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Lesson 1 - Introduction

Te toto o te tangata, he kai; te oranga o te tangata,
he whenua

Food supplies the blood of man; his welfare depends on
the land

This document introducest h e y v dandfoanj types in our region and explains how d i erent
| andforms drive speciyc cont ami nawiltunderstasnétow and pat hway ¢
to relate yeld information and paddock-scale information to contaminant risk.

This document looks at the following topics:

1) The relationship between Catchment Context values and risks to contaminant
pathways to accurately identify high risk parts of the farm

2) Main regional landforms to enable a focus on relevant pathways and determinants of
risk

3) Guidance for yeld checking the landform and risk t

4) The recommended process for risk mapping.
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Landform assessment is a vital part of the process of determining appropriate action to address

catchment issues, because landforms control which of the contaminants might get to the river, how

they get to the river and where they can be caught or stopped. Usually a number o f  d i gdartme nt  on
actions can work to reduce contaminant amounts reaching the river. Of more importance to attaining
improvements to water quality, but frequently overlooked, is getting the right actions in the right

place.

This document provides a framework for checking that environmental risk iswelli dent i yed and
mappedandact i ons are well targeted to be e ective.
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Lesson 2 - Relating the four main
contaminants to contaminant pathways

The relationships between catchment values and the four main contaminants are noted in
the Catchment Contexts. The various contaminants travel to water by d i e pathwalys.
If you understand how the contaminant travels then you can check that the right land has

been targeted and that appropriate actions have bee
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Below are two examples of how phosphate loss is related to landform.

A FLAT ROLLING FARM

On a p arolling farm, phosphate in sedimentordung tr avel s mai nahdyoypasg oV

bow. I f p hos ph atheeatchrsentahe landsurstaivdth theareatestriskofover | and p
can be mapped, and appropriate actions chosen to minimiset hat o v e rof catchdhatp o w
sediment.
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A HILL COUNTRY FARM

On a hill country farm the main source of phosphate is likely to be in sediment fromsliporear t hp o»
erosion. Dung and sediment from high stock concentrations in swales or tracks can also be major

sources. Therefore, identifying land most vulnerable to erosion debris entering water would be the
priority.
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Below is a summary of how to link risk contaminants for a catchment to vulnerable land on a

farm.

N leaching

Key factors that indicate likely risk

Proximity to stream, river, lake, plus vulnerability to N leaching (see landscape DNA) check S-Map or
soil layers for sandy or gravelly soils with rapid permeability on plains.

P leaching
Key factors that indicate likely risk

Rare except where there islow ASC/P retention and very high Olsen P, such as on peat soil.

Overland Sow (N, P, pathogens, sediment)
Key factors that indicate likely risk

The top priorities in order are:
1) strongly rolling land in cultivation or Intensive Winter Grazing (IWG)
2) gently rolling land in cultivation or IWG
3) poorly drained soils with slowly permeable subsoil in cultivation or IWG
4) other poorly drained soils in cultivation or IWG.

Hill country erosion (sediment and P)

Key factors that indicate likely risk

How to map the top priority land depends on the types of erosion present, but generally target
severe gullied O¢g 1 u USt Glumpg (fF present) followed by large, very steep hills directly over a
waterway.
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Lesson 3 - Landforms and contaminant
pathways in the region

This section summarises the major landforms that might be found on a farm. Each landform has

di erent cont anso thiawil help ® tidentifaor sheck areas of risk on farm.

There are yve major landforms in Horizons region, based on erosion risk:
1 Plansipredominantly pat | and on other parent materi a
1 Rolling land i predominantly rolling land on other parent material
1 Hill country i predominantly moderately steep to very steep farmable land on other parent material
1 Sand country i plains and duneland on windblown sand parent material

1 Mountain land i predominantly unfarmable mountain land.
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Land Use Capability (LUC)

Each landform is grouped from LUC units (from the New Zealand Land Resource Inventory)

with similar contaminant risks and pathways. LUC units are also grouped into suites in the

regional LUC classiycations. This betweernlandi@am d under st an
features and LUC class within a soil parent material, to aid mapping or quality control of

mapping.

Example landform features determining LUC class include slope for slip erosion risk,
el evation for pood risk, or climate |l imitations. Most
material, with limitations to production setting the LUC class within each suite. For example;

alluvium suite, loess suite, mudstone suite, sandstone suite.

1W1Sb/~,glc5 2 g
— B s ; g i Gw—57a + 776 +Br—F
o 18h1Sc— sF6sM*sC*gT2gS

Gr—Ak2+4-B+C
W= gl

e

However, the mountain land landform contains land from a few land suites, as well as steep
and rolling land, that is only suitable for catchment protection and is nearly all in the
Department of Conservation estate. Meanwhile, the sand country suite contains both duneland
and dune plains landforms. Refer to the Regional Information document for references to the
main LUC c | as s i y c a knovwnnas legénad) ia dlorizons region.
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Landform summaries

The landform summaries follow this structure for each landform:
1 main farm types
1 LUC suites
1 contaminant pathways
1 determinants of risk for the landform

Guidance on how to conyr m t helessondgkhe settibnreotitedgh yel d chec
drelate field information and paddock scale information to environmental risk. &nd a recommended

process for checking mapping is in Lesson 5,t he s ect i &ecomeneridad prbcess for rigk
mapping. 6

LUC suites are mentioned so that information on risk can be looked up from the NZLRI. Refer to
the Regional Information document for guidance.
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Landform 1

Plains

1 The majority of farms in the region are on the plains landform. Farms on plains tend to
be smaller and more intensive than on other | andfo
dairy, cropping, lifestyle, and some horticulture units.

1 Plains Land Use Capability (LUC) units are mainly in the alluvium and gravel rock type

suite. There are al so pl ai nspumveraimdeadcanichsbr pat | and
suites.
1T Risks are N |l eaching, overland pow and streambank

There is possible P leaching where there is low ASC/P retention and very high Olsen P,
such as on peat soil. Although P leaching is described and mapped in Landscape DNA
this is mostly considered low priority by Horizons at this time. Exceptions may be where
there is a lake or other particularly sensitive downstream site.

Landscape DNA is introduced in the Regional Information document.
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Rolling land

f The major farm types on rol |l ildegtyldhamchd are drystock/
horticulture.

1 Rolling land LUC units are members of the loess, pumice, and volcanic ash rock type

suites.
The main risk is overland pow.

T The main determinant of overland pow risk is paddo
loss from intensive winter grazing increases with the slope of the land being winter
cropped.

T Fl at areas within rolling |l and may also have a (Il o
leaching.
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Landform 3

Hill country

LUC slopes

StronghFRolling

Rolling

1 The major farm types are sheep/beef and forestry. Although there are fewer farms than
on the plains and rolling | and, hildl country far ms
farmland.

1 The LUC units are from the sandstone, mudstone, argillite, deep-seated erosion suite,
limestone, greywacke, and hill country members of the Loess or volcanic ash suites.

The main environmental risk is sediment.

The main determinants of sediment risk are paddock-scale slope angle and risk of
sediment entering a stream. Other determinants apply to other erosion types i refer to
the Erosion document.
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Landform 4

Sand country

Sand country flat

T The major farm types arlifestyld,andéotestrg. Kk / yni shing, dairy,
1 Sand country LUC units are all in the windblown sand rock type suite.

T There is a slight risk of overland pow. Based on r
Il ikely that, although nitrate can | each through du
groundwater before reaching waterways.
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Landform 5

Mountain land

Mountain land is usually a source of clean water to the catchment, and most mountain landforms

dondét occur in farmland. For that reason it does not
However cli and gorge units are members of the mount
farmland. They have the same risk types and determinants as for the hill country landform. See the

Erosion document for details. Where there is tussock country remaining on farmland, keeping it in

tussock can have signiycant wat ernutdents and segimebteneyt s of
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Lesson 4 - Relate Geld information and
paddock scale information to environmental
risk

This section details how t 0 ¢ 0 n Kejectrtheqresence and/or location of the risks on- farm

using yeld evidence, plus outlines additional details that may need to be considered.

In some cases, actions required to reduce environmental impacts can be very expensive, and
therefore due diligence may be required before making this investmenttoconyr m t hat t he
mapped risks do actually exist and warrant the action.

In other cases, critical source areas are only small parts of a paddock, and a site inspection is
required to delineate them. Paddock scale slope and hill shade information can be very
useful for accurately delineating, communicating and cross checking where these areas
are.
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Soil type sometimes varies over very short distances in the plains (e.g., 20 metres). The risk of

N leaching from soils on the plains can be anywhere from high to negligible, and soils can be

at risk of either N leachingorover | and pow. U famtmms withimpthinsrisgkeyttoh e
knowing which soil properties to look for to map environmental risk.

Pl ains | andforms are composed of the terhigkece (the pat
terrace) and the channel or streambank.

Not floodable
high terrace

Floodable
low terrace

River bank

Well drained front

of terrace
Stony and sandy "

Well drained

Back of terrace is
Possible N leaching risk

lower and poorly
drained, with an
overland flow risk

Landscape diagram showing landforms within plains
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The riser

The riser is usually a short E or F slope with slight erosion risk where eroded sediment does not enter water.
It is often classed as LUC 5e. Refer to LUC slope classes in LUC handbook.

River flats

River flats are composed of:

I The levee, a raised area near the stream or river bank, which slopes gently away from the r  iver to
lower ground. The levee is generally sandier and gravellier than the land farther back. It may have a
high risk of N leaching depending on the texture, aeration of the soil parent material, and distance
from the river or stream. It frequently has a wide range of soil types within a short distance.

9 The lower ground farther away from the stream or river is generally of finer texture and poorer
drainage than closer to the river. It usually has a low risk of N leaching but can have slight overland
flow risk, depending on the texture, permeability and drainage class and position in the overland
flow path. The lower areas may be wet for a couple of months per year and are the major source of
overland flow on plains. At paddock scale, thes e areas can be mappe d as LUC class 4w or 4E.

Loess flats

Loess flats occur on the high terraces. They are usually of much more uniform texture and vulnerability to

overland flow than on the low river flats, however  vulnerability to overland flow and bypass flow can vary
markedly over short distances in some areas. This occurs where loess soils change from  Pallic (e.g. Marton soil)
to Brown (e.g. Kiwitea soil). Pallic soils are much more vulnerable to overland flow and bypass flow than Brown
soils. In that zone the two contra sting soil types inter -finger within a paddock, often with the Brown soils on the
higher ground and Pallic soils in the lower ground.

The channel

The channel is highly susceptible to overland flow and pathogen transmission to water.

Colluvial fans

Colluvial fans also erode under high intensity rains. They also tend to be poorly drained and thus pugged by
stock leading to sediment and dung loss in high intensity rains.

The streambank

The streambank is susceptible to streambank erosion. At farm scale, areas of plains with streambank erosion
should be mapped as LUC class 6e. Streambank erosion is a mostly natural process. Refer to the Erosion
document for comments on control.
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Strongly Rolling

Rolling

An example of plains A S graund on the right) versus rolling land
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Features for Lt F G| @addFriapping nitrate leaching risk

Priority land for actions to reduce N leaching is land that is:

9 close to a stream or river, and

1 has sandy or gravelly texture or rapid permeability, and

1 has aerated soil parent material.

H e r eudiher irfformation about prioritising land for N leaching:

Texture

f  Find the texture of the mapped soil typesfromS -§§s Yt | YuUOY~UFngoOFlUgCYat ((
testing in a soil hole, cutting or streambank. Refer to description and guide for assessing texture class by
feel in the Soil Description Handbook (Milne et al, 1995).

1 Note that S -map shows the textures and permeabilities of all the soil layers in an expected soil in a soil
map unit. However the older and less accurate Fundamental Soil layer does not show the subsoil texture,
only permeability class and depth to a slowly permeable horizon.

1 AOUOI 8GFOYUUOYOUOLUYI TYUUOYUORUUI OV FYI GLjby

o gravelly or coarse soil, which has a loamy sand or sand texture has rapid deep drainage
(permeability) and therefore has the highest N leaching risk, particularly if close to stream or river.

o0 loamy soil has moderate permeability, so there is likely to be a lower risk of N leaching. Refer to
the Landscape DNA website for guidance on this.

o LCg AOAYL]UI Lit GCYUQGL)YFOt ClGt Gr COYCOgLUGFt YI GLjbYT
| g5dGnYSt GYnt GFYCgI t OYLt GCYLI gLbLYGFUt YauovYnl ¢{

Permeability

Permeability class contains three permeabilities:

1 S =slow permeability; less than 4mm per hour, e.g.,coarse blocky clay loam horizons, iron pan or other
types of pans, for example, Kairanga or Marton soils. Soils with coarse blocky clay loam horizons are )
ULGgCCAYOt COYnl gGFONnYgFnYuUOI OTH I OYLjGUOI YTIt OYTl As
I GFt OYuUlt Gt OYuUOYnl gaGFgt OYFOUGH I bYUt YGgUuOI GgAlLjy

M= medium permeability; 4 to 72 mm per hour, e.g.,friable, loamy soils such as Kiwitea soil, Dannevirke
Lit iCQY2 UgbuFOYLjt GCQYCOLjuaOI OYLjt GCAYi UOLjOYLjt GCLjYUg

1 R =rapid permeability; over 72 mm per hour, e.g.,soils with coarse texture such as pumice, sand dunes,
coarse river sand, gravels with a coarse sandy matrix, for example Tukituki stony, Ashhurst stony or 3
| gGUguglYLut FAYLjt GCLRaYi UOLjOYLjt GCLjYg!l OYUGt OYI GLjbYT

Many soils have compound permeabilities; for example M/S, S/M, and M/R.

©Horizons_Version_1.0_26-08-2024
Page 20 of 32



Soil or parent material aeration

The degree of aeration is called drainage class in soil  science terminology.
f Al gGaFgt OYLCGLLiYGLiYnOuOl 8GFOnYlI AYuUOYnOsuUYUt YgFYQ
by pale grey colours on more than half the material. Refer to the Soil Description Handbook (Milne et al,
1995).
1 Poorly drained soils have the anaerobic layer directly under the topsoil or within 30cm of the surface.
T GUOLUYt TYstt I YGUGFuOI YgOl gudt Fdnl gGdFgt OYt FYI GLjbW
o gFAYstt 1 CAYnl gaFOnYt Il YLCt GCAYs5 0l 80¢glI COYLjt GCLjY(

0 on poorly drained sand country or other sandy soils, the risk is only when there is a high  -water
table

o t FYstt |1 CAYnl g nvyc
8¢ Bt | YiLjLjOQYGGuUYUU
land

) YCt OLjLjYt | YgCCldztit ®Y GGt UVYLCt G
t UOI Yt dzOl CgFn YSt G Ydiifgrst¥dpek 5 ¢

o well drained soil can leach nitrogen to the parent material below, but the nitrogen can still be
converted to N gas in anaerobic parent material farther down. Check stream cuttings for the
presence of light grey colours. If present, these indicate that nitrogen may be partially or fully
reduced and therefore not be leaching. This can be further checked by water quality sampling at
the site.

©Horizons_Version_1.0_26-08-2024
Page 21 of 32



80cm depth of peat over river or estuarine silt, near the Manawatu River.

Relevant features of peat soll

Much of the land originally mapped in the Fundamental Soil layer as peat on the Ma n a w plaink
has been oxidised post-drainage, and now exists as poorly drained Kairanga soil with excellent
topsoil. As such, it will have a slightrisk o f o v e r llikerottier poorly drained soils, and not be at

risk of P leaching.

Land that is still peat has a high risk of P leaching. The risk depends on the amount of available
phosphate (measured by Olsen P test) and a close proximity to a stream.
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Rolling land

Source of overland
flow sediment

% fardss buffer
40 fatch sediment .

Sources and sinks for sediment inrolling land.

The main environmentalr i sk i s over | amd [pahways ar®thesmost pnportant
factors determining where topsoil | oss and o \vaergénerated frgmoviater grazing or

cropping.

Sediment sink areas: Swales and channels, and fans can provide excellent sites for grass

b u strips or sediment traps to catch sediment, pathogens, and nutrients from the rolling
slopes above. Use farm inspection, aerial photos, and the paddock scale slope and hillshade
layers to inform channel and swale location. You may also be able to obtain draft pow pathways
for a farm very quickly from LIiDAR elevation data. All the above layers require yeld checking,
as they can have errors, however they remain the best available information to support
accurate and consistent risk assessment across a catchment.
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Hill country

Refer to the Erosion document for how to map erosion risk and how to choose or judge
appropriate actions in hill country.

Sand country

Sand pat s/ plpeoilydmined soistaral have s| i ght o v Bsksl Grasskd sfripswver
wetlands can be placed in the low points to catch nutrients and pathogens travelling from higher
pats and dunes before they exit the farm. These make good nitrogen sinks if the drainage is blocked.

Although nitrate can leach through dunes it is expected to be d e n i t heforg eathing waterways.

Most sand country is close to the coast and is easily
sand country streams frequently have high ysh values.

All landforms

Additional paddock scale features to have regard to when identifying risk include:
1 stream crossings
1 tracks
1 vyards
1 ogateways
1 troughs

1 stock camps

These have ahighr i sk of o wreany sailntype Heaawse they are compacted and as
well as having high concentrations of nutrient contaminants.
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Lesson 5 - Recommended process for risk
mapping

When mapping risk of e aerileadhing oo-farmritlisaenothmdndedthat a
series of risk assessments be done over the farm, in this order:

1) Hill country erosion i refer to the Erosion document
2) Ov er | a r darget mling land as a source and swales and channels as a sink (below)

3) Leaching i target key land and soil factors (below)
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Risk mapping for overland Sow

Find the possible overland Sow source areas

5—Clay loam subsoil in
~ A typical Marton:sail
A ~ ’

\

Marton soil with poorly drained (grey colours on left) slow 5 O1 80 ¢ I (i Eharsehckyl ©
clay loam (blocks in dirt pile on right) subsoil
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Distinguish Ljtil 1 Ft CAVI § CCGFt YTI t oYt OFUCAY! | @didckt YT1 1 OYUFniCg i
scale slope and hillshade layers , aerial 5 Ut Ut LijiYgFn Y0 OCn YL Wédilbabdatt B Y nndudt Fg
how to use those are in Regional Information document .

Refer to the table below and soil properties to assess risk of loss.  Further detail on the
relevant soil properties and other layersisin the previous lesson and the Regional
Information document .

Risk of

Slope (degrees) ST Details

Sow
(severity)

There is avery severe risk of overland

Moderately steep St GYUFnOl YLGCUCGdzg u

Very severe
(2%£25) fy sev are small patches of 21 -25 degrees
within larger areas of rolling land)
Strongly rolling Severe There is asevere riskt T Y1 dzO1 Cg
(16-20) under cultivation or IWG
Gently rolling (8- There is a moderate risk of overland
Moderat o NN C v
15) oderate St GYUFnOI YLUCUG dzg U G
On light volcanic soils, such as
Ohakune soil (where topsoil particles
Undulating to Sat Slight are easily detached by raindrops) OR

(0-7) on poorly drained soils with clay loam
subsoil with slow permeability, such

as Marton, Tokomaru or Kairanga soils
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Identify overland Sow paths and wet areas

"'"‘ Management practices are a major

\ determinant of whether overland pow
paths are a source or sink of sediment,
pathogens, and nutrients from overland
pow.

The greater the pow in an overland pow path, the

greater the potential source.

Stock camps, gateways, troughs,
and well-used tracks tend to be both
very fertile and very impermeable
and so generate the greatest
quantities of pathogens and

nutrients.

A draft paddock-scale pow path may be

generated very quickly for a farm using

LiDAR elevation data, and used to check

the consistency of mapped or

:. implemented FWFP actions to stop

overland bow. I't requires y
because it treats all culverts as blocked,

and it requires prioritising for expected

pow and sediment or nutrient content.

Flow paths can also be yeld estimated

with the aid of a 1m hillshade or 1m

slope map. The layers aid rapid,

accurate consistent drawing.
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Check that farm plan risk mitigation activities target the highest risk areas
I TYt dzOI C ggdiméntent&ing waterways

Source of overland
flow sediment

; . Grass buffer
<. -4o:catch:sediment

AT

Certainty of sediment loss to stream on the left. Much lower risk of sediment loss on the
right.

Check that farm plan risk mitigation activities (such
highest risk areas of o v e r | a rsedimpnb entering waterways. Places where sediment directly

enters a stream are higher priority than where it enters a swale or a long ephemeral pow system,

where much of the entrained pathogens or particulates may settle out in long grass.

In situations where there i s n o njoreaate loresevere risk present, a slight risk can be the most
important issue on a farm.
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Priorities for actions

Practicesfort r eat i ng o arewel descdbedinoBeef and Lamb, Dairy NZ, and other
websites. The main priorities are to prevent sediment from mobilising or to trap sediment before
it leaves the farm.

Sediment can be prevented from mobilising by:

1 not cropping ditches, swales, or wet patches

1 minimising the time that land is left bare, by replanting as soon as possible or
maintaining pasture

1 minimising cattle treading on saturated land, e.g., by not grazing breaks in a winter
crop until the soil is no longer saturated or by temporary fencing very wet parts of
winter pugged pasture

1 winter grazing stock spread out on autumn-saved pasture as a lower sediment impact
alternative to intensively grazing a winter crop

1 deep N testing pre crop and not fertilising more than plant requirements.

Sediment that does travel can be trapped in grass strips, swales, low earth dams or other types
of sediment traps. This includes sediment from tracks, yards, swales, and cattle grazing
saturated soil.

Examples of good versus bad practice for overland Sow; (MPlintensive winter grazing
document )
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Risk mapping for leaching

Co ny r maftleaahing risk assessment requires expert landscape interpretation. However
this method can be followed to determine if some parts of a farm are particularly prone to
leaching and therefore may require additional actions.

If there are farm scale soil maps present, farm scale polygons should be used to update the S-
Map soil properties.

If S-Map is not present for the farm, follow the guidance in the Regional Information
document on how to determine the soil texture, permeability and drainage class of the
mapped soils using the Fundamental Soil layers.

Nitrate leaching

By viewing the soil and topsoil development and using a worm test or ball test you can

discern soil with rapid permeability that may be at risk of nitrate leaching. Sandy loam is on
the left (Foxton soil with well -formed sandy loam topsoil with medium over rapid
permeability) while loamy sand is shown on the right (Motuiti loamy sand over sand with

rapid permeability).
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