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1 Introduction  

Previous efforts to improve the quality of ground- and surface water have resulted in improvements, but in several 

regions in Flanders, the 50 mg nitrate (NO3
-
) l

-1
 norm from the European Nitrates Directive has still not been achieved. 

Limiting nitrogen (N) fertiliser application rates is one of the best N management measures to minimise N losses. This 

limitation, however, can not only be seen in view of improving the water quality (regulating ecosystem service) but also 

taking into consideration its impact on crop yield and quality (provisioning ecosystem service).  

In the range from low to optimum fertilisation rates, most crops show a rather constant residual soil mineral N (RSMN) 

at harvest. This constant RSMN is considered to be the mimimum mineral N buffer necessary to guarantee optimal 

growth. When N fertiliser rates are increased to rates above this optimum, the RSMN shows a breakpoint and increases 

steeply for most crops, thus increasing the risk of NO3
-
 leaching during winter (Hofman et al., 1981). Nitrogen 

fertilisation experiments can help to determine this breakpoint. In this study, we collected a large set of data from N 

fertiliser experiments on root crops potatoes and sugar beets and critically re-analysed these data to calculate the effects 

of N fertiliser rate and soil N availability on RSMN, yield and N uptake and to evaluate the current fertiliser limits. 

2 Materials and Methods 

We used the pooled data of different field trials (1991-2010) on potatoes and sugar beets in Flanders and northern 

Wallonia (D’Haene et al., 2014) to determine the effect of different N fertiliser rates (= applied effective N) and crop N 

availability on RSMN, yield and N uptake. The N in organic manure is only partially crop available. Mineral fertiliser, 

slurry or farmyard manure contain 100, 60 and 30% effective N, respectively (Anonymous, 2011; Webb et al., 2011). 

The crop available N equals mineral N in the soil at the start of the growing season + N deposition + N mineralisation + 

applied effective N during the growing season. 

We re-analysed the data sets consisting of RSMN values (NO3
-
-N only) of the 0-60 and 0-90 cm layer (rooting depth) 

for potatoes (sampled 14/09 - 13/10) and sugar beets (sampled 17/09 - 29/10), respectively. The mixed soil was 

analysed for NO3
-
-N by extraction with 1M KCl solution (ISO, 2003). We have tested a (segmented) linear, 

exponential, quadratic and power model for RSMN versus applied effective and crop available N. The breakpoint with 

the smallest confidence interval of segmented linear regression was calculated according to Oosterbaan et al. (1990). 

If measured N concentrations (Kjeldahl method) were available, these were used to calculate N uptake, alternatively 

calculations were based on measurements made in other locations and on literature data. To avoid an over- or under-

estimation of the N uptake, any unmeasured N concentration was adjusted via a process of gradual N increase in 

function of crop available N. A minimum % N on dry matter (DM) was fixed at a crop available N of 225 kg N ha
-1

, 

being the average of fields fertilised with less than 50 kg applied effective N ha
-1

. Based on the measurements 

performed by PCA, an increasing % N between 1.15 and 1.75% N on DM was used for tubers of potato plots with 225 

to 375 kg crop available N ha
-1

. Nitrogen export of sugar beets was calculated by multiplying fresh yield by 0.23 (DM 

fraction) and a % N (increasing % N between 0.6 and 0.8% N on DM for plots with 225 to 325 kg crop available N ha
-1

) 

(Hofman et al., 1984 ; IRS, 2013). For the unharvested roots, stalks, cobs and leaves of unfertilised and fertilised plots, 

the N uptake data are based on measurements of PCA and KBIVB and various literature data (Hofman et al., 1984 ; 

Bries et al., 1995 ; Draycott, 2006 ; IRS, 2013). A logistic model was used to relate exported yield and total N uptake to 

i) crop available N and ii) applied effective N. Its characteristic S-shape gives it a broad applicability to a variety of 

processes that exhibit such sigmoidal behavior, including yield and crop N uptake (Overman et al., 2003). 

3 Discussion  

For potatoes and sugar beets a maximum tuber yield of 61.8 and 90.9 Mg fresh matter ha
-1

, respectively, was calculated 

with a logistic model in function of applied effective N. Calculated maximum total N uptake (= N uptake by tubers and 

unharvested plant parts) in function of applied effective N was 268 and 365 kg N ha
-1

 for potatoes and sugar beets, 

respectively (Fig. 1). The calculated exported tuber yield and maximum total N uptake differed insignificantly between 

the two approaches (in function of crop available and applied effective N) (P > 0.05). 
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Fig. 1. Nitrogen (N) dose-response curves (∆) and residual soil mineral nitrogen (rooting depth) (◊) in function of crop 

available N (left) and applied effective N fertilisation rate (right) for potatoes and sugar beets. 

 

For potatoes, a breakpoint in RSMN was noticed for both approaches (Fig. 1). RSMN at the breakpoint in function of 

the effective N fertilisation rate was 72±29 kg N ha
-1

 and was situated at 199±77 kg applied effective N ha
-1

. There is no 

ground for increasing the Flemish maximum allowed effective N application rates of 190 and 210 kg N ha
-1

 for sandy 

and non-sandy soils (Anonymous, 2011), respectively, given that RSMN increases sharply after the breakpoint. A 

decrease of the N fertiliser limit is not advised from an economic standpoint, as the N fertilisation rate not only affects 

total but also marketable yield (van Evert et al., 2011). For both approaches, RSMN for sugar beets was low and 

constant (13±4 kg N ha
-1

) over the entire range under study (0-160 kg applied effective N ha
-1

). The maximum applied 

effective N application rate of field experiments with sugar beets is relatively low, as an excessive N amount increases 

impurities and decreases extractable sugar content. The maximum allowed effective N fertilisation rates for sugar beets 

(135 and 150 kg N ha
-1

 on sandy and non-sandy soils, respectively) (Anonymous, 2011) result in low RSMN, showing 

that the current fertiliser limits are well-founded, and there is even room to slightly increase the N limits. 

4 Conclusions  

Combining dose response curves with RSMN enables to derive maximum allowed N fertilisation rates which allows 

improving the provisioning ecosystem service (i.e. optimal qualitative yield) but also the regulating ecosystem service 

by limiting the potential risk of NO3
-
 leaching during winter. RSMN not only depends on the crop but also on crop 

available and applied effective N, except for sugar beets where RSMN is low within the range of applied effective N not 

negatively affecting tuber quality. The presence of a breakpoint between RSMN and applied effective N for potatoes 

gives the opportunity to deduce optimum N fertilisation rates limiting the potential risk of NO3
-
 leaching during winter 

whilst maintaining yield levels. However, even after an optimal fertilisation the maximum allowed NO3
-
 concentration 

can be exceeded after the harvest of some crops. RSMN before the breakpoint of potatoes is rather high and only part of 

the N mineralised from the potato and sugar beet leaves, which remain on the field after harvest, is denitrified or can be 

found in the soil in the following spring. Therefore, NO3
-
 leaching during winter period after optimal fertilisation has to 

be estimated in order to evaluate the necessity of measures such as sowing catch crops or removal of crop residues. 
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