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 Seven research centres across NI
* Research Farm at AFBI Hillsborough e
 Marine research vessel e e -
* Agriculture,food,marine,veterinary scienes, plant sciences

* Agri Environment

CatchmentCARE i pioment. INTEIrEG g | Simiiede, ..

3 . Y Department of Housing,
ﬂ and Rural Affairs Northern Ireland - Ireland - Scotland Logal G v andgHeritage
@; o www.daera nl.gov.uk European Regional Development fund R



Contents afbi iz

* Background: Water quality in NI and cross border water bodies
* Introduction to extensively managed grassland
* Loss of phosphorus from grassland soils

* CatchmentCARE project: New fertiliser guidelines for extensively
managed systems

* Increasing the precision of farm nutrient management
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Water Quality in Northern Ireland

& Cross-Border Water Bodies

* In NI the Water Framework Directive (WFD) is

implemented through River Basin Management
Plans.

e NI shares three International River Basin
Districts with Rol

* In this presentation I will focus on the
Blackwater Catchment (Neagh-Bann IRBD)

* Tyrone, Armagh & Monaghan

v T
7 s
\{fj 2 & P,
by
) v

G{}% lometers

e Kilometers 0510 20 30 1\
03570 140 210 280 o ?\

Legend

— Blackwater River Network » 35m Grid Sampling Point

mm Blackwater Catchment Extent e  70m Grid Sampling Point
Dlgltal Elevation Model (m.a.s.l) |:] Field Boundary

Hayes et al. 2021 = Hign - 376
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Water Quality in Northern Ireland

& Cross-Border Water Bodies

 Water bodies (rivers,lakes &
groundwater) are monitored
continuously for chemical and
ecological status and this data reported
to the Commission

* Inrecentyears there has been a slight
deteriorationin water quality

* 2019:44% of river sites had SRP
classification of moderate or poor

« 2012-2015:34%

* Nearly a third of sites have deteriorated
by one class for WFD SRP status

CatchmentCARE
—

WFD SRP Classification in Rivers, 2019 ﬁ “
® HIGH b ‘@' E
© GOOD S
©  MODERATE
e POOR
e BAD
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Farm and field management of phosphorus

inputs

* Agricultural land acts as a point and IoW - Oisen P Index
diffuse source of phosphorus (P) loss into | il ncexo
waterways ' Index 1

Index 2-

* Recent soil sampling schemes such as the
EAA scheme showed that 50% of soils in
NI contain high or surplus levels of soil P

Index 2+

Index 3

* Soil P above what is required for
agronomic production

* Increased risk of P loss. 940 tonnes of
agricultural P are lost to water bodies
each year

An Roinn Tithiochta

Rialta At il agus Odh achta
/ Depar tm t of Housing,

Local Government a dH ritage
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High Soil Phosphorus

* Historically there has been a tendency to
over-apply P (above what is required for
production)

* High slurry and chemical P applications

* The risk of nutrientloss from agricultural
land is greater in certain conditions

 To reduce the risk of nutrientloss,
environmental regulations have been
enforced (Nutrients Action Programme)

* Closed period 39% reductionin SRP loss

CatchmentCARE e A

ﬂ and Rural Affairs
)‘° www.daera nl.gov.uk
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|

* High rainfall climate

1000 — 2000 mm rainfall
annually

‘\'\S

Rainfall mm

[ ] 700- 900
[ ]900-1,100
[ 11.100-1300
[ 1.300 - 1,500
P 1,500-1,700 |
I 1.700 - 1,900
I 1000 - 2,100
I 2.100- 2,300

048 16 24 32 40

Annual Average Rainfall 1971-2000
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Saturated Soils

* Soils can be saturated or
above field capacity for >
250 days per year

CatchmentCARE

e

] <z

0510 20 30 40
e i o e ters

Number of Field Capacity Days

Department of
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and Rural Affairs
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Runoff Risk - Spatial Variability

Based on the UK Hydrology of Soil Type Classification
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High Runoff Potential 58%
Medium Runoff Potential  31%
Low Runoff Potential 11%
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Diffuse and point source pollution
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CatchmentCARE ’“’/\\\

e CatchmentCARE is an EU- e

ifumnded project that aims .to A
prove freshwater quality . o gw
within the North Western and S 7
Neagh Bann international river AR iachester s /
basins. TR Y,

(e

* The project is focussed across
three cross-border CatChmentS’ Blackwater catchment 1,500km2: Neagh-Bann IRBD

the Arney, Blackwater and Finn Finn catchment 494 km2: North Western IRBD
Arney catchment 304 km2: North Western IRBD
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CatchmentCARE

* Aims: Development of a number of water quality improvement projects and
installation of groundwater monitoring stations across the region

 ProjectPartners:

* Donegal County Council (Lead)

« AFBI

* Inland FisheriesIreland

* Loughs Agency

* Ulster University

* Armagh City, Banbridge & Craigavon Borough Councils
 British Geological Survey

* Geological Survey Ireland

CatchmentCARE T Enionmene. IOICETTEG A /0 | SR s

x Y Department of Housin
)‘ﬂ an(j Rural Affairs Northern Ireland - Ireland - Scotland ‘j/ Lofal Government andgf-leritage
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CatchmentCARE

* Project funded under the EU Interreg VA Programme
* Budget €13,792,432

* Match funding of €2,068,865.37 provided by Government
departments

* Project Actions:
* A measurable impact on water quality
* Be transferable beyond the three catchments

* Contribute to a project legacy

C at C h m e nt C A R E Tgﬁ;{cﬂ:lture, Environment I n t e r r e g - ;// ﬁlilaﬁ:ii;l Rifiilziillig;}llltsabidhreachta
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Aims of Catchment CARE

 Identifying strategies to manage phosphorus inputs at farm scale
and individual field level

* Reduction in number of fields over-supplied with P

* Develop an evidence base that will help shape future regulations in
relation to soil nutrient management

* Development of recommendations that are appropriate for cross
border farms

C at C h m e nt C A R E Tgﬁ;{cﬂ:lture, Environment I n t e r r e g - w/ ﬁlilaﬁ:ii;l gifiilziillig;}llltsabidhreachta
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Re-evaluating current fertiliser recommendations

* Current fertiliser recommendations favour high-production systems
* Grassland receiving high N inputs (fertiliser + manure over 300 kg N/ha/yr)
* High target yields 12 — 16 t DM/ha/yr in 3 silage cuts

* However, much of NI and Rol agriculture is not operating at this intensity

* Extensively managed livestock farms in NI generally have total fertiliser inputs
less than 60 kg N/ha/yr and manure less than 120 kg N/ha/yr

* Expected yields 4 — 7 t DM/ha/yr through 1-2 silage cuts per year

C at C h m e nt C A R E Tgﬁ;{cﬂ:lture, Environment I n t e r r e g - w/ ﬁlilaﬁ:ii;l gifiilziillig;}llltsabidhreachta
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Extensively managed grasslands

* A landscape which comprises
a large proportion of the land
area of NI and Rol

Currently minimal published
data assessing the P
requirements of low-input
extensive grassland

Over-application of P to
extensive systems could be
making a significant
contribution to P inputs into
waterways

Department of Housing,

ﬂ and Rural Affairs Northern Ireland - Ireland - Scotland Local Government and Heritage
a

www.daera-nl.gov.uk trogean Regonal Devesopment hund
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Liebig’s Law of the Minimum

Grass DM yield vs soil Olsen-P at different N rates

Max yield determined by the
most limiting nutrient

Index 1 Index 2- Index 2* Index 3

In extensive systems the low N 190% Max  360kg N/halyr — \

rate is generally the limiting
factor

Due to the low N input, max
attainable yield may be 7 t
DM/ha/yr

|

|

|

|

: !

: !

* Even if more P is applied, yield : |
will not increase as the system is B A A
limited by N supply 0 5 10 15 20 25 30 35 40 45

90% Max 60 kg N/halyr

Grass DM yield (t/hallyr)

Soil Olsen-P (mg P per litre of soil)
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Liebig’s Law of the Minimum

Grass DM yield vs soil Olsen-P at different N rates

Index 1 Index 2- Index 2* Index 3

* Where N inputis low, P uptake
and P requirement will be

lower % : 50% Max 360 kg Nthalyr X\
+ On an inputof 60 kg N/ha/yr, 3 |

an Olsen P Index of 1 maybe 2 o :

sufficient 2 e 60 kg Nimalye
* For a higher N input system, 5 : :

90% of max yield correlated ik v

W]'th Index 2 + 0 S 1I0 1I5 2I0 2I5 3I0 3I5 4I0 4I5

Soil Olsen-P (mg P per litre of soil)
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Tackling Legacy Soil P in Catchment CARE

* High levels of legacysoil P,
especially where more P is applied
than required for production

e Catchment CARE aims to refine the
nutrient advice given to farmers

* Farm specific advice based on farm
activity level

e 17 farms selected in the Blackwater
cross-border catchment

CatchmentCARE Toroire vionment. AOVCETTEG B (0 | R et

. Y Department of Housing,
W and Rural Affairs Northern Ireland - Ireland - Scotland S Logal Governtent andgHeritage
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Blackwater Catchment

* Blackwater catchment 1,500 km2:Neagh-Bann International River Basin
District

* Tyrone,Armagh & Monaghan
* 90% of land use as agriculture (diary,beef & sheep)

* Geology:Carboniferous sandstone,limestone, shale and mudstone
overlaid by pro-glacial boulder till

* Soils:poorly draining with a seasonally perched water table promoting
saturation-excess runoff

* High winter rainfall, high runoff risk, low water storage capacity and poor
permeability: factors which elevate the diffuse pollutionrisk

C at C h m e nt C A R E Tgﬁ;{cﬂ:lture, Environment I n t e r r e g - w/ ﬁlilaﬁ:ii;l gifiilziillig;}llltsabidhreachta
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Nutrient Management Component of CC

 Two main parts:

* 1. Mapping soil P content of all fields on 17 farms. Preparing nutrient
management plans for farmers

2. Evaluating P recommendations for extensively managed
grasslands within the revised Nitrates Action Programme (NAP)

CatchmentCARE Bl I0EITEG W | S

ititiil agus Oidhreachta
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Soll Sampling of 17 farms (Jan — Mar 2019)

o i %Qm«,‘u

o G btz
e TR

SN D v

400 fields sampled
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Soil Sampling of 400 fields

Soil P Index of 400 fields in Blackwater Catchment

. : 160 .
* 66% of fields sampled contained 0 37%
excessive soil P
» 120
» Above the agronomicoptimum 3 4,
Index 2 S 20 20%
. . Q
* Higher than the nationalaverage £ o o
> 0
Z 40 8% o
20 | ., %
2: I z 0.2%
0
0 1 2- 2+ 3 4 5 6 7
Soil P Index
CatChme nt CARE Tgﬂr’;:lture, Environment Interreg - w// ﬁ?aﬁ:gl gifiilziillig;}llltsabidhreachta
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Knowledge Transfer

& BIOSCIE
INSTITUTE Northern Ireland - Ireland - Scotland

European Regional Development Fund

Farm CC1
Soil Phosphorus

CatChment FARE afbl AGRLFOOD Interreg -

* Production of nutrient
management plans for 17
farms

“If Soil P is above optimum, continuing to
purchase P fertiliser is a waste of money
& potentially impacting on water quality™

 Red = Above optimum

|:| Below Optimum

- Optimum for Extensive Grazing

- Optimum for Intensive Grazing & Silage
I Above Optimum (High)

I:I Above Optimum (Excessive)

* Green = Optimum
* Yellow = Below Optimum

Key Points:

=

. Make optimum use of slurry, apply
to silage ground & target fields low
L in soil P

2. Fields below optimum may be adequate
for extensive grazing & may only require
straight N fertiliser

2

Zero phosphate fertiliser should be applied
to above optimum fields, However, care
should be taken to maintain sufficient
potash levels especially on silage ground

4. To prevent sulphur deficiency an application

C at C h m e nt C A R E of 30-40 kg/ha as a sulphate containing

w B o g W AR | y fertiliser is recommended to all grassland
| 500 Metres ) in spring

For maximum recommended rates refer to the nutrient management plans
Soil Sampled January 2019




Knowledge Transfer

e Calculationof farm P balances

* Recommendations for
improvedfertiliser and slurry
management

An Roinn Tithiochta,
¢/l | Rialtai At uil agus Odh achta
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Knowledge Transfer

& BIOSCIENCES
INSTITUTE Northern Ireland - Ireland - Scotland

European Regional Development Furd

Farm CCA1
Soil Phosphorus

CatChment QARE afbl AGRI-FOQD Interreg -

* In response to the nutrient
plans,a 42% reduction in P
applied through inorganic
fertiliser has been recorded

"If Soil P is above optimum, continuing to
purchase P fertiliser is a waste of money
& potentially impacting on water quality™

Soil P Index

|:| Below Optimum

- Optimum for Extensive Grazing

- Optimum for Intensive Grazing & Silage
- Above Optimum (High)

l:l Above Optimum (Excessive)

Key Points:

—

. Make optimum use of slurry, apply
to silage ground & target fields low
adiutise in soil P

2. Fields below optimum may be adequate
for extensive grazing & may only require
straight N fertiliser

3. Zero phosphate fertiliser should be applied
to above optimum fields, However, care
should be taken to maintain sufficient
potash levels especially on silage ground

4. To prevent sulphur deficiency an application

CatchmentCARE

w T g W AR | fertiliser is recommended to all grassland
x> 0 125 250 500 Metres \ in spring

For maximum recommended rates refer to the nutrient management plans
Soil Sampled January 2019




Grass silage quality and nutrient balance

e Reassurance that

grass 1s recelving
sufficient

nutrients

.w;:“m»_, e
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Evaluating P recommendations for extensively managed

grasslands within the revised Nitrates Action Programme (NAP)

Grass DM yield vs soil Olsen-P at different N rates

16

° Based On the lower N 1nputs tO » Index 1 Index 2- Index 2* Index 3
extensively managed systemsand g T90% Max 360 kg Nihaiyr N\
lower target yields,new P £ 10 :
recommendations were S s |
formulatedfor extensively § 6 | 90% Max I 60 kg N/halyr
managed grassland g | :

- Included in the 2019 — 2022 : y v
Nitrates Action Prog ramme and P ° 0 5 10 15 20 25 30 35 40 45
Reg ulations Soil Olsen-P (mg P per litre of soil)
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Revisions to the 2019-22 NI Nutrients Action

Programme and P Regulations
mmmm

Deficient
10-15 Low 0-3 Very low

2- 16-20 Optimum for 3.1-5 Low

extensive

gra sslands Nitrates Action Programme 2015-2018

& Phosphorus Regulations

2+ 21-25 Optimum for

intensive

g ra SS I a n d S Further details of all the measures can be found in the
3 26— 45 High 5.1-8 Medium -

(Optimum)
4 46 -70 Excessive >8 High — |
B Sl e NS A i
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Comparison between current NI and Rol Olsen

and Morgan’s extractable soil tests

Morgan P vs. Olsen P

* Two different soil P tests operating

in close proximity in cross border o * ConCudmemiocm
areas * B :1"-a..:;(-r ".-"ir“l.."-:kl".'l‘-'"er ...‘ cm
« Do the recommendations derived | g
from each test vary significantly z i o5 c’: &
. . . a 32 " Ve o ¢
« Could choice of soil test impact on > _:g':;;;::‘,%;?: -2
o o O e L |
water quality in cross border areas Nt
e.qg. difference between Index 3 and
Index 2 o il
Vero et al. 2021 %0 :
Morgan P(mg )
CatchmentCARE e imua lnterreg B | ..

e and Rural Affairs Northern Ireland - Ireland - Scotland i sty ritage
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Revisions to the 2019-22 NI Nutrients Action

Programme and P Regulations

NI System Fertiliserrecommendations kg P205/ha

Department of Housing,
Local Government and Heritage

0 1 2- 2+ 3 4

Grass establishment 80 65 50 30 0 0
Grazed grass (whole season) 50 35 20 0 0 0 Nitrates Action Programme 2015.2018
First cut silage 70 55 40 0 0 Sl bonria
Hay 55 43 30 0 0

Target index for grazed fields Index 2-, Lower P fertiliser inputs

Silage fields target Index 2+, Higher N inputs, Higher P inputs

et NI A i
CatchmentCARE Toodure Emironmen. AOVC@FTEG (i | SRR e

W and Rural Affairs Northern Ireland - Ireland - Scotland
> 2= Gumposn Raghosi Doviapmest g
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P Rate Experimental Plots

Treatments: 3 rates P plus zero P control plots 6 reps of each = 60 plots
GrassYield 2 cuts per year; Grass Quality

An Roinn Tithiochta.
Agrieulture, Environment ~~ 111LET reg [E5] /% | Rialtais At agus Oidhreachta
and Rural Affairs ebtars

www.daera nl.gov.uk
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Results: Farm 1 Low so1l P (Index

Annual yield (2
cuts) t/ha

Grazing 35 kg P205
/ ha whole season

Silage 1st Cut 55 k
P205/ha

2" Cut 20 kg
P205/ha

No P Applied

Department of Housing,

and Rural Affairs Northern Ireland - Ireland - Scotland Local Government and Heritage

www.daera nl.gov.uk

CatchmentCARE Coreiure Evironmene. 1WC@FFEG B o
sy ,

turopean Reponal Deveiopmer




Results: Farm 2 Optimum soil P for grazing
(Index 2-)

P Applied Annual yield (2
cuts) t/ha
2019 2020

Grazing20 kg P205 6.9 7.2
/ ha whole season

Silage 1stCut40kg 7.2 7.8
P205/ha
2" Cut 15 kg
P205/ha
No P Applied 6.5 6.4
CatchmentCARE rroca WS 1Y 1-1 (-Yo ) Y S Bt S
e e Northern reland - reland - Scotiand W | Lok Goverament and feritage




Results: Farm 3 Optimum soil P for grazing
(Index 2-)

P Applied Annual yield (2
cuts) t/ha

2019 2020

Grazing20 kg P205 6.3 6.3
/ ha whole season
Silage 1stCut40kg 7.3 8.3
P205/ha
2" Cut 15 kg
P205/ha
No P Applied 5.8 5.0

CatchmentCARE T, pvionmen. IICEFTEG /i | B,

% 'flilifilﬁétl Affairs hfo_nhem Lr:?lfnd: Ireland - Sé&lénd \:u Eggirérgsg:nﬁ?riu;ggﬁeritage




Discussion

The revised P recommendations for
extensive grassland are appropriate

* No P deficiency was found in grass
samples collected from the plots
receiving P

* Some signs of grass P deficiency in
control plots where no P applied

* Important to apply P if Index O, 1, 2-,
to protect animal health in a grazing
system and to ensure good silage
ylelds

) y
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Discussion

* Supporting literature: Nawara et al. 2018 Belgium showed that the higher the N
input, the greater the growth and demand for P also increases.P deficiency
would be more common in high N-input systems

* For high P soils (Index 3 — 4+) need to reduce these to Index 2 (or Index 1)

* Previous studies (Bailey, 2015) have demonstrated that it can take up to 13 years
for an Index 4 soil to decline to Index 2 under a zero-P grazing regime

* 8 years under a zero-P silage regime

Nawara et al. 2018 European Journal of Soil Science 69,804-815

CatchmentCARE e, Bavironment Interreg Y .
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N and Rural Affairs No th nir | nd - Ireland - Scotland Lo pIG Amentd dgH ritage
‘, www.daera-nl.gov.uk o o



Plant available P

Reducing P inputs while meeting

grass demand for readily available P,

particularly in silage systems during
rapid growth in spring.

——

Soil Exchangeable

solution | P onsoil

p particle
surfaces

——

Slow release P
within soil
aggregates

Macroaggregate

Soil Matrix Microaggregate

{ ] Silt/Clay Particles Fungi
%" Microbes . Organic matter binder and
pore space

‘ POM L' Mycorrhizal fungal hyphae
Pore space \ Plant root

rfﬁw Virus
SN g

ASM Applied & Environmental Microbiology Journal



Targeted in-field management and new

technology

* Fields are generally managed as uniform units

* Research has shown substantial sub-field scale variability in plant
nutrients P, K, Mg, S, nitrogen availability and soil pH

* Sub-field scale monitoring is currently too costly to implement
widely but new technology is presenting opportunities
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Targeted in-field

management

Hayes et al 2021
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Targeted in-field
management
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Conclusions

* Farm-specific nutrient management is essential for reducing
nutrient surpluses

* Field scale nutrient management plans are very effective
communication tools

* Extensively managed grasslands may still maintain productivity at
lower P inputs
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Catchment CARE thanks the 17 farmers in the Blackwater Catchment
who are involved in this study
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