 10.1 19.88 109.41 3.26

75 30 32.4 11.4 26.18 121.94 2.96

100 30 32.9 13.0 32.38 136.03 2.82
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Table 5. Net returns and return per fert $ for separate N and P rates (3-tank cart) and a
single N-P fertilzer blend (2-tank cart).

::1______
40 60 90 120 40 60 90 120 40 60 90 120

Seeding rate (Ib/ac)
Figure 1. Wheat grain yields versus seeding rate (‘box and whisker” plot:

box ends are the 25th and 75th percentiles, line within box is the
median, whiskers are the 10th and 90* percentiles, and the dark
square is the mean).

N rate 3-tank  cart 2-tank cart
(lb/at) (separate N and P rates) (single fertilizer blend)

net return return per net return return per
Strategy upper mid lower (%/ac) fert $ ($/$) (%/ac) fert $ ($/$)

1 50 50 50 89.52 3.26 89.52 3.26

2 75 50 25 87.97 3.18 87.61 3.12

3 100 50 o* 88.23 3.15 82.70 2.87

4 25 50 75 89.87 3.27 89.5 1 3.21

5 o* 50 100 79.69 2.73 78.73 2.68

6 25 75 25 83.60 2.96 83.24 2.90

7 25 50 100 89.58 2.83 86.3 1 2.50

8 50 50 75 93.70 3.29 92.36 3.09

9 50 75 100 93.40 2.87 89.16 2.47
* P=30 Ib/ac  for 3-tank cart, P=O lb/at  for 2-tank cart.
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Figure 2. Wheat grain yields versus phosphate rate.
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Figure 3. Wheat grain yields versus N rate.
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Figure 4. Wheat grain protein versus N rate.
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Figure 5. Mean wheat grain yields and protein content versus N rate.
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