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Abstract

The performances of three different nitrogen fertilizer recommendation methods were
retrospectively tested with data obtained from 150 fertilizer nitrogen trials with sugar beet
and 98 trials with potatoes, which were conducted in the Netherlands in the period 1973-
1982. The recommendations consisted of applying a fixed fertilizer nitrogen rate in all situa-
tions (126 kg N per ha for sugar beet and 286 kg N per ha for potatoes), the current Dutch
method, which takes only the amount of mineral nitrogen present in the soil in early spring
into account, and a refinement of the current method, which also takes soil type and recent
applications of organic manures into account. On average, significantly lower amounts of
fertilizer nitrogen were recommended with the current method. The difference from the
other methods was on average 25 kg N per ha for sugar beet and 30 kg N per ha for potatoes.
With the refined current method the highest crop yields were obtained, but the difference
from the other methods was not significant and averaged only 0.3-0.4 t ha™! for sugar beet
and 0.1-0.2 t ha™! for potatoes. The recovery of fertilizer nitrogen by the potato tubers was
2 % higher with the current method than with the other methods. Based on these findings it
is concluded that the current recommendation method is preferable to the other methods.

Keywords: crop yield, fertilizer nitrogen rate, nitrogen fertilizer recommendation, fertilizer
nitrogen recovery, potatoes, sugar beet

Introduction

In the Netherlands the current nitrogen fertilizer recommendation method for sug-
ar beet and potatoes is based on the amount of mineral nitrogen present in the soil
in early spring (Anon., 1986). The larger the amount of soil mineral nitrogen, the
lower the recommended application rate of fertilizer nitrogen. With two excep-
tions, viz. potatoes on sandy soils and sugar beet grown after green manure applica-
tion, no account is taken in the recommendations of soil types and presence or ab-
sence of recently applied organic manures; these two factors have recently been
shown to aifect the response of sugar beet and potatoes to fertilizer nitrogen as well
(Neeteson & Zwetsloot, 1989). Therefore, the current recommendation method
can be refined by taking soil type and organic manures into account.
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The purpose of this paper is to compare the performance of various methods of
nitrogen fertilizer recommendation for sugar beet and potatoes. The method of ap-
plying a fixed rate for each crop in all situations without considering soil mineral ni-
trogen (Tinker, 1963; Dilz, 1981; Neeteson, 1985) is used as the reference method.
The fixed-rate method is compared with the current nitrogen fertilizer recommen-
dation method, which takes account of soil mineral nitrogen, and a method based
on the results of Neeteson & Zwetsloot (1989), which, in addition to soil mineral ni-
trogen, takes account of soil type and prior application of organic manures. The
performances of the different methods are evaluated by determining the differ-
ences in recommended rates of fertilizer nitrogen, and in yields and recovery of fer-
tilizer nitrogen from the response curves obtained in 150 sugar beet and 98 potato
trials conducted earlier.

Materials and methods
Experiments

The performances of three nitrogen fertilizer recommendation methods were com-
pared after the various recommended rates had been retrospectively applied to 150
sugar beet and 98 potato trials. It should be noted that the recommendations were
made on the basis of the same trials. Unlike others (Sylvester-Bradley et al.,
1987a,b), who used one-third of the trials available for constructing the recommen-
dations and two-thirds for testing them, the whole body of trials available was used
both for constructing and testing the recommendations, so as to base the recom-
mendations on as many data as possible.

In the trials, soil mineral nitrogen was measured in various layers in early spring,
and yield was measured at six or seven levels of fertilizer nitrogen. In the potato tri-
als, also the amount of nitrogen in the tubers at harvest was measured. Details of
the experimental design are given elsewhere (Neeteson & Wadman, 1987; Neete-
son & Zwetsloot, 1989). When applicable, the recommended rates were calculated
on the basis of the measured values of soil mineral nitrogen. The yield obtained
with each recommendation was interpolated from the response curve of each indi-
vidual trial. Modified exponential response curves (for sugar beet) or simple expo-
nential response curves (for potatoes) were fitted to the measured yields (Neeteson
& Zwetsloot, 1989). For sugar beet the yields were expressed as fresh beet yields
with a sugar content of 16 % (Neeteson & Wadman, 1987), and for potatoes as
fresh tuber yields. The nitrogen recovery by the potato tubers was interpolated
from the measured amounts of nitrogen in the tubers at the fertilizer nitrogen levels
actually applied. The recovery was calculated according to the difference method,
i.e. the difference between nitrogen uptake with and without fertilizer nitrogen ap-
plication, expressed as a percentage of the amount of fertilizer nitrogen applied.

Nitrogen fertilizer recommendations

The recommendation methods show an increasing order of refinement: a fixed rate
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Fig. 1. Average response curves of sugar beet and potatoes. N| and N, = optimum application rate of
fertilizer nitrogen for sugar beet when the monetary ratio P is 0.01 and 0, respectively. N and N, = opti-
mum application rate of fertilizer nitrogen for potatoes when the monetary ratio P is 0.01 and 0.006, re-
spectively.

in all situations (REC A), the current recommendation (REC B), and the recom-
mendation based on the results of Neeteson & Zwetsloot (1989) (REC C). The rec-
ommended rate with REC A was assumed to be the optimum fertilizer nitrogen
rate as calculated from the average response curves (Fig. 1) of the 150 sugar beet
and 98 potato trials which were used to test the recommendations. The ratio P of the
cost of 1 kg fertilizer nitrogen to the price of 1 tonne crop yield was assumed to be
0.01 for sugar beet and 0.006 for potatoes. These values are lower than those used
previously (Neeteson & Wadman, 1987) due to the current low costs of fertilizer ni-
trogen. The optimum rates were 126 (95 % confidence interval 121-132) kg N per
ha for sugar beet and 265 (95 % confidence interval 263-302) kg N per ha for pota-
toes. The recommended rates with REC B were adapted from the recommenda-
tions given in Anon. (1986) in such a way that the ratio P was 0.01 for sugar beet and
0.006 for potatoes. This implied 20 kg N per ha less for sugar beet (N, — N, in Fig.
1) and 50 kg N per ha more for potato (N, — N, in Fig. 1), because the ratio P in the
current recommendations is 0 for sugar beet (the cost of fertilizer nitrogen is not
taken into account) and 0.01 for potato (Anon., 1986). The recommended rates
with REC C were derived from Neeteson & Zwetsloot (1989; Tables 3 and 6). The
recommendations used are shown in Tables 1 and 2.
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Table 1. Nitrogen fertilizer recommendations for sugar beet. N, .. = recommended rate; N 30, Npiao.600
and N, are the amounts of soil mineral nitrogen in the layers 0-30, 30-60 and 0-60 cm, respectively.
All amounts are expressed in kg N per ha.

Recommen- Soil type(s) Organic N,..

dation manures

RECA sand, loam, clay no, yes 126

RECB sand, loam, clay no, yes! 200- 1.7 N0 62
sand, loam, clay green manures 170~ 1.7 N 0.66°

RECC sand no 205-0.8 N 050~ Nio.e0
loam 1no 175-0.8 Npyg.30— Ninage0
clay no 180- 0.8 Npg30— Nipsoe0
sand yes 155-0.8 N 530 = Nig.e0
loam yes 165-0.8 N_ .30~ Nii30.60
clay yes 140-0.8 Nyyo.30— Nigso.go

! With the exception of green manures.
2 When N4 Is 100-150, N is fixed at 30; when N, o ¢o > 150, N, is 0.
> When N 4018 85-135, N, is fixed at 30; when N, ¢, > 135, N, is 0.

Table 2. Nitrogen fertilizer recommendations for potatoes. See legend of Table 1 for meaning of N,
N300 Nimso.so> @nd N ¢o. All amounts are expressed in kg N per ha.

rec?

Recommen- Soil type(s) Organic Niec

dation manures

RECA sand, loam, clay no, yes 286

RECB sand no, yes 350-1.8 Ny0.30
loam, clay no, yes 320-1.1N_ .60

RECC sand no 410-0.7 N_630— 0.3 Np130.60
loam no 320-0.7 N10.30— 0.3 N 3060
clay no 305-0.7Np030— 0.3 N340
sand yes 370-0.7N_9.30— 0.3 Npag.60
loam yes 265-0.7N_430— 0.3 N_130.60
clay yes 295-0.7 N 030— 0.3 N30.60

Results

Recommended rates of fertilizer nitrogen

For both sugar beet and potatoes the average recommended rate of fertilizer nitro-
gen was significantly (P < 0.001) lower with the current method (REC B) than with
the fixed-rate method (REC A) or the refined current method (REC C) (Table 3).
The difference was approximately 25 kg N per ha for sugar beet and 30 kg N per ha
for potatoes. For sugar beet, the recommended fertilizer nitrogen rates of REC B
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Table 3. Recommended fertilizer nitrogen rate if various nitrogen fertilizer recommendation methods
had been applied to sugar beet and potatoes. Average values of 150 sugar beet and 98 potato trials. Stan-
dard errors are given in parentheses. See Tables 1 and 2 for meaning of REC A, RECB, and RECC.

Recommendation Recommended fertilizer nitrogen rate (kg ha™!)
sugar beet potatoes

RECA 126 (-) 286 (-)

RECB 98 (3.77) 257 (5.07)

RECC 120 (3.13) 288 (5.48)

were about equally distributed between 25 and 175 kg N per ha, whereas the major-
ity (75 %) of the recommended rates of REC C fell within a much narrower range,
viz. between 100 and 175 kg N per ha (Fig. 2a). For potatoes the reverse was true:
the recommended rates of REC C were about equally distributed between 200 and
400 kg N per ha, whereas 60 % of the rates of REC B were between 250 and 300 kg
N per ha (Fig. 2b).

Yields obtained

For both sugar beet and potatoes the highest average yields were obtained with
REC C, but the differences from REC A and REC B were not significant. The dif-
ference was only 0.3-0.4 t ha™' for sugar beet and 0.1-0.2 t ha™! for potatoes (Table
4).

In Fig. 3, frequency distributions of the yield deficits are shown, i.e. the devia-
tions of the yield from that obtained with the measured economically optimum
amount of fertilizer nitrogen in each individual trial, if the various recommended
rates of fertilizer nitrogen had been applied. In the calculations, 21 sugar beet and
24 potato trials were excluded, because the measured optima fell outside the range
of fertilizer nitrogen levels tested. A deficit is negative when the yield obtained with
a recommendation is higher than the yield at the measured optimum amount of fer-
tilizer nitrogen. This occurred frequently with potatoes, because with any amount
of fertilizer nitrogen larger than the optimum amount, yield is higher due to the
asymptotic form of the response curve used for potatoes (normal exponential

Table 4. Yields of sugar beet and potato if various nitrogen fertilizer recommendation methods had
been applied. Average values of 150 sugar beet and 98 potato trials. Standard errors are given in paren-
theses. See Tables 1 and 2 for meaning of REC A, RECB, and RECC.

Recommendation Yield (t ha™)

sugar beet potatoes
RECA 63.7 (0.86) 56.9 (0.87)
RECB 63.8 (0.89) 56.8 (0.88)
RECC 64.1 (0.86) 57.0 (0.88)
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Fig. 2. Frequency distribution of the recommended fertilizer nitrogen rates for sugar beet (a) and pota-

toes (b) if REC B and REC C had been applied to 150 sugar beet and 98 potato trials. See Tables 1 and 2

for REC B and REC C.
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Fig. 3. Frequency distribution of the yield deficits for sugar beet (a) and potatoes (b) if REC A, REC B,
and REC C had been applied 1o 129 sugar beet and 74 potato trials. The yield deficits are expressed as a
percentage of the yield obtained with the measured optimum application rate in the trials. See Tables 1
and 2 for REC A, REC B, and REC C.
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curve). When REC C was applied to sugar beet, the percentage of small yield defi-
cits (<2 %) was highest (80 %, as compared with 74 % for REC B and 68 % for
REC A) and that of large yield deficits (>5 %) was lowest (6 %, as compared with
11 % for REC B and 12 % for REC A) (Fig. 3a). For potatoes the frequency distri-
butions of the yield deficits obtained with the various methods were similar. It is
striking that the percentage of yield deficits less than 2 % was about 90 % (Fig. 3b).

All methods failed (yield deficits > 5 %) when there was a strong response to fer-
tilizer nitrogen even though large amounts of soil mineral nitrogen were present in
early spring (>100 kg N per ha in the 0-60 cm layer). In two trials with potatoes, all
three methods failed when there was a negative response to fertilizer nitrogen al-
though the soil contained only average amounts of mineral nitrogen in early spring
(50-60 kg N per ha in the 0-60 cm layer), possibly due to accidental application of
slurry in spring.

REC B and REC C gave good results with sugar beet, but REC A failed when the
response to fertilizer nitrogen was weak or negative when large amounts of soil
mineral nitrogen were present in early spring. In these situations, REC A grossly
overestimated the amount of fertilizer nitrogen to be applied. REC A also failed
when there was a strong response to fertilizer nitrogen at low levels of soil mineral
nitrogen in early spring. The method then underestimated the amount of fertilizer
nitrogen to be applied.

After application of organic manures, REC A and REC C showed good results
with sugar beet, but REC B failed when the response curve clearly declined beyond
its maximum. The recommendation then overestimated the amount of fertilizer ni-
trogen to be applied, which sometimes resulted in serious yield depressions.

REC C for sugar beet failed only once when the other methods did not. It overes-
timated the amount of fertilizer nitrogen to be applied on a sandy soil where without
application of organic manures a rather weak response to fertilizer nitrogen oc-
curred despite a relatively low amount of soil mineral nitrogen in early spring (32 kg
N per ha in the 0-60 cm layer).

Recovery of fertilizer nitrogen

The recovery of fertilizer nitrogen by sugar beet cannot be dealt with here, because
the nitrogen contents of the crop or of parts of the crop were not measured.

In 96 potato trials the nitrogen contents in the tubers were measured at harvest.
The average recovery of fertilizer nitrogen in the tubers is shown in Table 5. It was

Table 5. Fertilizer nitrogen recovery by the tubers if various nitrogen fertilizer recommendation meth-
ods had been applied to potatoes. Average values of 96 trials. Standard errors are given in parentheses.
See Tables 1 and 2 for meaning of REC A, RECB, and REC C.

Recommendation Fertilizer nitrogen recovery (%)
RECA 31 (1.30)
RECB 33 (1.14)
RECC 31 (1.14)
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Fig. 4. Frequency distribution of the fertilizer nitrogen recovery by the potato tubers if REC A, REC
B, and REC C had been applied to 96 potato trials. See Tables 1 and 2 for REC A, RECB, and RECC.

highest when REC B had been applied, but the difference with REC A and REC C
was not significant and was only 2 %. The frequency distribution of the recoveries
(Fig. 4) shows that the variation in recovery was higher with REC A than with REC
B and REC C. Very low recoveries (0-20 %) were generally obtained on fields
where the amount of nitrogen in the tubers on plots without fertilizer nitrogen was
large due to large amounts of soil mineral nitrogen in spring.

Discussion
Prerequisites of nitrogen fertilizer recommendations

A nitrogen fertilizer recommendation should be high enough to guarantee a high
crop yield with a high fertilizer nitrogen recovery rate, and low enough to avoid
money being spent on nitrogen not needed for high yields and liable to be lost due to
leaching, resulting in environmental pollution. These two prerequisites are met
when a recommendation accurately predicts the economically optimum application
rate of fertilizer nitrogen, i.e. the minimum amount of fertilizer nitrogen needed for
maximum profit. However, due to the large inaccuracy in the determination of the
optima (Neeteson & Wadman, 1987), in this paper a comparison of the various rec-
ommendation methods was not based on prediction of the optimum application rate
of fertilizer nitrogen, but separately on the recommended amounts of fertilizer ni-
trogen and the yields obtained.
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Another reason why fertilizer nitrogen rates should be used judiciously is the sav-
ing of energy which is needed for the processing of fertilizers. The energy used for
fertilizer production in the Netherlands constitutes approximately 10 % of the total
consumption of natural gas and 2 % of the electric energy (Anon., 1988).

Recommended rates of fertilizer nitrogen

For sugar beet the rate of fertilizer nitrogen recommended by the current method
was on average 25 kg N per ha lower than the rates recommended by the fixed-rate
method and the refined current method. Only at low values of soil mineral nitrogen
(less than approximately 25 kg N per ha in the layer 0-60 cm, depending on soil type
and application of organic manures) were the currently recommended rates higher
than the other recommendations. However, the amount of soil mineral nitrogen in
the 0-60 cm layer was usually larger than 25 kg N per ha, so generally lower fertiliz-
er nitrogen rates were recommended by the current method.

For potatoes the current recommendation for fertilizer nitrogen to be applied
was also lower than the other recommendations: on average 30 kg N per ha. The
amount of fertilizer nitrogen currently recommended was smaller at any amount of
soil mineral nitrogen in spring on sandy soils and smaller at moderate to large
amounts of soil mineral nitrogen (more than approximately 30 kg N per ha in the 0-
60 cm layer) on loam soils without application of organic manures and on clay soils.

It should be noted here that the current recommendations for sugar beet and po-
tatoes are not based on calculated response curves, but on hand-drawn curves.
Moreover, the data set used for designing the current recommendations was not en-
tirely identical to that used for the other two recommendation methods. In the de-
sign of the current recommendation method for sugar beet, trials in which organic
manures had been applied were exctuded; for potatoes, trials with industrial pota-
toes were included.

Yields

On average, there was no difference in the yields obtained with the various nitrogen
fertilizer recommendations. Generally, all three methods predicted fertilizer nitro-
gen rates with which high yields were obtained. The response curves of sugar beet
and potatoes generally consist of a short segment where yield rises sharply with in-
creasing rates of fertilizer nitrogen and a large segment where yield varies little with
increasing rates (e.g. Fig. 1). The presence of this long, flat segment implies that
yields were quite similar for the various nitrogen fertilizer recommendations, but
more so in the case of potatoes than sugar beet, because the response curve of pota-
toes does not decline at the higher rates of fertilizer nitrogen. Highest tuber yields
would always have been obtained with 400 kg fertilizer nitrogen per ha. Obviously,
applying a fixed rate of 400 kg N per ha would seldom have been profitable and
would often have increased the risk of nitrate leaching.

In 6 % (refined current method) to 11-12 % (current method and fixed-rate
method) of the trials, serious yield deficits (>5 %) were obtained with sugar beet.

152 Netherlands Journal of Agricultural Science 37 (1989)



THREE ADVISORY METHODS FOR N FERTILIZATION OF SUGAR BEET AND POTATOES

With potatoes it occurred in only 2-3 % of the trials. All recommendations failed
when there was a strong response to fertilizer nitrogen despite the presence of large
amounts of soil mineral nitrogen in early spring. Presumably, errors were made in
soil sampling, soil handling and/or soil analysis. Another explanation could be that
in very wet springs, heavy nitrate leaching losses occurred in the interval between
soil sampling or fertilizer nitrogen application and the start of nitrogen uptake by
the crop (Whitmore et al., 1987). The trials in question were conducted in 1974 and
1981. Only the spring of 1981 (especially March and May) was actually wet, while
the spring of 1974 was dry.

Recovery of fertilizer nitrogen

The recovery of nitrogen by the potato tubers was not significantly affected by the
various methods of recommendation, but it was highest with the current recom-
mendation. As recovery of fertilizer nitrogen generally is higher when fertilizer ni-
trogen rates are lower (Greenwood & Draycott, 1988), the recovery was highest
with the current method, because rates of fertilizer nitrogen recommended by this
method were lowest. The recoveries were seldom higher than 50 % and averaged
31-33 % (Fig. 4, Table 5). From the average recommended fertilizer nitrogen rates
(Table 3) and the average recoveries by the tubers (Table 5), the recovery by the
entire crop can be estimated. When it is assumed that the maximum amount of ni-
trogen in the tops plus tubers of the potato crop is 1.2 times the amount of nitrogen
in the tubers at harvest (Neeteson et al., 1987), and that 20 % of the total amount of
nitrogen in the crop is present in the fibrous roots (Greenwood et al., 1985), it fol-
lows that the recovery of nitrogen by the entire potato crop was on average 46-
50 %. The potato crop is apparently a rather inefficient user of fertilizer nitrogen.
The usually poorly developed root system of the crop, together with its susceptibili-
ty to drought, are probably the main reasons for the low recovery of fertilizer nitro-
gen. When fertilizer nitrogen was applied at economically optimum amounts, at
harvest about 30 kg more mineral nitrogen per ha was found in the soil than when
no nitrogen had been applied (Neeteson et al., 1989). Sugar beet, however, is a
more efficient user of fertilizer nitrogen. Fertilizer nitrogen recoveries by the tops
plus beets are often found to be higher than 70 % (Prins et al., 1988). Compared
with no nitrogen fertilization, the additional amount of mineral nitrogen in the soil
due to nitrogen application is usually negligible at the time of harvest (Lindén,
1987; Neeteson & Ehlert, 1989).

Practical implications

For both sugar beet and potatoes the differences in performance between the meth-
ods were small, especially between the current and the refined current method.
Similar results were found by Sylvester-Bradley et al. (1987a,b) when they com-
pared more or less refined nitrogen fertilizer recommendation methods for winter
wheat. There is therefore no need to replace the current method by the refined one.
Moreover, the refined method would have been more expensive, because soil min-
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eral nitrogen has to be measured in two layers instead of in one, as is the case with
the current method. For sugar beet, where the contribution of soil mineral nitrogen
in the 0-30 cm layer to the response to nitrogen is estimated to be 80 % of that of
fertilizer nitrogen and that in the 30-60 cm layer 100 %, the problem of determining
soil mineral nitrogen in two layers could be overcome by measuring it in the 0-60 cm
layer and assuming that its contribution to the response to nitrogen is 90 % of that
of fertilizer nitrogen.

The current method is to be preferred to the method of applying a fixed rate, be-
cause the former recommends a lower rate of fertilizer nitrogen without loss of
yield.

The small improvement in the performance of the current and refined current
methods, as compared with the fixed-rate method, is possibly attributable to the
fact that the recommendations were made for average situations. The recommen-
dations are too crude to be applicable to specific situations. Soil nitrogen minerali-
zation rates during the growing season and yield levels, which have a strong impact
on the fertilizer nitrogen requirement of a crop, may vary considerably from field to
field. It is to be expected that site-specific nitrogen fertilizer recommendations can
be given when explicit account is taken of nitrogen mineralization and crop growth.
This can be done in a dynamic way with simulation models for the nitrogen cycle in
the soil and for crop response to nitrogen. An example of such a model was given
elsewhere (Neeteson et al., 1987).
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