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Nitrogen fertilization
Nitrogen
fertilization
Nitrogen is one
of the main
nutrients of plants. In crops, it is essential in forming the
yield, stabilizing the yield and produce good quality products.
Especially now in spring, when the winter crops continue their growth and development,
it is important to know how much nitrogen to fertilize. If too little fertilizer is applied, the
crops will suffer and so will the yield. If, on the other hand, too much fertilizer is applied,
unnecessary costs are being paid and the environment is unnecessarily polluted, as the
risk of leaching is increased. Another disadvantage is the increased risk of lodged grain
due to the encouragement of high a crop density.

An unnecessary additional use of only 20% nitrogen fertilizer can already generate
fertilizer costs of 7€ / 56 RMB per Mu per year. For an area of 1000 Mu, for example, this
is already 7000€ or 56000 RMB - per year!
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Nitrogen requirement of crops
The nitrogen requirement for a certain quality target and yield level of almost all
agricultural crops has been determined through many years of trials.
For example, for a yield level of quality wheat (13-14% crude protein) of 8000kg/ha
530kg/mu, about 240kg N/ha or 15.3kg N/mu is required. 1
Table 1 shows the requirement of different crops for nitrogen, it may vary depending on
the crude protein content of the crop. The lower the desired and species- and varietyspecific crude protein content, the less fertilizer can be applied.
Table 1: Nitrogen requirements of various crops, based on the German Fertilizer Regulations 2017

Crop
Winter wheat (1314% crude protein)
Winter barley
Winter rape seed
Corn (grain)

1

Yield in kg/Mu
(dt/ha)

Nitrogen
requirement in
kg/Mu (kg/ha)

N increase in
kg/Mu (kg/ha)
per 67kg/Mu
more yield

N increase in
kg/Mu (kg/ha)
per 67kg/Mu less
yield

530 (80)

16 (240)

0,66 (10)

1 (15)

465 (70)
265 (40)
600 (90)

12 (180)
13,3 (200)
13,3 (200)

0,66 (10)
1,33 (20)
0,66 (10)

1 (15)
2 (30)
1 (15)

Another way of calculating is via the nitrogen requirement per 100kg of harvested crop.
Here, too, the ministries of agriculture and chambers of agriculture in Germany have
carried out many trials. Thus, for 100kg of harvested wheat, about 3 kg of N is estimated.
Some values are shown in table 2.
Table 2: Nitrogen requirements of various crops per 100kg harvested crop according to the German
Fertilizer Regulations 2017 1
Crop
Winter wheat (1314% crude protein)
Winter barley
Winter rape seed
Corn (grain)

Nitrogen requirement in
kg/100kg harvested crop
3
2,57
5
2,22
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Purpose of fertilization + Nmin - Method

The purpose of fertilization is to provide the appropriate amount of nutrients at the right
time, but attention must also be paid to the amount of nutrients already present in the
soil. For this purpose, a simple calculation must be made:
Nitrogen fertilizer requirement = expected uptake of N by the plants in the next
growing phase minus the current content of N in the soil
Short form:
Fertilizer requirement = uptake by plants - content in soil.
Plants take up nitrogen in mineralized form. For this reason, the N min - method was
developed.
With the Nmin - method one can determine the contents of plant-available ammoniumN and nitrate-N, which are present in the soil. It thus provides, in addition to the
determined total requirement, the basis for the determination of fertilization
requirements.
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How does the Nmin – Method work?
The following instructions are a summary of
guidelines by the Bavarian State Research
Center for Agriculture.2
First and foremost is the collection of soil
samples. Here, the basics of sampling
should be known. To obtain a representative
sample, at least 15-20 individual samples
are taken evenly distributed per field and
are then combined into composite samples.
Ideally, a three-part drilling kit is used for
this purpose, which allows taking samples in
three different soil layers.
The separate analysis of different soil layers
is done with the background that the plants
also take up nutrients from deeper soil
layers. These soil layers are tapped by the
roots in the course of vegetation. Young
plants usually only have the nutrients in the Picture: Taking soil samples for the Nmin – method
upper soil layer available, the more on Huanghai farm, 2017 by M. Roelcke, 2017
developed the plants are the more the
nutrients of the deeper soil layers can be included in the fertilization planning. Over the
entire vegetation period, it is assumed that about 80% of the nutrients are taken up from
the top 20-30 cm of soil, the rest of the nutrients are taken up in deeper layers.
The three soil layers that are analyzed in Germany are usually:
• 0-30cm
• 30-60cm
• 60-90cm
Sampling then results in three composite samples per field, which must be stored and
analyzed separately.
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The bulk samples or composite samples are adequately labeled: farm, field/plot,
sampling depth and date. They must be brought directly to the laboratory for analysis
in airtight plastic bags and need to be protected from sunlight. If this is not possible,
they must be stored in the refrigerator at a maximum of 2°C, since mineralized nitrogen
volatilizes quickly.
The optimal time for sampling is at the beginning of vegetation. For a winter crop in
spring- approximately one to two weeks prior to fertilization. For a summer crop one
to two weeks before the first fertilization in spring and in the fall after the end of
vegetation. There should be at least six weeks between Nmin sampling and the last
tillage/fertilization.
From the laboratory, the client receives a report indicating the amount of mineralized
nitrogen in the different soil layers and in total (Table 3 and Figure on page 11/12).
These values are largely determined by soil type, previous fertilization measures,
previous crops, weather, the way crop residues are incorporated and the natural
decomposition processes/microbial activity. As a result, they vary from year to year on
the same area.
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How to make use of Nmin results
A simple example:
Table 3: Example of the results of an Nmin analysis
Depth
Nmin in kg/ha

0-30 cm
15

30-60 cm
18

60-90 cm
27

Ʃ 0-90 cm
60

Winter wheat is grown with a yield target of 600kg/mu (9000kg/ha) and 14% crude
protein content. The nitrogen requirement is 3kg N/ 100kg crop. This means 18kg N
per Mu is needed.
4 kg N/Mu (60kg N/ha) of mineralized nitrogen is measured on the plot (Tab. 3).
Requirement = 18 kg N/Mu (270kg N/ha) - 4kg N/Mu (60kg N/ha)
Requirement = 14kg N/Mu (210kg N/ha)
It can be concluded that in this example about 22% of the nitrogen demand can be
covered by the content in the soil.
A simple approach is to only include the total N min content of the soil on the first nitrogen
fertilizer application. This first application is then reduced accordingly.
To more accurately account for the distribution of the NMin content in the different soil
layers (0-30cm, 30-60cm, 60-90cm), it is practical to apply the content in descending
order to the different nitrogen applications. In this example with winter wheat, it would
mean reducing the first application by 1kg N /Mu (15kg N /ha). The shoot application
(EC 30/32) would be reduced by 1.2kg N /Mu (18kg N/ha) and the late application (EC
39/47) would be reduced by 1.8kg N /Mu (27kg N/ha).
However, it is important to consider the local (soil) conditions. If, for example, there is a
strongly pronounced plow pan or strong soil compaction, the plants cannot easily reach
deeper soil layers, an inclusion of deeper soil layers N content is only possible to a certain
extent.
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Results of trials in south east China are promising
In the years from 2008 to 2011, experiments on classic wheat-rice crop rotations and
nitrogen fertilization were carried out in a German-Chinese cooperation project on
"Nitrogen Management".3 The Technical University of Braunschweig, the Julius Kühn
Institute, the University of Göttingen from Germany as well as the Institute of Soil Science
of the Chinese Academy of Sciences and the Nanjing Normal University in China were
involved in the research. The German Chinese team of scientists analyzed the influence
of different nitrogen fertilizer rates on yield and on soil nitrogen (N min) content in the
Taihu region of Jiangsu Province.
The most interesting result shows that no significant reduction in mean yields was
observed with nitrogen fertilizer reduction of 15-25%.
Following the classic fertilizer regime, very high residual contents (N min) are still present,
especially after the harvest of winter wheat. The risk of leaching and denitrification are
then very high, especially in the following wet rice cultivation. The scientists conclude
that this problem can be reduced most easily by an adapted, reduced fertilization.
Significantly lower Nmin values in the soil measured in the trial after reduced fertilization
confirm this finding.
Overall, considering yield as well as economic and ecological factors, a reduction in
nitrogen fertilization of 15-25% in summer rice and 20-25% in winter wheat is
recommended.
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First results of Nmin analyses in the DCALDP
The first Nmin values were measured in the DCALDP project in 2017 in cooperation
with the Nanjing Institute of Soil Science (ISS) of the Chinese Academy of Sciences
(CAS).
Samples on two plots were taken, on which for the current crop all nitrogen fertilizer had
been applied. (Table 4)
Table 4: Nitrogen fertilization 2016/17 on the analyzed plots (winter wheat)
Date (development stage estimated)
1st application: December 2016 (EC 21)
2nd application: February 2017 (EC 27)
3rd application:March 2017 (EC30/31)
In total

Applied Nitrogen in kg/Mu (kg/ha)
6,87(103)
4,2 (63)
4,67(70)
15,73 (236)

Sampling took place on April 17 and showed the following results 4 after the abovementioned completed fertilization for winter wheat:
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Figure: Nmin - analysis results of the first plot, Nmin Ʃ: 222 kg/ha = 14,8 kg/Mu,
Fertilization on the plot with a total of 236kg N/ha =15,73kg N/MU (Roelcke 2017)
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Figure: Nmin - analysis results of the second plot, Nmin Ʃ: 243 kg/ha = 16,2 kg/Mu
Fertilization on the plot with a total of 236kg N/ha =15,73kg N/MU (Roelcke 2017)

It can be seen that there is a relatively large amount of nitrogen in the soil after the
classic fertilizer regime. Crops are usually very well developed at this point, in mid-April.
The ear is already formed, and harvest is only about six weeks away, so there is not likely
to be much uptake of nitrogen. This indicates a relatively high likelihood of leaching and
thus nitrogen loss, as nitrogen uptake by the next crop in the juvenile stage also remains
low initially. Higher levels of nitrogen are not needed until tillering occurs again. This still
offers great potential for optimization in order to save costs and protect the environment.
For this reason, further trials are now also being carried out in the DCALDP to reduce
nitrogen fertilizer and increase efficiency, and the Nmin method is also being used for this
purpose.
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Conclusion & Outlook
In Germany, it has been common practice for many years to measure the content of
mineralized nitrogen (Nmin) in the soil and thus draw conclusions about the amount of
nitrogen fertilizer required. This is because the costs of soil analyses pay off. As a result,
nitrogen surpluses have been reduced in recent decades, the German Federal
Environment Agency stated a reduction of 20% from 1992-2016.5 For several years, it
has been a legal obligation for farmers in Germany to include the N min - values of the
soil in fertilizer planning. In addition, there are other parameters, such as the previous
crop, the humus content of the soil and the use of cover crops, which must also be
included in the nitrogen requirement calculation.
Following the successful implementation of the Zero Growth Action Plan of Fertilizers
in China6, the use of the Nmin method could further promote a reduction in fertilizer use
without yield losses and contribute to the government's current goals presented by
MARA.7 At present, however, there are only a few laboratories in China that offer a
comparable analysis method.
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