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ABSTRACT
INFLUENCE OF NITROGEN APPLICATION RATE ON SUGARBEET (Beta
vulgaris L.) YIELD AND QUALITY ALONG WITH WEED EMERGENCE AND
GROWTH
By
Amy Emma Guza

Field studies were conducted to determine optimum nitrogen (N) application
rates for sugarbeet (Beta vulgaris L.). Linear plateau, quadratic plateau, and
quadratic models were used to determine optimum N application rates based on
yield, grower payment, recoverable white sucrose (RWSA), and return. Economic
optimum N rates based on grower payment and RWSA are insensitive to changes in
sugar and N prices. Based on economic return, optimum N rates within a range of
135 kg N ha™ plus or minus 15 kg N ha™ was sufficient for sugarbeet production.
Three out of 14 sugarbeet field sites were non-responsive to N fertilizer. In two of
three non-responsive sites, OM was greater than 4%; suggesting that organic matter
(OM) may assist in predicting non-responsive sites.

Field and greenhouse studies were conducted to investigate the effect of
preplant broadcast incorporated urea ammonium nitrate (UAN 28%) on early season
weed emergence and growth. Emergence of common lambsquarters and
ladysthumb smartweed increased as N increased in the early seeding dates in 2003
and 2004. Emergence of giant foxtail increased as available N increased in the early
N application dates in 2003 and 2004. Total weed biomass increased as available N
increased at all weed seeding dates in 2003 and in two of three seeding dates in
2004. Reducing available N in the weed germination and rooting zone will reduce

weed emergence and the growth and competitiveness of weeds in sugarbeets.
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CHAPTER 1

USING DIAGNOSTIC SOIL TESTS TO DETERMINE THE OPTIMUM RATE OF

NITROGEN APPLICATION FOR SUGARBEET (Beta vulgaris L.)

INTRODUCTION

Nitrogen (N) recommendations for sugarbeet (Beta vulgaris L.) need
reassessment for current crop production practices. In the past, Michigan
growers typically planted sugarbeets after dry beans (Phaseolus vulgaris L.),
however, as dry bean acres decline (Kleweno and Matthews, 2003), more
growers are planting sugarbeet after corn (Zea mays L.). Current N
recommendations for sugarbeet in Michigan are based on yield goal and
previous crop (Wamcke et al., 2004). With respect to these recommendations,
many sugarbeet fields are over fertilized with N because the recommendations
lack consideration for soil N. A soil test that can quantify the amount of N that is
available at the beginning of the growing season and/or the amount of N that will
become available to the sugarbeet crop during the growing season may assist
growers in making N management decisions that maximize their payments.

Sugarbeet yield is important to Michigan growers because yield with an
adjustment for sugar content is the basis for grower payments. However,
Michigan Sugar Company is investigating potential changes in grower payments
from being weighted towards yield (amount of sugarbeets produced) to a
payment that focuses more on quality (amount of sugar produced). In other
regions where sugarbeets are grown, grower payment is based on recoverable

white sucrose per acre (RWSA) (Adams et al., 1983; Franzen, 2003), which is
1



defined as the actual amount of raw sugar produced for the consumer. RWSA is
important because it encompasses sugar content, clear juice purity (CJP), and
yield. A grower may focus N applications to produce a high yielding crop, but
sugar content and CJP may be reduced. Sugarbeets with low sugar content and
CJP reduce the efficiency of the factory in extracting sugar. Therefore, growers
should apply N to-achieve not only optimum yields, but also greatest sugar
content and CJP. If Michigan grower payments are weighted more towards the
amount of actual sugar produced (RWSA), sugarbeet producers may be more

likely to adjust their N application rates to optimize RWSA, not yield.

Physiology and}Nitrogen Uptake

Nitrogen is the most important nutrient supplied to sugarbeet in fertilizers
because few mineral soils contain sufficient N in available form as nitrate (NO3)
or ammonium (NH,4"), for maximum growth (Draycott, 1996). During the growing
season, sugarbeets have a rapid initial phase of N uptake followed by a phase of
either slower but maintained uptake or no further uptake (Armstrong et al., 1986).
The rapid initial phase of uptake is where the greatest amount of N must be
available to meet crop demand. Typically, this phase begins when sugarbeet
plants have four to five leaves and diminishes following canopy closure. Nitrogen
benefits the crop during this growing period because N increases leaf expansion
and leaf area, and subsequently increases the amount of solar radiation

intercepted by the leaves (Milford et al., 1985b). In contrast, too little N retards



leaf growth (Milford et al., 1988) and thereby reduces intercepted solar radiation
and yield.

Sugarbeet uses N preferentially from the upper 0.30 m of soil; however,
the crop can recover N from depths greater than 1.35 m (Zinati et al., 2001).
Late in the growing season, N is needed to sustain the growth of storage roots
and new leaves. Ideally, the crop obtains late season N as it is remobilized
during senescence of older leaves. If N remains in the soil because of over
fertilization or late season mineralization of organic N, sugarbeets will
preferentially use soil N over N remobilized within the plant. Because of this
preference for soil N, N can be taken up in excess of what is required and
ultimately results in reduced sugar content and CJP. When CJP decreases,
sugar extraction becomes more difficult. This is why some sugar companies
base grower payments on sugar and impurities. For example, when the N supply
during late summer and autumn is abundant, the crop can take up over 400 kg N
ha™' (Draycott, 1996). This luxury consumption results in less N mobilized from
older leaves, the older leaves are retained longer, and large, late-formed leaves
are produced. When soil is over fertilized with N, sugarbeet plants partition
biomass mainly to shoot growth, and as a result, root yield and sugar content
decrease.

As with other crops, foliage color in sugarbeet changes in response to N
supply. In other crops where foliage determines yield; there is a direct
relationship between the N content of the crop (the greenness of the crop) and

yield (Scott and Jaggard, 1993). In contrast, in sugarbeet, there is no direct
3



relationship between N uptake, as evidenced by the greenness of the foliage,
and sugar yield. For instance, Lamb et al. (2001) stated that sugarbeet quality
increased when N deficiency occurred six weeks prior to harvest.

In the United Kingdom, it is thought that a sugarbeet crop needs to take up
a total of approximately 200 kg ha™ of fertilizer plus soil N to maximize yield and
sugar quality. However, few mineral soils provide more than about 60 kg N ha™
each year as inorganic N remaining from the previous crop or mineralization of
organic N (Draycott, 1996). In Minnesota, depending on the depth of sampling,
the sum of measured soil NO;™ -N plus fertilizer N should be 112 or 135 kg N ha™
(Lamb et al., 2001). One can then estimate that 65 to 88 kg ha™ of mineralized
soil or residual N is used by a sugarbeet crop in Minnesota, which is slightly more

than the 60 kg N ha™' that Draycott (1996) suggested.

Environmental Issues

Reduced sugar content and increased sugar impurities are two concerns
related to the over application of N. Environmental concerns such as N leaching
into ground water and gaseous losses of N into the atmosphere can also
increase as N rates increase; Roth and Fox (1990) found that reducing N
fertilizer and manure application rates to economically optimum levels could
minimize the potential for nitrate contamination in water resources. But even at
economic optimum fertilizer rates, N can be lost through leaching and
denitrification before crop uptake (Armstrong et al., 1986; Roth and Fox, 1990).

Other researchers also stress the environmental importance of applying optimal
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N to maximize yield and reduce the risk of off-site contamination of ground water
(Aldrich, 1984; Draycott, 1993; Hallberg, 1986; Jolley and Pierre, 1977, Keeney,
1986; Magdoff et al., 1990; Oberle and Keeney, 1990; Schepers et al., 1986;
Scott and Jaggard, 1993). Though sugarbeet is one of the most effective
scavengers of N, leaving only a small concentration of N in the soil at harvest
(Draycott, 1993), preplant and early season N applications to sugarbeets are
subject to loss depending on the temperature and amount of precipitation that
occur after application (Carter et al., 1974; Hallberg, 1986; Jolley and Pierre,
1977; Oberle and Keeney, 1990; Poulson 1994; Sander et al., 1994; Schepers et
al., 1986).

Economic Optimum N Rates

In Montana, sugarbeet payments are uitimately based on recoverable
sucrose production; therefore, the economically appropriate fertilization rate
should be related to the response of recoverable sucrose to fertilizer, not the
response of root yield to fertilizer (Adams et al., 1983). Unlike Montana,
recoverable sucrose is not currently considered in Michigan grower payments.
Michigan payments are based on yield with an adjustment for sugar. If the
grower’s sugar content is above the company average sugar content, then a
premium is paid to the grower; when the grower’s sugar content is below the
company average, then the grower’'s payment is reduced.

The economic optimum N rate (EONR) is defined as the quantity of

fertilizer that will result in the maximum net return (Black, 1993), and return is
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calculated as the payment the grower receives less the cost of N. For most
crops, models of yield response to applied N are then fit with mathematical
functions that estimate the quantity of fertilizer that returns the maximum net
profit given crop and N prices. This is appropriate when yield is the only factor
that determines payment. When payment is a combination of several factors,
monetary return must be used to assess the EONR with response curves. The
yield optimizing N rate (YONR) is the amount of N required to maximize yield
without regard to economic return. The recoverable white sucrose optimum N
rate (RONR) is the amount of N required to maximize RWSA without regard to
economic return.

In studies by Adams et al. (1983) and Carter et al. (1976), where
payments are based on RWSA, recoverable sucrose was maximized at N
application rates that were less than what was needed to maximize root yield.
The RONR was found to be approximately 35 to 90 kg N ha™ less than YONR
(Adams et al., 1983; Carter et al., 1976; Sims, 2004). In these instances, it would
be economically favorable to apply less N (saving on N cost) and optimize
RWSA. The EONR, in this case, would be less than RONR because it would
take into account the cost of N. In any growing region, sugarbeet N
recommendations should be focused on creating the greatest return. How this is
achieved is dependent upon how many factors are involved in the payment

formula.



Nitrogen Recommendations for Sugarbeet

Nitrogen fertilizer recommendations should consider all potential sources
of available N, as well as crop sequences, soil properties, fertilizer management,
and climatic effects to estimate crop fertilizer N need (Carter et al., 1976;
Meisinger, 1984). The most widely used method of recommending N is to use a
factor multiplied by the expected yield, which ignores any variability in available
soil N (Blumenthal, 2002; Carter et al., 1976; Mortvedt et al., 1996; Wamncke et
al., 2004). If the estimated yield potential is too high, or root yield is limited
because of insect damage, disease, poor stands, other nutrient deficiencies, or
adverse climatic factors, then the recommended N rate will be greater than
necessary, may reduce the amount of sucrose produced (Carter et al., 1976),
and subsequently, the net return from abplying N.

In some soils in the upper Midwest in United States, large amounts of
residual N are present, and sugar yield is maximized without additional fertilizer
(Winter, 1984). In some situations, only small amounts of additional fertilizer can
cause a rapid decline in sugar percentage by increasing water retention in the
tap root and CJP by increasing the concentration of amino compounds caused
by excessive uptake of nitrate late in the season (Winter, 1984). Broadbent
(1984) and Stanford (1982) reported that in many cases, mineralizable N is
sufficient to supply a considerable portion of the crop need.

Sugarbeet N recommendations are complex and vary among the different
sugarbeet production regions. Michigan State University fertilizer N

recommendations for sugarbeet are formulated by multiplying the yield goal by 2
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kg N metric ton™', and if com was the previous crop, then an additional 34 kg N
ha™ is suggested (Wamncke et al., 2004). The adjustment for corn as a previous
crop was made because most research on which N recommendations were
based was conducted in fields where dry bean was the previous crop.
Additionally, Christenson and Butt (1998) found that more N was needed after
corn to offset the legume N credit that was built into the recommendations.
Some Michigan growers have also observed that more N was needed when corn
was the previous crop compared toa previous bean crop.

Sugarbeet N recommendations in Nebraska and Colorado are based on
yield goal, but N credits are given based on soil parameters (Blumenthal, 2002;
Mortvedt et al., 1996). For example, Blumenthal (2002) and Mortvedt et al.
(1996) include organic matter and residual soil N.

In other sugarbeet growing regions, yield goal is omitted from the N
recommendations. In these instances, a maximum N application rate is
suggested, and N credits are subtracted from the suggested rate based on soil
tests. The University of Minnesota (Lamb et al., 2001) and North Dakota State
University (Franzen, 2003) recommend a total of 112 kg N ha™'; this includes soil
NO3-N measured in the top 0.60 m of sail plus fertilizer N. When soil NO3y-N is
measured to a depth of 1.2 m, the sum of soil NO3™-N plus fertilizer N is
suggested to be 135 kg N ha™ in Minnesota (Lamb et al., 2001) and 146 kg
N hain North Dakota (Franzen, 2003). In both Minnesota and North Dakota,
deeper sampling is encouraged because sugarbeets can recover N at deeper

depths, and because this region has less precipitation than Michigan, there is
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less N lost from the soil profile over winter. The climate is drier in the winter and
spring in Nebraska, Colorado, Minnesota, and North Dakota where more residual
soil N is found. Therefore, use of residual soil N in N recommendations is more
favorable in these states compared to Michigan because Michigan has a wetter

climate where little residual soil N is found in the spring.

Nitrogen Soil Tests

Nutrient requirements for optimal yields are commonly determined by soil
analysis (Draycott, 1993). Nitrogen applications for sugarbeet need to be
planned to increase the early growth of the leaf canopy and to maintain it
throughout the growing season until harvest, but to avoid excess N that will
decrease root quality (Draycott, 1996). Nitrogen soil tests have been developed
to refine N recommendations for corn; however, tests such as the preplant nitrate
test (PPNT) and presidedress nitrate test (PSNT) have not been widely
investigated for use in sugarbeet production in Michigan. The lllinois nitrogen
soil test (INST) has not been investigated for use in any sugarbeet production
region in the United States.

Soil Nitrate Testing ,

In Minnesota (Lamb et al., 2001) and North Dakota (Franzen, 2003) N
fertilizer recomrhendations for sugarbeet are based on the PPNT. Soil samples
are collected to a depth of 0.60 m (or deeper) in the spring prior to planting to
quantify the soil NO3-N concentration. In essence, the PPNT measures residual

N from the previous year, which is then used as a N credit that is subtracted from
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the maximum N recommendation of 112 kg N ha. The PPNT is used in a
similar manner for corn (Bundy et al., 1999; Bundy and Malone; 1988; Schmitt
and Randall, 1994, Vitosh et al., 1990).

The PPNT was developed for corn N recommendations where the NO;-N
concentration in the surface 0.60 m of soil is measured in the spring prior to
planting (Schmitt and Randall, 1994). As with sugarbeet, a residual N credit is
determined and often subtracted from the maximum N recommendation (Bundy
et al., 1999; Bundy and Malone, 1988; Vitosh et al., 1990).

The PSNT was developed by Magdoff et al. (1984) to provide accurate
fertilizer N recommendations for corn that are based on anticipated effects of
manure and crop management. With the PSNT, NO3-N is measured ina 0.30 m
soil sample collected just prior to the period of rapid corn growth (at corn height
between 0.15 to 0.30 m). Nitrogen fertilizer is then applied to make up the
difference between what it is believed the soil can supply and the recommended
N rate (Magdoff, 1991).

The PSNT is effective for corn production. However, sugarbeet is a high
maintenance crop that requires aggressive management in the spring. Growers
have little time to soil sample, await PSNT results, and apply N fertilizer. If they
use the PSNT, growers may risk applying N later than the optimum timing for
sugarbeet, which is at the two to four leaf stage, because of delayed testing and
unfavorable weather conditions for application. The PSNT is not currently used

in deriving sugarbeet N recommendations in any sugarbeet growing region.

10



llinois Nitrogen Soil Test (INST)

Soil testing for nitrate using the PPNT and the PSNT are considered the
best options for identifying sites where corn yield does not respond to additional
N fertilization (Khan et al., 2001). Because the PPNT and PSNT do not always
predict fields where corn does not respond to fertilizer N, the INST was
developed.

The INST is a modified version of the amino sugar-N test (ASNT). Khan
et al. (2001) reported that the ASNT differentiated sites that were responsive to N
fertilization from those that were non-responsive to N fertilization. Non-
responsive soils had a greater quantity of amino sugar-N, and mineralization was
accompanied by a net decrease in amino sugar-N (Khan et al., 2001). The
ANST and INST will also recover exchangeable NH,. Thus, results of the ANST
or INST may be influenced by recent fertilizer or manure applications (Khan et
al., 2001).

It has been suggested for corn production that a soil sample collected to a
depth of 0.36 m with an INST value greater than 250 mg N kg™ will be non-
responsive to additional N fertilizer (Anonymous, 2002). While the amino sugar-
N fraction is a labile source of soil N, it is more stable than an inorganic form
such as NO;3; -N because it is not as susceptible to leaching and other nitrous
losses (Sawyer et al., 2003).

The time of soil sampling is less critical with the INST because it is less
dependent on N transformations and is less variable than the PPNT or the PSNT

(Khan et al., 2001). However, Hoett et al. (2002) found that INST values were
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3.5 to 12.6% greater in the spring compared to fall because of microbial
decomposition of crop residues during mild winters. Hoeft et al. (2002) advised
that soils should be sampled in the fall after harvest to reduce the risk of a type |l
error where a responsive soil could be erroneously identified as a non-responsive
soil, based on greater INST values from spring sampling.

The ability of the INST to detect sites where corn is non-responsive to N
fertilization varies. Sawyer et al. (2003) found the INST -to correctly identify corn
responsiveness to N at one of seven site years. All seven sites were identified
by the INST to be non-responsive sites, when actually; six sites were responsive
(type Il error). Hoeft et al. (2002) also reported that out of 15 sites, the INST
predicted four responsive sites as non-responsive sites. Because the INST can
incorrectly identify responsive sites, growers may be reluctant to use the INST to
predict sites that are non-responsive to N fertilizer.

The INST may have the ability to predict sugarbeet sites that are non-
responsive to N fertilization by establishing a critical threshold value similar to
that of corn (250 mg N kg™'). Potentially, this value could be determined for
sugarbeet crops in different regions to assist the N recommendations by
predicting sites that would beg non-responsive to additions of N fertilizer. This is
especially important in sugarbeet growing regions where N fertilizer is applied
when it is not necessary, and return to the grower would then be reduced
because of the cost of the fertilizer that was not needed. During a time when N
costs are rising, it is increasingly important to accurately detect sites that do not

require N. Therefore, the INST may be a valuable resource to growers to assist
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them in maximizing yield and quality of sugar produced and in turn, maximizing

their net profit.

OBJECTIVES
The objectives of this study were to: (1) quantify the economic optimum N
rate for sugarbeets grown in a sequence with corn, soybean (Glycine max, L.), or
dry bean, (2) assess the validity of the current sugarbeet N recommendations,
and (3) evaluate the INST and other soil tests to predict N responsiveness in

sugarbeet.

MATERIALS AND METHODS

Plot Design and Treatments

Five sites each in 2002 and 2003, and four sites in 2004 were selected in
the Saginaw Valley and Thumb sugarbeet production regions in Michigan (Table
1.1). Each year, two sites were located at the Saginaw Valley Bean and Beet
Farm; one site had a previous crop of corn, and the other had a previous crop of
dry beans. The remaining sites were located in sugarbeet grower fields and had
previous crops of corn, soybeans, or dry beans (Table 1.2).

Plots were 4.6 m wide and 15.2 m long. Sugarbeet variety Hilleshég E-

17" was planted in 2002 and 2003, and Beta 54512 in 2004 in 0.76 m rows at a

! Syngenta Seed Co., Longmont, CO
2 BetaSeed, Inc. Shakopee, MN
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rate of 129,100 seeds ha'. No starter fertilizer was applied in 2002. In 2003 and
2004, starter fertilizer was applied in all plots at a rate of 150 kg ha™ of 0-15-38
plus 1.5% Mn and 0.2% S. Nitrogen treatments were applied in a randomized
complete block design with four replications. Nitrogen rates ranged from 0 to 238
kg ha™ in 34 kg ha™ increments in 2002 and 0 to 225 kg ha™ in 45 kg ha™
increments in 2003 and 2004. All plots received 34 or 45 kg N ha™ as urea at
planting with the exception of the control plots (0 kg N ha™ applied). The
remaining amount of N, as urea, to complete the treatment was knifed in at
sidedress when sugarbeet plants had two to four true leaves. Approximately two
months after planting, sugarbeets were thinned to approximately 62,000 plants
ha™ in 2002 and approximately 90,400 plants ha™ in 2003 and 2004. Weed and
disease control measures were carried out according to normal production
practices. Sugarbeets were machine harvested from the middle 9.1 m in each of
the center two rows in late October through early November each year.
Harvested roots were analyzed for sucrose content and CJP by the Michigan
Sugar Company. Planting, sidedress fertilization, and harvest dates are given in

Table 1.2.

Soil Sampling

Preplant soil samples were collected to depths of 0 to 0.15, 0 to 0.30, 0.30
to 0.60, and 0.60 to 0.90 m in each replication. All soil samples were air-dried,
ground, sieved through a 2 mm sieve, and mixed thoroughly to ensure

homogeneity. Dried and ground soil samples were stored in plastic bags.
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Organic matter (OM), pH, Olsen-P or Bray 1-P, exchangeable K, Ca, and Mg
(Brown, 1998) were measured on the 0 to 0.15 m soil samples. Measured soil
fertility parameters along with the soil taxonomic classification for each site are
provided in Table 1.3. Samples collected at depths of 0 to 0.30, 0.30 to 0.60, and
0.60 to 0.90 m were analyzed to determine NO, -N (Brown, 1998) and NH;-N
(Keeney and Nelsdn, 1982). The INST was analyzed on 0 to 0.30 m samples

with procedures provided in Appendix A, and details provided in Appendix B.

Statistical Analysis
Equations
The foliowing are equations that were used to calculate parameters prior

to data analysis:

RWSA, grower payment and economic return

RWSA (kg ha') = (yield1 * {(sucrose content * 18.4) - 22) * (1 — (60/(CJP - 35)))) / 0.4
Grower payment’ ($ ha™') = yield' * (35— (35 * (0.0599 * (18.685 — % sucrose content))))

Economic return® ($ ha™') = grower payment — (0.66 * N rate)

a

Relative payment and relative return

Relative payment and relative return are used to assess payment or return

across locations. Relative payment for a given location was calculated as the

! Yield is expressed in tons of beets produced per acre.
2 Grower payment is calculated based on the 2003 Michigan Sugar Company payment formula.
3 Economic return is based on a N cost of $0.66 kg™'.

15



payment at each N rate divided by the greatest payment at a given N rate at that
location and multiplied by 100. Each location had a relative payment of 100%,
and the remaining treatments were less than 100% depending on the payment at
each N rate. The other locations were calculated similarly.

Relative payment (%) = (payment) / greatest payment) x 100

Relative return (%) = (return / greatest return) x 100

Response of yield and RWSA to N fertilization

Response of yield (or RWSA) to N fertilization was calculated at each
location using the optimum and check plot (0 kg N ha™ applied) yields at that
location.

Yield Response (%) = ((Optimum Yield — Check Plot Yield) / Check Plot Yield) * 100

RWSA Response (%) = ((Optimum RWSA — Check Plot RWSA) / Check Plot RWSA) * 100

Determination of Optimum N Rates

To determine optimum N rates at each location to maximize yield, RWSA,
grower payment, relative paylnent, and relative return, PROC NLIN in SAS was
used to calculate optimum N rates using linear plateau, quadratic plateau, and
quadratic models (SAS Institute, 1999). The models for yield, RWSA, grower
payment, relative payment, and relative return at each location were chosen
based on R? values and graphically, by plotting the data and models to view

which model best fit the data. The greater the R? value, the better the model fit
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the data. The optimum N rates were located at the join points of the linear
plateau and quadratic plateau models and the maximum of the quadratic model.
When response models would not converge on the data, ANOVA was used to
verify non-responsive sites; in that a nonsignificant ANOVA verified that N rate

had no effect on yield.

Economic Optimum N Rates

Economic optimum N rates were determined based on the models chosen
for RWSA, payment, and return at each location. The EONR was the point
where RWSA and payment most exceeded the total cost of N. The EONR for
RWSA or payment was based on the greatest distance between RWSA or
payment (based on the model) and the cost of N. If the model that best fit the
data was the linear plateau model, then the EONR is equal to the optimum N rate
because the greatest distance between the cost of N and the model is at that
point. Figure 1.1 illustrates of this concept. If the quadratic plateau or quadratic
model best fit the data, then the EONR was calculated using the model
parameters, by comparing the tangent of the curve to cost of N (Black, 1993).
The EONR is where the tangent of the curve equals the slope of the cost of N
(Black, 1993), this is the point at which RWSA or return most exceeds the cost of

N.

Economic optimum N rates using the linear plateau model

EONR = ONR
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Economic optimum N rates using quadratic plateau or quadratic models
REONR ' = ((ratio’ - b*) /(2 * ¢¥))

PEONR? = ((N cost—b*) /(2 * ¢*))

It is important to consider if potential changes in N cost could affect N
recommendations in sugarbeet based on the current grower payment formula.
Therefore, four N prices of $0.44, 0.55, 0.66, and 0.77 ha™' were evaluated to
determine if EONR substantially changed with changes in N cost. If grower
payment were based on RWSA, different price ratios of the cost of N to the price
of sugar as 1:1 ($0.10 N : $0.10 sugar), 2:1 ($0.20 N : $0.10 sugar), 3:1 ($0.30
N: $0.10 sugar), and 4:1 ($0.40 N : $0.10 sugar) were used in calculating the
EONR to determine if differences in cost of N and price of sugar would affect N
recommendations if RWSA were to be used for future grower payments.

When combining data across all sites, EONR is calculated for relative
return based on the current payment plan to compensate for large differences in
absolute return for various sites. Relative payment is expressed in percentages;
therefore, EONR for combined data cannot be calculated using a response
model that fits the relative payment data. Thus, relative return is calculated
because it factors in the cost of N. The EONR for relative return is the optimum

N rate, regardless of the model used (linear plateau, quadratic plateau,

"REONR = RWSA Economic Optimum N Rate

2PEONR = Payment Economic Optimum N Rate

T The ratio is defined as the cost of N to the price of sugar.
*The letters band ¢ represent parameters in the model.
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or quadratic), because the cost of N is already factored in the calculation.

RESULTS AND DISCUSSION

Determination of Optimum N Rates

For all locations, data showing sugarbeet yield, sugar, CJP, and RWSA
are provided in Tables 1.4 through 1.17. Graphical representation of sugarbeet
yield, RWSA, and payment at each N rate is provided in Figures 1.2 through
1.15. Tables 1.18 through 1.20 show the response model, model parameters, R?
values, and the respective optimum N rates for each location to achieve
maximum sugarbeet yield, RWSA, and payment. At locations 2002-3, 2002-5
and 2003-3, response models did not fit the data; therefore, sugarbeets on these
sites were declared non-responsive to N fertilization.

Optimum N rates for yield, RWSA, and payment at each location were
within 20 kg ha™ at the following locations: 2002-1, 2002-2, 2003-3, 2002-5,
2003-1, 2003-2, 2003-3, 2003-4, and 2004-5 (Table 1.21). At locations 2002-6,
2004-1, and 2004-6, YONR was at least 20 kg ha™ less than RONR and PONR.
While at location 2003-5, YONR was at least 20 kg ha™ greater than RONR and
PONR. At location 2004-2, YONR was 11 kg ha™' greater than PONR and 14 kg
ha™ less than RONR.

The differences between RONR and PONR were less than or equal to 10
kg ha™ at all locations except 2003-5, 2004-2, and 2004-6, where the differences
were 13, 25, and 13 kg ha™, respectively (Table 1.21). Unlike past research

where RONR was less than YONR (Adams et al., 1983; Carter et al., 1976; and
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Sims, 2004), YONR was not always the greatest N rate at a location; the YONR
was greatest at five locations (2002-1, 2003-1, 2003-2, 2003-4, and 2003-5),
RONR at two locations (2004-1 and 2004-2), and PONR at four locations (2002-
2, 2002-6, 2004-5, and 2004-6). At locations 2002-3, 2002-5, and 2003-3, the
RONR, PONR, and YONR were 0 kg N ha™. Therefore, the concern of over
fertilization when fertilizing at the YONR may not be as great as anticipated
because there are locations where the RONR and PONR exceeded the YONR.

The optimum N rate for the two locations in 2002 and one location in 2003
was 0 kg N ha™', meaning these sites were non-responsive to additional N
fertilizer. Disregarding the non-responsive sites, YONR ranged from 94 to 181
kg N ha™, RONR. ranged from 98 to 167 kg N ha™', and PONR ranged from 103
to 169 kg N ha™'. Overall, YONR had a larger range than did either RONR or
PONR.

Nitrogen recommendations may change if the formula for grower payment
changes from being focused on primarily yield with an adjustment for sugar to a
quality payment. So it is important to understand if or how PONR and RONR
differ. When fertilizing to solely maximize parameters such as yield, RWSA, or

payment, cost of N is disregayded.

Determination of Economic Optimum N Rates
Economic optimum N rates based on the current payment formula with a
N cost of $0.66 kg™’ are shown in Table 1.21. If cost of N were to change within

the range of $0.44 kg™ to $0.77 kg™, the maximum difference in optimum N rates
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is small (6 kg N ha') (Table 1.22). EONR is relatively insensitive to the different
prices of N; thus, changes in yield at the EONR for various prices are small
(Table 1.22).

Economic optimum N rates for RWSA are important to consider, as
potential changes in the payment plan may focus on RWSA. The impact of
various N:sugar price ratios on EONRs are minimal. Table 1.21 provides the
EONR and associated yield when N:RWSA price ratio is 3:1 ($0.66 N:$0.22
sugar). Results from evaluating different price ratios for RWSA ranging from 1:1
to 4:1 are shown in Table 1.23; with the greatest difference in N rates across
different price ratios is 14 kg N ha™. Because the EONR at different price ratios
is relatively unaltered, yield is also unaltered (maximum difference is 0.9 Mg
ha™).

A comparison of EONR calculated based on RWSA at a price ratio of 3:1,
and payment ét a N price of $0.66 kg™ is provided in Table 1.21. Economic N
rates for RWSA and payment were within 17 kg N ha™', with an average
difference of 5.4 kg N ha™. Although the REONRs and PEONRs are similar
(within 17 kg N ha''), the REONRs are less than the PEONRs at 6 of the 14
locations. Because the difference between the N rates for RWSA and payment
at each location are relatively small, the difference in yield is also small (within 1
Mg ha™). Yield may be compromised, but of more importance, return is
maximized when fertilizing at the EONR. RWSA could potentially be used to

calculate payment without drastic changes to return or N recommendations.
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Relative Return

By combining all locations, the locations represent a subset of the entire
population. When all locations are combined, the EONR could be determined
that reliably fits all the data. By calculating relative return, all locations are placed
on the same scale. The optimum N rate of relative return is equal to the EONR.
Combining all locations, relative retum is shown across N rates in Figure 1.16.
Models were fit to this data and are shown in Table 1.24. When all data is
included, depending on the model (linear plateau, quadratic plateau, or
quadratic), the EONRSs for relative return range from 90 kg N ha™ for the linear
plateau model to 160 kg N ha™ for the quadratic model.

Using all d‘ata (Figures 1.16 and 1.17), the EONR, using the linear plateau
model, for relative return is 90 kg N ha™. This model plateaus at 94.1% relative
return. With only the responsive sites, the optimum N rate for relative return is
97 kg N ha™ (linear plateau model); with a plateau at 95.7% relative return (Table
1.24). Despite similarities between N rates with all data and only the responsive
sites, the R? value almost doubles when the non-responsive sites are removed
from the data set (0.471 versus 0.721). The model does not fit as well when both
non-responsive and responsiye sites are used to fit the model because the non-
responsive sites have a relative return of 100% at low N rates.

Relative return economic optimum N rates differ depending on which
model is chosen (linear plateau, quadratic plateau, or quadratic). Using all the
data, the linear plateau model is the best fit for the data based on the R? value

0.370 (Table 1.24). Generally, the quadratic plateau and quadratic models have
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similar R? values (0.358 and 0.360, respectively) (Table 1.24). The linear plateau
model also has the lowest EONR (90 kg N ha'_‘), the quadratic plateau model has
an EONR of 135 kg N ha™', and the quadratic model has the greatest EONR (160
kg N ha™') (Table 1.24).

If the EONR is based on the models, it is often difficult to pick one model
over the other. Because the lowest EONR was with the linear plateau model, the
risk of under fertilization may be the greatest with the linear plateau model. To
assist in the decision on which N rate is best, the cost associated with under or
over fertilization was evaluated (Table 1.28). All three models (linear plateau,
quadratic plateau, and quadratic) were evaluated for all locations where soil NO3”
-N was not considered, and with soil NO3-N values at the 0 to 0.30 m depth and
the 0 to 0.60 m depth.

The numbers used to generate Table 1.28 (along with Tables 1.29 and
1.30) were not based on relative return for the current payment plan, but by
calculating RWSA response to N at a ratio of 3:1 ($0.66 kg™ N:$0.22 kg™ sugar).
Relative return for current payment plan and RWSA response to N values are not
the same; however, PONR and RONR are similar; thus, this discrepancy is
irrelevant. s

The optimum N rate for relative return over all locations, with the mean
that was closest to zero (which minimized loss because of under or over
fertilization) and the lowest standard deviation (least variability) was 135 kg N
ha™ (Table 1.28). If non-responsive sites could be predicted, 135 kg N ha™

remains the optimum N rate.
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Adding Preplant Profile Soil Nitrate to N Fertilization Rates

Preplant soil NO3-N values were added to the EONR for RWSA and
payment (Table 1.31) to determine if adding residual soil N at different depths
would assist in predicting sites that are non-responsive to N. Nitrate-N values for
the non-responsive sites were, on average, 22 kg N ha™ from the 0 to 0.30 m
depth, 37 kg N ha™ from the 0 to 0.60 m depth, and 53 kg N ha™ from the 0 to
0.90 m depth. These values are less than the average EONR for responsive
sites when NO3-N is not added. The preplant profile NO3-N values were unable
to predict the non-responsive sites as the values for responsive and non-
responsive sites were not drastically different. Sugarbeets on the non-
responsive sites were attaining N from other sources than the NO3™-N in the top
0.90 m of soil.

Preplant soil N (NO3™-N) at depths of 0 to 0.30 m, 0 to 0.60 m, and 0 to
0.90 m was added to N fertilizer rates. These values were plotted with relatiQe
retumn (Figure 1.16) to determine if adding residual NO3-N to the fertilizer N
applied would improve the fit of the models with relative return and provide a
clear idea of a N rate that could be used for recommendations. Whén NO3-N
was added to fertilizer N, the EONRs increased because the NO3-N values
shifted the EONRs to greater values (Tables 1.24 and 1.27). When preplant soil
N was added to the N fertilizer rate, the R? value increased compared to the R?
value with the N fertilizer rate alone for all sites. For example, the R? value for
the linear plateau model for relative return for fertilizer N was 0.370 (Table 1.24)

and increased to 0.453 when NO3™-N to a depth of 0 to 0.90 m was added to
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fertilizer N (Table 1.27). When only responsive sites were considered, the
addition of soil NO3-N values did not greatly improve the fit of the response
model as evidenced by similar R? values. For example, relative retum R? values
for fertilizer N with the linear plateau model (0.639 for N fertilizer only and 0.655
for N fertilizer and NO5™-N to a depth of 0 to 0.90 m) (Tables 1.24 and 1.27).
Adding soil NO3-N to predict optimum N rates would not improve N
recommendations, nor would be economical (Table 1.30).

When soil NO3-N values at the 0 to 0.30 m depth and the 0 to 0.60 m
depths were analyzed at different N rates (Table 1.29), the mean and standard
deviations were not improved over not sampling, and the cost of soil sampling
and analysis, for example, $13 ha™ for soil sampling to 0.30 m and $18 ha™ for
soil sampling to 0.60 m ($5 ha™ to analyze each 0.30 m sample and $8 ha™ for
labor) would not be economically feasible compared to the optimum N rate of 135
kg N ha™ without soil sampling.

It is often difficult and time consuming to soil sample to 0.90 m to test for
preplant NO3-N in Michigan. The information that could be gained from soil
sampling may not be economical, as denitrification and leaching can remove a
large portion of residual soil NO3™-N from the soil profile prior to planting.
Because this method does not predict sites that are non-responsive to N

fertilizer, there is a greater risk of over fertilization of these sites.
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Model De;lelopment for N Recommendations

In an attempt to predict N rates in sugarbeets, another modeling approach
was investigated. The model parameters were based on site characteristics
(vield and previous crop) and soil properties (OM, INST, total N, total organic
carbon, and preplant NO3-N at depths of 0 to 0.30 m, 0 to 0.60 m, and 0 to 0.90
m) that were correlated to REONR and PEONR

Correlation coefficients were determined for all parameters using PROC
CORR in SAS (SAS Institute, 1999) (Table 1.32). Parameters significantly
correlated to the RWSA economic optimum N rate (REONR) and payment
economic optimum N rate were used as starting points for parameters that may
produce a model that can predict economic optimum N rates. (PEONR) were
used for determining significant equations for calculating optimum N rates in
PROC REG (SAS Institute, 1999).

REONR and PEONR were significantly correlated (a = 0.10) to previous
crop, OM, INST, and preplant NO5™-N at the 0 to 0.30 and 0 to 0.90 m depths
(Table 1.32). When the non-responsive sites were removed from the data set,
there were no correlations between REONR or PEONR and any of the site
parameters or soil properties,(Table 1.33). The non-responsive sites were
driving the significant relationships, and when removed, the correlations no
longer existed. Relationships between OM and PEONR with all data (Figure
1.17a) and without non-responsive data (Figure 1.17b) illustrate the lack of

significance when non-responsive sites are removed. Other soil test results,
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such as preplant NO;-N (Figure 1.18) and INST show similar trends (Figure
1.19).

The significant correlations prior to removal of the non-responsive values
were used in PROC REG to develop an equation using the soil values that were
significantly correlated to REONR or PEONR. The process used to analyze
models using different parameters is provided in Appendix C. One of the
statistically best models included yield and preplant NO5;™-N (0-0.30 m, 0-0.60 m,
and 0.90 m). This model included yield, but it would be difficult to predict the
yield at the economic N rate; also, yield was not correlated to REONR (P = _
0.6424) or PEONR (P = 0.6465) (Table 1.32). Other models included too many
parameters. For example, to predict REONR, one of the best models included
yield, OM, preplant NO3;-N (0-0.30 m, 0-0.60 m, and 0-0.90 m), and previous
crop. This might be the best model, but it is the least practical because, in
Michigan, it is difficult (but not impossible) for soil samples to be collected from a
0 to 0.90 m depth. One of the more practical models to predict REONR included
OM and preplant NO3-N (0-0.30 m), but when the non-responsive sites were
removed from the data set, this model no longer predicted REONR (Figure 1.20).
To predict PEONR, one of the best models included preplant NO;-N at depths of
0-0.30 m, 0-0.60 m, and 0-0.90 m. This also no longer predicted PEONR after
the non-responsive sites were removed (Figure 1.21). Therefore, the models
that could have been used were unable to predict optimum N rates when non-

responsive models were not included in the data set. The non-responsive sites
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were driving the relationships between the site parameters and soil properties

and the EONR.

Predicting Non-responsive Sites

Because non-responsive sites drive correlations, it may be possible to
predict non-responsive sites when using one of the soil parameters where
correlations existed for all data, but when non-responsive sites are removed from
the data set, the correlation no longer exists (Table 1.33). In order to predict
non-responsive sites, it was important to find relationships between soil
properties and yield or RWSA. Thus, response of yield and RWSA to applied N
was calculated for each location and was plotted against NO, -N from a depth of
0 to 0.30 m (Figure 1.22), total N (Figure 1.23), OM from a depth of 0-0.15 m
(Figure 1.24), and INST (Figure 1.25). The Cate-Nelson procedure (Cate and
Nelson, 1971) was used to establish critical threshold values for NO; -N from a
depth of 0 to 0.30 m, total N, OM, and INST for yield and RWSA response.
Typically, the threshold ranges were similar for yield and RWSA response.

For NO; -N and total N, the Cate-Nelson procedure would not separate
responsive sites from non-redponsive sites, and the threshold ranges were
narrow (4.38 to 5.04 mg kg™ for NO,-N and 0.22 to 0.23% for total N). This is
mainly because of large responses (greater than 100%) to N at locations 2004-1

and 2004-6. Organic matter had a critical threshold range of 3.63 to 4.05%, and
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INST critical threshold range was 228 to 269 mg kg™'. Both of these soil
properties correctly identified two out of three non-responsive sites.

When NO, -N from a depth of 0 to 0.30 m (Figure 1.26), OM (Figure 1.27),
and INST (Figure 1.28) were plotted against YONR and RONR, all three soil
properties correctly predicted two out of three non-responsive sites based on
critical threshold levels established by the Cate-Nelson procedure. The site that
NO, -N from a depth of 0 to 0.30 m, OM, and INST did not predict was a type Il
error, not the type | errors reported by Hoeft et al. (2002) and Sawyer et al.
(2003). Type | errors that predict responsive sites as being non-responsive result
in under fertilization, and are often worse than type |l errors that predict sites to
be responsive when they are actually non-responsive. The threshold range for
NO;-N was 6.24 to 7.66 mg kg™, and the critical threshold ranges for OM and
INST did not change compared to the Cate-Nelson threshold ranges when
plotted against yield and RWSA response (3.63 to 4.05% and 228 to 269 mg
kg™, respectively).

The critical threshold range for the INST (228 to 269 mg kg™) is similar to
the recommendation by the University of lllinois for con; no N is needed when
INST is greater than 250 mgkg™'. Because OM and INST are significantly
correlated (P = 0.0483) (Table 1.32), it would be more convenient to use OM to
aid in prediction of non-responsive sites over the INST.

It is very difficult to predict sites that would not respond to N fertilizer, and
there is no current soil test that can predict 100% of the non-responsive sites.

However, OM is the best soil parameter that was evaluated to predict the non-
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responsive sites. If OM is greater than 4%, it would be best to be conservative
when applying N in sugarbeet; N should be applied such that the risk of over
fertilization is minimized. Mbre locations need to be studied to continue to verify

this relationship.

Previous Crop and Residue Effects

It was observed in some locations where corn was the previous crop, the
response to N at rates of 34 or 45 kg N ha™ was different from locations where
the previous crop was beans. Visual differences were noted at locations that had
both a previous crop of corn and soybean. The sugarbeets grown with a
previous crop of corn were visually shorter than the sugarbeets with a previous
crop of soybean, especially at the lower N rates (locations 2002-1 (Figure 1.2),
2003-1 (Figure 1.7), 20034 (Figure 1.10), 2004-1 (Figure 1.12), and 2004-5
(Figure 1.14)). However, not all sugarbeets where corn was the previous crop
responded in this manner.

After studying the site information, it was determined that tillage may have
interacted on the sugarbeet sites with previous corn crops. Sites that were
moldboard plowed (2002-1, 2003-1, 20034, 2004-1, and 2004-5) had a low
amount of crop residue visible on the soil surface, and sites that were chisel
plowed visually had a greater amount of crop residue on the soil surface. Thus, it
was important ‘to assess whether yield or RWSA responses differed with the
different tillage operations. At a given location, yield response (Figure 1.29a and

RWSA response (Figure 1.29b) were similar. For example, at location 2002-1,
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the yield response was 69% and the RWSA response was 64%. Most locations
were below 80% response, where only two out of the six locations below 80%
had large amounts of crop residue. Two locations had yield and RWSA
responses above 100%, one had low residue and the other had high residue. A
relationship between yield or RWSA response and the amount of residue

associated was not related to tillage (r = 0.23).

CONCLUSIONS

The current N recommendation in Michigan is 90 to 112 kg N ha™
assuming a yield goal of 45 to 56 Mg ha™. Nitrogen recommendations for
sugarbeet in Michigan should be adjusted to remove the equation that includes a
factor multiplied by yield goal. Instead, values with guidelines should be used to
choose a suitable N rate. On average, 135 kg N ha™ is the economically best
rate for sugarbeet production. If a range of N rates is to be considered, it is best
to apply 135 kg N ha™' plus or minus 15 kg N ha™. If non-responsive sites cannot
be predicted, then applying 120 to 135 kg N ha™ is slightly better than 135 to 150
kg N ha™ because the 120 kg N ha™ application rate has a slightly lower standard
deviation than 150 kg N ha™ (Table 1.28). While sugarbeets are sensitive to the
over application of N, applying more N is generally less costly (Table 1.28) than
under applying N.

For non-responsive sites, applying up to 80 kg N ha™ does not drastically
change relative return. Thus, for sites with OM greater than 4%, a N

recommendation of 80 kg N ha™ would reduce the potential for large economic
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losses on soils that do not respond to N, but allows for cases where there may be

small responses to N.
Adding preplant profile soil NO, -N to fertilizer N could contribute to

making N recommendations in Michigan, but is often not economical and would
not aid in predicting non-responsive sites. This is more economical for climates
that are drier, like Minnesota, where more residual N is found in the soil profile in
the spring.

The Michigan Sugar Company is researching alternative payment plans to
be weighted more on sugarbeet quality. EONR for payment is similar to EONR
for RWSA. EONR for payment or RWSA are relatively insensitive to changes in
the price of N or N:sugar price ratio, respectively; thus, any change made to the
payment plan would not have a dramatic effect on sugarbeet N
recommendations.

Out of 14 sites over three years, 21% of sugarbeet sites were non-
responsive to N fertilizer. Currently, the best way to predict these sites is with
OM or INST, even though both tests were only able to predict two out of the three
non-responsive sites. Because OM is a routine soil test, using OM would be a
more convenient method to identify potentially non-responsive sites. Further
validation of the critical threshold range (3.63 to 4.05% OM) between OM and
non-responsive sites is needed.

Soil tests like the INST and PPNT are difficult to use for Michigan
sugarbeet recommendations. It is also difficult to choose an appropriate model

or equation that included soil parameters that were correlated to the EONR.
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When quantifying the EONR, despite visual differences between
sugarbeet foliage in previous corn versus bean crops, previous crop did not play
a major role in developing N recommendations. If the current sugarbeet
recommendations were to change based on this research, yield goal and
previous crop should not play a major factor in N recommendations.

It continues to be a challenge when deciding exactly how much N to apply
to a sugarbeet crop. More field evaluations should be conducted to verify the
relationship between N and OM, along with determining the guidelines for using a
flat rate versus a range of N rates that a grower to apply to achieve the maximum

return.
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Table 1.1. Location information.

Location'  County Crossroads

2002 - 1 Saginaw Thomas and Swan Creek
2002-2  Saginaw Thomas and Swan Creek
2002 -3 Gratiot Bagley and M-46
2002-5  Saginaw M-13 and Townline
2002-6  Saginaw Baldwin and McGregor
2003 -1 Saginaw Thomas and Swan Creek
2003-2  Saginaw Thomas and Swan Creek
2003 - 3 Gratiot Harrison and E. Co. Line
2003 -4 Gratiot Wisner and Tyler
2003-5  Tuscola Vassar and Hickey
2004 -1  Saginaw Thomas and Swan Creek
2004 -2  Saginaw Thomas and Swan Creek
2004 -5  Saginaw M-13 and Townline
2004-6  Saginaw Westerveldt and Kochville

T The first four numbers in the location represent the year.
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Table 1.2. Previous crop and dates of planting, sidedress fertilizer application,
and harvest for sugarbeets grown in 2002-2004.

Location' Previous Crop Planting Sidedress Harvest
2002 -1 Comn 15 April 22 May 14 October
2002 - 2 Dry Bean - 15 April 22 May 14 October
2002 -3 Dry Bean 23 May 27 June 13 October
2002 -5 Soybean 11 April 25 May 15 October
2002 - 6 Comn 11 April 25 May 15 October
2003 -1 Comn 28 April 2 June 14 October
2003 -2 Dry Bean 28 April 2 June 14 October
2003 -3 Soybean 29 April 3 June 30 October
2003 -4 Corn 29 April 3 June 24 October
2003 -5 Corn 30 April 2 June 9 November
2004 - 1 Corn 2 April 10 May 5 October
2004 - 2 Dry Bean 2 April 10 May 5 October
2004 -5 Corn 12 April 10 May 26 October
2004 -6 Corn 12 April 10 May 27 October

¥ The first four numbers in the location represent the year.
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Table 1.4. Location 2002 - 1 ANOVA comparisons for yield, sugar, CJP,
and RWSA at all N rates.

N Rate Yield Sugar CJP RWSA
kg ha™ Mg ha™ % % kg ha™
0 324 d¥ 194 a 972 a 4392 d
34 371 cd 196 a 96.7 b 5039 cd
67 445 bc 19.6 a 96.5 bc 6024 bc
101 504 ab 19.6 ab 96.5 bc 6840 ab
134 519 ab 19.5 abc - 96.4 bc 7010 ab
168 541 a 19.2 abc 96.4 bc 7186 ab
202 514 ab 19.3 bc 96.0 cd 6875 a
235 546 a 191 ¢ 958 d 7085 a
CV (%) 134 1.42 0.37 14.3

T Within a column, means followed by the same letter are not significantly different
(a=0.10).

Table 1.5. Location 2002 - 2 ANOVA comparisons for yield, sugar, CJP,
and RWSA at all N rates.

N Rate Yield Sugar CJP RWSA
kg ha™ Mg ha™ % % kg ha™
0 489 dt 201 ab 96.6 a 6863 b
34 59.8 ¢ 205 a 96.3 ab 8453 a
67 63.5 abc 204 a 96.1 ab 8952 a
101 62.7 bc 204 a 96.1 ab 8810 a
134 66.9 ab 205 a 96.0 abc 9444 a
168 69.2 ab 20.2 ab 955 cd 9507 a
202 69.7 a 199 b 95.7 bcd 9481 a
235 640 abc 198 b 952 d 8653 a
CV (%) 9.0 1.63 0.51 10.2

T Within a column, means followed by the same letter are not significantly different
(a=0.10).
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Table 1.6. Location 2002 - 3 ANOVA comparisons for yield, sugar, CJP,
and RWSA at all N rates.

N Rate Yield Sugar CJP RWSA
kg ha™ Mg ha™ % % kg ha™
0 650 a' 176 a 937 a 7413 a
34 66.2 a 17.3 a 93.1 ab 7319 a
67 66.2 a 17.3 a 93.2 ab 7381 a
101 674 a 17.1 a 929 b 7365 a
134 682 a 16.5 b 92.7 bc 7131 ab
168 679 a 164 b 928 b 7056 ab
202 66.7 a 16.3 b 921 cd .6801 b
235 674 a 161 b 919 d 6732 b
CV (%) 3.7 2.95 0.51 47

TWithin a column, means followed by the same letter are not significantly different
(a=0.10).

Table 1.7. Location 2002 - 5 ANOVA comparisons for yield, sugar, CJP,
and RWSA at all N rates.

N Rate Yield Sugar CJP RWSA
kg ha™ Mg ha % % kg ha™
0 781 a' 179 a 937 a 9073 a
34 82.3 a 17.3 ab 929 a 9099 a
67 79.8 a 177 a 930 a 9050 a
101 798 a 16.7 bc 927 a 8408 a
134 771 a 16.7 bc 938 a 8387 a
168 800 a 163 c 933 a 8317 a
202 79.5 a 16.1 ¢ 932 a 8164 a
235 825 a 16.3 ¢ 931 a 8561 a
CV (%) 6.6 36 1.03 6.7

TWithin a column, means followed by the same letter are not significantly different
(a=0.10).
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Table 1.8. Location 2002 - 6 ANOVA comparisons for yield, sugar, CJP,
and RWSA at all N rates.

N Rate Yield Sugar CJP RWSA
kg ha™ Mg ha™ % % kg ha™
0 442 d' 180 bcd 948 ab - 5338 e
34 487 cd 184 ab 952 a 6046 de
67 543 bc 180 bcd 951 a 6597 bcd
101 613 ab 186 a 944 bc 7562 ab
134 541 bc 18.3 abc 94.5 bc 6567 cd
168 605 ab 182 abcd 942 c 7263 abc
202 650 a 178 d 949 ab 7692 a
235 593 ab 179 cd 943 c 6997 abcd
CV (%) 11.6 2.1 0.48 12

T Within a column, means followed by the same letter are not significantly different
(a=0.10).

Table 1.9. Location 2003 - 1 ANOVA comparisons for yield, sugar, CJP,
and RWSA at all N rates.

N Rate Yield Sugar cP RWSA
kg ha™ Mg ha™ % % kg ha™
0 331 bt 210 a 953 a 4702 b
45 324 b 209 a 954 a 4622 b
90 484 a 212 a 952 a 6988 a
134 487 a 213 a 954 a 7078 a
179 472 a 210 a 951 a 6714 a
224 494 a 207 a 949 a 6919 a
CV (%) 18.6 1.43 0.35 19.5

T Within a column, means followed by the same letter are not significantly different
(a=0.10).

43



Table 1.10. Location 2003 - 2 ANOVA comparisons for yield, sugar, CJP,
and RWSA at all N rates.

N Rate Yield Sugar CJP RWSA
kg ha™ Mg ha™ % % kg ha™
0 375 cf 209 a 955 a 5347 d
45 415 ¢ 210 a 958 a 5985 d
90 511 b 212 a 956 a 7422 bc
134 494 b 211 a 956 a 7138 ¢
179 58.8 a 20.7 a 965 a 8287 ab
224 58.8 a 210 a 954 a 8418 a
CV (%) 9.4 1.61 0.37 10.8

T Within a column, means followed by the same letter are not significantly different
(a =0.10).

Table 1.11. Location 2003 - 3 ANOVA comparisons for yield, sugar, CJP,
and RWSA at all N rates.

N Rate Yield Sugar CJP RWSA
kg ha™ Mg ha™ % % kg ha™
0 492 a' 210 a 946 a 6946 a
45 48.2 a 212 a 947 a 6520 a
90 496 a 20.7 a 941 b 6793 a
134 511 a 205 a 93.7 bc 6897 a
179 477 a 199 a 932 c 6171 a
224 464 a 203 a 926 d 6066 a
CV (%) 9.4 3.03 0.42 8.5

T Within a column, means followed by the same letter are not significantly different
(a=0.10).
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Table 1.12. Location 2003 - 4 ANOVA comparisons for yield, sugar, CJP,

and RWSA at all N rates.

N Rate Yield Sugar CJP RWSA
kg ha™ Mg ha™ % % kg ha™
0 43.7 bt 20.3 a 949 a 5999 bc
45 425 b 202 a 947 a 5776 c
90 509 ab 215 a 945 a 7333 ab
134 576 a 215 a 940 a 8197 a
179 57.3 a 213 a 940 a 8062 a
224 571 a 216 a 93.8 a 8126 a
CV (%) 15.6 4.21 0.82 16.2

T Within a column, means followed by the same letter are not significantly different
(a=0.10).

Table 1.13. Location 2003 - 5 ANOVA comparisons for yield, sugar, CJP,
and RWSA at all N rates.

N Rate Yield Sugar CJP RWSA
kg ha™ Mg ha™ % % kg ha™
0 425 ¢ 199 a 937 a 5435 a
45 469 bc 198 a 930 a 5996 a
90 546 ab 198 a 941 a 7115 a
134 558 a 205 a 937 a 7492 a
179 568 a 206 a 933 a 7627 a
224 568 a 203 a 939 a 7573 a
CV (%) 13.5 3.45 1.35 15

T Within a column, means followed by the same letter are not significantly different

(a=0.10).



Table 1.14. Location 2004 - 1 ANOVA comparisons for yield, sugar, CJP,
and RWSA at all N rates.

N Rate Yield Sugar CJP RWSA
kg ha™ Mg ha™ % % kg ha™
0 279 bt 188 d 923 a 3322 b
45 356 b 189 bcd 919 a 4235 b
90 709 a 19.6 a 918 a 8702 a
134 684 a 196 a 925 a 8565 a
179 694 a 19.0 bcd 925 a 8383 a
224 69.7 a 19.2 bc 918 a 8392 a

CV (%) 9.0 1.67 1.01 9.8

T Within a column, means followed by the same letter are not significantly different
(a=0.10).

Table 1.15. Location 2004 - 2 ANOVA comparisons for yield, sugar, CJP,
and RWSA at all N rates.

N Rate Yield Sugar CJP RWSA
kg ha™ Mg ha™ % % kg ha™
0 536 cf 191 a 915 a 6348 c
45 63.2 b 19.1 a 912 a 7449 b
90 748 a 194 a 904 a 8788 a
134 766 a 19.2 a 913 a 9102 a
179 76.3 a 18.8 a 90.1 a 8574 a
224 753 a 19.0 a 909 a 8701 a
CV (%) 5.2 2.26 1.4 6.5

T Within a column, means followed by the same letter are not significantly different
(a=0.10).

b}
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Table 1.16. Location 2004 - 5 ANOVA comparisons for yield, éugar, CJP,
and RWSA at all N rates.

N Rate Yield Sugar CJP RWSA
kg ha™ Mg ha™ % % kg ha™
0 84.7 b' 183 a 930 a 9937 b
45 835 b 184 a 935 a 9915 b
90 986 a 18.8 a 934 a 12006 a
134 98.1 a 19.2 a 926 a 11964 a
179 96.8 a 188 a 926 a 11635 a
224 995 a 18.7 a 929 a 11904 a
CV (%) 7.4 2.95 0.6 5.6

T Within a column, means followed by the same letter are not significantly different
(a=0.10).

Table 1.17. Location 2004 - 6 ANOVA comparisons for yield, sugar, CJP,
and RWSA at all N rates.

N Rate Yield Sugar CJP RWSA
kg ha™ Mg ha™ % % kg ha™
0 19.7 cf 180 ¢ 934 a 2295 ¢
45 351 b 184 bc 934 a 4169 b
90 541 a 188 ab 932 a 6555 a
134 487 a 19.2 a 93.0 a 6004 a
179 58.0 a 188 ab 927 a 6955 a
224 58.3 a 187 ab 924 a 6898 a
CV (%) 16.4 2.66 0.66 17.3

T Within a column, means followed by the same letter are not significantly different
(a=0.10).
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Table 1.18. Models and optimum N rates for yield.

Location Model® Model Parameters R’ YONR* Yield®
a b c

kgha' Mgha
2002 - 1 QP 31.2135 0.2457 -0.00068 0.651 181 53
2002 -2 QP 50.1597 0.2435 -0.00088 0.546 139 67
2002 -3 - - - - - 0 68
2002 -5 - - - - - 0 80
2002 -6 LP 39.9100 0.1369 - 0.205 101 62
2003 -1 LP 30.1750 0.1717 - 0.487 106 48
2003 -2 LP 36.5083 0.1522 - 0.491 126 56
2003-3 - - - - - 0 49
2003 -4 LP 41.0576 0.1119 - 0.449 144 57
2003 -5 QP 40.9532 0.1869 -0.00055 0.366 169 57
2004 - 1 LP 24.1307 0.4475 - 0.868 94 69
2004 - 2 QP 52.9161 0.3254 -0.00114 0.773 143 76
2004 -5 LP 82.0375 0.1531 - 0.479 105 98
2004 - 6 LP  18.8526 0.3849 - 0.717 94 55

Tap = quadratic plateau model, LP = linear plateau model, and Quad = quadratic model

*YONR = yield optimum N rate

§ Yield at YONR
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Table 1.19. Models and optimum N rates for RWSA.

Location Model' Model Parameters R? RONR* RWSAS
a b c

kgha' kg ha
2002-1 QP 42488 34.0023 -0.1017 0615 167 7091
2002-2 Quad 7096.0 32.0683 -0.1062 0.480 151 9517

2002 -3 - - - - - 0 7150
2002 -5 - - - - - 0 8569
2002-6 QP 52527 31.0755 -0.1248 0.176 125 7187
2003 -1 LP 42942 25.3972 - 0.468 103 6904
2003 - 2 LP 5213.5 23.0611 - 0.491 119 7948
2003 -3 - - - - - 0 6565
2003 - 4 LP 5600.3 18.2234 - 0.461 137 8094
2003 -5 LP 54076 16.3594 - 0.406 134 7600

2004 - 1 QP 29069 76.1992 -0.2579 0.812 148 8536
2004-2 Quad 63209 34.3895 -0.1095 0.638 157 9021
2004 -5 LP 9584.3 23.0056 - 0.648 98 11834
2004-6 QP 2201.8 59.4314 -0.1940 0.716 153 6753

Tap= quadratic plateau model, LP = linear plateau model, and Quad = quadratic model
* RONR = RWSA optimum N rate
§ Yield at RONR
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Table 1.20. Models and optimum N rates for payment.

Location Modelt Model Parameters R? PONR* Payment’
a b c

kgha’  $ha’
2002 - 1 QP 1137.8 9.4015 -0.0277 0.638 169 1934
2002-2 Quad 19249 9.0169 -0.0292 0.522 154 2621

2002 -3 - - - - - 0 2080
2002 -5 - - - - - 0 2490
2002-6 QP 1463.2 8.7745 -0.0343 0.178 128 2025
2003 -1 LP 1195.7 7.114 - 0.468 103 1929
2003 -2 LP 1446.6 6.346 - 0.477 119 2206
2003 -3 - - - - - 0 1887
2003 -4 LP 1569.4  5.4532 - 0.475 139 2327
2003 -5 LP 1544.5  5.2421 - 0.405 121 2181

2004 - 1 QP 8604  23.0354 -0.0794 0.818 144 2532
2004-2 QP . 1889.3 124753 -0.0470 0.703 132 2717
2004 -5 LP 27849  6.3728 - 0.653 108 3473
2004-6 QP 6473 16.3024 -0.0492 0.724 166 1997

Tap = quadratic plateau model, LP = linear plateau model, and Quad = quadratic model
* PONR = payment optimum N rate
§ Yield at PONR
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Table 1.24. Models and economic optimum fertilizer N rates for relative return.

Parameter Model' Model Parameters R? EONR? Plateau
a b c
All Sites kg ha™ %
'}f'at"’e LP 723000 02432 - 0370 90 941
eturn ,
Relative
Return QP 72.1264 0.3300 -0.00122 0.358 135 94.3
Relative ,
Return Quad 72.6346 0.2918 -0.00091 0.360 160 96.0
Responsive Sites Only*
Relative
Return LP 64.4110 0.3240 - 0.639 97 95.7
Relative
Return QP 64.3157 0.4216 -0.00139 0.617 151 96.2
Relative
Return Quad 64.7739 0.3881 -0.00113 0.618 172 98.1

QP = quadratic plateau model, LP = linear plateau model, and Quad = quadratic model

* Without non-responsive sites (2002-3, 2002-5, and 2003-3).
§ Relative retum optimum N rate is equal to the economic optimum N rate.
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Table 1.25. Models and economic optimum N rates for relative return for soil N
(0 to 0.30 m) + fertilizer N.

Parameter Model' Model Parameters R?> EONR! Plateau
a b c
All Sites kg ha™ %
’;e'a“"e LP 661890 02699 - 0408 104  94.3
eturn

Relative  op 629488 04476 -0.00160 0398 140 943
Return :

Relative o 4 654246 03541 -0.00101 0398 175 965
Return

Responsive Sites Only*

Relative

\elatve L 584510 03206 - 0646 113 957
Relative

Satve QP 558662 04887 -0.00148 0628 165  96.1
Relative

Slatve  Quad 57.3841 04323 0.00115 0628 188  98.0

tap= quadratic plateau model, LP = linear plateau model, and Quad = quadratic model
* Without non-responsive sites (2002-3, 2002-5, and 2003-3).
§ Relative return optimum N rate is equal to the economic optimum N rate.
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Table 1.26. Models and economic optimum N rates for relative retumn for soil N
(0 to 0.60 m) + fertilizer N.

Parameter Model' Model Parameters R? EONR’ Plateau
a b c

All Sites kg ha™ %

Relative

Return LP 60.5490 0.2944 - 0.429 114 94.2

Relative

Return QP 53.9626 0.5401 -0.00181 0.422 149 942

Relative

Return Quad 59.257 0.3929 -0.00103 0.416 191 96.7

Responsive Sites Only*

Relative

Retumn LP 51.9010 0.3578 - 0.663 122 95.5

Relative

Return QP 47.0400 0.5614 -0.00161 0.647 174 96.0

Relative ’

Return Quad 504317 0.4695 -0.00116 0.643 202 97.9

Tap= quadratic plateau model, LP = linear plateau model, and Quad = quadratic model
* Without non-responsive sites (2002-3, 2002-5, and 2003-3).
§ Relative return optimum N rate is equal to the economic optimum N rate.
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Table 1.27. Models and economic optimum N rates for relative return for soil N
(0 to 0.90 m) + fertilizer N.

Parameter Model' Model Parameters R? EONRS Plateau
a b c

All Sites kg ha™ %
Relatve | n 55474 0.3503 ; 0453 123 935
Return

Relative  op 445720 06272 -0.00198 0448 158 942
Return

F:f'a“"e Quad 529894 04335 -0.00107 0439 203  96.9
eturn

Responsive Sites Only*

Fl‘:'a“"e LP 483360 03482 - 0655 135 955
eturn

Relative

Save QP 408432 05874 000157 0639 188 959
Relative

Save  Quad 453413 04863 -0.00112 0634 217 981

QP = quadratic plateau model, LP = linear plateau model, and Quad = quadratic model
* without non-responsive sites (2002-3, 2002-5, and 2003-3).
§ Relative retum optimum N rate is equal to the economic optimum N rate.
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Table 1.28. Relative return! compared to return at RONR at each location.

Location Nitrogen application rates (kg N ha™)
90 97 120 135 151 160 172
$ gain or loss ha™
2002 -1 -83 -64 -19 -2 5 3 -3
2002-2 47 -33 -2 5 0 -8 -24
2002-3 -59 -64 -79 -89 -100 -106 -114
2002-5 -89 -64 -79 -89 -100 -106 -114
2002-6 -10 -2 3 -7 -17 -23 -31
2003 -1 -63 -28 -11 -21 -32 -38 -46
2003-2 -126 -95 -1 -1 -21 -27 -35
2003-3 -59 -64 -79 -89 -100 -106 -114
2003 -4 157 -133 -56 -6 -9 -15 -23
2003-5 -129 -109 41 -1 -1 -17 -25
2004-1 -151 -113 -25 -1 -2 -8 -16
2004-2 64 47 -9 3 3 -2 -15
2004 -5 -34 -3 -16 -24 -35 41 -49
2004-6 -129 -98 -25 -2 1 -5 -13
Mean -84 -66 -31 -24 -30 -36 -44
Std Dev. 46.1 40.5 30.4 36.3 39.8 40.1 394

TBased on using the most appropriate model for RWSA response (a 3:1 ratio with $0.66 N kg™
! prices) to N fertilizer at each site and inputting the relative retum EONR

and $0.22 sugar g
*The rate 15 kg ha’
the best rate was already shown.

be
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EONR ONR

/\ONR = EONR

Quadratic
Plateau

Linear Plateau

RWSA (kg ha)
= NWpPp OO N
ocNoNoNoloelelNole)

Cost of N Fertilizer

0 34 67 101 134 168 202 235
-1
N Rate (kg N ha™)
Figure 1.1. lllustration of the calculation of the economic optimum N rate (EONR).
For the quadratic plateau model, the EONR is where the slope of the tangent to
the curve is equal to the slope of the cost of N fertilizer. For the linear plateau

model, the EONR is equal to the greatest distance between the model and the
cost of N fertilizer.
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Figure 1.2. 2002-1 yield (a), RWSA (b), and payment (c) responses to N.
The lines on each graph represent the chosen model for each parameter.
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Figure 1.3. 2002-2 yield (a), RWSA (b), and payment (c) responses to N.
The lines on each graph represent the chosen model for each parameter.
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Figure 1.4. 2002-3 yield (a), RWSA (b), and payment (c) responses to N.
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Figure 1.5. 2002-5 yield (a), RWSA, (b), and payment (c) responses to N.
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Figure 1.6. 2002-6 yield (a), RWSA (b), and payment (c) responses to N.
The lines on each graph represent the chosen model for each parameter.
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Figure 1.7. 2003-1 yield (a), RWSA (b), and payment (c) responses to N.
The lines on each graph represent the chosen model for each parameter.
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Figure 1.8. 2003-2 yield (a), RWSA (b), and payment (c) responses to N.
The lines on each graph represent the chosen model for each parameter.
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Figure 1.9. 2003-3 yield (a), RWSA (b), and payment (c) responses to N.
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