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1 Introduction

Highquality, safe, and sufficient drinking water is essential for life: we use it for drinking, food
preparation and cleaning. Agriculture is the biggest source of pesticides and nitrate pollution in
European fresh waters. The overarching objective of BRAROTECT is to contribute to effective
uptake andrealizationof management practices and mitigation measures to protect drinking water
resources. Therefore WATERPROTECT will create an integrativeaatoultiparticipatory
framework including innovativenstruments that enable actors to monitor, to finance and to
effectively implement management practices and measures for the protection of water sources.

WP4 in the WATERPROTECT project deals with best management practices and mitigation
measures and theirkt task within this WP is an inventory of available BMPs from the knowledge
developed in previous projects.

Nutrient lossesare considered as one of the main pollution of water bodies caused by agriculture.
Nutrients can be lost in a number of ways. bt nutrients like nitrate can be lost in runoff and
drainage water, less soluble nutrients like phosphorus are more likely to be lost with runoff water.
PPPs can enter surface water through different entry routes. The most important entry route is
point pollution (>50%). Besides point sources, diffuse sources (e.g. surface runoff and erosion of
tttZ ALINF& RNAFG X0 YI @& | Takzl I@entdizatdn of availgohl L2
innovative mitigation measures and Best Management practices (type, applicability, inokide

a review of available BMPs inclnd example ofcost analysis of mitigation measures and BMPs,
with assessments of their biénecks and strengthgza some BMPgosts are not available. One
explanationcould be that they relate most todhaviours and knowledge levdlhe compliance of

these BMP igmportant in order to avoid environmentaland health risks but are linked to
knowledge and educational systems and operators awareness communication programs.

The report was made using reviews and analyses obtained from previous projects concerning
remediation measures against nutrients and pesticides pollution from agriculturalesuch as
TOPPS, Magpand Baltic Compass:

V The TOPPE&Life project http://www.topps-life.org) was designed as a multi stakeholder
project to reduce losses of Plant Protection Products (PPP) to water. The project was
funded by EU through the Life programnd the ECPA (European Crop Protection
Association). The project started November 2005 and ended October 2008 and TOPPS
extension program supported by ECPA is still running. In various TOPPS projects a broad
range of information, training materials andest Management Practices (BMPS)
recommendations to reduce PPP losses to water has been developed (point sources, spray
drift and runoff). Key perspectives are the correct behaviour of the operator, improved
equipment and infrastructure.
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V Magpie(https://www.setac.org/magpi¢ is a comprehensive view on the state of pesticide
risk reduction and pesticide risk mitigation in cultivated landscapes and represent and the
result of the extensive discussions that took place over two workshops and 3 years o
intensive work and data analysis by 95 experts and regulators from 24 European countries
GAGK | 02YY2y 202SO00AOBSY GiNYXyatlidGAy3a aoOaSs
safer use of pesticides for the environment. A toolbox of risk mitigatiomsuees with
technical recommendations is provided for groundwater, surface water (including the
protection of aquatic organisms), effop areas and iarop areas. Each tool is described
with regards to its level of implementation, technical descriptioaguiatory status,
inclusion in the good farming practices, economical considerations, options to measure its
effectiveness.

V Baltic COMPASS (Comprehensive Policy Actions and Investments in Sustainable Solutions in
Agriculture in the Baltic Sea Region) ha®ib launched for the years 20§8012. The
project involved 22 partners from 9 countries in the Baltic Sea Region: Belarus, Denmark,
Estonia, Finland, Latvia, Lithuania, Germany, Poland and Sweden. It was designed as
(panbaltic) regional platform where pacipants and stakeholders can develop more
efficient agreenvironmental policies, share innovations and best practices, create scientific
scenarios and facilitate investments. \Wirn solutions for agriculture and environment are
fostered within the BalticCompass leading thus to more sustainable rural econoies
effect also friendly to the Baltic Se®ne of the identified challenges was that the
competence, technologies, policies and science for developing more sustainable solutions
are available, buunevenly distributed in the BSR and thus not efficiently applied. The
project aimed at improvement of the stakeholders' capacity to drive the change toward
greener agriculture, along with the aim to streamline communication on different policy
levels andto mitigate the perceived lack of trust between the environmental and
agricultural sectors. Baltic COMPASS project has raised awareness in adaptive governance
measures and advanced trustful dialogue between the environmental and agricultural
interests. Theproject outputs highlight wirwin solutions in farm measures as well as
policy approaches. Overall, the project established new collaboration platforms and
networks and produced new integrated knowledge which can be used by policy makers to:
(1) balance eforcement and incentives for agenvironment measures; (2) support
broader governance and local stakeholder initiatives; (3) understand the importance of
transparency in communication to increase trust; (4) prioritize multiple benefit measures
as a way @ handle current and future uncertainty; (5) utilize the business potential in
agrienvironment solutions; and (6) define interventions, adapt management measures and
deploy the right platforms for each administrative level: local, national, Baltic SeBl@dnd

ThistINE 2SOt Kl a NBOSAPSR TFTdzyRAy3d TNRY [ENERENGZ <o |y | yA2
Research and Innovation Programme under grant agreement No. 727450 T



WATERPROTEC
D4.1Inventory of available mitigation an
BMPs including cosgffectiveness analys
Ref:WaterProtectD4.1
Verdgon: v3
Date: 10052019 Page9 of 92

2 Methodology

The work consists of two parts: the first part is a comprehensive list of mitigation measures and
best management practices with the type of pollutant the measure/practice is suitable for and the
second part give you a more detailed degtidn in templates for the each separate mitigation
measures (MM) and BMP. For this all partners used a standardized methodology and template
made out of the following elements:

1) the name of BMP or MM
2) the type of protected water source, e.g. surface water, groundwater or both;
3) the type of risks mitigated by the measure, e.g. runoff., spray drift;
4) the type of pollutants handled by the measure, e.g. nitrogen, phosphorus, pesticides;
5) the type of benefitand limits of the selected methagleconomic and environmental
benefits and restrictions due to the application of the specific MM or BMP;
6) the costs of applicatioq the costs vary depending on the country so only general
information is given aboutthe MQa 2NJ . at Q&4 AYLX SYSyidl dAzy o

Best ManagemenPractices have been divided according to the type of pollutaoime of them

are related tonutrients, while othersconcernpesticidesHowever, there are also practices that can
be implemented tgrevent pesttides pollution as well as nutrient loss&ost often, this goplies

to contaminants moving witthe runoff water.

2.1 Nutrients

A farm is the basic organisational unit in agriculture. The agricultural production involves a large
amount of nutrients, which flow dynamically withiftne farm. The nutrientcycle in the farm
includesmuch internal transfer and transformatioof nutrients because of which some part of

them are converted into animal and vegetable productdutrients not captured in the food
production are likely to be lost to the environment, with impact on water, on land and on the
atmosphere.

Nutrients are introduced tdhe farm in the form of purchased materials like mineral fertilizers,
fodder, seeds, straw, as well as atmospheric deposition and biological fixation in soil by non
symbiotic microorganismg: KS&S O2YLRySyida OANDdZ S 2ait G§KS
M FYAYEFEf I &2Af adzoa2SOGSR (2 O02YLX SE GNI yat2NJ
are transferred to plarg and animal products removed from the farm to external recipients
(consumers, industry), and some (not used in agricultural production) are dispersed in the
environment. The load of unused components called excess, surplus or losses is determined based
on the difference between their quantity introduced into and withdrawn from the farm.

In order to limit the negative impagatutrients onwater resources, it is necessary to reduce the
surpluses ofthose components generated by agricultural holdings. To aehibis, the

farmer should consciously control the flow of nutrients and shape it in the desired direction.
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Figurel: Nitrogen and phosphorus flemt the farm scalémodified based of: Oenema, 1999)

It should be emphasized that order to maximize the use of fertilizer components (minimize their
losses) at the farm level, comprehensive solutions should be applied, including optimization of the
agricultural production process in all its segments (optimization of plant fertdizadnd soil
management animal feeding, management of fodders and natural fertilizers); fragmentary
solutions are not as effective. The starting point for activities in this field sHmissessment of
factors affecting the amount ofutrient losses at the farm level. Such an approach allows the
selection of adequate measures in specific conditions (economic, sagcidl,environmentdl
counteracting those losses. The catalogue of measures to be used in this field is very rich, as
exemplified inTable 1.

2.2 Pesticides

PPPs can enter surface water and groundwater through different entry rout. The most important
entry route is point pollution. Besides point sources, diffuse sources such as spray drift and surface
runoff may also cause water pollutidzy PPB.

Point sources are related ttné handling on PPPs on the farRroper storage of PBRs well as
safefilling and cleaning sprayers is a key factor to prewsater contamination.Point sources
YAGAILFGAZ2Y A& | RRNBAa Main diffusdIécbinielientry disRKdf PRP8 &l R A N
related to spray drift and field runoff and soil erosion. Spray ddft occur during application PPPs

Spray drift mitigation is related tbehaviours and knowledge level,g. avoiding spraying during

windy weather, as well as usingppropriate technologies and deviceSpecial attentions

requiredin relation to treatment planning, spray technologies used ealibration ancan adapted
management of the application is necessaBjffuse source such as surface runoff and soil erosion
depends on weather conditions and landscape. It is linked to a water catchment area and individual
farms. Best Management Practices need to be implemented atna $cale and catchment scale.
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In the report several Best Management Practicgsmeasures to reduce water pollution of PPP are
listed. These include BMPs to reduce point pollution, BMPs to reduce drift and BMPs to reduce runof
and erosion.Reducing wate pollution by PPP can be obtained blganges in behaviour, which can
usually be applied cheaply. Other BMPs assv or improved technology or infrastructure, which is
more expensive. The BMPs and measures to reduce water pollution by PPP are mainlgrbésed
BMPs developed in the TOPPS projects (T@feRBoject, TOPPS prowadis and TOPPS water protection
¢ more information on www.TOPH##e.org) and Magpie project.

3 List of available BMPs and MMs

The selection of available BMPs and mitigating measwaes based upon the experiences of our
project partners that resulted from implementations of projects concerning water protection
(Baltic COMPASS, TOPPS and Magpie) and their overall knowledge about the agricultural conditions
within the catchment area The list contains measures to reduce nutrient lossem agriculture

and water pollution of PPPIn total, a list of a of 77 available BMPs and mitigating measures was
developed and is presented in table BMPs and mitigation measures listed in tfégistry have

been systemized according to their functionality use type of pollutant combated by the measure.

Tablel: List of best management practices and mitigation measures

Type of pollutant
N° Name of Best Management Practice or mitigation asure combated by the
measure
6 Avoiding the application of chemical fertilizers and manure durir Nutrients
high-risk periods
I= - - - — -
g 4 Incorporating manures immediately after application on cultivat Nutrients
o land
S
é 5 Injection, trailing shoe or band spreader used for slurry Nutrients
95’ 63 | Estimation of nutrient content of organic manures (hydrometer f .
= Nutrients
bt slurry)
=
‘g 62 | Spreading slurry in early growing season to maximize crop upta Nutrients
o
é 16 | Slurry bags Nutrients
o
a 61 | Manure store with tank Nutrients
c
% 15 Covered manure storage system Nutrients
<
71 | Directing manure towards special ponds (for sedimentation of .
. . . Nutrients
organic substances for extraction of nutrients)
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72 | Temporarydepositing of organic manure on the agricultural field Nutrients
74 | Use of impermeable folia under the pile of solid manure deposi .
. Nutrients
on field
73 Precaution measures (solid manure distance from rivers, well .
. ) . . Nutrients
deposited on field) for preventing pollution of water
13 | Separation of pastures from water courses and reservoirs Nutrients
17 | Adopting phase feeding of livestock Nutrients
18 | Phytase supplementation Nutrients
19 | Reducing dietary nitrogen and phosphorus intake Nutrients
1 Nutrient balanceon farm and/or field level Nutrients
2 Fertilizer program Nutrients
7 Use treated urea (witlurease inhibitor) Nutrients
3 Liming Nutrients
64 | Soil analysis for pH, nutrients or organic matter Nutrients
9 Crop rotation and its role in rebuilding and preservation ¢ .
- . Nutrients
S organic matter
3]
§ 78 | Setaside Nutrients
a
= 79 | Afforestation Nutrients
©
o :
3 77 | Energy crops Nutrients
c
g 14 | Controlled drainage
()
& 59 | Use of Global Positioning System to manage inter field variabili .
c Nutrients
< crops
S
g 60 | Use Decision Supporting Systems or Forecasting Systems Nutrients, pesticides
56 | Optimize irrigation timing and rate Nutrients, pesticides
£ 49 Improveo_i soil management to increase the water holding capg Nutrients, pesticides
c of the soil
=
% 11 | Grass buffer zones Nutrients, pesticides
12 | Constructed wetlands Nutrients, pesticides
10 | Plant cover in autumn and winter Nutrients, pesticides
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8 Conservation tillage Nutrients, pesticides
50 | Inter-ridge bunding Nutrients, pesticides
51 | Enlarge headlands Nutrients, pesticides
52 | Double sowing Nutrients, pesticides
53 | Manage field access areas Nutrients, pesticides
54 | Avoid accelerated ruroff of water and PPP by tramlines or shc . -
cuts Nutrients, pesticides
55 Esgablis:h.{rete‘ntion, sAtructvures‘ (tascipevs, edge pf the field bul Nutrients, pesticides
gSIASul UABS RAUOKSaEaxX X

65 | Vegetated filter strip (VFS) at edgéfield Nutrients, pesticides
66 In field vegetative filter strips (VFS) as talwegs Nutrients, pesticides
67 Inter-row processing and weeding on the row Pesticides
68 | Permanent grassing in the inter row and weeding on the row Pesticides
75 | Alternatives systems to chemical fights to pest control Pesticides
24 | Do store sprayers safely Pesticides
25 | Use inspected sprayers Pesticides
26 IC:’:Iegllijbrate sprayer for the appropriate and optimizaplplication of Pesticides
27 | Safe transport of PPP Pesticides

o 28 | Store PPP within lockable rooms/containers or cupboards Pesticides

o

?) 29 | Dispose obsolete PPP by an authorized waste collection compg Pesticides

-g_ 30 | Choose a safe filling amdeaning place for the spraying equipmer Pesticides

% 31 | Be prepared for and manage spills safely Pesticides
32 | Prevent overflow and foam escape during filling Pesticides
33 | Rectify/Adjust any equipment problem immediately Pesticides
34 ,?edrsggstt:cleaning of sprayers to minimize the amount of spi Pesticides
35 S::,Zn and safely manage empty containers/packages, seals Pesticides
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36 | Seal and secure partly used containers/packages immediately Pesticides
use
37 | Safedisposal of spraying liquid residues Pesticides
81 | Anti- drip devices Pesticides
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4 Best Management Practices drMitigation Measures

1. Nutrient balanceon farm and/or fieldlevel

Type of protected water: Groundwater, surface water
Type of risk mitigated by the measure Qubsurface flowRunoff
Type of pollutant combated by the measure: Nutrients

The ritrogen (N) and phosphorugP)balance is calculated as the difference between the amoun
elements brought to the farm and removed from it (farm gate balance) or between the input
output from agricultural land (on the surface of the field). The difference represents the suripNis
and P [Pietrzak, 2012].

FARM
Forage : 5
Concentrations ‘
/ \ ) A \
e

Fertilizer

Seeds and planting material
Atmospheric deposition
Biological nitrogen fixation

—>| -—

I‘L
z
ol
3
2

c
Q
2
3]
Q Figure2. { OKSYI 0AO ydzZiNASYyd ol flFyOS blu U0KS FFN¥YQa
[Pietrzak, 2012]
Agricultural land
Harvested crop Grassand fodder Outputs
production crop production
Figure3: Balance "on theurface of the field" [OECD, 2001]
-c% ® Results of the Mnd P balance calculation can provide a background for practical solutions for
@ 8 %’ reduction of the environmental impact of agricuteuas well as for improvement in tHarming
"GC_J .g %5 economy. The latter aspect results from the fact that more efficient use of nutrients means lowet
3 = costs of chemical fertilizers or feeds.

CalculatingN and P balances &rm and field levetoes not require external fundingnd therefore
does not generate additional costs on the farm.

Costs of
application
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Type of protected water:

Type of risk mitigated by the measure

2. Fertilizer program

Groundwater, surface water

Runoff, nitrogenspray drift

Type of pollutant combated by the measure: Nutrients

Bendits and

Description

limitations

Costs
of application

of use

A fertilizer plan is aconceptual desigrthat shows farmers how they can, in environmentally a
economically justified ways, manage mineral and natural fertilizers. It can be prepared using a va
methods, such as developed Excel tables and spreadsheets or appropriate computer programs.

HILCLHELWUWE UVEAMALWY HIdWULUWE

LVaiLl H'JI(AUVII’\.:II
About counselling:
Information about the crop:
Type of crop:  Winter wheat - Expected yield (t) ™
Natural fertilizer to use ~ Dose of fertilizer (t/ha)
Information about the forecrop:
Type of forecrop: Winter wheat v Harvested yield (t): "
Used natural fertilizer: ~  Dose of fertilizer (tha):

Side crop (straw, leaves, haulm) was plowed: No -

Information about the cornfield:

Agronomic category of soil: vlight - Name of field:
Content of P205: v.low - Soil pH acidity: pH<4.0 v.acidic

Content of K20:  v.low

Figure4: Screershot of website displaying the crop and field data for calculating dosage of fertilizer comg
in the "Fertilizer program ofine” [Krajowa Stacja ChemiczRwlnicza w Warszawie; translated from Polish]

Fertilizer plan bringsavings, resulting from the purchase of fewertilizers and the reduction in the
number of applications. Efficient use of nutrients significantly reduces their losses to the enviror
and thereforereduces eutrophication and improves the quality of surface and groundwateés.can be
achieved when fertilization of crops takes place under favourable weather conditions and appli
techniques do not cause additional losses of fertilizer componestsecially nitrogen

The cost of preparing a fertilizer plan for a farm varies and depends on the type of computer prc
'Y AYRA@GARdzZE £ LIJzNOKFA&AS 2F | O2 YLlzi SNJ LINR I NI
EUR. lis possible to order a complete fertilizer program from a specialized company.
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Type of protected water:
Type of risk mitigated by the measure

Type of pollutant combatedy the measure:

Description

of use

Costs of Benefits and limitations

application

3. Liming
Groundwater, surface water
Nutrients runoff, release of heavy metals

Nutrients

Soil acidification effectively inhibits the growth of crops. The obtained yields are unsatisfactor
unused fertilizers are dispersed into the environmebdw soil pH and anaerobic conditions block 1
nitrification process, cause the loss of gas and leaching of nitrates that can also be also trans
into molecular nitrogenThe need for liming results from the pH of soil. The lime dosage depenc
the agronomic category of the soil and its plddazyszyn, 2015].

Table22wS 02 YYSYRSR R24S848 2F -HRAUKNEPBISNI AT AT SNI 6Y3 /I h
Agronomic category Level of soil pH
of the soil <45 45¢5,1 5,2¢5,6 5,7¢6,1 6,2¢ 6,6
Very light 2,5 1,0 - - -
Light 50 3,0 1,0 - -
Medium 6,0 4,0 2,0 1,0 -
Heavy 6,0 50 3,0 15 1,0

Liming treatment is done every8yearsAfter this period, pH of soil should be tested to verify if limi
treatment brought the intended effect. If the soil has improved, it is sufficient tolesg conservative
lime, which will offset the acidification of mineral fertilizers and supplement the annual loss of ca
and magnesium cations from the soil by leaching.

Liming has a positive influence on the physarad chemical properties of soil and the efficiency of
nutrient uptake from fertilizers and soil, including N and'Ris indirectly leads to increased yields an
profits for the farmer, while at the same time protecting water resources from pollutionngimi
treatment is usually carried out jpost-harvest and presowing tillageLiming with use of carbonates
occurs in light and very light soils while calcium and magnesium oxides and hydroxides are used
medium and heavy soil3he condition for achievinthe desired liming effect is to use lime on
relatively dry soil and evenly apply it.

The costs of spreading lime vary widely and depend on the type and dose of lime as well as on t
of machine used for application.
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4. Incorporating organic manures immediately after application
on cultivated land

Type of protected water:

Type of risk mitigated by the measure

Type of pollutant combated by the measure:

Benefits and limitations

Costs of
application

Description

of use

Natural and mineral fertilizers should &
completely covered with soil to maximiz
uptake of nutrients by plants. Ploughs or di
and springtine cultivators can be used ti
cover fertilizers. With liquid manure
incorporation should take placgquickly after
spreading or within 6 hag after application
This effectively reduces the potential fc

Groundwater, surface water
Nutrients runoff

Nutrients

ammonia emissions. This benefit is al =

similar with the technique of soil injections ==
Also, in the case of solid manures, immedi:
mixing with soilby ploughing, isthe most
effective way to reduce losses of ammor
from fertilizer[Pietrzak 2012].

The applied fertilizer should be immediately incorporated into the soil through tillage also to pre
nutrient loss through runoff, erosion or volatilizatioBue to incorporation, nutrients are mixed int
the surface soil layer where roots are able mbercept them. In some cases, however, in areas wh
natural fertilizers are covered with soil by ploughing, larger soil losses associated with erosiol

Figure5: Rapid slurry incorporation into the soil [Frand
et al, 2011]

been observed than in netreated fields. It is recommended to incorporate applied fertilizer itite

soil in such a way as to keep plant residues on the soil surface by applying tillage methods :

knifing or injection (in the case 6fuid manurg.

Mixing of fertilizers with soil is a part of routine farming practicesteglao soil and plant cultivatior

and therefore does not generate additional costs on the farm.
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5. Injection, trailing shoe or band spreader used for slurry

Type of protected water:

Type of risk mitigated by theneasure

Type of pollutant combated by the measure:

Benefits and limitations o
escription

Costs of
application

of use

Liguid animal manure can be applied by
variety of methods including land surfac
spreading, subsurface injection and spr
irrigation. Direct injection, e.g. shllow
injection can reduce nutrient emissior
through direct introduction of manure
beneath the soil surface, decreasing tl
manure exposure to the air and increasing
infiltration into the soil. Use of bant
spreaders can also reduce nutrient esitns
from slurry and liquid manurethrough
decreasing the manure exposure to the air

and the flow of air over it. Moderapreaders are also equipped with an automatic application contr
system guaranteeing its lateral and longitudinal distribution [Pietrzak, 2012]. The liquid fertil

Groundwater, surface water
Qbsurface flow runoff

Nutrients

Figure 6. Manure spreader applicator for shall
injection of liquid manure [photo: P. Nawalany]

system is also important for reducing odours.

Use of band spreading technologffectively limits the emission of ammonia to the atmosphere anc
deposition into surface water and natural areas. Ammonia losses resulting from use of dee
applicators are approximately 90% lower than losses ragyulfrom use of traditional spray applicatic
techniquesBand application techniques reduce ammonia losses by ca. 10 toT2@6armer is able tc
reduce the costs of purchase of mineral fertilizers as well as the costs of application. In F
investment in manure spreaderapplicators and suitable equipment can be returned af

approximately 5 or 10 yeaf8Vojtczak, 201h

Depending on the brand and type ofanure spreadempplicator (cultivator or dis¢)purchaseprice
ranges from approximately ten to several tens of thousands of EUR.
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6. Avoiding the application of chemal fertilizers and manure
during highrisk periods
Type of protected water: Groundwater, surface water

Type of risk mitigated byhe measure

Nutrient runoff, subsurface flow

Type of pollutant combated by the measure: Nutrients

Description

Benefits and
limitations
of use

Costs of

application

Fertilizers should not be used in times and conditions when the mineral nutrients, especially niti
are vulnerable to leaching tgroundwater or to runoff to surface water. This applies especially to
winter period but also to other periods, depending on soil type, rainfall intensity and soil cover
weather can vary and therefore fertilizers should not be applied when théssiwdzen and covered wit}
snow ¢ even during a periodic of warming. Nitrogen uptake is rapid ifngpand summer perioddn
case of correct estimation of fertilizer inputs, the concentrations of nitrate are small by late sun
However, once the grovat of plants slows and then stops (in July for cereal crops), subsequent n
originating from natural soil processes is no longer balanced by plant uptake, and thereb
concentrations of nitrate increase. If some or all of the nitrates present ils soé not taken up by
plants they will be leached during the autumn [ADAS, 2007].

300 ¢
e Crop N uptake Crop senecenrce”
== SOIlNmin [ T l """"""
250 1
| Fertiliser
@ | _application
g T I
2 200 | 0y ff  pmesmess ;
g ! . Crop harvest | ! Nmin Declines dueto |
S ! leaching (& crop uptake) :
: f % LG
Z 150 1 I bt o I S ?
=] | i Declinesdueto | Soil Nmin increases dou to !
z prifpg sy \L___crop uptake i | mineralisation of residues and soil |
o { Declinesduetocrop i | [ Neomeemmemeeemeeees ! OM with minimal crop N uptake |
_g : uptake i | \
€ 100 { I | \ e
3 Fertiliser | > ™~
« application | Pt A
e i \ b it NS,
50 | " \ P " Griop esiabished. |
i Criop established. |
L g ! Some N uptake
VN | S .. s oy A
| Crop enters phase | 1
0 | of rapid N uptake |
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month
Figure7: Exemplary nitrogen dynamics showing the risk of N leaching and the synchronicity between N suppl:

the soil and N uptake by cr¢pDAS, 2007]

The timing of chemical fertilizer and manure application is a key factor in achieving high efficiency
nutrient use.This ultimately affects the yield and, indirectly, the economic and ecological efficdncy
farm production.

The activity does not generate additional costs on the farm.
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7. Use treated urea (with urease inhibitor)
Type of protected water: Groundwater, surface water

Type of risk mitigated by the measure

Nutrientsrunoff, acidification of water and sqil
eutrophication

Type of pollutant combated by the measure: Nutrients

Description

Benefits and
limitations
of use

Costs of
application

Restriction of the release of ammonia from ur
and UAN (Ure#Ammonium Nitrate Solution’ 18,00

solutions during the first week after use can | 16,00 16,00
effectively achieved by usingubstances thal 14.00
inhibit urease enzymatic activitywhich are
responsible for hydrolysis of urea). These ar¢
called urease inhibitors. One of thes#ibitorsis
NBPT N-(n-butyl) thiophosphoric triaride), 433
which is approved for use in all EU countri 400

Under field conditions, it has been shown th 200 -
fertilization of stable grassland with ure 0.00 Urea + NBPT
stabilized with NBPT inhibitor reduces ammot
loss by approximately 70% in relation to ur
gAGK2dzi AYKAOAG2NI wal
Increasingly used in the minemalitrition ofcrops,

12,00
10,00
8,00
6,00

Nitrogen losses, %

Urea

Type of fertilizer

Figure 8: Nitrogen losses in the form of ammonia fro
urea stabilized with inhibitor of urease NBPT and fr

“qUId_ hitrogen fertl_llzers _(Includlng _l_JA‘ urea without inhibitor,immediately after application tc
solutions) should & enriched with such additive grassland in a dose of 60 kg1 [Marcinkowski,

that reduce nutrient losses to the aquat kieronczyk, 2015]
ecosystems.

Concentrating on environmental and economic considerations, the application of urea to fertilize |
in solid andiquid form without urease inhibitor should not be recommended. It is now known that,
to using the NBPT inhibitor, its hydrolysis susceptibility to ammonia, at least for a few days
application of the fertilizer, may be limited. Therefore, incliegsthe efficiency of this form of nitrogel
in mineral nutrition is highly probable and the ecological benefit is unquestionable.

The purchase of urea or UAN stabilized with NBPT inhib#oses an increase the cost offertilization
by approximately 10 to 20%.

ThisLINE 2S00 KIF & NBOSAOSR FdzyRAy3 FTNRY D 7|

(]
@ by
Research and Innovation Programme under grant agreement No. 727450 T >~

I YAZ2Z



WATERPROTEC
D4.1Inventory of available mitigation an
BMPs including cosgffectiveness analys

Ref:WaterProtectD4.1

Verdon: v3

Date: 10052019 Page22 of 92
8. Conservation tillage

Type of protected water: Groundwater, surface water

Type of risk mitigated by the measure Nutrients andPPRunoff, wind andwater erosion

Type of pollutant combated by theneasure: Nutrients pesticides

Description

Costs of
application

Benefits and
limitations

of use

In addition to traditional systems of soil cultivation based on ploughing and other meche
treatments, a conservation tillage system (ploughless) can be considered. It is a tillage system
the use of a plough (to a depth of 42 cm) or tillagewith deeper soil loosening (up to 25 cm).
conserves soil, water and energy resources through the reduction of tillage intensity and retent
crop residue. Tillage of the soil stimulates microbial decomposition obsgalnic matter, which result:
in emissions o€Qto the atmosphere. Therefore, minimizing

the amount of tillage promotes sequestratiaf carbon in the soil. It also limitgind andwater erosion
and runoff of nutrients and pesticidedhe notillage system is also known to be dianly beneficial.
This is seed sowing the untreated soibfter harvest of the previous crop using special drills for dir
seedingUlen B.et al.,2013]. The basic machines used in this system are drills of different construc
harrows, rotary cuivators and combined systems.

Once the system has stabilized, the conservation tillage system brings a number of benefits, m;
reduce soil degradationThe amount of labour and energy used to prepare land for cultivation

fertilizer needs are decreasing. A significdigadvantagef this measure is long, muistage processe:!
of stabilization of the system, calculated fof75years, transient yield deiction and increase of 20

emissions and soil fungi.

The costs are primarily the purchase of specialized equipment including direct seeding drills. F
the equipment depends on the type and manufacturer and chemicals fotrémesient control of more
weeds and harmful organisms.
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9. Qrop rotation and its role inrebuilding and preservation
soil organic matter
Type of protected water: Groundwater, surface water
Type of risk mitigated by the measure Nutrients runoff, PPRunoff
Type of pollutant combated by the measure: Nutrients pesticides

The rebuilding and preservation of organic matter in soils is largely a result of the farmer's con
decisions based on the proper selection asehjuenceof crop rotation. Cultivation of legume crop:
their mixtures with grasses or grass crops only, and the use of natural and organic fertilizers, pi
reproduction of organic soil. The cultivation of root crops, mataxeals andoilseeds however,
contributes to soil impoverishmenttUNGPIB studies clearly show thatsequence®f crop rotation in
which organic growtipromoting plants (aftercrops and legume crop mixtures with grasses) \
present, the organic matter content in the soil was from ab&Q to more than 20% higher than th
sequencesin which thee crops did not occur (Tab).3rganic matter supports soil structure, s
aggregates and has a high wateslding capacity. It also increases the microbiological activity
therefore the dgyradation and adsorption of pesticides.

Table3:The content of humus in the soil after three rotations (12 years) of different sequences of crop r
OwW2Z2O0T Bl Hnany

Description

The content of humus in

The sequencef crop rotation the soil(%)

A | potato +solid manuré ¢ sugar beet; maizeg spring barley 1,25

g | sugar beett+ solid manure) ¢ spring barley+ aftercropg potato 139
¢ spring barley '

C | oats+solid manurd ¢ clover with grasg maizec spring barley 1,51

1) R2aS8S 2F &a2tAR YIydaNBY on G i KI

These activities stimulate and rebuild the soil fauna and flora responsible for the reproducti
humus and fertility of soil. It has a significant impact on cyagdds and the economic effects of tr
farm. Proper crop rotation through thesequenceof plants reduces the need for nutrients ar
therefore reduces the need for additional fertilizers, so the costs associated with their purchas
application are decrasing. Intercrops with a large number of legume plants may increase the ri
nitrate runoff and potentially increase the risk of nitrogen oxide emissions following agron
treatment.

Benefits and limitations
of use

There are likely to be small costs associated with increasing ladomsumptionon the farm connected
with agrotechnical activities, e.g. sowing and ploughing of intercrops.

Costs of
application
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10. Plant cover in autumn and winter

Type of protected water: Groundwater,surface water

Type of risk mitigated by the measure Nutrients runoff PPP runoff

Type of pollutant combated by the measure: Nutrients pesticides

Description

Benefits and limitations

Costs of
application

of use

An efficient way of reducing nutrient and pesticides loss from arable land during autumwiatet is
to keep the land under vegetative cover (green land) during these periods, particularly in area
light soils and mild climates. At the same time, annual winter crops, such as winter wheat or !
rape, can provide a vegetative cover thatigely takes up available N and®m soil more efficiently
than annual spring crops in a seasonal period with high precipitatiorcaabclimate. Similar function
can be used for intercropping, which can be undewn in the main crop simultaneously just after
sowing of that main cropWhen the main crop is harvested, the catch crop has already an establ
root system ready to take up nitrogen from soil during late summer and autumn. Nitrogen
otherwise could have been leached is then takem and incorporated into plant biomass. T}
immobilizednitrogenwill be released to the soil again, at the moment of termination of the catch ¢
growth e.g. by tillage. The catch crop is ploughed as late as possible in autumn, or in sprir
selectionof plant species used as a catch crop depends on climatic and soil confifietnzak 2012]

Plant cover of arable land during autumn and winter effectively limits the runoff and flow of fert
components and pesticidedNitrate leaching is reduced relative to the time the soil is covered
vegetation. The effect of the catch crop on N leacidepends also on precipitation and draina
conditions. It also affects the amount of available N in soil and influences how successfully the
crop may establish. Catch crops, apart from reducing nitrate leaching, may also retain and
availabe P in the root zone, increase the amount of organic matter in the soil and improve the
structure.

It is a relatively easy method to implement requiring only purchasing and sowing the seed:
finishing the catch crop, which g@mpensate for by increasing primary crops.
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11. Grass buffer zones
Type of protected water: Groundwater,surface water

Type of risk mitigated by the measure

Runoff, subsurface flowdrift and runoff ofPPP

Type of pollutant combated by the measure: Nutrients, pesticides

Description

Benefits and limitations

Costs of
application

of use

Buffer zones are strips of landovered with
permanent vegetation located betwee
agricultural land and watercourses ar
reservoirs Buffer zones are a particularl
important measure in areas where erosion
a problem(reduces inflow of surface wet;

stops eroded soil materiapesticdes, P and
other soil contamination). The buffer zones ;
are the most effective mitigatiomeasure to
reduce pollution from agricultureon the area
characterizedby sandy and silty soils, locate
on slopes of more tharr® inclined towards
watercourses reswoirs[DEFRA2009. Figure9: Grassy buffer zone [Z. Miatkowski]

Buffer zones reduce the risk of soil material, N, P and other nutrient and pesticides losse:
agricultural fields to surface waterghe ability to retainpollutantsthrough the buffer zones depend
on many factors such as: width of the zone, slope of the terrain, plant species composition, soi
land cover, hydrological and meteorological conditidhéias been found that buffer zones, dependii
on their plantcover, can hold from 4 to 95% of nitrogen and 24 to 85% of P migrating from culti'
fields to surface watefHawes and Smith2005]. A grass buffer zone of 5m, 10m or 20m redu
pesticides runoff respectively 50%, 90% and 97,5% [ECPA, 200&over, buffer zoneshave a
beneficial effect on biodiversity (they are a refuge for plant and animal species, enrich the agric
landscape and improve the microclimat&he adverse consequence of buffer zone applications is
exclusion of strips of cultated fields from agricultural use. The potential of agricultural production
revenue is reduced.

The average cost of establishment of a grass buffer zone differs in the different EU cou
Moreover, establishment of buffer zone decreases the direct surplus from plant production (a
production value from 1 hectare).
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12. Constructed wetlands
Type of protected water: Groundwater, surface water
Type of risk mitigated by theneasure Nutrientsand PPRunoff
Type of pollutant combated by the measure: Nutrients pesticides

Description

Benefits and limitations
of use

Costs of
application

ThisLINE 2S00 KIFa NBOSAGSR TFTdzyRAy3I FNRY b zr___g‘b
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Wetlands fulfil many useful functions. One
them is the removal of N, P, pesticides a
other pollutants from runoff water througt
sedimentation, biological and chemic
transformation and degradatioras well as to
plant uptake. Nitrogen is reduced due
nitrification of ammonium, in shallow area:
and anaerobicdenitrification in deeper areas
Phosphorus is removed in the process
sedimentation. Soil particles with bonded
settle at the bottom of the pondConstructed
wetlands are established, or +established, to
receive water from large runoff areas in arak
and agricultural lands. The moff area should
be covered by at least 50% intensi
agricultural land use, with the constructe
wetland of an area approximately @4% of
the total runoff aregPietrzak, 2012].

FigurelQ: Constructed wetlands ITP FaleflyNawalany]

Figurell: Constructed wetlands ITP Faleffey Nawalany]

Constructed wetlands, as well as natural ponds and marshes, can capture runoff, clean it, ar
eroded sediments.Wetlands have additional benefits, i.e. improved biodiversity, water stor
capacity, resource recovery, irrigation possibilities and production of crop bionitags.generally
accepted that constructed wetlands retain 20 to 90% N and 25 to 100% ofd@uoced to themwith

runoff [ Owenius and van der Nat, 2009The retention efficacy for weakly and moderately adsork
compounds is estimated to be lower (approx. 50%), while for strongly adsorbed compeffitdsy
can reach up to >90% [TOPPS prowadi$2p

The cost of earthworks associated with construction of artificial wetland is similar to the cost o
elevations, digging of shallow tanks or ditches and depends on the size of the wetland
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13. Separation of pastureBom water courses and reservoirs
Type of protected water: Surface water

Type of risk mitigated by the measure

Water eutrophication and acidification

Type of pollutant combated by the measure: Nutrients

Benefits and limitations .
Description

Costs
of application

of use

Pastures situated in the immediatécinity of reservoirs and water courses should be restricted alon
the waterline Thewatercourseshould be separated from the pasture and the badequately
protected A preferred solution in the vicinity of watercourses and reservoirs is to usevwan and
grazedsystem ofgrasslandnanagement that effectively limits the migration of biogenic substances
water bodieqUlen B. et al.2013]

Isolating watercourses and reservoirs from pastures prevents contaminationatér with animal
waste, which directly affects the reduction of eutrophication and acidification of surface w
Livestock that has no direct access to watercourses and reservoirs do not damage the edges, t
slopes. There are no occurrences whichve negative impacts on the soil, e.g. "trampled s
susceptible to water erosion.

The cost of the measure depends on price of fences for cattle. The average cost of a typical
fence for cattle in Poland is around 250 EUR. Alternatively, the costs of electric fencing can be re
under the "Modernization of FarmsRural Developmnt Progranm2014-2020.
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14. Controlled drainage

Type of protected water:

Type of risk mitigated by the measure

Type of pollutant combated by the measure:

Description

Costs of Benefits and limitations

of use

application

Intensiveplant production causes a period
increase of nitrate concentration il
drainage water flowing from agriculture
areas. The major part of the outgoing
load occurs during the winter and ear
springww | F I OZD@BRIY iE caused by
the outflow of N andP (partly) along with
water from thaw and precipitation in the
post vegetative period. It is therefore
advisable to partially reduce the flowf
water during this period, especially afte

Groundwater, surface water
Nutrients runoff

Nutrients

reaching the appropriate level ¢ Figurel2: Flowgate on drainage ditch [source: wikidelt§.p

groundwater. Waterrising devics can be

located in drainage wellsron drainage ditcheseceiving drainage water. The height of wataising
and the way of using these devices depends on local habitat conditions, type of soil and crops.

Regulating the outflow of water from the drainage network allows foritlng the load of N and F
flowing to surface and groundwater. In addition, plants can use the collected water during the gr:
season which can have a positive impact on the yield. However, drainage systems with cor
outflow work well in flat area. In more diverse landscapes it is recommended to build small reter
reservoirs on outflows from drainage systems and drainage ditéhbes: (i dzNJ f y |
where water can be treated and used for irrigation or other economic purposes.

On the assumptionthat plant production takes place on previously reclaimed agricultural I
regulating the outflow of water from the drainage network does not generate significant exte

costs.
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15. Covered manurstorage system

Type of protected water:

Type of risk mitigated by the measure

Type of pollutant combated by the measure:

Description

Benefits and limitations

Costsof
application

of use

Ammonia emission and leaching from so
manure increases the loss of nutrient:
especially in those farms where the fertiliz
is stored directly on the groundManure
should be stored in tight manure pits wit
side walls on the discharge channel and
reservoir to collect leachates. The loss
ammoniafrom storages with solid manure
especially if composting proceeds at hi
temperatures, could be high. Peat included
the bedding material will reduceNH: loss
during storage Roofs on solid manun
storages could be an effective measure
reduce ammonia losses frosolid manure.

Groundwater, surface water
Nutrientsrunoff, subsurface flow

Nutrients

Figurel3: Covered solid manure storage reduces ammor

emission and nutrients runoff

Additionally, a roof keeps rainwater away, which could prevent nutrient leakage from the manur:
if it has insufficient or lacking drainage leading to a collection pit [Piet2@12]. A good method of
reducing ammonia losses from manure is plastio ftover with a thickness of at least 0.15 mm. T
film should be loaded with weights to prevent blowing through the wind.

The solid manure that is covered by the roof effectively reduces N losses in the form of ammc
well as runoff of N and P through atmospheric precipitation. The feam potentially save on the

purchase of mineral fertilizers which increases its economic efficiency. Also groundwater and ¢
water resources located on the farm and its immediatersundings are not degraded.

The costs of building a roof over solid manure is determined by the type of construction (steel,

wooden).
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16. Slurry bags

Type of protected water:

Type of riskmitigated by the measure

Type of pollutant combated by the measure:

Description

Benefits and limitations

Cost of
application

of use

The needs of farms for the storage of slui
can be realized on the basis of very lic
and furctional slurry bagsin anemergency
situation where liquid manures need to t
stored for the short term, slurry bags al
the only rational way to increase th
storage capacity of the fertilizer on th
farm. Bag installation does not require
building permit. It is sufficient to pte a
bag on a flat surface, without shar
material and sand or gravel substrat
Slurry bags are equipped with connectc
that facilitate the filling of liquid manure
and its later distribution. The ba
construction is completely sealed and se
and doesnot allow the spread of an
odours.

Groundwater, surface water

Nutrientsrunoff, subsurface flow

Figurel4: Slurry bags [Exflo s. z 0.0., 2017]

Flexible bags for liquid manure completely eliminates the problem of loss of nutrients during stori
liquid manure and slurry on the farm. Installation takes about 30 minutes and the bags are stédil¢
at least 10 yearsThe farm saves on the purchase of mineral fertilizers, which increases its eco
efficiency, while ground and surface water in the faand its surroundings are not exposed to N ant
pollution. In Poland, however, this is a high financial burden, especially for small and medium

farms.

The cost of buying Exflo Farmer bag with the capacity of 208 Foland isbout 10000 EUR.
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17. Adopting phase feeding of livestock
Type of protected water: Groundwater, surface water

Type of risk mitigated by the measure

Nutrientsrunoff, subsurface flow

Type of pollutant combated by the measure: Nutrients

Description

Benefits and limitations

Costs of
application

of use

Livestock at different growth stages or stages of the reproductive cycle have different optimum
nutritional requirements. Greater division and grouping of livestock on the basis of their feed
requirements allows more precise formula2 Y 2F AYRAGARdzZ t NI GA2ya:
use efficiency and results in reduced excretion of N and P in fresh animal faeces arj@ietizak
2012].In pig feeding the fattening period can be divided into consecutivepaitods (Eeding phases).
In any of these periods the level of protein in feed is closely adapted to the needs of the porker ai
RSONBI&dSa ¢6A0GK (KS FyAYFfQa INRGIUKD Ly 3INRG
reduced together with their growth deito the decreasing animal demand for protein. At the same
time, an addition of lysine should be used to improve the quality of protein. According to some stt
4-phase fattening and supplementation of protein with lysine (primary limiting amino acigidgs) can
reduce Nexcretion by pig$o 66% when the addition of lysine is 7%.

Table4: Reduction of nitrogen excretion by the use of phase feeding and improving the quality of pmokeiN
LISNJ LI2NJ SN) ot 201 Z2&81A mddt FFIESNI YNAOKISEAYSNI S¢

1-phase feeding| 4-phase feeding

Specification — -
Lysine in the protein,%

5,0 5,0 5,5 6,0 6,5 7,0
Nitrogen uptake 6,3 5,66 |514 [4,72 (435 |4,04
Retention of nitrogen 2,29 2,26 (2,26 2,26 |[2,26 |2,26
Nitrogen excretion 4,01 34 |2,88 |245 [2,09 [1,78
In % 100 85 72 61 52 44

Adopting phase feeding of livestoakcreasenutrient use efficiency from feed and results in reduc
excretion of N and RChanging the traditional feeding systempbase feedingo reduce animal feec
costs, provide better nutrition for animalseduces the cost of animal productioprovides better
nutrition for animalsand reduces the negative impact on the environment.

A telpful tool for reducing N and P in the diet of animals, and for reducing the amount of exc
components is computer feeding programmes. They enable balancing and optimising the
formulations for farmed animals according to their living and produgctieeds.

Costs are related to increased labour intensity due to the preparation of several types of compoul
feed.
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Type of protected

water:

18. Phytase supplementation

Type of risk mitigated by theneasure

Type of pollutant combated by the measure:

The foundation of pig feed is fodders of plant origin of different abundance and accessibility o
the range between 3 and 12 g/kg dry feed). Phosphorus is present in them in two forms: phyti
absorbable) and nophytic (absorbable). The largestounts of phytates are present in cereal gral
(from 55 to 77%), oil seeds and pulses. Monogastric animals (pigs and poultry) have no b
microflora and cannot produce phytase by themselves. A consequence is that P fixed in the f
phytic communds is unavailable for thenT.he content of digestible forms of P varies considerabl
different types of feed Supplementation with synthetic phytase to pig feed reduces the need

additional mineral phosphate.

Groundwater, surface water

Nutrients runoff

Nutrients

Tableb: Totalphosphorus content and share of digestible and excreted phosphorus in selected pig fodders

mixtures.

Costs of
application

ThisLINR2 2 S Ol
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The cost of additional phytase to fodder is associated with the purchase of suitable miitanain

NEOSAGSR FTdzyRAy3a FTNRY Do 7
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*:**' é-

§ al,2013]
o
= Digestible forms of P| Share of excreted P (%
§ Fodder P %] gin fodder [%0] in relation to P in fodcjer
e Barley 0,5 0,1 72
Fishmeal 39,1 32,8 16
Lupine 3,8 1,1 70
Lucerne 22,4 4,7 79
Maize 0,1 0,3 72
Beet molasses 54 0,9 84
Oat 0,8 0,2 69
Pea 0,9 0,4 61
Rapeseed meal 9,6 7,0 37
Rye 0,5 0,2 64
Triticale 0,5 0,2 63
% ® Phytase increases the availability of P in the feed and allows total P content to be reduced withot
a8 2 affecting productivity. With the addition of phytase, the P content of pig feed can be reduced by u
“GC_J ’g %5 30%.Furthermore, a large number of studies shovatithe addition of phytase improves digestion ar
& =  use efficiency of protein and fatesulting in reduced excretion ofdhd N.
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19.Reducing dietary nitrogen and phosphorus intake
Type of protected water: Groundwater, surface water

Type of risk mitigated by the measure

Nutrientsrunoff, subsurface flow

Type of pollutant combated by the measure: Nutrients

Description

Benefits and limitations

Costsof

of use

application

In order toimprove the low efficiency of the
use of N and P all feed components frc
purchase and production process requi 120 1
proper management and balancinglhe
balanced nutrition of animals will enabl

1,50 4

.
.

0,90 4
.

Faecal P, %

060 * y = 0,0106x - 0,219

their on-farm requirementswhile reducing R?=0,7414

the negative impact of animal productio 0,30 |

on the environment. The efficiency of usir

N from feed depends on the type, age al O'WBL] 0 80 9% 10 10 120 1% 140
species of the animal and ranges from 4 P intake, g/d

28%, with P being slightly higher, up to 39 Figure 15: Relationship between P intake and faecal P
A helpful tool for reducingN, P in the diet lactating dairy cows [Wu et al., 2001]

of animalsand for reducing theamount

of excreted components is computereding progrars. They enable théalancing and optimizing of
the feed formulations for farmed animals according to their living and productive needs.

Changing diets to reduce adverse environmental impacts affects the cost of livestock prodt
Purchasd feeds are often based on the least costly components that contribute excess nutr
because cheaper raw materials often have worse anraiciol balances and are ledigyestible In some
farms, mixtures of planbased feeds with residues of other crops or waste from dlgeicultural and
food industry often form an important part of the animal diet. These feed ingredients also rec
balanced managemeng balancing of nutrients rad nutritional values make it possible to improve tt
efficiency of feed utilization.

The costs of buying feedstuffs 4pyoducts and byproducts of theagricultural and food industrare
relatively small and, often in Polish conditions, are reduced to transport costs.
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20. Ensure the sprayer operator is adequately trained and prepared for PPP use

Type of protected water: Groundwater, surface water
Type of risk mitigated byhe measure: Point sources pollution, spray drift, runoff
Type ofpollutant combatedby the measure: Pesticides

The EU Directive 2009/128/EC on sustainable use of pesticides says that professional p
users, distributors and advisors of its Member States must receive a proper training on the s¢
and handling ofising Plant Protection ProductBRP)Guidance on training schemes, certificates
competence is available from your local authorities. (Source: TOPPS)

Description

Trained operators know how to use the PPP and the spraying sprayer equipment in order to
use and handlé’PP. They are aware of possible water pollution by PPP and know how to p
water pollution by PPP. They also know better how to act and react in case of accidents with F

Benefits and
limitations of use

Check the local authorities for the actual cost of training schemes in your country.
For example in Belgium:

- Professional users of PPP need a spraying licence type Il (P2), advisors and dist
need a spraying licence type Il (P3). To prolong/exteed spraying licence, they need t
follow 4 (P2) or 6 (P3) courses of 3 hours during the following 6 years after date of
These lessons are for free.

- To obtain a P2 spraying licence, you need to follow 60h training, to obtain a P3 sp
licence you need to follow 120h training. Courses to obtain a spraying licence
approximately 150 EUR.

Costs of application
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