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Introduction

The nitrate content in drinking water must not ext&0 mg nitrate/L. 70 % of the drinking
water in Germany is supplied by groundwater withga Intensive agriculture and especially
intensive vegetable cultivation often cause an Nplas which can be leached to the
groundwater. Hence, there is a potential conflettiheen farmers and water providers.
CULTAN (Controlled Uptake Long Term Ammonium Nuioih) supposedly has a higher
plant use N efficiency due to the banding of fléedtiliser. Therefore, CULTAN may have
the potential to reduce the nitrate losses to tioairgdlwater without yield reductions. This
would have two benefits:

(i) The groundwater quality increases.

(i) Farmers’ costs are reduced due to more efiiciertiliser use.

Several water providers try to decrease the nittasehing by the introduction of the
CULTAN technique. We compared the nitrate lossdsvbéhe root zone between CULTAN
and conventional fertilisers to test the differeneath a variety of crops in three projects in

Baden-Wirttemberg.

Material and Methods

General design of the experiments

We chose a comparable design in all three proj@et®. plots are installed on each field to
ensure a direct comparability. These plots aretdcean the same way and get the same
amount of N-fertiliser. We applied fluid fertilisamjection (‘CULTAN") on one plot and the
local standard (“Conventional”) on the other plbttloe same field. We used an ammonium
nitrate urea solution (“Ammoniumharnstofflosung” orea ammonium sulphate solution

(“Harnstoffammoniumsulfatiésung”) for CULTAN. Theoeventional fertiliser usually was



calcium ammonium nitrate (CAN, “KalkammonsalpeterPor maize in the Rhine valley
experiment we used Urea.
We installed at least five field replicates andtowred the experiments for at least two years

to cover different soil properties and differentatreer conditions.

Measurement of nitrate leaching: Self-integratirmg@mulators (SIA)

The nitrate-N loss with the percolating water isedily measured using Self-Integrating
Accumulators (SIA, Bischoff, 2007) below the maiooting zone (Figure 1). The SIA
measure the accumulated, area-representative flokestrate in the soil in semi-annual
periods. Ten SIA replications are installed in tarahree profiles in each treatment on every
field. The profiles represent comparable positiovighin the two treatment plots. The
installation period of the SIA covers the vegetatiperiod (usually ca. March/April to
September, indicated as “summer”) and the non-egiget period (usually ca. September to
March/April, indicated as “winter”). Water leachimgclose to zero during the summer period

due to high evapotranspiration. Groundwater reahasgtaking place mostly during the

winter period.

Water
F 5 + g
Solute 4

Mixture of adsorber
and sand / silt

/v e Solute accumulates
W on adsorbers

Sail
profile
refilled

un-
disturbed
pedon

& & &

Water without solute

Groundwater

Figure 1: Installation and functional principle dhe Self-Integrating Accumulator (SIA):
The SIA is located below the undisturbed soil andasinded by material with the same
hydraulic properties. Solutes are extracted outhef water by (specific) sorption, while water
passes through (Bischoff, 2007).



Overview
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Figure 2: Map of Baden-Wirttemberg showing the tmzaof the sites in the three projects.
Hohenlohe: Rotation of three crops. Rhine VallegriCand potato fields. White dots: Sites of

the vegetable cultivation project.

Baden-Wirttemberg: Vegetable cultivation

We tested CULTAN-fertilization in vegetable growirfgnded by the Ministerium flr

Ernahrung und Landlichen Raum, Baden-Wirttemberggmany. Local farmers as well as
research institutions cultivated the twelve sitewlar study at six locations in Baden-
Wirttemberg (Germany, Figure 2). 16 measuremernibgern summer and 11 in winter

between 1999 and 2004 were evaluated.

Hohenlohe: Rotation of rape, winter wheat, catcbpsrand spring barley

The project was initiated by a local water provjdére Wasserversorgungszweckverband
Grinbachgruppe (WZG). It lasted from 2003 to 20068 ancluded nine fields with a three-
year crop rotation: rape, winter wheat, catch clapd spring barley. The aim also was to

reduce the nitrate losses to the groundwater. Tites swere located between



Tauberbischofsheim and Wurzburg in the NortheasBaden-Wurttemberg (Figure 2) and
are characterized by triassic limestone (Muschk)kalovered with ca. 0.60 m Loess.
Conventional fertiliser (CAN) was compared to ur@amonium sulphate solution
(“CULTAN”) on two adjacent plots on each field. Tlagplied amounts were 80 % of the
normal N recommendation in this region for bothilisers. Yield quantity and quality (not
shown in detail) as well as nitrate leaching in0O0n® depth were determined. The N balance

of the experimental sites is calculated as inperti(iser) minus output (harvest plus leaching).

Rhine valley: Grain maize and potatoes

This ongoing project is funded by the Badenova A& & KG, the regional water plant in
southwest Baden-Wiurttemberg and focuses on two oraps in the region: grain maize and
potatoes. The experiment aims to reduce nitrateek$o the groundwater and to increase N
efficiency by using CULTAN-fertilization.

The experiments are conducted between Freibur@@addKrozingen (Figure 2). For each of
the crops five sites are simultaneously under staohgparing conventional fertiliser (urea for
maize and CAN for potatoes) with Ammonium nitrateaisolution as “CULTAN” in two
plots. The experiments with grain maize have sfame2008 and last for three years, the
experiments with potatoes have started in 2009nalh¢ast for two years.

The selected sites represent the variety of soithe region, ranging from sediments with a
high proportion of sand and gravel up to soils\dstifrom Loess and weathered Loess.

Yield quantity and quality are measured by the latshmt Breisgau-Hochschwarzwald and
ANNA (see contribution of Maier and Miller-Samaniihe SIA are installed in 1.20 m

(grain maize) or 0.60 m (potatoes) depth, respelgtiv



Results and discussion

Baden-Wirttemberg: Vegetable cultivation

The nitrate leaching in vegetable cultivatidiigure 3 is noticeably higher than in agriculture.
This is caused by the intensive use of N-fertiliseregetable cultivation to reach the required

guality standards.
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Figure 3: Mean nitrate-N leaching for field vegelalgultivation in Baden-Wurttemberg. No

significant differences.

The use of CULTAN in the field vegetable cultivatidoes not show an effect on the nitrate
leaching Figure 3. We assume that the advantages of the CULTANnigdle do not play a
role in vegetable cultivation:

(i) The root system of vegetables is only weaklyadeped. Therefore, the CULTAN-depot
cannot be surrounded by roots like in agriculture.

(i) The cultivation time of vegetables is shorthefefore, the long-term character of
CULTAN can even be a disadvantage.

(i) The N input in vegetable cultivation is exsége to get good quality. Therefore, there is

no chance to improve the fertiliser efficiency.



Hohenlohe: Rape, winter wheat, catch crop, andrgpharley
The CULTAN-fertilization reduced the nitrate-N |é@eg from 23 to 21 kg N/(ha*a). This
reduction by 9% was not statistically significaihe same applies to the crop yields in the

Hohenlohe project.
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Figure 4: Mean nitrate-N leaching for all measurarhgeriods. Error bars indicate the

standard error. Significant differences (p < 0.@B¥ marked with “*”.

However, for two measurement periods (winter 0408 winter 06/07), CULTAN reduces
the nitrate-N leaching by more than 30 % (Figuresignificant for winter 04/05, p < 0.05).
These two winters are characterised by above agevager precipitation.

Our view to this is that the soil water retenti@pacity is high enough in most of the years
for most of the soils in this dry region to retaive water and consequently the dissolved N
inside the upper 60 cm. In contrast, water richrygaoduce a flush, where excess N is
leached out of the soils on all sites.

This is supported by the coincidence of high yieddsl high N,, autumn data (not shown)
with the lowest N leaching losses for the bestdlsiées and vice versa for the poorest site.
With regard to the overall N mass balance, we ofesean N surplus for rape and winter
wheat, but a negative balance for barley (FigureTBg balance was slightly positive for the

whole crop rotation with an insignificant differenbetween CULTAN and CAN.
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Figure 5: Yearly N balance for the four-year expeent. Error bars indicate the standard

error. No significant differences between the fisdrs. n = 66.

This four-year experiment shows that for these

(1) CULTAN is equal to the optimised use of CANrinrmal years (yield and leaching),
(i) CULTAN reduces nitrate leaching significanttywinters with high precipitation,

(i) the N reduction of 20 % did not affect theelgls compared to other fields.

It is therefore a means for groundwater protectiath the same certainty for yields even at

lower N input intensities.

Rhine valley: Grain maize

In each of the three measurement periods betwaargsp008 and autumn 2009, the nitrate-
N leaching is reduced by the use of CULTAN (Fig@ée This reduction coincides with
higher maize yields (see Maier & Miuller-Samann, @0&nd can be explained by more
efficient plant uptake of the CULTAN-fertiliser. Aget, the differences are not statistically
significant.

The nitrate-N leaching from the sandy sites is bigthan from the Loess sites due to the
lower water retention capacity and a higher hydcactbnductivity of the former (Figure 7).
The leaching from the Loess sites was extremely éa@n during the winter period. This
reflects the precipitation deficit during the expeents (Figure 8, Deutscher Wetterdienst):
The rain during the measurement period “summer 2028 84 mm or 11 % lower than

average resulting in low water storage in the isodutumn. The following winter period was



also drier than usual (- 29 mm/— 9 %). Therefanéltiating water filled up the reservoir in
the soil but was retained in the Loess sites tlaatha high water retention capacity. The
precipitation deficit was even higher in the foliogy summer period with — 27 %. Therefore,
there was only little leaching during summer 2009 foess as well as for sandy soils.
Similarly to the Hohenlohe project we expect a Hllugf nitrate for the next year with
precipitation that is at least on average.
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Figure 6: Mean nitrate-N leaching for grain maize all measurement periods (5 sites).

Error bars indicate the standard error. No signéitt differences.
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Figure 7: Mean nitrate-N leaching for grain maizeall measurement periods for sandy (2)
and Loess sites (3 sites). Error bars indicate skendard error. No significant differences

within the same texture.



Precipitation deficit
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Figure 8: Precipitation deficit for each measurerhpariod in the Rhine valley project (5 —

8 months per period). (source: Deutscher Wettestien

Rhine valley: Potatoes
The experiments with potatoes have started in 2088ching results are available only for
one season that lasted from March to October 2BRfi(e 9).
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Figure 9: Mean nitrate-N leaching for potatoes imetfirst measurement period (5 sites).

Error bars indicate the standard error. No signéitt differences.

The absolute amount of N losses is higher thammamgnaize for the same period because of

higher water percolation due to irrigation. Thedddhing tends to be higher for CULTAN.



We assume that we have an effect comparable tweabetable experiments: The N input
exceeds the N requirement due to quality requirésne®o, an increase in N efficiency
increases the N surplus that can be leached. Wexceipat for CULTAN the fertiliser amount

could be reduced without any yield depression.

Summary and Conclusions

In our experiments, the use of CULTAN in vegetaiplewing (and first results for potatoes)
does not reduce the nitrate leaching. We assuntehtbashort cultivation time and the poor
root system are the physiological reasons. Addilign there seems to be no effect in
improving the efficiency of the fertiliser, becaube cultivars get a high N.

CULTAN can reduce the nitrate leaching in springlddg winter wheat, winter rape and
probably maize while securing at least stable gielthe extent of the positive effects depends
on several factors like site conditions, total Nabae and weather. CULTAN can reduce
nitrate losses especially in years with high wingegcipitation and therefore high leaching
risk and in fertilization strategies with a +/- @l overall N balance. Introduced with due

diligence it may therefore serve as a good meangrémndwater protection.
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