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ABSTRACT

Abstract

Phosphorus fertiliser is necessary to maintain the production of New Zealand hill country
pastures. Technological advances in GIS and GPS have given aerial fertiliser applicators
more precision than ever beforelhe key question is; to what extent do soflemical
properties vary within hill country landscapes, and is a knowledge of the variability able to
be used to differentially apply fertilisemaximise P fertiliser use efficien@nd minimise

P loss to waterwaysThe objective of thisthesis was to quantify the phosphorus
variability on Blue Duck Station, a sumnmeoist hilkcountry farm located in the Central

North Island of New Zealand. The soil comprised Allophanic Soil (Andisols) on the flat to
low slopes with Brown Soil (leptisols) on the steper hills.

Blue Duck Station was delineated into six -Emldscape groups (north facing medium
slopes, north facing steep slopes, south facing steep slgoesh facing medium slopes,
flat ridge tops,and flat valley floors,based on slope, aspect, amdevation using GIS.
Three replicate units were randomly selected from each of the sixlesmbcape
groups,which gave 18 studgites in total. For each study site, one transect sample and
five grid samples were collected. Olsen P, Anion Storage CapalditySulphatesulphur
and Cations (Mg, Na, K, Ca) were determined

The Olsen P ranged from a mean of 6.8 in the south facirdjumeslopes td21.2 in the

north facing medium slopes. North facing nied slopes and valley low floohgd higher

mean Olsen Ralues than albther landscape groups (P<0.(dnd also had the greatest
variabilityA y hf aSy t @I fdzSad ¢KS YI22NA(Ge 2F htasy
f 26 Qd wag doifsistdpiirangingbetween 5 and5.4, whilst anion storage capacity

(ASC)levels ranged from 35% to 85%. High ASC levels indicated soils of volcanic origin,
containing tephra, whereas low ASC levels were associated with soil predominantly
derivedfrom tertiary sedimentary rock.

At Blue Duck Station, the application of higtrates of P fertiliser to south facing steep
slopesand south facing mdium slopes, withmedium rates of P fertiliseadditionto north
facing steep slops and ridge low slopes woulgptimise fertiliser use. There is limited
benefit in applying fertiliseto north medium slopes and flat valley floors as Olsen P is
near optimal for thisenvironmentand stak transfer will continue to adautrients to
these areas.

The variabilitywithin a sample site (betweegrid andtransectsample$ wasoften greater
than the range of variabilitthe means across all the landscape groupse to such large
sample variability, difficulties arise when attempting to recommbegiccurate fertiliser
regime, or sampling program3$he soil analysis results from a small number ohdas
should be treated with caution.

The Best Management Practice for soil sampling the Central North Island Hill Country
would be to avoid sampling small exceptional areas like flat valley floors and flat ridge
tops. Focusing sample regimes on a numbgtransects across northern and southern
slopes would give more representativesults.
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Chapter 1 Introduction

Chapter 1

Introduction

1.1 Soil phosphorus in New Zealand hill-country

Phosphorus is a vital soil componesoilphosphorus plays an essential role in
plant health; promoting root growth and winter hardiness, stimulatingllering,

and increased maturation speed. Th@m of my study is to measure the
variability of soil phosphorus, and other soil chemical properties, to determine
whether precision agriculture methods could be applied to hill and steep land

areas to maximise P fertiliser use efficiency.

Soil formation can be broken down into 5 soil forming factdifse 5 soil forming
factors are; parent mateal, climate, organisms, relief and time (Jenny, 1941).
Interactions between the soil forming factors influence the development and
dynamiccharacteristics of soil. Parent material and topography are the two main
factors that influence soil formation within hitountry farms. Steep slopes and
varying aspects are encompassed by topography, which influence soil depth, P
runoff, erosion potentl, nutrient removal and climatic effects (Mclaren &
Cameron, 1996 Gillingham, et al. 2003). Parent material gives soils their
inherent chemicaland physical properties. Together, topography and parent

material create a mosaic of soil types throughou thilkcountry landscape.

HilkO2 dzy G NBE  FIFN¥Ya YI 1S dzlJ odp YAfftA2y KSOI
hectares of pastoral land (Williams & Haynes, 1990). Often considered the back

bone of New Zealand pastoral farming, more sheep and cattle are breduand

on hilkcountry than on any other class of farmland in New Zealand. Due to the

poor soil fertility of most hitcountry farms, fertiliser additions an essential

component of pasture production. Fertiliser is used to supply soils with the
1
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essential e#ments that are not immediately available in unfertilised soils
(Binoka, 2008) The main addition to hilcountry pasture is superphosphate,
which helps to resolve soil fertility and mineidficiency problems.
Supephosphate increases inorganic phosphorus and sulphur, leading to
increased nitrogen fixation rates, as a result of increased clover growth (Williams
& Haynes, 1990).

The addition of fertilisers to farming systems can have inadvertent
environmental impats. The mainissue of phosphorus fertiliser applicatios

the potential degradation caused tmatural waterways. Due to natural
phosphorus levels in aquatic systems being very low, small increases in the
amountof phosphorus going into waterways can kawv big effect. Phosphorus in

the waterways encourages nuisance weed and algae growth, which, as the
excess growth dies and decomposes, may impact stream Yifstérving the

water of oxygen, advancing eutrophication.

1.2 Potential of GIS and GPS to aid inle application of

fertiliser

My project investigates the potential of targeted phosphorus fertiliser
application in hilcountry. Global positioning systems (GPS) and global
information systems (GIS) have reached a level of development and accessibility
that allows them to be used for precision fertiliser application. In the past, the
capability of fertiliser applicators to avoidpplication on specific areas was
limited, however, the use of GIS and GPS has allowed for srea$f dke stock

camps, streams and high fertility areas to be avoided.

Improved versatilityand accuracy of fertiliser application, has come as a result of
the combination of GPS and GIS systems.GR8 system allovike deliberate
variation of application rates to meet the differences in optimum fertiliser

requirements of contrasting landscape groups.



Chapter 1 Introduction

1.3 Location of study

My study was undertaken in the Kingu®ry, which is sitated in the central
North Island of New Zealand. My study area, Blue Duck Station, is a summer
moist hilkcountry farm located at Whakahoro, 43km south west of Taumarunui
(Figure 1.1). The total area of Blue Duck station is 664 hah&@? pasture, and

the remaining 402 ha made up of scrub and indigenous forest. The pasture is
divided into 33 ha of strongly rolling easy dailuntry, 76 ha of moderate hill
country, and the remaining 154 ha is moderate to steep-dalintry, with
exposel rock cliffs and steep gorges (Grant & Dudin, 2007). Blue Duck station has
an effective farmed area of 425 ha, stocked with 3,978 stock units at a rate of 9.4

su/ha (Grant & Dudin, 2007).

Blue Duck Station is found in the Kaiwhakauka Catchment, @aciiment to

the wider Whanganui River Catchment. Within the Kaiwhakauka Catchment, four
LISNOSYy G 2F 2KA2 6bSg %SIHflFyRQa yIlFiA@GS
Understanding soil phosphorus, is essential for the water quality of the
Whanganui River an&ktdza G KS LINPGSOlGA2Yy 2F GKS 2KA2Q
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Figures 1.1 Location of the Blue Duck Station study area

Study Area
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1.4 Thesisobjective, hypothesis and research

guestions

The overall objective of my study is to measure the variability of soil P and other
soil chemical propertieso determine whether precision agriculture methods
could be applied to hill and steep land areas naximise P fertiliser use

efficiency both economically and environmentally.

The specific objectives of my study are to:
1 Generate soil landscape groups for Blue Duck Station using available
GIS information
71 Create a robust sampling regime to sample laag® groups
1 Determine the variability of soil phosphorus, and relationship with

other measured variables, with respect to the soil landscape groups

The hypothesis of my MSc thess Soil landscape units can be used to
determine fertiliser recommendatics to maximise productivity and minimise

adverse environmental effects in hidbuntry in the King Country.
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Chapter 2

Literature Review

2.1 Introduction

Chapter2 discusses the relevant literature relating to phosphorus distribution in
the steep North dlandhill-country of New Zealand It describes the phosphorus

cycle and pastoral properties within hibuntry farms, discusses soil phosphorus
measurements, sopH, and other soil chemical properties. The environmental

issues related to feiliser use are also discussed.
2.2 Soil Phosphorus

2.2.1 Introduction to soil phosphorus

Soil phosphorustakes two forms, inorganic and organic, which vary in
accumulation rates, plantavailability, and natural occurrenceTotal soil
phosphorus content is influenced by the individual properties of, and
interactions between, parent material, weathering, fertiliser addition, stock, and
runoff. Since the advent of aerial topdressing, Neealdnd hillcountry farms

have accumulated phosphorus in the soil which can range between 0.02 to 0.15%

of the soil(Mclaren & Cameron, 1996)

2.2.2 Inorganic soil bosphorus

Inorganic phosphorus is in a form thatrsadily availablgo plants Inorganic
phosphates can be classified into four main groups; calcium phosphate,
aluminium phosphates, iron phosphates, and adsorbed phosphates which are
extractable after the removal of the first three fornf€hang & Jackson, 1957)
Naturallyoccurringinorganic (or mineral) soil phosphorisderived mostly from

the weathering of primaryapatite mineral Soil phosphorus in its secondary form
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(calcium, iron and aluminium phosphates) isnportant for regulating the

phosphorus in soil solutiofGillinghan, 1987)

2.2.3 Organic mosphorus

Soil aganic phosphorus levelsan varyfrom 20 to 80% of total phosphorus in
the upper layers of the sofiDalal, 197). Soil organic phosphorus occurs in
chemically diverse forms and enters the soil through the breakdofvorganic
matter. Soil microbes play an important role in recycling many organic
phosphorus compounds, due to their ability to break down soil organic matter.
The bnger accumulation period of phosphorus in organic matter (compared with
carbon, oxygen, lrogen, nitrogen and sulphyr attributes to the high P

content in organic matter

Organic phosphorus is often overlooked within agricultural systasmerganic P

is not available for plant uptak@alal, 1977)Relative to soils under cultivation,
pastaal systems can havieigh organic P levelspwards 0f50-80% of total soil P

In pastoral systems, the mineralisation of organic phosphoordributes to the
plant available P poolAllophanic clay soils and higher organic matter soils are
generally assdated with larger organic phosphorus conteDalal, 1977)
(Stewart & Tiessen, 1987)

2.3 Phosphorus cycling

The phosphorus cycle @razed hilcountry pasturesis a web of interacting
processesn which ghosphorus icycled through soil, plants, armhimds (Figure
2.1). The phosphorus cycle is a dynamic systeénvolving both inputs and
outputs. The major inputs of the phosphorus cycle araadditions of fertiliser,
dung and litter Losse$rom the P cycle are due tanimal uptakeerosion, export
of animal products, and animal transjernternalchemical cyclinglso plays a

part in influencinghe availability of phosphoru&Gillingham, 1987)
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Above Ground P Losses L | Transfer Mechanisms
Organic and Inorganic — ]
T Animal Products
T 1 Animal Transfer
Ly A WEHEE 1S 1 Surface Runoff
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Figure 2.1 Processes and intecions of the phosphorus cycle (Modified fr

Gillingham 1987)
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2.3.1 Belowground cycling

Mineralisation and immobilisation caugbe cycling of P thnagh organic and

inorganic statesimultaneouslyPerrott, et al., 1992)

a) Mineralisation

Organic phosphorus must be minerag to inorganid® formsto enter theplant-
available phosphorus pool (Stewart & Tiessen, 1987). The process of
mineralisation is facilitated byenzymes; therefore controlled by factors
influencing microbial activityThese factors are;ncreasedtemperature, soil

moisture, pH and aeratiowhichincrease growth of microbial bacteria

b) Immobilisation

Immobilisation is the conversion of inorganic phosphorus to organisphorus,
also known as phosphate fixation, retention, sorption or reversidine
immobhilisation of organicP is dependenton the avaability of inorganic P and
organic substrates for the growtbf soil biomassThe proportionof fertiliser P
added, whch is then removed from the phosphorus pool via immobilisation, is

not accurately known, but is likely to be considera@@rnforth, nd).

Immobilisation and therecipitation of phosphate compounds hatee ability to
decrease the planavailable P fsm added P fertiliserPhosphateretention can
lead to 50% of added P beifiged and unable to be taken up by plar(glclaren
& Cameron, 1996)

2.3.2 Aboveground P losses

a) Sources of P

Abovegroundphosphorus loss occukga three main routes: the export of plant
and animal products, the transfer in excreta, and the runoff via soil erosion. Even

small variations between farms can strongly impact the above ground losses.

c) Export of plant and animal products

In New Zealandil-country, the majority of animals sold are stasether lambs,

surplus twetooth ewes, cull mature ewes, and some weaner and-tededing

10
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cows (Gillingham, 1978)Phosphorus is lost via meat (or animal export) and

through the sale of wool.

d) Transfer n excreta

The uneven distribution of animal excretion over time can influence soil P levels
(Saggaret al. 1990) (Figure2.2). The three slope classes used $gggaret al.
(1990 were low slope (i ne 00X YSRAdzFcaf 2VWIB amé&SLJ
Each Bpe class had varying gains, losses, animal intake, excretal return and
fertiliser requirements. Greater animal returns were found on ldepss, leading
to greater gaincompaed to medium and steep slopes, regardlesda slopes

larger losses of aninh@roductcompared withsteep slopes.

Low slope (1-12°) | Medium slope (13-25°)| Steep slope (> 26°)

L ~—_ M S
| FERT— | Fepy \
A~
5,
ANIMAL .

UPTAKE —

—™ ANIMAL
PRODUCT
LOSS
(MEAT AND WOOL)

' o
ANIMAL
EXCRETA

0-150mm

Figure 2.2 Schematic of nutrient transfers in a grazed-bduntry pastur
(Saggaret al., 1990)
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A study fromthe Whatawhata and Te Kuiti research stations reported th&60

of animal dung was distributedover 1% of the paddock which was
predominantly made up of easy slopéRowarth & Gillingham, 1990Df the
three slope classes Saggaral. (1990) used, low slopg81% of the farms arga
medium slopeg41% of the total ad), and steep slope@8%of the farms area)

to measure excretal returnOf the excretal returns measured in this study, 60%
of dung was measured on the low slope, 30% of dung was measured on the
medium slopes and 10% of dung was measured on the steep slopes.
Consequentlyless fertiliser is required omedium and lowslopes becausef

net gairsin P concentratiomue to animal transfer(Saggaret al., 1990, Rowarth

& Gillingham,1990). Uneven nutrient distribution influencesthe phosphorus
status of varyingslope classe in the hill country Soil P under campsitesan
increase by 38% per annum \natrients transfer fromsteep slopesA similar

pattern wouldalsobe expected for the other nutrigs (figure 2.3).

% dung
" deposited

L

! i I % change
I l ! in soil P

T

Figure 2.3Distribution of dung and change in soil phosphorus on different slc
of hill country pasturegWilliams & Haynes, 199@&fter Rowarth & Gillingham
1989)

12
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Saggaet al. (1990)created a nutrient model to predicoil P distribution within
a farm (Figure 2.4) To determinenutrient transfer levelsvia animalsfor each
slope classite model used pdsre production, pasturd® concentration, pasture
utilisation, animal poduct loss and animal excretahe predicted change to soll

P was then calculateby adding animal transfer levdls fertiliser history.

Low slope Medium slope Steep slope

PLANT UPTAKE
Bl- B

PRODUCTION
ANIMAL XPASTURE UTILIZATION
CONG; UPTAKE

SSS

ANIMAL PRODUCT LOSS
(MEAT AND WOOL)

ANIMAL Aulm EXCRETA
RETURN / \
ANIMAL g m
TRANSFER >§§ GAIN(+)
LOSS(-)

PREDICTED CHANGE IN SOIL= ANIMAL TRANSFER(+/-) + FERTILIZER

| I

Figure 2.4cSchematiof nutrient transfermodel in grazed hill country pastur
(Saggaret al,, 1990)

e) Runoff

Phosphorusis not proneto leachinglosses due to it beingelatively immobile in
soil. This means that the majority dafoil phosphorus is lost viaunoff.
Phosphorus runoff is split into two forms; particuld®eloss and dissolved P loss.

Phosphorus bound to sediments and organic mattert{pie-bound P) makes up

13
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80% of P runoff, and dissolved P accounts for the additional 20%Mes=er,et
al., 2004, Parfittet al.,, 2009)

Storm events transfedarge amouns of soil sedimens to waterways and
phosphorus bound to these sediments creas particlebound P lossStorm
events account foi70% of particle Posses within a hitountry systendue to

the characteristically steep and often easily erodible sailsich is approximately
55% of a hitD 2 dzy’ i NB TR Ibs{cColl,ét2al] 1977) In contrast, &
Ballantrae Hill Country Research Station, the loss of dissolved inorganic
phosphorus annually ranged between 9% and 16% of the total phosphorus
imported into the systen{0.69 to 1.47 kg/ha (Hart,et al.,2004)

Upon fertiliser appcation, what is notdiffused into soil solution (then into soll
matrix) is easily lost due to runoffpwing to the high solubility of the mono
calcium phospate that is found within superphosphat® runoff can be at gk

for between 7 to 60 days after fertiliser application(McDowell,et al., 2010)
McColl & Gibson (1979) measured the P concentration of runoff pre and post
fertilisation, finding that P concentrations of runoff post application weg2
times higher tharthat of prefertiliser applicatio runoff. Studies orhill-country
farms atWhatawhata and Waipawa have shown that the application of fertiliser
increass levels of disslved reactive phosphorus b9.06 to 6.4 mg L at
Whatawhatg and 0.46 to 31.5 mg'lat Waipawa(Hart, et al., 2004)

The main factorgontrolling the runoffredistribution of P throughouthe hill-
country are, slope, soil type, soil P status, animal adeng and fertiliser
management. The reduction and mitigation of phosphorus rurHchieed by
controlling these factors with five key management system$? fertiliser
management grazing management riparian management postharvest
management, andvhole-system managemenfcombination of approaches and

advice)(Meneer,et al., 2004)

14
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2.3.3 Animal ntake

The majority of phosphorus intake by stoiskfrom the pasture species which
they consume Of the plant nutrients ingested by stock, 60% to 90% is returned
to the system as excretion (Willian& Haynes 1997). Factors that influence
animal intake are; pasture availability, quality of pasture (young grasses are more
palatable and contain more P than older grasses), grazing habits (animal type and
frequency of excretion), and farm management (stockingeratamping

behaviour, grazing patterns).

2.3.4 Phosphorus returns in litter

The phosphorusquality and content of herbagevaries seasonally, species to
species and with plantage. Herbage is returned into the soil predominately by

microbial decomposition.

Decomposition ratesncreaseif the Pstatus and temperature arbigh, and there

iIs anadequate suppl of nitrogeneither from the plant material itself or added
fertiliser (Gilingham A. , 1987)The rapid increase in microbial population
creates additiorto the inorganic phosphorus pool due to the input from young

plant material.

2.3.5 Phosphorus returned in dung

Sheep faces contain plant available phosphorus, whibken incorporatedinto

the soil, is as effective as superphosphate (Barrow, 1987). Understazliimgl
behaviour, pasture utilizeon, and animal transfer is vitéb understandingdung
distribution. The phosphorus content within excreta is controlled by the quality,
and consumptiorof herbage.Sheep on hill country tend to graze steeper slopes
but campcongregateon flatter areas(Haynes & Williams, 19997 his causing
dung and urine from grazing animals to accumulate arounchahcamps, ridges,
trees, troughsgateways, and areas conducive to animal congregafiigua, et
al., 2011 Haynes & Williams, 1999)

15
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Due to the majority of stock excretion occurring at niglateas where animals
campare hot spots for phosphorus returingrained predatory responses create
tendencies for stockto camp on flat, elevatedsites. The transfer and
redistribution of Pdue to livestockrepresents a large proportion of nutrient
cycling within a farming system; therefore, it is important that the habits of

livestock on hikcountry farms are clearly understogdemunyon & Danie2002).

Management techniques to decrease uneven dung distributnmfude dviding
paddocks into slope classes, increasing stocking eate more intense farming
practices (subdivision and rotational grazingppposed tolow stocking rate and
set staking). Uniform dung distribution and consequently lower fertiliser
requirements provide for simpler fertiliseegimes, provided that evenly spread
fertiliser is the best optiorfThorrold & White, 1985, Williams & Haynd990)

2.3.6 Plant uptakeof phosphous

Plants uptake inorganic P (readily availaldep convertit to organic P (non
available P). Once the plant diesxd decomposes this organic P is then
converted back to inorganic P by microb&ant uptake of phosphorusccurs

via three basic methods which nutrients make contact with the root surface;
root interception, mass flow, and diffusion. The amount of P plants intake via
these methods is dependent on root distribution and deng®jllingham 1987,
Gillingham, 1978)Roots with larger distbution and densesystemsare able to
extract larger volumes of phosphorus from the sgiving them the competitive
edge As well as dense root systems, vesicaldruscular mycorrhizal fungi can
increase the surface area of the roptherefore, furthe increasing the volume

of phosphorusuptake

Phosphorous uptake can vary from plant to plant duaengividual phosphorus
extraction efficiency. Plants in low phosphorus saiis efficient atP extraction,
as opposed to the low P extraction efficienay pasture plants that naturally

grow in soils with high phosphorus levels. In-tduntry soils where P and

16
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fertility is naturally low, pasture species liR&hite cloverare efficient at P
uptake (Gillingham, 1987)

2.3.7 Fertiliser additions

Many types and ancentrations of phosphorus fertiliser are available in New
Zealand,all originatingfrom phosphate rock depositéMclaren & Cameron,
1996) Phosphorus fertiliser is applied in inorganic form, and either taken up by
plants or incorporated into soil byicroorganisms. Phosphorus entering farming
systems via fertiliser and/or dung at a rate higher than is removed, leads to
phosphorus accumulation. A depletion of P occurs when the additidertliser
and/or dung does not exceed the amount of P being remdveth the system

(Saggaret al,, 1990)

Natural phosphorus deficiencies within New Zealand soils create a esgeint
for phosphorus fertiliserif maximum pasture production is to be attained
However, the application of fertiliser on New Zealand-dolintry farms is often
not sufficientto build up soil nutrient reservesLimiting soil nutrient reserves,

decreasesoll fertility, leading to lower animal and pasture production

Perrott et al. (1992) studied theeffects of P fertiliser on organic cyclirgnd
microbial biomass in hitountry soils under pastureWhen fertiliser was
withheld, pasture production markedly decreasetlie to a lack ofnatural
organicphosphorus utilisation (mineralisation), depleting inorganic phosphorus
stocks. The addition oP fertiliserincreasedpasture productionand microbial
phosphorus. The increase was possibly the result ahgrovedsupply of root
exudate, allowindor an increase in microbial activity. Whether fertilised or not,
organic phosphorus was not utiliseshd resulted in a substantial accumulation

of soil organic phosphorus (12 kg P hayear?) (Perrott, et al., 1992)

17
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The higher phosphateetention (>84%) of AllophanioBrequires more fertiliser
to maintain soil nutrient levels than soil withedium (6684%) and low (1:69%)
phosphate retention. High-Retention soil require 6kghiAmore P than a low P
retention soil. When using superphosphate (9% P content), this translatas to
increased application cost 880 ha' (2011 price) for a soil ith high Pretention,
which on a 1000 ha farm equates to $30,d60aser & Vesely, 2011, Cornforth I. ,
1998)

2.4 Pastoral properties of New Zealand hill -country

farms

2.4.1 Introduction to pastoral properties

Solil fertility is the main factor influencing pastupgoduction on hillcountry
farms (Gillingham, 1980). Soil fertility is influenced by slope, aspect, altitude,
climate (temperature, rainfall, and solar radiation) and grazing management,
which all vary widely within hitountry (Fraser & Vesely, 2011 nhdtledge of

the factors influencing soil fertility, and their variéityi within the landscape, can

help create effective differential fertiliser regimes.

2.4.2 Varying pasture production driven by slope, aspect and altitude

Aspect and slope variations are \t#h by solar radiation and wind, which
influences precipitation and moisture losses, heat balances,-faoiing
processes, and pasture cqsition. All factors combinéo influence pasture

production (Radcliffe & Baars, 1987).

Soil moisture is a largeontributing factor to increased pasture growth.
Differences in soil moisture arassociated with varying aspectSouth facing
slopes are cool and have high soil moisture content, leading to increAteie
clover growth. While the warmer, dryer, north facing slopes are dominated by
Subterranean clovesind native legumes (Gillgmam,et al., 2003, Gillinghamet

al., 200&b). The summer soil moisture of a Waipawa-btduntry farm was
higher on soutlacing slopeshan on the northfacing slope¢Gillingham, 2003).

18
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Low slopes have higher pasture production than steep slopes, regardless of
aspect. For a hitountry farm on the east coast of the North Island of New
Zealand, pasture production on northcing slopegespecially low slopes) was
higher than that of any other slope and aspect class (Gillingleia)., 1998,
Gillingham,et al., 2007). At Whatawhata Hilountry Research Station, pasture
production on campsites was double that of the pasture productiorb ° slope
(Gillingham, 1980)Slopes above 26° requifel kg P to produce one stock unit,
however, flat land only requires 0.3 Kg P (Gillingheina/.,1999).

2.4.3 Climatic influences on pasture production

In many hillcountry pastures, between 60 to 808btotal annual pasture growth
takes place within three to four months of the year, mostly from spring through
to early summer. The lowest pasture growth occurs during winter and late
summer (Gillingham, 1980, Rattray, 1987). The best techniques for deailin
seasonal changes to pasture production are to take advantage of times of high
soil moisture, as well as conditioning pasture to grow when soil moisture is low

(Gillingham, 2003).

Seasonal climatic variation can influence rates of bacterial growuhis
influencing organic phosphorus. Perrott et al. (1992), reportedt organic
phosphorus increased with decreasing temgieires (winterspring), and
decreased when temperatures increased (sprisgmmer). Increased soill
moisture (winterspring) and lowmicrobial activity rate combine toreate an
accumulation of labil®rganic phosphorugsolid phase phosphate that is readily
able to move into solutionMclaren & Cameron, 1996)High temperatures
(summe) increasé the availability of root exudates useds substrate for
bacterial growth, improving the environmental conditions at that time and

reducing the amounts of microbial P and release of inorganic phosphorus.
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Legume content can drive overall production and quality ofdailintry pasture.

Low cloer content translates to a decrease in pasture quality (Gillingtedral.,
2008&). Hill country studies have shown that the most reliable clover production
response to fertiliser was in early spring (Gillingham et al. 2007, Saggar, et al.,
1990, Dalal, 977). The increased production was due to favourable temperature,
rain and subsequent soil moisture, for pasture growth. Gillingheinal., (2007)

also showed an increase in clover production with increasing Olsen P.

2.4.4 Management options for improved pase production

Optimised grazing management and improved soil fertility are two management
techniques that have the potential to improve pasture production witthia hill-

country. The basis of grazing and soil fertility management is to enhance the
quality and quantity of pasture, which leads to increased animal health and

production (Lambert, et al., 2004).

a) Grazing management
Rotational grazing and settocking are two common methods of grazing
management on hitountry farms. Set stocking systerpsoduce less dense
pasture than rotational grazing. Suicky (1959) stated that the increase in
density of set stocking systems is so much that it has the potaatidepress
herbage accumulation rates. A later study by Lambert (1986) dismissed Suckling
(1959) results. Finding that when sheep were rotationally grazed under high
stocking rates, pasture density was not reduced to an extent that herbage
accumulation rates was less than if the same area had been set stocked. Setting
high stocking rates in conation with rotational grazing minimises legume

shading while maximising pasture utilization (Gillingham, 2003).

Grazing management techniques are well established in mostcuiltry farms,
however, trails have proven them to have little effect on leguperformance.
Hillcountry farms are constrained by economic and practical considerations,
especially those of animal nutrition, individual animal performance, and area
productivity, to a limited range of defoliation and treading intensities and

frequenges (Lambert, 1986).
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b) Fertiliser management

The application of P fertiliser generally increases legume concentration in
pasture, allowing for increased atmospheric nitrogen fixation (Blackmore, et al.,
1969; Suckling, 195@ambert & Grant, 1980; Edmeadd®£84). Superphosphate
increases paste production and allows for a substantially increas#dcking

rate, leading to increased animal production. Results from abihtry study by
Gillingham, et al., (1998) showed that pastureesponse to fertiliservaried
between north andsouth aspect; high pasture response on south facing aspects
and north facingmedium slopes The increases in pasture production due to
phosphorus fertiliseapplication also variedith slope. Hilcountry farm trails at
Whatawhat andWaipawa(Table 2.)illustrate increases in pasture production

in relation to increases in Olsen P tests, on both steep and easy slopes. The
response of pasture production to increasing P fertiliser inputs on steep slopes
was half that of the respoms from easy slopes, at both Whatawhata and
Waipawa. On steep slopes, pasture production increases due to fertiliser inputs
was not significant, meaning further P fertiliser application will likely not result in

a positive pasture response (Gillingham, 2003

Table 2.1 Average annual pasture production (kg D) on easy and stee

slopes withincreasing Olsen soilfiér contrasting locationgGillingham, 2003)

Whatawhata* Olsen P =8 Olsen P =11 Olsen P =30 SED ***
(198588)

Easy (1620°) 12000 13 000 14 750 4.3
Steep (3&40°) 8 150 7 500 8 500 365
Waipawa** Olsen P test=9 Olsen P test = Olsen P test = SED
(19952002) 15 28

Easy (185°) 3700 4 300 4900 25
Steep (25°+) 2 000 2 200 2 700 478

* Average from €80 and 3670mmsoil depth
** 0-75mm soil depth

*** standard error of the difference
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ORYSIFRSaAaQ omopyn0 aiddzRe 2 7F -chiktd dyélliive Ndza NI Ij dz/
brown earthsdemonstrated that to maximise production arehsure efficient
use of fertiliser P in terms of pasture production per unit of P applieds

important that pasture is vigorous and have a good legume base.

2.4.5 Phosphorus requirements for kalbuntry pasture

Edmeades, et al (1984) stated that at arsédl P of 13, clover/ryegrass could
reach 90% maximum pasture productiarhile arecent optimal Olsen P ¢10

was suggestetly Ledgardet al.,(1991)

2.4.6 Pasture composition

Pasture composition of Ne&ealand hitcountry compriseof lower fertility grass
species such as Browaop, Yorkshire Fog, Sweet Vernal and Crested Dogstail
Perennial Ryegrass, ando€ksfoot. Hill country legumemmclude White clover,
Subterranean clover and lotus (Charlton & Belgrave, 29) (Chapman &
Macfarlane 1985).

White clover (Trifolium repens) was the most commonly planted legume
following the early development of pasturihite cloveris able to fix nitrogen
which is then supplied to the pasture (Williams & Haynes, 1B@wntop is a
major grass species pmst in hilkcountry ever since the beginning of New

Zealand pastoral farmin@roughamet al., 1974)

2.5 Differential application of fertiliser in hill  -country
I SNRALFE FSNIAEAASNI FLILIX AOFGA2Y AY bSg w»%SETI
uniform appli@tion of fertilisersover hill-country farmg(Gillinghamet al.,1999)
Spatial nutrient variabilityis not taken into account whempplying fertiliser
uniformly, leading b the overapplication of P fertiliser on lowroduction areas
and the under applcation on highproduction areas(Gillingham,et al,, 1999,
Gillinghamet al, 2003) The incorrect application of fertiliser leads to both
environmental and economic degradation. Fertiliser is one of the single largest

expenditure items on hitountry farms. Between 2007 and 2010, the cost of
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superphosphate approximately doubled. Duett® increasing cost of fertiliser
and current economic climate, farmers are looking at better ways to apply
fertiliser without forfeiting pasture production and environmental heaftfraser

& Vesely, 2011)

2.5.1 OVERSEER
OVERSEER is a model used to optinmséugtion and environmental outcomes
through the examination of nutrient movement and use. The five main
objectives of overseer af\gResearch, 201,2)

1. Identifying nutrient transfers and pathways

2. Usescientific reasoning and bust processes to model pathways

3. Uniformity throughout farming systems
4. Usability for the farming community
5

. Mitigation options

AgResearch used the results of a large nundférails, creating definitions of an
average, standard and relative response curve. The response curves, Olsen P,
stocking rate and other site related variables are able to be used in conjunction,

to define phosphorus fertiliser requirements (GillinghanmGA. 200)

2.5.2 Fertiliser management using GIS and GPS

a) GIS
GIS (Geogmhical Information System) omputer software used for creating
geographically referenced information. Hitbuntry farms are able to use GIS
mapping techniqueso display critical farminformation and create specific
landscapeunits. Themaps can then be used to generate fertiliser response

blocks and ideal fertiliser regimes.

b) GPS
GPS uses triangulation by receivisignalsfrom three or more satellites to

determine its distance from tha relative to the eah (Gillinghamet al.,1999)
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A combination of GISPSand farm information allowsthe accuracy of fertiliser
application to increaseelative to regular blanket applicationGPS is able to
determine the ground speed relative the speed araircraft is travellingwhich
allows varied fertiliser application through automatic hopper adjustment.
Therefore, the use oboth GPS and GIS can create accurate and deliberate
adjustment to fertiliser application along aircraft flight pathdloaing for the
contrasting fertiliser requirements of landscape groups to be (@Blingham et
al.,1999)

c) Precision fertiliser application

In the North Island hill country, financial and environmental pressures are
creating the need for farmers to appless phosphate fertiliser where soil fertility

is high,which createsan opening for GIS and GPS technol(@tantiall, 2006)
Traditional blanket fertiliseapplicationcanlose10¢15% of fertiliserunintended
areas gullies, steep &ces, fenced off areas, swamps and streams. The benefits of
precision fertiliser application not only reduce wastage, but can decrease cartage
and fuel costgGillinghamet al.,1999)

Gillingham (1999, 2001) outlined th#hree main componentsrequired for
efficient differential fertiliser management. Firstly, spatial variation of each
landscape unit must have temporal longevigg that it is worthwhile to treat
different landscape unitas separate entitiesSecondly, the varying management
practise of each landscape umbust be based on pasture response triak
through a modelling approach.astly, differential fertiliserecommendations

mustbe based upomjuantitativeresults

Gillingham,et al., (1999) studied the effects of differenti&ertiliser application
on a low P statudanawatu moisthill-country farm, and a high P statlsast
Coast summer drill-country farm. The results illustrated that using tekame
guantity of fertiliser but applying it differentially, could lead tmcreases in
pasture productionstocking rate and neéconomicmargin Farm with a low soil

P status can increasstockingrate by 0.5 su/ha an@&conomic return by 7.5%.
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Farms with highersoil P status,can increase stocking rate W9 su/ha and
economic reurn by 10.1%(Gillinghamet al.,1999)

The potential savingsf differential fertiliser application have been estimated by
Fraser and Vesely2@11) using Waikoha H@ountry Station (Table .2.
WaikoH Q& dzy RSNI @ Ay 3 t&tsd tsandstone, CsitstoniNANd S R
limestone with tephra deposit?arentmaterial mixinghas createda mosaiced

of soiltypes. Table 2 illustrates the varying cost eéising the Olsen P by 6 units
using the precision fertiliser application techniqgueompared with blanket
fertilsing. By using the soil specific fertiliser application, the cost of raising Olsen
P by 6 units would be $671,292, compared with $1,065,978 it would have been if
fertiliser was applied to high phosphorus retention with blankpplkcation. The
$394,686 saving demonstrates the economic advantage of using targeted

fertiliser application(Fraser & Vesely, 2011)

Table 22 The variation in fertiliser and application costs between targeted fertilispliegtion
of varying soil pretention levels compared with blanket fertiliser applicationhijh Rretention
soils (blanket high) or low-ftention soils (blanketow) ¢ hypothetical situation(Fraser &
Vesely, 2011)

High Rret  Med Rret LowR Total Blanket Blanket
ret high Low

Area (Ha) 450 472 2,078 3,000 3,000 3,000
Maintenance 32,479 27,680 93,739 153,897 | 207,996 129,997
Cost ($)
Development 133,977 102,201 281,216 517,394 | 857,982 389,992
Cost* (%)
Maintenance+ 166,456 129,881 374,955 | 671,292 | 1,065,978 519,989
Development ($)

* Based on raising Olsen P by 6 units

Gillinghamet al,, (1998 1999 suggested that the most efficient fertiliser policy
would be for only south aspegtand moist north aspectso receive P applicatign
and for steep north facing slopes to receive limited P. Findings also showed that

the greatest response to P fertiliser was from easy slopeg2(Q)increasing it
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pasture growth1670 kg/haover steep slopesSuggestinghat easy kpes should

receive priority fertiliseapplication

Issues of differential fertiliser development are;

1. The cost of equipping aircrafts with GPS technology. Gilling&taal.,
(1999) estimated an additional cost of $3.52/ha for imposing the new
fertiliser technology, still however, making it profitaldta farmers

2. The minimum size dimension of aerial application. The topographic
variability over small scale of many faluntry farms means that the 20m
wide fertiliser units used by Gillinghamt al., (1999) could bepose
application difficulty Hilkcountry farms are likely to have many areas that
are too small to treat separately, bringing about the issue of pragmatism.

3. The third issue is theccuracyof application boundarieslue to the
physical formof fertilisers. Fertilisers with higher granulation have the

narrowest boundary widths (Gillingham, et al., 1999).

2.5.3 Soil mapping and its implications for differential fertiliser application

Soil mapping can influence the effectiveness of differerigdiliser application.

Due to soilfertility being a component of pasture production, placing the
optimum amount of fertiliser on the appropriate soil type could allow for pasture
maximization. Once a soil type has been sampled the limiting nutrients
analy®d, farmscale soil mapping would be able to accurately target P fertiliser.
The problem being that the North Island wituntry does not have soil mapping
with enough detail to be used as a practical management tool (Fraser & Vesely,
2011). Soil maping is made difficult by the mosaic of intermixed soil types with

varying parent materials; sedimentary, calcareous and tephric origins.

Fraser and Vesely (2011) created a farm scale soil map on a 3500 ha farm,
WaikohaStation. The total cost of creating the farm scale soil map was $3 ha
approximately $10, 500 for the entire farm. The cost was made up by time spent;

reviewing relevant soil and geological surveys, conducting field work, and
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creating GIS layers. Thoughwas a small area detailed mapping exercise,
mapping whole districts or regions would most likely cut the price per hectare

and become more cost effective.

Fraser and Vesely (2011) discussed ¢bacept of using pasture production to
breakdown hilkcountry farms into various fertiliser response blocks; steep land,
moderate slopes, easy slopes and stock camps. Steep land had the lowest
potential fertiliser response, and highest runoff risk. Moderate slopes had the
potential to respond well to fertilisedependent on soil type. Easy slopes will
gain the most benefit from fertiliser. Application of additional fertiliser is not

necessary in stock camps where soil faytis not a limiting factor.

2.6 Soil P measurement Methods

2.6.1 Introduction

Soil testingdetermines vinether or not the soihas adequate nutrientevels to
attain maximum pasture production, evaluates the balance of soil nutrients, and

allows forempiricalfertiliser recommendatios (Hill Laboratories, 2012a

2.6.2 Olsen P Measurement

Sincel KS YAR MdpTnQaz GKS ht aSyplaitavaildoleid KI a ¢

phosphorous,and determine the amount of labile inorganic phosphate in soils
(Sinclairet al, 1997) The practical use of the @Is P test is to predict pasture
response to phospha fertilisers aml assist in calculating pastuRerequirements
(Mclaren & Cameron, 1998pIsen P is a necessary requirement for OVERSEER to
generate a nutrient budgefl_edgardet al.,1999)

Sinclairet al. (1997) stated thathere is little relationship betwee®lsen P and
relative yield, andlittle variance between soil type<laiming Olsen P can
account for 28% of variation in relative pasture yield, antyavhen the Olsen P

levels aregreater than 20will the relative yeld be high.Sinclairet al. (1997)
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concludedthat the relationship between relative pasture yields and Olsen P was
too varied for the use of fertiliser recommendations, and should only be used to
predict the probability of a specifiedecommended yield not being achieved
without the use of fertilisers. The poor relationship between Olsen P and relative
yield could be due to several factors. These factors could be; measurement
errors at study sites, the independent change over time sihgle site, or and/or

the study sites relationship varies at different sites

Edmeadeset al. (2006) however, showed thapasture production onPumice
Soils, Aiphanic Soils ané&Recent Soils increased with increasing Olsen P. Peak
relative pasture produ@n for Pumice Soil was achieved at an Olsen P of 20, and
Brown Soil can reach 95% of its maximum yield with an Olsen P of 11.5
0 DAt f Aeyall,ROOY.Q &

Olsen P can be measured usingdaied or fieldmoist soils. Variations between
air-dried and fieldmoist Olsen P were recorded in a study by Perebtil. (1992)
measuring on average of 3.9 units higher fordried soils than fieldnoist soils.

The diferencewas thought to be due to the microbial P released in the process
of soil drying. A modified Olsen test uses a volume of soil opposed to a weight for
its extraction process, leading to a superior correlation with either plant yields or

plant P uptke (Edmeades, et al., 2006).

Truog, Olsen, Bray 1 and Bray 2, and Egner are the five most common soil test
methodsused to measure pasture response to phosphorus fertiliseaun8ers,

et al., (1987)compared each fivesoil tesét 2y b S g thte& indpil sgilkR Q &
groups (yellowbrown loam, yellowbrown pumice soils, and yellegrey earth).

Of the five soil tests, Olsen P (using a volume of soil) gave the best prediction of

probable minimal yield.

2.6.3 Phosphorus buffer capacity

Phosphorusbuffer capacity is the capacity of asoil solutions phosphate

concentrationto resist changevhen soil phosphate is addeat removed. The
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larger the phosphorus buffer capacity, the more phosphorus bound to the saill,
creating less P available to the plarfBurkitt, et al., 2002) Phosphorus buffer
capacity influences the amount of added phosphorus fertiliser available for plant
uptake. Solution P concentration is the main determinant Bfavailability to
crops.The increase dP buffer capacity increases, the quantity ohétessaryo

maintain solution P concentration that crop deman@loody, 2007)

The phosphorus buffer capacity of a soil can influence Olsen P levels. For many
New Zealand soils (Volcanic, Sedimeyptand Recent soils), awer P buffer

capacity gives higher Olsen P levels for the same amount of P added. As2 A f Qa
buffer capacity decreaseshe need for additional fertiliser decreases; reducing

money spent on fertilisers and reducing leaching into water ways.

2.6.4 Anion Storagé&apacity

Anion storage capacity (ASC), previously termed phosphate retemtieasures
| az2zAatQa lFoAtAGe G2 NBUIAY FyA2yas €A1
negatively charged nutrigs. Soils with high anion storage capacities, like
volcanic soilwill retain more phosphates and sulphates than sedimentary soll
with alow ASC. If a soil has a high ASC, then it will retain sulphate better than
one with a low ASQMorton, 2012) ASCis measured on an arbitrary-000%
scale(Rayment & Lyons, 2011Fixation occurslue to the precipitation of soil
phosphorus as insoluble P compounds, soil clays and/or organicemiaitid
tightly to soil P inhibiting the uptake of soil P by plant roots, or the incorporation

of soil P intovery stable soil organic mattéQuin, 2010)

The anionstorage capacity of Allophanioi$s in New Zealand have a typical
range between 94100, while 2880% is a standard ASC level for a sedimentary
soils.Two to three timeghe amount of capital P fertiliser is required for soil with
high ASC than low ASC soils.
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2.7 Other Soil Chemical Properties

2.7.1 SoilPh

SoilpH is expressed as the concentration of hydrogen ions, with the pH scale
being a base 10 exponential scalecidic soils have higher hydrogen ion
concentration than hydroxide concentratiorand vice versa for alkaline soils

(Singer & Munns, 2006)

{2Af LI A& GSNXYSR WiKS O2yGNRBttAYy3a O NRIO
availability of most essential nutrients; cation exchange capacity, active and

reserve acidity and buffering capacii@ornfort & Frank, 2000, Ashman & Puri,

2002) Thompsonegt al., (1973) stated that soil pH has little direct effect on

plant growth; however, by influezing the availability of macroutrient, soil pH

can indirectly impact plant growttFigure2.5) (Brady & Weil, 2008)
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+~— Strongly Acid Strongly Alkaline — Notes:
-<|:‘;‘L;‘Lf Potassium Deficiencies liable at low pH
P Sulphur Some reduction at low pH.

Similar to K. Solubility
L-L Molybdenum increases with pH.
- S— Bactenal fixation curtailed
ﬁ Nitrogen - below about pH 5.5.
May be deficient in acidic
Calcium and Magnesium soils. Non-available at very

high pH.

- May be toxic in acidic soils
, Zinc it ,
— Copper, Zinc & Cobal and deficient where pH 7.0,

Manganese Similar to Cu, Zn & Co
L, Liable to be fixed by Fe, Al,
Phosphorus \‘.\ Mn at low pH. insoluble forms

at high pH, also Ca inhibition,

Over-liming may cause

Boron e deficiency. Toxicity dangers
at very high pH.
S
Iron Similar to Cu, Zn & Co

o Liming to pH 5.5
Aluminium j recommended to avoid

toxicity dangers at low pH

40 45 50 55 60 65 70 75 80 85 90 95 100

Soil pH

Hgure 2.5A schematic illustration of the relationship between plant nutrie

availability and soppH (Hill Laboratories, 2012@&ter (Truog, 1948)

The rate of mineralization is enhanced by adjusting the pH such that it is
optimum for generaimicrobial metabdkm, as the soil pH is increasesicrobial
activity is markedly increased. Mineralization of isoorganic phosphorus
increasedollowing the liming of acidic soil®alal, 1977White, 1987) Soil pH

has the propensity to decrease with development, hence the need for regular
application of lime every 2 4 years to maintain an optimal level of pasture

production(Williams & Haynes, 1990)
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2.7.2 Cation exchange capacity

Caion exchange capacity (CEC) is the@salbility to hold exchangeabtations,a
measure of a sdd ability to retain nutrient§Singer & Munns, 20065oil pH
effects CEC,sasoil pH decreases, Httachto the colloids andbther cations are
pushed offinto the soil solution, decreasing the cation exchange capacity. When
soil pH idow, only the permanent charges on 2:1 clays, 1:1 ¢lapg some pH

dependent allophone and organic colloids are able to hold exchangeable ions.

CEC influencesoil pH bufering capacity. The pH buffering capacity is the
amount tha a soil resists a change in piHpstly due to the size of the cation
exchange capacity and amounts of i reserve(Mclaren & Cameron, 1996)
Changing the Hconcentration of soilmeans that the equilibrium balance is
upset, therefore the soil acts to reestablishthe cation exchange equilibrium by
moving Hto and from the reserve and active sites. Therefore, the chang€e in H
will always be smaller than themount of H increased or decreased initially,

GKAOK Aada NBFSNNBR (G2 Fad 0SAy3a 0dzZFFSNBR | 3t A

2.7.3 Sulphatesulphur
! a2 A f QsulphumdievalJ& isédSs a measure for readily available sulphur.

Sulphatesulphur concentratiorare influenced by mineralisation, dung and urine
patches, and fertiliser addition. Sulphate sulphur has a high level of mobility in

the soll, therefore, is a largely varying, fluctuating varigbl# Laboratories, nd)

2.7.4 Organic sulphur

Of total soil sulphur 97%is in orgnic form. Organic sulphur is the measure of
mediumterm available S and the readily soluble fraction of the organic S pool

(Hill Laboratories, nd)

2.7.5 Cationsc Magnesum, Sodium, Potassium and Calcium

Magnesium, potassium and calcium are all essential base micro nutrients for

plant growth. Sodium is not an essential plant nutrient required for plant growth.
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However, it is required for optimal animal health and prodoct{Edmeades &
O'Connor, 2003)Cations withirsoil influence the way that nutrients move from
the soil to the roots. The three basic methods in which nutrients make contact
with the root surface for plant uptake are roottarception, mass flow and

diffusion.

2.8 Environmental issues related to fertiliser use

Small amounts of runoff into waterways can be detrimental to the environment
(Hart, et al.,2004) Phosphorus runoff from agricultural land is a major cause of
non-point-source  pollution. Pollution from phosphorus runoff causes
contamination of streams and lakes, which cafead to accelerated
eutrophication. Eutrophication and pollution to waterways leads the
degradation of aquatic animals and their habitats, drinking water and water
recreation (Daniel, et al., 1998) Hficient fertiliser applicationby means of
differential fertiliser applicationcan help reduce runoff into aquatic systems
(Gillingham, Morton, & Gray, 2003)

The Sustainable Land Use Initiative (SLUI) &nmotect soil andfarm assets
from storms. Soil lossesan have an effect on the rural economy and require
government aid and relief (following storewvents). Encompassed in the SLUI
plan are Whole Farm Plans (WFPs), which aim to build both environmental (sail,
land, water, and vegetation) and economic (farm business) sustainability, and
entertains the notion that these two elements are interrelated aiwuld not be

treated individually(Horizons Regional Council, 2007)

Within phosphorudertilisersare manyimpuritieswhich occur due to the original
material used to make the fertiliser3able2.3 from McLaughlinet al. (1996)
illustrates the mg/kg dry weight content of individual elements within phosphate
NREOlX YR A& O2YLI NRA2Yy (2 GKIFG F2dzyR
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Table 2.3 Heavy metals and other potential toxic elements in rc

LIK2aLKIF 0SS O2YLI NBR 6 A U KMcla@BilNFilEr,

Element Rock phosphate Earth crust
Minimum Maximum average value

As 2z 300 5
Cd- 1 a0 0-3
Co 0-2 2l 30
Cr 6 327 200
Cu H) a8 100

F 1900 42400 270
He 0-4 2.1 <1
Mn 5 524 Qo0
Mo <1 5 3
Ni k] 5l 1]
Phb <1 al 16
&b 01 3 <1
Se <] 12 <1
3n =1 od 40
Sr 420 24800 400
Ti 265 1471 G000
Vv 10 248 150

Z <2 2412 a0
Th 1 110 a3
U <1 280 3

A review of the environmental impacts caused due to fertiliser addition by
Mclaughlin et al. (1996) showed the risk of increased contamination

concentration due to fertilisers. They concluded that fluorine, mercury and lead
pose negligible risk of toxicity due to accumulation. However, cadmium was the

element of most concern.

The accumulation of cadmium in soils is affected by the concentration of
cadmium within the fertiliser. Within recent years, the use of lower cadmium
concentrated fertilisers, and plant cultivars that restrict cadmium uptake, have
helped reduce the accumulatioof cadmium by plants. Increased cadmium

concentrations are a risk due to the transfer from soil to plants to animals,

intended for human consumptiofLognanathanet al.,1996)
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2.9 Summary and Conclusion

Soil phosphorus occurs iwb forms organic andnorganic. The organic form of
phosphorus is unavailable for plant uptakeit when mineralised is added to the
plant available phosphoruspool. Inorganic phosphoruss readily availablefor
plant uptake, butwhenimmobilised it is converted torganic phosphorusThe
phosphorus cycle is a dynamgystem involving both inputs and outputs.
Phosphorusriputs are dominated byhe additions offertiliser, dung,and dead
plant material Phosphorus losses mainbccur due toanimal intake, erosion,
export of animal products and animal transfetock excretion predominantly
occurs on lower slopes increasing the transfer ohutrient and pasture
production, when compared with medium and steep slopes(Rowarth &
Gillingham, 1990)A study bySaggaet al. (1990)on a North Island hill country
farm documented that60% of animal excretionoccurredon low slopes30%
occurring onmedium slopesnd 10%on steep slopesLosses to the phosphorus
cyclemainlyoccurdue to overland erosion/runoffPhosphorus runoff consists in
two forms, particulate and dissolve®articulate runoff makes up0%of total
runoff, of which70% is due to large scale storm events. The remai2g%of

total runoff occursviadissolved FMeneer,et al,, 2004, Parfittet al,, 2009)

New ZealandNorth Island hill country is characteristically nutrient deficient,
often requiring fertiliser additions to reach optimal pasture production.
Influenceson pasture production and stock transfereadominated by l®pe,
aspect, altitude, climate and grazing managemaeilifferences. South facing
slopes are cool and have high soil moisture contetiowing for theincreagd

the presence ofWhite clover North facing aspects have the highest pasture
production levels, due to thewarmer, drierenvironmentthat is dominated by
Subterranean clover_owslopes have the highest pasture productiont of all
slope classeslhe best overall response to fertiliser was spring to early summer.
Unlike pasture prduction, south facing slopes had the best response to added

fertiliser.
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For hill country farms toeach optimal pasture productigmecommended Olsen
P levels were suggesteBdmeadeset al., (1984)suggested an Olsen ¢ 13,
whereas more recentlyedard, et al., (1991)ecommendedan optimalOlsen P
levels of 20Saunderset al.,(1987) demonstrated that out ofruog, Olsen, Bray
1 and Bray 2, and Egndé?, the best phosphorus test to measure pasture
response to fertiliser was Olsen P. Edmeadeal., 2006 showedthat pasture
production increasgwith increasing Olsen P levelgo achieveoptimal Olsen P

levels, fertilise management is vital.

Technological advances in GIS and GPS have given aerial fertiliser applicators

more precision than evebefore. With the aid of GIS and GPS, differential

fertiliser application is able to baccurately and deliberately adjusting aloag

aircraffQad Ff AIKG LI GKad Ly Oddrasting Bnds¢ameO dzNJ O& | f
nutrient requirements to beindividually met. Typicaly, single rate fertiliser

application (Blanket fertiliser) accrues fertiliser losses of between 1058%.

Blanket fertiliser application can increase runoff into waterways which causes

accelerated eutrophication (Harét al., 2004). The essen@l three components

for differential fertiliser application to occur arethe temporal longevity of

spatial soil fertility variations the varying értiliser additions must be based on

pastureresponse triad or modellingand modelanust be based omuartitate

scientific trialsresults (Gillinghamet al, (1991, 2001)Differential fertiliser

I LILJXE AOFGA2y OFYy AYyONBFasS | t2¢g t adl ddza KA

su/ha, and improveits economic return by 7.5%.
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Chapter 3

Physical Eavironment,

Experimental Design, and Field

Sampling and Laboratory &hods

3.1 Introduction
Chapter three containthe RSa ONR LG A2y 2F . fdzS 5dz01 {dF

and soils. An explanation of trexpeimental design and sampling regime, and

the laboratory techniques used for soil chemical analgsesalso included

3.2 Physical environment

3.2.1 Location
Blue duck station is a dry stock, sheep and beefchilintry farm located in the

central King Country (Figure 1.1).

3.2.2 Climate
The King Country has a mean winter (July) temperature @f 7a&d an average
summer (January) temperature of 183 ® CNR ald 200dzNE>X 2y I @S
@SENX» ¢KS YAyYy3 [/ 2dzyiNRASA adzyaKAyS K2dzNA
1,800 average sunshine hougBollock, 2011)High cloud cover and an inland
sheltered location means thathe King Country receives as little as 40% of

possible sunshine hours (Abet,al.,1978).
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Precipitation is controlled by the King Gbii NdlyQapographyand has aearly
rainfall of between 152%and 1775mm. Mystudy site at Blue Duck Station is
located in the TaumaruntTe Kuiti corridor rain belt, which receives orographic
rainfall due to the Western hills (Abeit al.,1978).

3.2.3 Parent material

The four main geological regions that can be distinguished within the King
Country argAbel,et al.,1978):

1. Basalt zone in the soutbast and northwest, from TongarirdRuapehu
and Pirongia.
2. Ignimbrite flow covering the norteast quadrant of the region, which
encompasses islands of greywacke.
3. Greywacke ranges that underlie the ignimbrite covering thehemn half
of the region.
4. Young, deeply dissected regions of soft sediments from Mokau to
Ruapehy which are mostly siltstones and sHsandstone creating
LX I G§SFdzQa IyYyR O6NRFR NAR3IS&EDP ¢KS ONR]SY

due to the siltstones andls/-sandstones soft, easily erodible material.

The soils at Blue Duck Station are formed mainly on tephra and sedimentary
rocks. The sedimentary rock is of Miocene originf®) and mainly fingrained
sandstone and mudstone. The sediments depositetthénMiocene were eroded

from calcareousandstone, mudstone, and limestone that were deposited
in Oligocenetimes (34-24 Ma). Tephra deposits are from both rhyolitic and
andesitic volcanoes, forming a sequence of thin, -fin@ned interfingering
tephra layers (Lowe, 2010). Soil type and landscape variation are predominantly
a reflection of the underlying rock typ@&he overlain tephra are deposited on the
flat ridge tops, and accumulated on the valley flomia erosion. Largscale
mass movements are common on the steep slopdsch are made up of

Mahoenui Group mudstong&dbrooke, 2005)
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3.2.4 Sall
Ridge topsare mantled with tephra, the hilslopes aranainly sedimentary, and
valley floorsconsist of a mixture of both sedimentary and tephra derived
colluvium and alluviumcreatingr Y2alk A0 2F az2Af deLlSao
soil types are; Typic Orthic Allophanic Soils (Ngarenfapuwae soils), Acidic
Orthic Brown Soils (Whangamomonduturangi soils) and Typic Orthic Recent

Soils(Orbell, 1974)

a) Allophanic Soils (NgaromaTapuwae soils)

Typic Orthic Allophanic Soils contain Allophgnémogolite and E&rrihydrite
minerals, which are products of weatlegt tephra material. Allophanicofs are

easily dug, feel greasy when moist, and samples are easily crumbled. Typic Orthic
Allophanic Soils are permeablgithout barriers to deeply penetrating roots

(Hewitt, 1998) (Landcare Research, 2012).

b) Brown soil (Whangamomona Muturangi soils)

Brown Soils make up 43% of New Zealand and occupy the rolling and hilly lands
of the southern King Country. Areas where Bnaswoik are common do not often
experience summedrought or winter waterlogging, and are moderately to
imperfectly drained (Hewitt, 1998, andcareResearch, 2012Brown Soils are
predominately formed in weathered sedimentary mater{@rbell, 1974where

any tephra deposits have been removed by erosion. Subsoil is of brown or yellow
brown colourdue to weathered iron oxide from the parent materianhd bp-soil

is dark greybrown.

c) Typic Orthic Recent Soils

Recent soils show limited signs of doilming processes due to weak
development. The A horizon is distinct, but lacks a developed B horizon
(Landcare Research, 2012).

3.2.5 Landuse capability

The landuse capability system (LUC) is a rating of an @rahlity to sustain

agricultural productionLynn,et al.,2009) The LUC is a combination of The New
39
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Zealand Land Resource Inventory, which rdsahe five physical factorsock
type, soil, slope, present type and severity of erosion, and vegetation, and the
LUC classification numbering system of eight classes, based on decreasing

versatility and capability.

Blue Duck Station had 5 main LUC ratifhg®in,et al.,2009)
- Class lll erosion limiteglO-7° slope. This class has slight erosion potential,
and is mainly used for pasture on undulating country, with moderate
limitations to arable use. located on the flat areas of both high and low

elevation

- Class IV wetness liret - 0-7° slopeg This class is well suited to pastoral
use; however, there is severe arable limitation due to wetness. Class IV

wetness is located at the foot of some low slopes.

- Class IV erosion limiteq 7-15° slopecThis class has nil to moderate
sheet erosion, and is well suited to pastoral land, however, there is
severe arable limitation due to erosion. This class is located on the

majority of medium slopes.

- Class VI erosion limitegl21-25° Slope. This class has potential slight soil
slip, earthflow and sheet erosion. Class VI is characteristic of relatively
stable, good, North Island hill country which is remable due to erosion
limitations. This class is limited to grazing pastures, and located in a small

southern part of the farm.

- Class Vlerosion limitedg >25° Slope .This class has slight to severe soil
slip, sheet and earth slow potential, only able to support extensive
grazing or erosion control forestry. This class is located on the top eastern

areas of the farm and bottom western cuar.
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3.3 Experimental design

3.3.1 Experiment overview

GIS was used to delineate Blue Duck station into 6 landscape groups with similar

aspect, Bpe and elevation.

a) Digital elevation model

Aspect, elevation and slope weeated using aigital model of Blue Duck
{G1F A2y Qahe DEVNNIs AsqUrced from the University of Waikato

Geography Department, and was to an accuracy of 25m (Figiye 3.

Figure 3.1Digital elevation model of Blue Duck Station
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b) Slope
.t dzS 5dz01 {0l GA2y Qa ST 3BSdpé dagsss; IFnshpe I YR g
(IMmH U0 YSRA@zY c@aliBSPR ame LIS O)xTheslope s 0 0 CA I dzN
classes used were adopted from a nutrient transfer model, created by Saggar

al. (1990).

Figure 3.2Slope model of Blue Duck Station
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c) Aspect
Aspect classes were; North, 2g@n 6 I Y ReH{T2ndz{BK B)Cda/8 dzZNBE o ®

Figure 3.3Slope model of Blue Duck Station
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d) Determination of landscape units

The 6 landscapgroups created werajorth facing medium slope®NM) (13H p 6 O T

south facing medium slopg$M) (13H p @arti facing steep slope§\NS) (>25);

south facing steep slopéS§S) (>25flat ridge tops(RL) (iMH e B nnann Y St S@F GA
andvalley floorgVL) (lH e ¢ mMpn Y St BPBFGA2y06CAIdzNE o dn

Figure 3.4.andscape groups of Blue Duck Station
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e) Study site locations

The location of samples sitemce the 3 replicates from each landscape groups

had been randomly selectdgéFigure3.5).

Figure 3.5Study site locations. Numbers represent landscape group replic
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3.4 Experimental Design

3.4.1 Selecting and locatinstudy sites

Animportant aspect of field sampling was randomisation and the elimination of

sample biasallowingfor robust and representative data collection and results.

Three replicates for each of the 6 landscape groups were selected to be sampled,
one replicate of each landscape group was randomly selected from the northern
end of the farm and two replicates of each landscape group were randomly
selected from the southm end of the farm. Randomisation was achieved by
labelling eacHandscape unit with a number. A random number generator was
then used to select 18 study sites, 3 framrth facing steep slopes, 3 from north
facing medium slopes, 3 from south facing stesppes, 3 from south facing

medium slopes, 3 from valley low slopes, and 3 from ridge low slopes.

The sample location of each landscape unit was determined by identifying the

OSYiNB 2F Ylaa 2F SIOK LRtedzy sKAOK gl &
(geometrc centre of a polygon) function of ARC GIS. The GBR&licates of

selected sample sites were then recorded and input into a Hagld GPS device,

enabling the sample site to be located in the field.
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3.4.2 Transect location an8ample Collection

Sampling was undertaken in sumnimtween the 24 of February and theiof

March, 2012 (Figure 3)6The sampling was comprised of one transect sample
and 5 grid samples at each sampling site. The transect k#gan from the
centre of mass within eacllandscape uniand extended in a random compass
direction, unless the site was atypical. An atypical transect was any site with the
presence of obstacles, such as landslip scars, trough sites, gate sites, farm tracks
or fences, in which case, the transeeas moved across in 5m intervals until at
least 10m clear of obstaclesi irregularities, such as obvious urine or dung
patcheswere encountered, sample core sites were moved so they were 50 cm

clear of the irregularity.

G2
Gl

EC//

G5 G4
s —

Figure 3.6Sampldayout of sampling patter. Transect and grids

The key attributes of&h sample site were measuredtitude and longitude
(GPS), altitude (GPS), slope (Abney level), aspect (compees®nce of animal
dung, stock present and pasture quality. The transect line stvatched over 40
m (Figure 3.7 )a A topsoil description (3.3) at the beginning and end of each
transect, was achieved by diggi a 40cm soil pit (Figure 3cy. Every 2n along
the 40 m transect a soil sample weasken and bulked (Figure U&) using a
stainless steel push sampler, to a depth of 75 mm andiameter of 25 mm
(Figure 3.7e). A grid samplel m x 5 mwas taken 10m perpendicular to the
transect every 5 metre (Figure 3.7). Six bulked soil samples were acquiau

each landscape unit (Figure 31y,
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Figures 3.7 Summary of sample procesa - Laying ou40 m transect with

2 m interval- b - Soil profileto allowfor profile description ¢ - Digging soil
pits at each end of the transeetd - Bulking the samples at the end of th
transect- e - Taking samples every two metres over the 40 m transéct

Pacing out 10 m to sample the grid
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3.4.3 Sample Labelling system

Each sample bag was piabelled with its landscape unit name, replicate
number and samig number (Figure 3)8A summary of all sample names used is

in Table 3.1.

Transect sample Gridsample 1~ Grid sample2  Grid sample8  Grid sample 4 Grid sample 5

N A =

¢RL1G1¢RL1 GZ RL1 G RL1 G4 RL1 G5

Landscape unit replicate

Figure 3.8xample of labelling system for ridge low slope sample site 1

Table 3.1Summary of sample names

Landscape group Transectsample name Grid sample name
Ridge Low Slope 1 RL1 RL1GLRL1 G2 RL1 G RL1 G4 RL1 G5
Ridge Low Slope 2 RL2 RL2 Gt RL2 G2 RL2 G& RL2 G4 RL2 G5
Ridge Low Slope 3 RL3 RL3 GL RL3 G2 RL3 G& RL3 G& RL3 G5
Valley Low Slope 1 VL1 VL1 GX VL1 GZ VL1 GZ VL1 G4 VL1 G5
Valley Low Slope 2 VL2 VL2 GL VL2 GZ VL2 GZ VL2 G& VL2 G5
Valley Low Slope 3 VL3 VL3 GL VL3 GZ VL3 GZ VL3 G4 VL3 G5
South Facing Steep Slope 1 SS1 SS1 Gt SS1 G2 SS1 G8 SS1 G4 SS1 G5
South Facing Steep Slope 2 SS2 SS2 Gt SS2 G2 SS2 G8 SS2 G4 SS2 G5
South Facing Steep Slope 3 SS3 SS3 Gt SS3 G2 SS3 G§ SS3 G4 SS355
South Facing Medium Slope 1 SM1 SM1 GX SM1 GZ SM1 G3; SM1 G4 SM1 G5
South Facing Medium Slope 2 SM2 SM2 GX SM2 GZ SM2 GZ SM2 G4 SM2 G5
South Facing Medium Slope 3 SM3 SM3 Gk SM3 G2, SM3 G3;, SM3 G4, SM3G5
North Facing Steep Slope 1 NS1 NS1 GL NS1 G2 NS1 G2 NS1 G4& NS1 G5
North Facing Steep Slope 2 NS 2 NS2 G NS2 G2 NS2 G2 NS2 G4 NS2 G5
North Facing Steep Slope 3 NS 3 NS3 G NS3 G2 NS3 G NS3 G4& NS3 G5
North FacindMedium Slope 1 NM 1 NM1 G1¢ NM1 G2¢ NM1 G3¢ NM1 G4¢ NM1 G5
North Facing Medium Slope 2 NM 2 NM2 G1c NM2 G2c NM2 G3c NM2 G4c NM2 G5
NM 3

North Facing Medium Slope 3 NM3 G1¢ NM3 G2¢ NM3 G3¢ NM3 G4¢ NM3 G5
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3.5 Field Sampling z Native bush areas

In addition to pastoral sampling, native bush samples were taken tm\bagin,
unaltered vegetationand on area of vegetation that has been deforested for
pastoral use, but allowed to regenerate back to native vegetatiohsahples
were taken on south facing medium slopes, to allow for a comparison with

pastoral south facing medium sites.

The sampling regime within native vegetation consisted of 10 sample sites. Five
sample sites were on a native vegetation site that meder been cleared for
pastoral use, whilst the remaining five samples were taken from an area of
native vegetation that had once been cleared and used for pastoral farming, but
is now being left to regenerate. The method of sampling for native bush was
similar to that of pastoral sampling, except that only a single transect was used
and no grids were sampled. The attributes of the sample location were recorded,
and every 2 m along the 40 m transect a soil sample was taken using a stainless
steel push sampk, to a depth of 75 mm and a diameter of 25 mm. Each soil

sample consisted of 20 bulked cores.

In the areas of regenerating native vegetation, occasional patches of cow dung
were seen on stock trails which are evidence that there had been some stock

movement. Stock trails were avoided for the purpose of sampling.

After discussion with the farmer on the most appropriate location to sample, a
random sampling point was picked by walking 200 m in a random compass
direction (random number generation) fromehpoint of entry. Once the initial
sample location was found for both the virgin and secondary vegetation sites,
the subsequent 4 sample locations were taken 200 m from where the last

transect ended.
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3.6 Laboratory Methods

3.6.1 Introduction
EurofinsLabs analysed soil samples for Olsen P, anion storage capacity, pH,
organic sulphur, sulphatsulphur, calcium, potassium, magnesium and sodium.
A separate analysis of soil pH was undertaken at the University of Waikato, Soil
and Ecosystems Laboratory.eTprocess of sample preparation and analysis are
covered in this section. Methods for soil analysis (unless otherwise stated) were

provided by Eurofins laboratory.

3.6.2 Sample Preparation

After samples were collected, | stored them in aluminium trays to begin
drying for three weeks. Samples were then sieved to 2 mm. Once sieved, | placed
the samples in an oven at 3& for 21 hours to complete air drying. Samples

were stored in air tight, sealed, labelled polythene bags to await analysis.

3.7 Soil pH (Method undertaken and supplied by

Eurofins Labs)

Manual determination of soil pH was determined through a water slurry and left
to stand for 1624 hours(Eurofins Labs after, Blackmost,al.,(1987), Cornforth,
(1980) Lee,et al.,(1991)).

3.7.1 Reagent

a) PotassiumChloride (3 M):

b) Hydrochloric Acid Cleaning Solution (0.1 M):
Diluted 17.5 mL of HCI to 2 L with water.

c) pH Electrode Storage Solution:
Dissolved 1 g KCI in pH 7.00 buffer solution and made up to 200 mL in a

volumetric flask with the buffer.
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3.7.2 Standards

a) StockpH 4.00 Buffer £ 0.02:

b) Stock pH 7.00 Buffer £ 0.02:

3.7.3 SAMPLE PREPARATION

Placed 14 + 0.5 mL of soil samples into beakers and added 29.0 £ 0.5 mL of water.
Samples were covered to avoid evaporation and left for246hours in a

constant temperature room (2C).

3.7.4 ANALYSIS

The pH meter was calibrated using pH 7.00 and pH 4.00 buffers until the slope
displays between 97% and 100%. Soil samples were then thoroughly mixed, the
pH electrode was inserted and the sample blasted with a compressed air jet
inserted intothe bottom of the soil slurry for 20 seconds, the samples were then
allowed to settle to maximum depth. The pH measurement was recorded when
pH meter beeped and calibration was checked after each batch of 40 samples. A
maximum pH fluctuation of +0.02 waallowed before recalibration was

necessary
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3.8 AMMONIUM ACETATE EXTRACTABLE CATIONS
(Method undertaken and supplied by Eurofins Labs)

Ammonium acetate soil extracts are analysed for the cations (Ca, K, NépyNa
an automated 4channel flame spectrophotometer(Eunfins Labs after,

Cornforth, (1980)Lee,et al.,(1991), Clinton, (196Y.)

3.8.1 Apparatus

Reciprocating shaker.
Atomic absorption/emission spectrophotometer (air/C2H2).
AIM 1250 Autosampler.

3.8.2 Reagents

a) Extractant (1 M Ammonium Acetate):
14158 g of 98% CH3COONH4 was weighed out and transfered to a vat.
Fill vat to 180 L mark with water.
Mixture was stirred thoroughly and left overnight
pH was checked = 7.00 = 0.01
If pH needed adjustment, ammonium solutiq25%) or acetic acid

was used.

3.8.3 Standards
a) Stock Standards:

(i) 1000 pg/mL Mg:

O Magnesium Nitrate Spectrosol Atomic Absorption Standard.

(i) 40000 pg/mL Ca:

O Calcium Chloride Volumetric Solution.

(i) 5000 pg/ml Ca:
O 6.2431g CaCO3 (oven dried 3hrs, 105°C) was weighedaif@@0mL
volumetric flask, 200mL water, and 20mL concentrated Hydrochloric acid

was added and diluted to 500mL mark with water.
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(iv) 1000 pg/ml Na:

O Sodium Nitrate Spectrosol Atomic Absorption Standard.

(v) 1600 pg/ml K:
O 3.051 g KCI (oven dried for 3 hours at 1050@3 dissolved in a 1000mL

volumetric flask with water.

b) Working standards
Stock standard amounts (ml) in Table 3.2 were pipetted into a series of 100mL

volumetric flasks and made to volume with the extractant.

Table 3.2Stock standard amounts (ml)

Standard Mg (mL) Ca (mL) Na (mL) K (mL)
Blank 0 0 0 0

Low 10 25 10 25
Middle 25 50 25 50
High 50 100 50 75

The cation concentration of thetandards in pg/mL and Quick Test Units are

shown in Table 3.3

Table 3.3 Cation concentration in standards, and the correspondi

concentrations in the soil in Quick Test Units (QTU)

Standards Mg Ca Na K
pg/mL | QTU in| pug/mL | QTU in| ug/mL | QTU in| pg/mL | QTU in
in solution | in solution | in solution | in solution
solution solution solution solution
Blank 0 0 0 0 0 0 0 0
Low 10 10 125 5 10 10 40 10
Middle 25 25 250 10 25 25 80 20
High 50 50 500 20 50 50 120 30
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3.8.4 Sample Preparation

The soil sample (4.4 mL) was placed into 50mL conical flasks and 20.0 £ 0.2 mL of
extractantwas added from the dispenser. The lids were placed onto the flasks
and shaken for 2 minutes + 5 seconds on the reciprocating shaker. Immediately
after shaking, the extractants were filtered through 5B filter papers into 10 mL
sample tubes. Sample were thelaced onto a sample rack and loaded onto the

auto-sampler, with the standards positioned from 1 to 6 in the standard rack.

3.8.5 Analysis
Samples were analysed through a spectrometer, with a minimum wavelength

reading of around 285 nm.

3.8.6 Dilutions
Samples wth concentrations greater than the top standard were diluted 6 times
in a sample tube ie. 1 mL sample + 5 mL extractant. A note was made, and the

computer analysing the sample made adjustments.

3.8.7 Calculations
The raw spectrometer signal was processed tigtouan analogue to digital
converter, feeding data into the labs software application, which automatically

calculating the cation level of each sample
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3.9 OLSEN PHOSPHATE (Method undertaken and
supplied by Eurofins Labs)

Extracting the soil with 0.9V sodium bicarbonate solution at pH 8.5. The
orthophosphate ion (P reacts with ammonium molybdate and antimony
potassium tartrate under acidic conditions to form a yellow complex. These
complexis reduced with ascorbic acid to form the characteristic blue colour,
which absorbs at 880nm. The absorbance in proportional to the concentration of
orthophosphate in the sampl€Eurofins Labs after, Olsest, al., (1954), Murphy

& Riley, (1962), Watanab& Olsen, (1965)).

3.9.1 Apparatus
Temperature controlled endver-end shaker.
Temperature controlled extractant vat.

Lachat Flow Injection Analyser

3.9.2 Extractant Reagents

a) Sodium Hydroxide (4 M):

A 2 L beaker filled with 1.5 L of water was placed in the fuméaan in a tray
containing cooling water, which then had 320 g of NaOH pellets added, a few at
a time dissolved, then left to cool completely. The solution was transferred to a
2000mL volumetric flask and made to volume with water, mixed, and transfered

to a labelled plastic container.

b) Polyacrylamide Solution:

A 2L beaker was filled with 1500 mL of water and boiled, in which 1.0 g of
polyacrylamide was then added, and stirred until dissolved. Once completely
cooled, it was transferred to a 2L volumetricskaand made to volume with

water.
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c) Extractant (0.5M Sodium Bicarbonate, pH 8.50 + 0.02, 25°C):
For every litre required to make the vat to 100 L, 42 g of NaHCO3, 4.0 mL of 4 M

NaOH and 5.0 mL of polyacrylamide solution was added. The remainder was

made up o 100 L with water, and left overnight to stir with an automatic stirrer.

d) pH 7.00 Buffer

e) pH 9.20 Buffer

3.9.3 Flow Injection Reagent

a) Reagent 1. Stock Ammonium Molybdate Solution:

In a 1L volumetric flask, 40.0g of ammonium molybdate tetrahydfét#H4)
6M07024.4H20] was dissolved, using approximately 800mL of deionised water.
The mixture was then diluted to make 1 L and mixed with a magnetic stirrer for

four hours.

b) Reagent 2. Stock Antimony Potassium Tartrate Solution:

In a 1L volumetric flask3.22g of antimony potassium tartrate (potassium
antimony tartrate hemihydrate K(SbO)C2H406.1/2 H20) was dissolved, using
approximately 800mL of deionised water. Then diluted to 1L and mixed with a

magnetic stirrer until dissolved.

c¢) Reagent 3. Molybdate Galr Reagent:
In a 1 L volumetric flask, 500mL of deionised water was added, to which 35.0mL

of concentrated sulfuric acid (H2SO4) was added. Once cooled, 72mL of
Antimony Potassium Tartrate Solution (Reagent 2) and 213mL Ammonium
Molybdate Solution (Reagéf) was added, then diluted to make 1 L, inverting to
mix

d) Reagent 4. Ascorbic Acid Reducing Solution:

In a 1L volumetric flask, 60.0g of ascorbic acid was dissolved using approximately
800mL of deionised water. 2.0g of dodecyl sulfate (CH3(CH2)110S03sla) w
then dissolved into the solution, which was then made to 1L with deionised
water, mixed by inversion.
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e) Reagent 5. Sodium HydroxideEDTA Rince:
65g of sodium hydroxide (NaOH) and 6g of tetrasodium ethylendiamine

tetraactic acid (Na2EDTA) was dissolwvetlL of deionised water.

3.9.4 Standards

a) Diluent (1 M Sodium Bicarbonate):
In a 1000 mL beaker, 84.00 + 0.01 g of NaHCO3 was dissolved into approximately

800 mL of water, with a magnetic stirrer. The pH was adjusted to 8.50 + 0.02 by
adding 4 M NaOH to increaspH, or hydrochloric acid to decrease pH. The
NaHCO3 was transferred to a 1000 mL volumetric flask and made to volume with

water.

b) Stock Standard (500 ug/mL P):
In a 250 mL volumetric flask, 0.5490 + 0.001 g of KH2PO4 was dissolved with

water. The KH2PQO#las dried at 105°C for 3 hours before use.

c) Secondary Standard (12.5 ug/mL P):

In a 1000mL volumetric flask, 25 mL of stock standard was diluted with water..

d) Working Standards:

100 mL of the 1M NaHCO3 solution was transferred to a series of 200 mL
volumetric flasks. The 25 QTU standard was used as the check standard and
made up to 500mL. 250 mL of the 1M NaHCOS3 solution was transferred to the
500 mL flask and the amounts of secondary standard in Table 3.4 were added to

make to volume.
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Table 3.4Amounts of secondary standard needed to make up to volume

Standard Volume of Flasks Volume of Concentrations

(mL) Secondary Standarc Solution | Soil
(mL) (Hg/mL) | (QTUV)

1 200 0 0 0

2 200 4.0 0.25 5

3 200 8.0 0.50 10

4 500 50.0 1.25 25

5 200 40.0 2.50 50

6 200 80.0 5.00 100

7 200 100.0 6.25 125

e) Working Standards
For each 1L required, 100 L milliQ solution, 5.0mL of polyacrylamide solution and

4.0 mL of 4 M NaOH was added.

3.9.5 Sample Preperation

The pH meter was calibrated at the buffer temperature using the pH 7.00 and pH
9.22 huffers. The extractant temperature was measured and pH meter was
adjusted to this temperature. Each morning prior to use, the extractant was
checked that it is at pH 8.500.02.

In a 250 ml Erlenmeyer flasks, 4 mL of soil and 80 + 2mls of extractant was added
into the flasks. Samples were shaken on an end over end shaker for 30 minutes
at 25°C. Samples were then filtered through number 6 filter paper, into 10 mL

test tubes, transferred to a test tube racks and placed onto an aatmpler.

3.9.6 Analysis

A Lachat Flow Injection Analyser was used to analyse the samples for Olsen P
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3.10 Potassium Phosphate Extractable Sulphate
Sulphur (Method undertaken and supplied by

Eurofins Labs)

Potassium phosphate extracts are analysed for sulpsatphur by automated ion

chromatography(Eurofins Labs after, Waltkinson & Kear, (1994)).
3.10.1Extractant

a) 0.02M Potassium Phosphate (monobasic) pH = 4.00 + 0.02
In a 10L aspirator, 27.2g of 0.02Motassium Phosphate (monobasic) was
dissolved in approximately 600mL of water overnight. Then made to 10L with

water and the pH was adjusted to 4.00 + 0.02, using 20% HCI or KOH solution.

3.10.2Sample Preparation

In a 50mL conical flask, 4.00 £ 0.01g of swil 20 + 0.5 mL of extractant was
added. The samples were then shaken for 30 £ 5 minutes on an end over end
shaker and filtered through number 5C filter papers into test tubes immediately
after shaking. If extracts were cloudy, they weréefiteered througha new filter
paper until a clear filtrate was obtained. Once filtered, test tubes were
transferred into the test tube rack and analysis on the Dionex2@® Ion

Chromatography System (K2$00).

3.10.3Analysis usin¢C$2100 ION CHROMATOGRAPH
The IC&2100 IIN CHROMATOGRAPH was used to analyse the samples for

sulphate sulphur

3.10.4Standards

a) Stock Standard (1000ug/mL S):
Dissolve 4.4308g of Na2S04 (oven dried for 3 hours at 105°C) in a 1000 mL
volumetric flask with Milli Q water.
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b)

Secondary Standard (100ug/mL S):

Dilute 100mL of the stock standard in a 1L volumetric flask with the

extractant.

Working Standards:

Secondary standard were diluted with the extractant into a series of 500mL

volumetric flasks, amount in Table 3.5

Table 35 Amounts of secondary standarttsbe diluted with the extractant

Standard Volume of Flasks (mL)  Concentration of sulphate sulphur in

Solution in (ug/mL) Soil Sample in QTU

A WN P

5 1 0

15 3 0.25
50 10 0.50
150 30 1.25

a)

b)

c)

3.10.5Instrument QC Standards

Stock 1500 (ug/mL S):
Weighed2.038g of dried K2S04 and diluted into 250mL flask.

Sub Stock 75 (ug/mL S):
Diluted 10mL of 1500 ug/mL Stock into a 200mL flask.

Instrument QC Standard 15 QTU (3 ug/mL S):
Diluted 20mL of 75 ug/mL Sub Stock with the extractant into 500mL

3.10.6Analysis

The Chromleon 7was usedo analyse the samples for sulphate sulphur
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3.11 Potassium Phosphate Extractable Organic
Sulphur (Method undertaken and supplied by

Eurofins Labs)

Potassium phosphate extracts analysed for sulpfstiphur are then measured

for total sulphur ly ICRPOES and the difference calculated is reported as Organic
Sulphur (Eurofins Labs after, Watkinson & Perrot, (1990), Watkinson & Kear,
(1996), Watkinson & Kear, (1996)

3.11.1APPARATUS
O End over End Shaker.
O Apparatus TJA IRMP ICROES or Perkin EImer OPTIRD®O ICR OES.

3.11.2EXTRACTION

a) Extractant-0.02M Potassium Phosphate (monobasic) pH = 4.00 + 0.02:

10L of extractant was made. In a 10L aspirator, 27.2@.02M Potassium
Phosphate was dissolved witlpproximately 600mL of water. 10mL of
chloroform was addé under fume hood and left to dissolve overnight, then
made to 10L with water. The pH was adjusted to 4.00 + 0.02 using 20% HCI or
KOH solution.

3.11.3STANDARDS

a) Stock Standard (1000ug/mL S):
4.4308¢g of Na2S04 (oven dried for 3 hours at 105°C) in a 1000mLetradum
flask with Milli Q water.

a) Secondary Standard (100ug/mL S):
In a 1L volumetric flask, 100 ml of the stock standard was diluted with the

extractant.
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b) Working Standards

Working standard were made by diluting secondary standard with extractant,

the levels shown in Table 3.61to a series of 500mL volumetric flasks.

Table 3.6Amounts of secondary standards to be diluted with the extractant

Standard Volume of Flasks (mL)  Concentration of sulphate sulphur in

Solution in (ug/mL) Soil Sample in QTU

1 5 1 0

2 15 3 0.25
3 50 10 0.50
4 150 30 1.25

3.11.4INSTRUMENT QC STANDARD

a) Stock 1500 (ug/mL S)
Diluted 2.038g of dried K2S04 into a 250mL flask.

c) Sub Stock 75 (ug/mL S)
Diluted 10mL of 1500 ug/mL Stock into a 200mL flask.

d) 3(ug/mL S) Instrument QC Standard:
Diluted 20mL of 75 ug/mL Sub Stock with extractant into 500mL

3.11.5SAMPLE PREPARATION

Weighed 4.00 + 0.01g of soil into a 50 mL conical flask and then dispensed 20 +
0.5 mL of extractant into each flask. The flasks were then shaken for 30 =+ 5
minutes with anend over end shaker. Extracts were then filtered through 5C
filter paper into test tubes, immediately after shakinf.extracts were cloudy,

they were refiltered through a new filter paper until a clear filtrate was obtained.
The samples were run on KGOES for Total sulphur. The same samples were then

analysed for sulphate sulphur on HPIC (High Performance lon Chromatography)
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and the organic sulphur was measured by the difference between total sulphur

and sulphate sulphur.

3.11.6ANALYSIS
Soil S Method programme at Eurofins Lab was used for analysis and processed in
LABMAN

3.12 Anion Storage Capacity (Method undertaken and
supplied by Eurofins Labs)

A 5 g soil sample is shaken with a buffered phosphate solution for 16 hours on an
end-overend shaker. A buffer pH of 4.6 is used to closely achieve the maximum
phosphate retention in many soils. The amount of phosphate remaining in
solution is determinectcalorimetrically using visible spectroscopy and from this
the Anion Storage Capacity (phosphate retention) is calculéiiedofins Labs
after, Blackmoreet al.(1987).

3.12.1APPARATUS
Endover-end shaker.
Gilson 401 Dilutor
Shimadzu UV Mini 1240 Spectrophoteter

3.12.2REAGENTS

a) Buffer Solution (pH 4.6, 1000 pg/mL P):
In a 10L aspirator, 43.94 g of KH2PO4 and 136.0 g CH3COONa.3H20 was

dissolved in 2 L of water, 57 mL of acetic acid was then added and then made

to volume.

b) Molybdovanadate Stock Reagent
In two separatec nn Yt LR NIA2ya 2F 6FGSNE nn3a 27

6oblnocaz2thundnl Hho FYR W3 2F | YY2YyAdzy +#
RAaz2f OSR® ¢KSe& ¢6SNB (KSy RA&Zaz2f @SR o0& KSI
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was added, then diluted to 2 litres and mixed well.

Molybdovanadate Working Reagent
Diluted stock vanadate reagent four times i.e. diluted 250ml of stock into

1000ml water.

3.12.3STANDARDS

a)

b)

Diluent (Sodium Acetate Trihydrate):
In a 1000 mL volumetritask, 13.60 g of CH3COONa.3H20 and 5.7 mL acetic

acid were diluted and made to volume with water.

Working Standards.

Working standards were made up by adding varying amounts of P buffer
solution (1000 g/mL)Table 3.7 into a series of 100 mL volumetrlasks and

made to volume with the diluent.

Table 3.7Working standard amounts

Standard Volume of P buffer solution Anion Storage Capacity

added (mL) Solution in (pg/mL) In soil (%)
1 0 0 100
2 20 200 80
3 50 500 50
4 70 700 30
5 100 1000 0

3.12.4SAMPLE PREPARATION

5.00 £ 0.01g of soil samples were weighed into 50 mL conical flasks, @8ding

+ 0.5 mL of the buffered P solution. Flasks were stoppered and shaken with an

end-over-end shaker for 16 hours = 15 minutes. Samples were filtered into test

tubes through Advantec 131 fluted filter paper.
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3.12.5ANALYSIS
Calibrated Gilson 401 Dilutor wassed to analysis the samples. 9 mLs of
Molybdo-vanadate working reagent was added to 0.1 ml of sample and
standards and placed into numbered test tubes, mixed well and left to colour up

for at least 1 hour. A spectrophotometer wased to measure the colw.

3.13 Soil pH analysis at Waikato University

There are several complications and difficulties to be aware of when measuring
soil pH. Using a pH electrode reflects the hydrogen activity in the bulk soll
solution and not the total hydrogen ion activity aradithe soil particle. Soil pH
provides useful links with other soil properties and allows for important soll

management decisiondhompson & Troeh, 197.3)

Soil pH was measured following the method of Blakemetea).,(1987)
Acid wash and rinse 50 ml sample pots with deionised water
Weighed 10 g of soil and 25 ml of deionised water into each pot
Homogenised for 6 seconds on high speed

Left overnight to settle

o bk w0 D PE

Measured the pH using an Jenw&8p10 pH meter. Checking the
temperature of the solution each morning, and periodically throughout
analysis to monitor and the meter was adjusted to the current

temperature.
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Chapter 4

Results

4.1 Sample site description

The combination of photographs at the beginning of this chapter helps illustrate
the location of each study site within the landscapgh®to of the top soil,
pasture conposition,and overall site photo are displayed feach replicate of all

landscape groups.

67



Chapter 4 Results

4.1.1 Valley Low study ungne

Below are themain attributesof valley low, study site one; location, altitude,

slope, soil class, vegetation, stock and other comment to be record present at

site (Figure 4.1)

Figured.1Valley low site one, site data summary

Location 157¢ n Q H ®y QQ Altifpdesl45mQSlopa4P T nc QQ
Soilclass Allophanic Soll

Vegetation Moderate Scotch thistles with some clover and mixed grasses.
Stock No stock at preseng5 steers one week previously

Other comments Flat, highly grazed area. The only faakaon the farm receiving lime
fertiliser.
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4.1.2 Valley Low study unftvo

Below are themain attributes of valley low, study site two; location, altitude,
slope, soil class, vegetation, stock and other comment to be depogsent at

site (Figure 4.2)

Figure4.2Valley Low slope site two, site data summary

Locaton o & T Q prndvbdidptAEX28@m pStopesso Q

Soil class Allophanic Soil

Vegetation Apparent rushesMixed grassessome grass gone to seed

Stock Sheep (120€.500)Cattle (100 steers).

Other comments Flat from the beginningf the transectthen steepened off athe end of
(4-5°). Not reached by the lime trucks, though similaappearance to VL1
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4.1.3 Valley Low study unihree

Below are themain attributes of valley low, study site three; location, altitude,
slope, sdiclass, vegetation, stock and other comment to be record present at

site (Figure 4.3).

Figure4.3Valley Lovslope site three, site data summary

Location o e Ny Q nH Po AliddeMa9meSlopedd ondnt QQ
Soil class Allophanic Soil

Vegetation Pasture has been noticeably grazed. Grasa medium length (30cm)ess
grazing tharVL1 or VL2

Stock Wild deer and goats seen grazjmgp domestic stock at present.

Other comments Small paddock in comparison to the rest of the farm. Potentially use
a holding paddock, and surrounded by historic Whare, old motorbike track and small ¢
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4.1.4 Ridge Low study unine

Below are themain attributes of ridge low, study site one; location, altitude,

slope, soil class, vegetation, stoand other comment to be record present at

site (Figure 4.4).

" 5 ¥ A

Figure4.4 Ridge Low slope site one, site data summary

Locatonodd & N T Q HT ®pAtiQde: 488mpSlope7iin Q pmdc Q0
Soil class Brown Soil
Vegetation For the most part grass has beerell grazed though somesmall patches of
grasshavegone to seedHigh clover content and mixed grasses.
Stock 1200- 1500 sheep one week previously

Other comments Highpoint on the farm, and what looks like an old fence line and track
the right. Narrow ridge50m wide High winds, potential wind erosion.
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4.1.5 Ridge Low study unitvo

Below are themain attributes of ridge low, study site two: location, altitude,
slope, soil class, vegetation, stock amitier comment to be record present at

site (Figure 5.5).

F

Figure4.5Ridge Low slope site two, site data summary

Locaton o e ny Q wmc ®nAltiQde:468mpSlope2d Q ndpdo QQ
Soil class Allophanic Soil

Vegetationt High clover content and mixed grasses. Pasture has been well grazed.
Stock Well grazed, 1200500 sheep.
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4.1.6 Ridge Low study unibree

Below are themain attributes of ridge low, study site three; location, altitude,
slope, soil class, vegetation, stock and other comment to be record present at

site (Figure 4.6).

Figure4.6 Ridge Low slope site three, site data summary

Location o on v Q wmmdn Q Qltitwde:@59m Shope®® n pPp Q

Soil class Brown Soil

Vegetation Well grazed.

Stock:1200-1500sheep and 100 steers.

Other comments A low slope, howver, the top soil is shallower. Undulation is highiean
other ridge low slopes. Steep faces both sides
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4.1.7 North facing steep slope study upite

Below are themain attributes of north facing steep slope, study site one;
locaion, altitude, slope, soil class, vegetation, stock and other comment to be

record present at sit¢Figure 4.7).

Figure4.7 North Facingsteep slope site one, site data summary

Locatonocd 6 nyQ M M @ Altitude 36inT Slope 20° Agpect20°n hdPp | Q
Soil class Recent Soils

Vegetation Long patches of grass that hayene to seedNoticeable grazing isome areas,
between longgrass patches.

Sock No stock at present. 1200500 sheep one week previously. Feral goats grazing
Other comments Obvious sheep dung
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4.1.8 North facing steep slope study uhio

Below are themain attributes of north facing steep slope, study site one;

location, altitude, slopesoil class, vegetation, stock and other comment to be

record present at sit¢Figure 4.8)

Figure4.8 North Facing steep slope site two, site data summary

Locatonod 6 nyQ n g Altite 356m Slope 36° fAepec65t1 y D H
Soil class Recent Soil

Vegetation Mixed grass, predominant Browntop.

Stock 12001500 sheep. Well graze8heep grazing belgwn the lower slopes.
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4.1.9 North facing steep slope study uthree

Below are themain attributes of north facing steep slope, study site two;
location, altitude, slope, soil class, vegetation, stock and other comment to be
recordpresent at site (Figure 4.9)

Figure4.9 North Facing steep slope site three, site dstenmary

Locatonod 6 ny Q n ¢ Akitude @31nm 1Spped85° Aspect:X94°n y ®H
Soil class Brown soll

Vegetation Some scattered ferns and busBrass gone to seed.

Stock 12001500 $ieep one week previous. 100 steetsrently grazing
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4.1.10North Medium study unibne

Below are themain attributes of north medium steep slope, study site one;
location, altitude, slope, soil class, vegetation, stock and other comment to be

record present at site (Figure 4.10).

Figure4.10North Facing medium slope site one, site data summary

Locatonod 6 n1 Q H M dAftitude 273m T Spopecl5® Aspect:@b® nn dH| QQ
Soilclass Brown soll

Vegetation Patches of rushes. Some grass gone to seedataaisnoticeable grazing
Stock:1200-1500 sheep one week previous.

Other comments:! NI A & SR & YA OdliettareBrial Geek toldlefryside of
sample sites, borderingorders native bush.
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4.1.11North Medium study unitwo

Below are themain attributes of north facing medium slope, study site two;

location, altitude, slope, soil class, vegetation, stock and other comrmebe

record present at site (Figure 4.11).

Figure4.11North Facing medium slope site two, site data summary
Locatonod 6 ny Q H p Altitale: 38dm Slope 11° fAsped306fy d ¢

Soil class Brown soil
Vegetatiornt Highly grazedScotch this#s, ®me patchy ferns Poor pasture.

Stocking:Sheep present, 100 Steers, 30 cows

QQ
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4.1.12North Medium study unit 3

Below are themain attributes of north facing medium slope, study site three;
location, altitude, slope, soil class, vegetation, stock and other comment to be

record presenat site (Figure 4.12).

Figure4.12North Facing medium slope site three, site data summary

Locatonod & N1 Q pc ®AMiMe:R60n cSlopeiss Aspect:3p@c Q Q
Soil class Brown soll

Vegetation Long grass gone to seed.
Stock Little noticeable grazing.
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4.1.13South Steep study urohe

Below are themain attributes of south facingsteep slope, study site one;
location, altitude, slope, soil class, vegetation, stock and other comment to be

record present at sit¢Figure 4.13).

Figure4.13South steep slope site one, site data summary

Locationo o N7 Q HY QQAltimdep208:n Slopai34.22 Aspecb2p8°Q Q
Soilclass Brown soll

Vegetation Scattered bushMixed grass species and clover presdpasture gone to
seed Majority of gras€0-60 cm long
Stock:Low level cattle grazing?25 steers.
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4.1.14South Steep study urtivo

Below are themain attributes of south facing steep slope, study site two;

location, altitude, slope, soil class, vegetation, stock and other corhrimebe

record present at site (Figure 4.14).

Figured.14South steep slope site two, site data summary

Locationo ¢ 6 ny Q M fAitad® A37m T Jdopes30°  Asmect:B6°p N P o
Soilclass Brown soll

Vegetation Mixed grasseand somepatchy ferns.

Stock:1200-1500 sheep at present.

Other comments:Many wellworn sheep tracksStock camp % of the wayp the steep
slopes. In the morning sheep were grazing on the north facing slopes
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4.1.15South Steep study urthiree

Below are themain attributes of south facing steep slope, study site three;
location, altitude, slope, soil class, vegetation, stock and other comment to be

record present asite (Figure 4.15).

Figure4.15South steep slope site three, site data summary

Locationo e ny Q H 0 PAltitu@=O47amT Plape 34°n Aspelt:236Y P hQ Q
Soil class Brown soll

Vegetation Mixed grasses, and clover preseBbme ferns and long grass gone to seed.
Stock:Stock not present at time of sampling.
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4.1.16South Medium study undgne

Below are themain attributes of south facing medium slope, study site one;

location, altitude, slope, soil class, vegetation, stock and other comment to be

record present at site (Figure 4.16).

Figure4.16 South medium slope site one, site data summary

Locationo ¢ ¢ nt Q 0 TAfbitude:39Im mStopecl 3.5 MAsped@19@y P c
Saoil class Allophanic Soil

Vegetatiornt Small valley dip.

Stock 12001500 sheep one week previous. Obvious dpatches

Other comments: SM1 G2 look like it could be a shemgmp site Very windy.
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4.1.17South Medium study unitvo

Below are themain attributes of south facing mediursiope, study site two;
location, altitude, slope, soil class, vegetation, stock and other comment to be

record present at site (Figure 4.17).

Figure4.17 South medium slope site two, site data summary

Locatonod & ny Q M N @litude 41w TSppe@3° MABped160f M dn [QQ
Soil class Brown soil

Vegetation Noticeably grazed. Scotch thistledixed grasses with limited clover

Stock 2000-1500 sheepat present Large amounts of sheep dundue to potential sheep
camp

Other commentsOddly deep topsoiYa A ONR Q Tt I & gAGKAY YSRAdzY af 21354

84




















































































































































































