e Nitrate leaching

Nitrate leaching from the rooting zone

» Loss of an important plant nutrient

» Degradation of groundwater quality




e Nitrate leaching

(Possible) Consequences of nitrate leaching into groundwater

- Health aspects : If nitrate 1s reduced to nitrite :

- sec. toxicity: Methdmoglobindmie (blue disease with babies)
- tert. toxicity : Nitrosaminen and —amiden (carcinogenic)

- Economic aspects - Loss of an important plant nutrient — lower farm efficiency

- Water treatment necessary for drinking water purposes




Nitrate Ieachina

Nitrogen Cycle

Atmospheric N ‘\

Niamiire TGP T —
Fertilizer -

Plant »
Plant Residue
Uptake

Immuhnluzatmn | i _[nmn-n[ﬂ[:atin-n

Ay T

Derrification B

"‘H"F!.H]

'_J
P

l
¥
-:-'




Nitrate leaching

Nitrate leaching into the groundwater:

Determination of nitrate leaching with field experiments
- Determination of causes, relations and magnitude of nitrate leaching ;
processes and complex interactions in the field

. > requirement for targeted measures

Analysis of nitrate leaching with simulation models
- Determination of the influence of soil, climate, fertilizing and land use
on nitrate leaching

[ >

Applicability of simulation models

Execution of principle and case studies :
- Nitrate leaching danger, sampling date, depth of leaching nomograms

i — Prognosis with simulation models
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Drinking water act (TrinkwV, 2001)

Nitrate

Guidance value: 25 mg Nitrate/l = 5.6 mg Nitrate-N/I




Nitrate leaching

Climate Amount and distribution of precipitation?-2
Irrigation (timing, amount of the application) 12
Climatic evapotranspiration demand
Soil Topographic situation (level, sloping)
Soil texture and soil texture layering?-2
Nitrogen in soil organic matter? , mineralization?
Groundwaterlevel’
Land use Type of crop (soil cover, rooting depth, nutrient uptake, water uptake) 12
and Duration and season of the soil cover 12
e Number and intensity of soil cultivation

Nutrient input by

Type of fertilizer (mineral, organic)?

fertilization Amount and splitting of the fertilizer application?
Time of fertilizer application?
' Influence on groundwater recharge amount green : site specific
2 Influence on concentration in the percolation water red : land use specific ( (manipulable)

6
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Hannover, 1968-1985
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Nitrate leaching

winter barley
Sugar beets

o fallow
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Main leaching period

Nitrate which is in danger of being leached :

« Residual nitrate, i.e. nitrate in the rooting zone after
harvest

« Nitrate mineralized from soil organic matter or crop
residues

« Nitrate, applied with or mineralized from slurry, organic 8
manure of mineral fertilizer
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Measurement of nitrate leaching

1 3
Measurement of mean concentration Determination of the water
in the depth z, : flux q,in depth z,

c=2(c,+....+ c )/n

Leached amount of nitrate: Q,...= Z(d, . C,) in kg NO;-N/ha




Nitrate leaching

Precipitation
measuremenjt

Sampling the soil water with an
automatic sampling system based
on precipitation measurement
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Nitrate leaching

Suction probes
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e Nitrate leaching

two tube / two chamber system

Suction probes and sampling:

One tube / one chamber system
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Suction probes

Experlmental S|te Ojendorf Bromlde tracer experlment

14
Sandy soil under arable land
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Nitrate leaching
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NO -| concentration
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Rainfall (mm/Monat)
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. ‘Arable land Fuhrberger Feld 1976-1990

N-concentration [mg/l]
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Annual N- fertilizer application and mean nitrate-N-concentration
in the annual groundwater recharge

+ =no cover crop @ = with catch crop (after cereals)
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Arable land Ohlendorf loess soil
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Nitrate leaching

Site specific nitrate-N inputs into the groundwater from arable land
(mean concentration in the groundwater recharge, Hannover area).

site Land use Mean nitrate conc. in the
(crop rotation and N-fertilizing) groundwater recharge
mg NO,/I
Sandy soils Arable land (cereals, sugar beets/potatoes, 100-130
~ 120 kg N/ha-a)
Arable land (cereals with catch crop, sugar 60-90
beets/potatoes, =~ 120 kg N/ha-a)
Grassland mowing (250 kg N/ha-a) 20-40
Intens. Grassland (250 kg N/ha-a with 2 LSU/ 600
ha (live stock unit) with ca. 180 grazing days)
Coniferous forest 22(; 1300
Decideous forest 4'0
Black alder
Loess soils Arable land (cereals, sugar beets, ca. 150 kg 30-60

N/ha-a)

laWa¥

v

Drinking water max. 50 mg Nitrate/l




Nitrate leaching

Influence of site properties on nitrate amounts in and nitrate leaching
from the rooting zone during the main leaching period

Development and use of deterministic simulation models

Goal:
« Betterinsight into causes and casual relationships of
nitrate leaching

«  Conducting case studies with simulation models:
- Influence of site specific properties
- Development of sensible warranties, that can also
be checked

21




Nitrate leaching

i - soil water dynamics:
precipitation

+ EIT N-1 t g
2 -inpu - actual evapotranspiration
Vivy - water movement
l - water uptake

- Nitrogen dynamics in the soil

E.g.
e AV N gk e nitrate transport
&
ﬂ’ y [2% ﬂ’ e Netto-N-mineralization
\, W \, W ¢ N-input (fertilizer, precipitation)
\ ‘\ L

N-uptake by srops
N-uptake NS \ “N-mineralization e e

/AN\\\?/// // }/ \©
N-leaching
>>>>> Simulation model for case studies <<<<<

Calibration and validation of the model
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Nitrate leaching risk

Nitrate transport during the main leaching period

15 Oct 1 Jan 1 Jun
1 1 1 L 1 1 1
0 Two, 0 0 = CONC.
cm cm cm
50- 50- NO3 50-
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Nitrate leaching risk

100+
Meteo-data: 15.8.77 - 30.6.78
[ %]
Soil : sandy loam
GW-level : deep (> 250 cm)
50- Crop roration : sugar beets
after cereals
0- T T T T T T T = T

SEPT OKT NOV DEZ JAN FEB MAR

. = in the next vegetation period below the rooting zone of the sugar beet crop

. = in the next vegetation period still in the rooting zone of the sugar beet crop



e Nitrate leaching

Nitrate leaching risk

ﬁ =781 mm/a

100 -
Climatic data: Emden, 20 years
Groundwater level: deep
(%] Crop rotation. Sugar beets after cereals
50
Schluff
0" T T i T | I | 1

1 1 =
SEPT OKT NOV DEZ JAN FEBR  MAR APR




e Nitrate leaching

Nitrate leaching risk:

100 -

Soil: loamy silt
Groundwater level: deep

[ %) Crop rotation. Sugar beets after cereals

¥ T 1 T T
SEPT OKT NOV DEZ JAN

FEBR

Long term mean nitrate leaching risk for 3 different climatic regions in
northern Germany on arable land with a loamy silt soil
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Soil: medium sand, fine sandy
GW level: deep

(%] Crop rotation: sugar beets after cereals

50+

0-

L4 T

= T T T = T T \ﬁ'
SEPT OKT NOV DEZ JAN FEBR MAR APR MAI

Long term mean nitrate leaching risk for 3 different climatic regions in northern
Germany on arable land with a loamy silt soil and a deep groundwater table




INItrate icadcutliriy ris
100+
Climatic data: Hannover 20 years
GW level: deep
[%) Soil: medium sand, fine sandy

50
Q
C'e o~ "Q
,.
8y % W\
0_1 L ] T T T T T T T

SEPT OKT NOV DEZ JAN FEBR  MAR APR

Influence of crop rotation on the long term mean nitrate leaching
( preceding crop. winter cereals)
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h Nitrate leaching risk  Berlin 1950-1986:

Nitrate leaching risk:

751

N =591 mm/a

50+

25

Nitrat—Auswaschungsgefahr (%)

sept oct nov dec jan febr mar

Nitrate leaching risk for month
different fiied capacities

(FK) in the rooting zone Nitrate leaching risk ~ Hamburg 1950-1985:

100 ¢

Two different climatic sites

N =750 mm/a

FK1
754 FK180

FK230

504 FK280

FK334

25

Nitrat-Auswaschungsgefahr (%)

sept oct nov dec jon febr mar

month




e Nitrate leaching

Case study on nitrate stock and nitrate leaching

Influence of climate and soil textute




Nitrate concentration profile on 01.09.
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e Nitrate leaching

Niederschlag
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Precipitation distribution 25
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Sandy soil

Nitrate leaching during the
main leaching period




e Nitrate leaching

Podsol soil

1004 Medium sand gesamt Bl

_ Sandy soil: rooting depth 0-90 cm

[kgN.ha™"] e
-------- N N 92 'c =31 mg NO,-N/I
=i " \e—— mit
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e Nitrate leaching

Nitrate concentration profile on 01.05.

NO NO
mgNO5/ mgNOa/
0 100 200 0 100 200
0 1 1 1 1 0 i 1 { i
50+ - fsmS - 50-
Z Z
(cm) (cm)
100- 100-
1504 150-
0-30cm: 9 0-30cm: 10
30 -60cm : 2 30 -60cm : 7
60 - 90 cm : 2 60 - 90 cm : 17

1

[¥%]

kgN/ha 90 -120 cm : 38
72 kgN/ha
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Sampling the uppermost groundwater

¢ 1cm

Vacuum bottle
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Nitrate concentration (mg/l) along a sampling transect on arable land
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D r]dwirtschaﬁﬁkammﬁr
INiedersachsen

N-removal with potatoes tubers with different N-supply
and different irrigation amounts

. No irrigation . Irrigation below -350 hPa
Ka N/ha

590 1995 1997
200 175 mm =7 Gaben 105 mm — 4 Gaben

180
160
140
120
100
80 -
60
40
20 A

Nmin 130 160 180 220 Nmin 130 160 190 220
N-supply (Nmin 0-60 cm + N-fertilizer) kg N/ha
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@ Lar_"ldwirtﬁchaftﬁkammer
INiedersachsen

Nmin-values under potatoes kg N/ha

1995 == Noirrigation =#= irrigated 1997
Emli‘ir;“h Drilling: 21.04 — harvest 12.10. Drilling: 21.04 — harvest 12.10.
) e N-fertilizing optimal (100+60) N-fertilizing optimal (100+60)
80 : . . |
175 mm - 7 applications 105 mm — 4 applications
70 -
60 \\ ',.\
50
40 -
- \
30 V \\
20 \P.\—l., )
10

Juni Juli Aug.  Sept. Okt Nov. Juni Juli Aug. Sept. Okt Nov.
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K r;wdw]rtﬁchaftﬁkammer
INiedersachsen

Nmin-values after potatoes
at the beginning of the groundwater recharge period

Standort: Nienwohlde, LK Uelzen

. Irrigation below -350 hPa . No irrigation

KgNha 4995 1999 2000 2003

a0

70

60

50

40

30

20

10

10.11. 02.04. 27.10. 14.04 19.10. 14.03. 0411, 17.03.
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& Larjdwirtschaﬁﬁkammer
INiedersachsen

N-amounts vs. depth in soil profiles after a 10-year supplemental irrigation experiment

Mean value from 8 profiles up to 12 m depth

Bl Irrigation below -350 hPa I Noirrigation
0 5 10  Nitrate 15 (kgN/ha) 20 25
90 Il L Il
120
150
200 Nitrate-N stock 0.60-12. m depth
250 Irrigated: 128 kg N/ha leaching 25-30 kg N/ha.a
— 223 Non-irrigated: 168 kg N/ha leaching 30-40 kg N/ha.a
£
_;:i- 400
§ 450
a8 500
600
N N e
— 700
- _____________[ ___~ |
800
]
900
_—
1000
_—
1100
|
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Nitrate leaching

Reduction of nitrate leaching:

» Fertilizing after the N ,.-Method: Minimizing the N,,-stock at
harvest

» Dividing the fertilizer application: shallow rooting crops and sandy
soils

« Catch crops: uptake of the residual-N,,;,, and mineralised Nitrate (no
legumes)

« Animal manure: slurry and stall manure: application as with mineral
fertilizer

» Carefull irrigation planing: improved N-uptake

« Further measures: undersown crops, N-fertilizing with simulation
models, better crop rotations, precision agriculture

47




Nitrate leaching

Feldberegnung in der Landwirtschatft:

Feldberegnung ist grundwasserschonend, wenn mit dem geforderten
Wasser sparsam umgegangen wird und wenn die gedungten Nahrstoffe
durch gezielt und gleichmaRig verabreichte Wassergaben weitestgehend
in Ertrag umgesetzt werden.

Feldberegnung dient dem Grundwasserschutz durch sichere Ertrage,
hohe Nahrstoffentziige und damit geringere Restnitratgehalte im Boden
nach der Ernte. Dadurch wird die mogliche spatere Verlagerungsgefahr
mit der im Herbst einsetzenden Sickerung deutlich vermindert.

48




Nahrstoffsaldo auf Betriebsebene (Feld-Stall-Ansatz)

Mlneraldunger

symb. N-Bindung

pflanzl. Verkaufsprodukte >

org.Dinger

NH,-Verluste Stall u. Lager

betriebsfr. org. DUnger

' L.I: L Quelle: VDLUF A-Standpunkt ,Nihrstoffbilanzierung (Entwurf), abgedndert

Hege, Offenbergerf1. 2006 /5 s——
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N-Saldo viehloser Betriebe - Deutschland
(HT-Ansatz, n=89)

250

200

—
an
o

Grenze: 2006-2008

I

Grenze: 2009-2011

Bruttosaldo (kg/ha)
o o

=

-20

Anzahl

Hege, Offenbergeri01. 2006 /8 —



Mittlere Nitratkonzentration im Sickerwasser in
Abhangigkeit vom N-Saldo

N-Saldo n Mittelwert | Medianwert
(kg/ha) (mg/l) (mg/l)

> 20 58 46 38

20-45 55 54 44

46-70 52 55 46

> 70 58 73 58

— N LFL

Hege, Offenberger/01.2006 /19 e—
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Verteilung von 218 Schlagen auf Landnutzungsklassen und
Nitratkonzentration in der Sickerwasserzone

_ 100
E 90
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£ 40
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< 10 -

0 [ 1

Ackerbau vishlos Ackerbau mit Vieh okaol. Landbau Grinland Hopfan, Reban,
Feldgemiisa

n=56& n=103 n=25 n=1i n=24

E<50 [050-90 @>90 mg/l Nitrat

_M s

Agrardkolegie - Dingung

Hege, Offenberger/01.2006 /17 e———



Mittlere Nitratkonzentration, Minimum- und Maximumwerte im
Sickerwasser (mg/l) in Abhangigkeit von der Nutzungsform

Nutzungsform n Nitrat (mg/l)
Mittelwert | Minimum | MaXximum
Acker tblicher Landbau
ohne Vieh (< 0,2 GV/ha ) 56 48 5 132
mit Vieh (&9 1,7 GV/ha) 103 e 8 376
okologischer Landbau (& 0,8 GV/ha*)
Umstellung vor mehr als 6 J . 16 29 & 46
Umstellung vor weniger als 6 J. g 34 16 50
Grinland 10 25 2 65
Hopfen, Feldgemuse, Reben 24 157 3 420

*inkl. viehloser Betriehe

o :

e

Heqge, Offznberger/01 2006 /18—
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durchwurzelte fone

Schemaskizze:
Durchfiihrung der Tiefenbohrung mit
einem Rammbohrgerat

Grundwasserzone




Nitratgehalte einer Ackerflache mit einem
N-Saldo von 83 kg/ha.a und ungunstigem

Wirtschaftsdungermanagement
{konventioneller Betrieh)

Tiefe (cmj

0

MItrat {mgi)
a0 120 150 180

100

200 %

200 4

400 4

s00 4

00 4+

700

200 1

Qoo 4

1000 +

1100

Mittelwert = 99 mg/l

LfL Institut far Agrarskologis - Diingung HegeFisc herOfen berger 0152006




iatgshateimBodemyaseer .

Nitratgehalte im Bodenwasser (mg/l) unter Nitrat (mg(l)

einer seit 1987 ékologisch bewirtschafteten " 50 100 150

Ackerflache (Probennahme 1990 und 1992) 0

100 1992 1990

]
200 [
]
300 ]
“m Mittelwert = 81 mg/l
400 [
W
i
500

Tiefe (cm)

200
Mittelwert = 46 mg/l i
1000

‘ LfL Institut fOr Agrarskologis - Dingung

HegeFischerOfen berger 012006



Crlhamanaticrhna NarcetalliinAa Aar NanitrifilbatiAn
UILITITIAQUIOUVUI ICU LAl oOlUTI11UlI IU UCTI LTIl I1IUu1IImnatlivii
mit beteiligten Enzymen, Substraten und Produkten
(NO) N,O
Elektronen-
akzeptor:
NO, > NO, > NO > N,O > N,

NO3-Reduktase NO ,-Reduktase NO-Reduktase N ,O-Reduktase




Bewertung der Denitrifikationsleistung der Wurzelzone von

(nach GATH et al. 1997, modifiziert von HOPER 2001)

Ritafe leaching

Kennzeichnung der
Denitrifikationsstufe

Denitrifi-
kationsrate

Grund-/Stauwasser-
einfluss in Wurzelzone

Geologische Ausgangssubstrate

Bodentypen (Beispiele)

- - (Randbedingung)
Kurzzeichen Bezeichnung kg/N/ha/a
1 sehr gering <10 ganzjahrig keine flachgrlindig verwitterte Festgesteine und tiefgrindig Syrosem, Ranker, Regosol,
Wassersattigung verwitterte sandige Festgesteine Rendzina
Braunerde,
sandige Lockergesteine Banderparabraunerde,
Podsol
2 gering 10 - 30 ganzjahrig keine schluffige bis tonige Lockergesteine Pararendzinal)
Wassersattigung Parabraunerde?
(Trocken-)Schwarzerde
AuenbOden®
tiefgrlindig zu Schluff und Ton verwitterte Festgesteine Terra fuscal, Terra rossa)
humusreiche sandige Lockergesteine
Kolluvium"
Plaggenesch, Sandmischkultur
3 mittel 30-50 grundwasserfern, schluffige bis tonige Lockergesteine und tiefgriindig Pelosol
aber 3 bis 6 Monate verwitterte schluffige bis tonige Festgesteine Pseudogley
Stauwassereinfluss
4 hoch 50 ->150 6 bis 9 Monate Grund- und | fluviale, limnogene und marine Lockergesteine Gleye, Stagnogley
Stauwassereinfluss AuenbOden®
Marschen
Grundwasser unterhalb Hoch- und Niedermoortorfe Niedermoor, Hochmoor
Torfkdrper
5 sehr hoch >>150 Grundwasser im Anmoore, Moore und organische Mudden? Niedermoor, Anmoorgley
Torfk&rper
ganzjahrig z. T. humusreiche, fluviale, limnogene und marine Gley-Tschernosem
Grundwassereinfluss Lockergesteine Gley-Auenbdden
lang anhaltende Gesteine mit hohem Anteil an fossilem C und verschiedene Boden?)
Wassersattigung reduzierten S-Verbindungen Pelosole

1) bei mittleren bis starken Pseudogleymerkmalen Zuordnung in Stufe 3
2) bei ganzjahriger Trockenlegung Zuordnung in Stufe 2 oder 3
3) z. B. Lias, Untere Kreide und braunkohle- bzw. pyrithaltige Geschiebelehme

4) Grundwasser im Kies
5) Grundwasser im Auenboden
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