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Abstract

Pumice Soils (Typic Udivitrands) in the Galatea Basin in the eastern Bay of Plenty,
central North Island, New Zealand, are formed on weakly weathered, coarse textured,
glassy, pumice tephra deposits and associated buried soil horizons. The Galatea Basin
tends to experience summer drought and decreased summer pasture production.

Observations that refilled holes had better summer pasture growth in the disturbed
materials compared to growth in adjacent undisturbed soils led to trials where the
underlying firert e xt ur ed, buried soil horizons were i
the pumiceous surface horizons) using a mechanised digger. The main objective of this

study was to test the hypothesis that the mixing of the finer textured buried horizons into

the pumiceous surface soils will give increased water holding capacity and thus improve

water availability to plants during dry summer periods.

The top 2.5 m of a reference sequence of four tephra deposits and associated buried soil
horizons in an expose@daion through a terrace at the southern end of Galatea Basin was
described. The tephras and their dates or ages of deposition are(from top) Kaharoa (AD
1314 + 12), Taupo (AD 232 + 10), Whakatane (5526 + 145 calendar years BP), and
Rotoma (9423 + 120 caldar years BP). Undisturbed cores from each soil horizon and
the pumiceous tephra layers were collected for water retention and bulk density
determination. Four sites were identified that had previously been modified by flipping.
Each site contained a flipd area comprisingxcavatedand mixed soil materials and an

adj acent Afundi sturbedd (control) area compri
pits were excavated in the flipped area and three in the undisturbed area. Detailed soil
descriptions wer made and undisturbed soil cores were taken from all horizons in each
pit to a depth of 0.6 m. Water retention was determined using a hanging water column
and a pressure plate extractor.

The water retention curves for the undisturbed horizons fromefieeence profile show

that most of the water was held in the soil at lower tensions (<100 kPa). The 3bBw
horizon (Whakatane Tephra) had the highest readily available water (25 % v,v) while the
2bAB horizon (Taupo Tephra) had the highest total availablerveatpacity (37 % v,v).

The mean profile readitgvailable water contents to 600 mm depth from the flipped soils
were higher (P<0.01) than those of the undisturbed soils. Plant readilgble water
content was calculated in the flipped soils to 600 neptll and to 450 mm depth in the
undisturbed soils (based on plant root observations in the field over summer). Plant
readily-available water content was greater in the flipped soils compared to that in the
undisturbed soils at sites 1, 2 and 3 (P<0.05)eahd si te 4 (PO 0. 1) .

Assuming an evaporation rate of 4 mm per day and that plant rooting depth is de »er in
flipped soils than irundisturbed soils (~600 mm compared to ~450 mm), the flipped )ils
can hold more readitgvailable water (mean of 39 dayhan the undisturbed soils (mew.|

of 19 days) between rainfall/irrigation events (assuming soils were wet to field capacity at
the start) before the soil water drops below the readily available limit.

The hypothesis that ff lcePopsiwilgve inadased viaer mu | t i |
holding capacity imodified surface horizons (mixed buried soil horizon mategrialsd
thus improve moisture availability to plants during dry summer periods, was accepted.
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Chapter 1

| hroductil o

1.1 Pasture production on Pumice Soils

Pasture production on PumiSeils can bdimited bywateravailability especially
during the summer month§he Galatea Bsin isan area of Pumice Soistuated

in the inland Bay of Plenty region iffire 1.0) which often has low summer
rainfall. In order to run a successful dairy farm in Galatea, various strategies have
been used to improve the sustainability of farming including extensive use of
lucerne for grazing and supplementary feeding, lowering stocking raad

irrigation.

Kaingaroa
Forest

GALATEA ..

T h <.

"% BASIN

(. 748:52 km

e :‘ .

Figure 1.1: Location of Galatea Basin $outh-eastern Bay of Plenty region, North
Island, New Zealand).




Farmers in Galatea have noticed that refilling holes or trenches resulted in better
pasture growth in thelisturbedmaterialsthan on the undisturbed land. These
observations | ed to experimental soi l A f
farmsinthearea Soi | Aflippingo i s a mechanical
to invert and mix the top-2 m of soittephra sequencebgence breaking up the

pumice horizons andxcavatingburied soilmaterialsthat have formed on older

tephra (i.e. bringing them to the land surfac®asture growth in the trial
paddocks on théilippedd  si® visibly better than that in the controleas

(undisturbed soils), and the improvement has persistedréAg).

-

P

£ . 3

Figure 1.2: Pasture growth on the flipped soilcompared to pasture growth on the

Aundi sturbedo soil (control area) . a: past |

pasture growth during 2013 summer drought.



1.2 Aim and objectives othe study

The overall aim of the study was to investigabev the multilayered Pumice Soils
modifiedby A f I dipfpfienrgof r om A undi s(control)aras o

to better understand why grass growth increases.

1.2.1 Hypothesisandspecific objectives

My hypothesis ighat the mixing of theexcavatedouried soilhorizonswith the
pumiceous surface saaterials (on Kaharoa Tephrayill give increased water
holding capacity in the modified surface horizomsd thus improvewater

availability to plants during dry summer periods.

Specific objectives were to:

1 Charactes e soi | materi al s i n -tephnae
sequence to a depth @f5 m including a soil profile description,
percentageallophane inburied soil horizons andarticle size
analysis

1 Determinethe waterholding capacit of previouslyiiflippedo soils

Ssoi | ¢

Aundi

and adjacent Aundisturbedo soils (c

1 Comparesoil properties e.gsoil bulk densityand permeability class
estimatesnthefi f | | ppe s and adjacent
1 Determine the differences in root densitigh depth infiflippedo and

Aundi sturbedo soil s.

1.3 Outline of remainder of thesis

The following chapterincludes aliterature review chapter 3provides details

Aundi

aboutthe methods sed in the field and laboratory, chapter 4 covers the results of

the study and chapter 5 indesa summary of the study and the results, a

discussion, recommendations for future study and conclusions drawn from this

study.



Chapter 2

Li teratur e

2.1 Introduction

Tephras arehe explosively erupted, loose, pyroclastic (fragmental) products of
volcanic eruptionghat include volcanic ash (fragments < 2 mm in diameter) and
pumiceoudapilli (fragments 264 mm in diameter) (Lowe & Palmer, 2005; Lowe,
2010). Tephra deposits cover a large area of the central North Island of New
Zealand and soils formed from these include Recent, Pumice, and Allophanic
soils which tend to be sandy to giland free draining (Hewitt, 2010). Pumice
Soils are mainly distributed within central North Island in the regions peripheral
to Taupo and Rotorudigure2.1: Pumice Soils in the Norttsland (shaded light
green)) and occupy ~7 % of land in New Zealafttewitt, 2010) Many features

of soils with volcanic origin are linked to the glassy and fragmental parent
material and distinguishable physical properties include low bulk densities and a
clay fraction dominated byamocrystalline (previously called shagnge order)
minerals namely allophane, ferrihydrite, and méitainus complexes (McDaniel

et al., 2012). Pumice and Allophanic soils are widely used for pasture, crop and
forestry production (Gibbs & Pullar, 1966;Wwe & Palmer, 2005).

In this reviewl give a brief introductiorto the Galatea Basin and the sailithin

the area. Soil physical and chemical properties affecting plant growth, the
importance of soil structure and soil physical propersiesh as texture, bulk
density, available water holding capacity Rdimice Soils, and the effects of

modifying sandy soils using clamendments are also discussed



Soil type
Allophanic
Brown
Brown-stony
Gley
Granular
Melanic
Organic
Oxidic
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Podzol
2 ii Pumice
Raw

Recent

KM

Figure 2.1: Pumice Soils in the Northisland (shaded light green). Figure sourced
from Molloy (1998)

2.2 Geologic and geographic features in the central
Bay of Plenty

The Galatea Basin is an owdlapedault-bound depression roughly 23 km long
and 79 km wide, orientai@ in a northeastsouthwest directioron the eastern
margin of the Kaingaroa Plate@Manville et al., 2005) The eastern side of the
Basinis bounded byhe Whaeo, Te Whaiti and Waiohau fawdtsl the southvest
side of theBasinis confined by the welded ignimbrite sheet of the Kaingaroa
Plateau (Lenard et al., 2010). Othegeographicfeatures that surround the
Galatea Basin include the lelwing Rangitéki plains, theTe UreweraNational
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Park and the Kaingaroa Fore@tigure 2.3. In a geological time framehe
landscapeof the Galatea Basins relatively young and the underlying volcanic

rocks are generalljuchless than 1 million years old (Molloy, 1998).

Figure 2.2: Map of the major geological features surrounding the Galatea Basin and
isopachs of some of the eruptives of the Taupo event of c. AD 282om Marville et
al. (2005).

2.3 Soils of the Galatea Basin

2.3.1 Introduction

The upper (neasurface) parts of theoils of the Galatea Basin are formed on
weakly weathered, relatively coarse, glassyd densegumice deposits of the
Kaharoa Tephra, which act as a bartierplant roots and make the soil free
draining. The soil formindactors oftopography climate, vegetationbiological
processegparent materiakandtime for weatherindpnave given the soils of the Bay

of Plenty distinctive characteristics and aliscussed in the following sections.



2.3.2 Climate

The Galatea Basin is relatively sheltered from the prevailing winds. In summer
the Galatea Basin can be several degrees warmer than coastalRajlesss &
Guinto, 2010) In winter the sheltered areas are prone to heavy f(@sisetich,
1960) The lowest mean annual rainfall occurs on the plains e.g. the Kaingaroa
Plateau and the Galatea Basin and increases at higher elevations (Mzradijle
2005). Weather data collected from 1971 to 2000 at a station in Mur@gataq°

S, 176.695° E) show that the annual rainfall is ~1220 mm per yearufeg.3)

and the mean air temperature is ~FEFNIWA, undatedFigure2.4).
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Figure 2.3: Mean annual rainfall for Murupara (1971-2000). Data from NIWA,
(undated).
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Figure 2.4:Mean air temperature for Murupara (1971-2000). Data from NIWA,
(undated).



2.3.3 Biological processes

Vegetation plays an important role in soil development. Changes in vegetation
since the beginning of farming and commercial forestry in the region have had
considerable effects on properties such as agdregatestability (Rijkse &
Guinto, 2010) Despite most of the land around Rotorua being suitable for forest
growth, only a third of the land wdsrestcovered by miecighteenth century.

The remaining patches of forest suggest thatdominant fores cover of the
North Island hd been burnt off most probably by the Polynesian setthich(lls,
1963) Before European settlement, the practice of burning forest was the only
way to clear land for food crops, but it was unable to be controlled. From an early
date it is likely the Kaingaroa Plateau was periodically cleared by\fireetich,

196Q McGlone, 1989, According to lowe (2008)archaeological evidence
suggests thahitial settlement was between c. 128600 AD. Pollen phytolith

and associated studies indicate that deforestation by burning began in New

Zealand shortly after Polynesian settlers arrived (Lowe & McDa20€8).

Pollen analysis and examination of plant fragments found in the black A horizon
on PumiceSoils has revealed that that the previous plant cover was dominated by
bracken fern Birrell et al, 1971). Bracken is aaggressive, highly productive
plant thatcolonisedisturbed site¢McGloneet al, 2005)

Humus is stored within the black A horizons wadlcanic soils because humus
becomes complexed with ANanzyo, 2002)According toNotario (2010, both

the structuref the soilsand the accumulatioof humus influence water dynamics

in volcanicsoils. Water repellence in soil is caused by orgawmimpounds such as
waxes on plants, coating the soil particles and tends to be more common in coarse
textured soilsSoils which have a hydrophobic nature slow down water infiltration
(Doerr, 2000). Water repellent soils will eventually wet up at some ,dvajthe
uneven infiltration of water leaves variat®im soil waterwhich can affect plant
growth (Cann, 2000).

Earthwormsenhancesoil development by the addition and breakdown of organic
matter and the mixing of the topsoil. Howeveracrobiota popuaitions are lower
in Pumice Soils becauseorganisms such as earthworms are limited bywihter

and texture of the soilLee, 1959) Extreme disturbance of soil leads to the
8



breakdown of the soil organic matter and therefore reduces the food supplies
available to earthworms. Direct mechanical damage such as tibexebuesto
a decline irearthworm populationgAslam et al. 1999)

2.3.4 Topography and parent material

Tephrahascoveredthe Galatea Basitandscape andaptially filled in the valleys
with the exceptiorof steepy slopng land Kaharoa Tephra is usually found on
fans and terraces in the Galat®asin whileriver depositedsediments of mixed
origin (greywacke, gravel, sand, silt ameeakly weatheredtephra from the
Kaharoa and Tauperuption$ form soils on flood plains and outwash fans
(Vucetich, 1960)

Most of the central North Island has been covered by tephra derived mainly from
rhyolitic eruptions. Soil patterns of the Bay of Plenty region are a result of
variations in the age, thickness, and mineralogical composition of the tephra
deposits within the area. Recurrent eruptions during the Quaternary led to the
formation of multisequal soilsomprising tephras and associated soil horizons
(Figure 2.5 (Lowe & Palmer, 2005)Eruptions in theOkataina and Taupo
Volcanic Centres generated tkiéhakatane, Taupo, and Kaharbaphra which

are all rhyolitic in composition. In the northern part oé Basina thin basaltic
deposit of black scoria, the Tarawera Scoria Member of the Tarawera Tephra
(Froggatt & Lowe, 1990), occurs in topsoils. The scoria was not observed in the
topsoils of the southerhasin The ages and compositions of three tephras th
underlie the soils in the southern part of the basin (my field area) are listed in
Table2.1.



Kaharoa Tephra..
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Figure 2.5:Soils have developed on tephra deposits. In this section, Whakatane,
Taupo, and Kaharoa tephras are shown.

Table 2.1: Soil-forming tephras of the southern Galatea Basinand their ageg.

Chronology
Name Origin Composition Texture Date/cal. yr BP (95%
probability ranges)
Kaharoa Mt Tarawera Rhyolitic sand 1314 +12 AD (636 + 12 cal. yr
an
Tephra (Okataind/C) pumice BP)
Taupo Tephra TaupoVC Rhyolitic Loamy sand 232 +10 AD (1718 + 10 cal. yr
pumice & sand BP)
Sandy loam
Whakatane Haroharo Rhyolitic
, ve! Stones & 5526 + 145al. yr BP
Tephra (OkatainaVC) pumice gravel
Rotoma Rotoma .
) Rhyolitic Sandy loam 9423 + 12Ccal. yr BP
Tephra (OkatainavC)

pumice
* Table based oWucetich (1960andRijkse & Guinto (2010)Chronology fromHogg et al.
(2003, 2012) and Lowe et akd13. VC, Volcanic Centre; cal., calendar/calibrated; BP,

before present (6presentd = 1950 AD)
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2.3.5 Time

Tephra is erupted over short geological time framspseads widely and has the
same age wherever it occurs. Therefore it provides a marker bed of a known age
(Lowe, 1990) Once the age of thephra is known, théme of weathering of the

soil whilst at the land surface (before it isri@a by a subsequent tephra deposit)
can be calculate(Table2.2). Finer texturesgreaterclay conterg, and deepning
subsois (downwaremoving frort) generally develop as the tephra becomes more
weatheredRijkse & Guinto, 201Q)

Table 2.2: Amount of weathering time for parent materials of soils in the Galatea
Basin.

Tephra Weathering time (years)
Tarawera 127
Kaharoa 527(699)*
Taupo 1082
Whakatane 3808

*527 years for northern part of the basin where Tarawera tephra occurs, but 699 years in southern part of the basin (no

Tarawera Tephra).

2.4 Soil classification

The sois of the southern part of the Galatea Baane classified asBuried
Allophanic Orthic Pumice Soils1 the New ZealandSoil Classification (NZSC)
(Hewitt, 2010)

Anthropic Soils are constructed by or altered by people so that it no longer
resembles the original composition or soil properties (Hewitt, 2010). They can be

formed by severe mixing, deposition of landfill materi@ss A scal pi ngo. T
sequencesn the GalateaBasin that have been mechanicadycavatedso that

deeper layerand associated buried soil horizons are inverted and mixed at the

|l and surface (r eahdecarbe dlassified as Mixed Anthiogicp i n g 6 )

Soils (Buriedallophanic Pumice Soils)

2.5 Soll characteristics and plant growth

2.5.1 Introduction

It is necessaryhat the soil provides a favourable physical environment for root

developmenin order toextractwaterand nutrientsfor satisfactory plant growth
11



(Gardener 1999). The composition and proportion of minerals, organic matter,
water and air present in soifiuencst he soi |l 6s physi cal
texture, structure, porosity and the fraction of pore space in aPiwysical
propertiescontribute towat er movement in the soil
suitability as a medium for plant growth (McCaug2004).

2.5.2 Allophane

Although Pumice Soils have a low clay content (<10%), the clay fraction typically
contains allophane and imogolitéRijkse & Guinto, 201Q)Allophane occurs as
coatings around the say particles in soils formed on volcanic ash where there is
sufficient water for leaching of silica to occufParfitt, 2009) Allophane has a
similar atomic structure to imogolite but is different morphologicdfigire 2.6.
Allophane consists of hollow irregular spherical shaped particles with outside
diameters of 3 to 5 nrfBhoji et al., 1993; McDaniadt al., 2012) Swch minerals

are referred to as nanocrystalline because the structural units (spherules) are
within the nanoscale range (<100 nm) (McDaniel et al., 2012). Based on
variations of Al:Si atomic ratio allophane can be divided into threetypesciAl
allophanehas a ratio of 2:1 ratio of Al and Si (termed protmgolite allophane)
whereas Srich allophane has a 1:1 ratio of Al and Si (termed halldige
allophane)(Parfitt, 2009) A third type of allophane is called strealmposit

allophane. Alrich allophane is the most abundant type of allophane..

Al
Imogolite tubule 2nm 355 nm—
(‘nanotube’) A '
(Al:Si=2)

Broken-bond

defects (~0 3 nm) \
0 7 1 nm
o, @ ﬁ

pherule
void space
Silicate %
tetrahedral
sheet Proto-imogolite
“7---__| O03SiOH ‘fragments’
k. (OH)3AI;03Si0H
Allophane
spherule (‘nanoball’)
(Al:Si=2)

Gibbsitic
octahedral

sheet
(OH)3Al

Figure 2.6: The morphologies and chemical compositions of allophane and imogolite.
From McDaniel et al. (2012) after Lowe (1995).
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2.1.1.1 Reactivealuminium test

Soils with> 2%allophanecan be identifiedy a characteristic greasy fé®arfitt,

2009). The reactivaluminium test (also known as the NaF test, allophangatest

the Fields and Perrott test) can also be used to differentiate allophanic soils by the
reaction of NaF with hydroxgluminium in the nanomineralsllophane and
ferrinydrite (Milne et al, 1995). The reaction releases hydroxyl ions and raises the
pH which causes the phenolphthalein colour development. In most other soils the
pH remains low so the phenolphthalein indictor colour does not de(@iggon

& Day, 1970)

2.1.1.2 Ammoniunoxalate extractablesilicon, iron andaluminium

Acid ammonium oxalate (acid oxalate) extracts iron (Fe), silicon (Si) an
aluminium (Al) from nanocrystallineminerals andmetathumus complexes
(Rayment & Lyons, 2010)It is used in conjunction with pyrophosphate
extraction which extracts Fe and Al frometathumus complexeso identify
sources of allophanend ferrihydritein soils and to quantify theifSDA, 2010)
Hodde et al. (1990) measureallophane contents for B horizons of undisturbed
paleosols developed on rhyolitic tephras in the Rotoggaon (usingacid oxalate
extraction) The calculatedallophanecontens of the B horizons onWhakatane
Tephrasamples (on wholesoil/fine-earth basis)were 3.5 and 4.5%, Kaharoa
tephra 1%, Taupo Tephra 1.58nd Rotoma Tephra 2.5 %. According to Parfitt
(2010) allophane contents of up to 6Q&w) have been measuréat B horizons

and the limit of detection is 0% allophanevith an Al:Si ratio of 2

2.5.3 Soil structurgpedality)

The internal arrangement or organisation of the particles in the soil is referred to

as the solil structure (Hillel, 2005). Both clay and organatter bind soil particles
together to form aggregates. The size and arrangement of aggregates forms the
soil structure (Molloy, 1998)Soil structure determines the amount of water
present at field capacity because of its influences on pore size wistitand
therefore its ability tostorewater It also affectsplant nutrient uptak@nd root

growth (Gardener, 1999When roots are also restricted by a dense soil horizon it

limits plant growth and supply of water is further decreased.
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2.5.4 Soil dry bulkdensity

Soil dry bulk density provides a measure of the compactness of soil which is an

important structural characteristic for soil activity. A high soil bulk density can
indicate a compacted lay€Fable 2.3. Root penetration begins to be restricted at
~1.7 g/cm (Coyne & Thompson, 2006 he vesicular nature of pumice particles

results in soils with low bulk density.

Table 2.3: Typical soil bulk density ranges Adapted from Coyné& Thompson (2006).

Typical
Bulk bulk
denity density Examples
(gem?) range
0.5 | Histosol
0.7 [
0.9 L Uncultivated soil
11
1.3 l
1.5 - Cultivated loams and sandy loams
1.7 "'-3"_'} """ Root pentration
1.9 begins to be inhibited

Numerous studies have demonstrated a connection between the compactness of
the soil and water retention. A study Bgcet al.(2008)investigated the effects

of bulk density on hydraulic properties in homogenised and structured soils. It
was found that a decrease in saturated water content wittagnceg bulk density
occurs. However, undisturbed samples start losing more water at higher tensions
compared to those of disturbed samples. Packard (1957) also found that the least

compacted soil§pasturehad the lowest availablgaterexpressed volumectally.

2.5.5 Penetration resistance

Penetration resistance is related to soil strength and is the capacity of the soil in its
natural confined state to resist penetration by rigid objects (usually expressed in
bar or kPa) (Milne et al., 1995). Although easy to define it is harder to measure as
it is a highly variable propertyHillel, 2004). Soil strength can be evaluategthe

force required to push the tip of the penetrometer into the soil. Penetrometers can

be used to measure resistance of soil to root penetration, tillage, tracking etc.

14



However measurements are variable as shear strength is linked to water content
(McLaren & Cameron, 1996)

Low soil dry bulk densities usually indicate friable soils which can be readily
penetrated by roots. Howeyero ar se textured pumice | apil
and severely restrict root growth at many poiMsll(& Stone, 1967). Limited

rooting depth in pummoushorizons can also result in limited availability of water

and nutrients to plants. Soils developed from Mt Mazama tdphfregon, USA)

show increaed plant productivity where the pumice horizons have been mixed in

varying degrees with finer material so that particle bridging is red(6ect &

Cochran, 1990)

2.6 Soil water and plant roots

2.6.1 Capillary and norcapillary pore space

Soil water content affets the gas exchange of the soil which influences plant root
respiration, the activity of microbes and the redox potential of the soil (Hillel
2004). The relative amounts of capillary and rcapillary pore space affect soil
drainage and aeration. Capillary pore spaces are the smaller pores in the-soil (30
60 um) that hold water against the force of gravity. Mapillary pore spaces are

the larger pags that drain water with the force of gravigramer, 1995)igure
2.7).

Raln

R

Inhliration Evaporalion
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aftar a ‘“ﬁ"
faws 'ja.:.E- "‘. ‘
-.;,ﬁ‘.*
Drainage . Lﬂ'ﬂjﬁ
aftar waeaks LA '
Water tabla: of draughit
dapth where ’
gl s —
-+ always -
saturated.
Saluraled soil: Field capacily: Willing poinl:
all pores ara about 15 of plants can’l
lilled, paras ara filled. exiract the
Femaining waler,

Figure 2.7: Soil water retention and drainage process which link the concepts of
saturation, field capacity and wilting point. Image sourced fromRijkse & Guinto
(2010).
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2.6.2 Water potential

Soil water potential regulates water availability to plants and a difference in

potential causes water movement from one part of the soil profile to another. The

soil water potential depends on four components:ntlagric potential which is
created by capi Itlhaer ygraacvtiitoant i (oCh al ¢,f or ces
osmotic potenti al cr eat euandexterndlipressurel ved s
( 6 . The water p @it i describad ashe sum ofothel faur (
componentsEg. 2.1 (Kramer, 1995Kirkham, 2005)

Equation 21: Qsei= oG G G

Water moves from higlipotential to low potential energye., water will move

into plant roots if the root water potential is less than that of the surrounding soil
(Gardener1999).After the soil is saturated, water moves through the large pores
under theforce of gravity. ce equilibrium is reached and the soil retains some
of the wate against the force of gravity lgapillary forces in smallepores the

soil is atfield capacity(Kramer, 1995)When water is tightly held within the soil
matrix, the lower limit of soil water availal¥i is approached (known as the

permanent wilting point) (Sauer et al, 1984).

2.6.3 Soil water release characteristic

A soil water retention curve can be generated when a water potential measurement
is combined with the water content measureniBittelli & Flury, 2009). Placing

a saturated soil core on a porous plate attached to a hanging water column is
lowered so that the suction is increased and water is removed from th&lere.

loss of water at each suction can be measured by reweighing the soil core (once
equilibrium is reached.e., after the soil core has stopped draining for a particular
suction)(White, 2009) This method isused to measure water held in the soil at
lower matric potentials QL0 kPa) while the use of a pressure plate apparatus is
more suitable for higher tensions (1Q®00 kPa). This is because pressure plates

are susceptible to inaccuracies at lower mawiemtials(Bittelli & Flury, 2009).
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2.6.4 Available water capacity

The amount of water held in soil betwekggld capacityand permanent wilting
pointis known as the availéd water capacityKirkham, 2005). Available water
capacityis a measuref the ability of the soil to sustain good growth and high
yields of crops and pastureAvailable water capacitis also a measure of the
capacity of the soil to store water af@rainfall event orirrigation (Rijkse &
Guinto, 2010)

2.6.5 Readily available water

Waterbetweenfield capacityandwilting point is notequally available to plants.
Best plant growth occurs #vater is maintained near field capacity (Packard,
1957). As tension increases to wilting point, plant growth declines. Readily
Available Water (RAW) is thevater that a plant can easily extract from the soil
and can be calculated by deducting volumetric wabatent held at PWP from
volumetric water content at 100 kR&dure 2.8 (Singleton, 1991

| Fisld capadty

Slowarowth (1042

ponies) AW

Wilting paint
1500 kFa)

i h
Drysail Saturated soi

Figure 2.8: Available water capacity (between 181500 kPa)and readily available
water (RAW) (between 16100 kPa)

2.6.6 Texture

Soil texture (proportion of sand, silt and clay size particlegthin the soi)
influences the sai ability to retain water for plants and also drain excess water
(Cornforth, 1998)There is a wide variation in soil water holding capacities within
a given texture class and the literature itself is inconsistent. In general,

sandy/coarse textured soils are wathined ad have a limited water storage
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capacity in comparison to soils with a higher clay con(gnamer, 1995 Table
2.4).

Table 2.4 Available water capacity(mm/m) of various soil textures classes

Sources
(Gardner, (Hargreaves &
Texture 1990) Merkley, 1998) (Ingram et al., 2008)  (Burton, 2010)
Coarse 60-100 20-65 100 80
sand
Fine sand 60-80
Loamy 65110 120
sand
Sandy 250 90-130 140 120
loam
Fine sandy 100-170
loam
Clay loam 190
Silty clay 160 210

2.6.7 Plant rooting in Pumice Solls

Yearto-year variations in ryegrass yields are dynamic. In temperate grassland,
root distribution and maximum rooting demdtifer betweenseasonsspecies and

also with soil texture and nutrient availabilitfCrush et a] 2012). Lower soll
fertility and drought stressnfluenceroot mass andength under grazed grass

cover pastures (Dodd et al.,, 2011). In a study rofvth patterns of perennial
ryegrasses under well watered and drought conditions, drought conditions resulted
in an increase in root counts down the soil profile compaoedell-watered
ryegrass controjexcept in the immediate pedtought periodWedderburn et al

2010). Other studies have shown that changes in the rooting system can be a result
of needing to capture a resource in a limited growing environment. For example,
root proliferation (in the top 0.1 m) of two types of lettuce cultivars was triggered
during drought conditiongKerbiriou et al, 2013) Packard (1957) reported the
phenomenon of roots proliferating through Pumice Soils to waterin the wet

zones which he attributed to the slow unsaturated movement of water through
pumiceous horizons.

Rooting depth influences the available water content within the soil profile. The
available water reservoir increases the deeper the roots grow and therefore the

volume of water that can be applied during irrigation and the time interval
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between irrigation also ameases. However, not all the water is extracted
uniformly across the rooting depth; the majority of water is extracted within upper
root zone. As thewater content of the soil decreases, the deeper roots start

becoming important for extracting wai@urton, 2010)

The availablewatercontentgexpressed on a volume bgs$ Pumice Soils from

the central region of the Kaingaroa foresrei h i @Mill& Stone,1961) Plant
available waterfor Pinus radiata was calculated to be 914 maover a plant
rooting depth of 2.M. Although thewatercontents were taken to a depth of 2.7

m, the upper layers of the soil (containing Kaharoa pumice deposits) hold the
majority of the fine root systerand may be reduced to near wilting point long
before the remainder of the profile (horizons with highiaterholding capacities).

The coarser materials add to the water holding capacity of the profile but have
slow unsatureed water movement due to the disruption of pore continuity

between and within pumice particl@eist & Cochran, 1990)

2.6.8 Waterstorage inrPumiceSoils

Because of the vesicular nature of pumice particleder storage occurs within
particles rather than withinapillary pores and externakater films around
particles (Will & Stone, 1967)Pumice has been used as a soil conditioner as it
lowers soil bulk densityand improvesdrainage In a study comparing various
media and mixed media for container grown plants, pumasable to hold on to
more water at all tensions when compared to santhditit materials lost most of
the water at tensions less than 50 cm (0.5 KFaynes & Goh, 1978)When
comparing pumice particle size and hydraulic conductivity on growth rates of
greenhouse crop$§izas & Savvas (2007pund that the coarsest pumice grade
(4- 8 mm) were characterised by a steep drop in the water content betvieen 0
kPa. As the suction increased to 100 kPa, wailer decreasedo ~20% water

content (w/w).

Contrary to theperceptionof low water holding capacities of pumicé¢here are
numerous reports ofPumice Soils having surprisingly highwater storage
capacities.New laboratorydata in the National Soils Ddtase indicate that
calculations ofplant available watein Pumice Soils near Lake Taupo have

underestimated water storage characteristics in theses@li®vious estimates of
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lapilli were regarded as stones (no wdtelding capacity). At present,
expeimental dataof soil waterretentionameasured under field conditio(which
would allow further calibrationsof plant available wateestimatesfor Pumice
Soils in the central North Island) are not availafllandcare Research, 2013)
Earlier work done byackard (1957) revealed that Pumice Soils (collected from
the Rotorua region) had 2 to 3 times the available water whapared with a
nonpumiceous silt loam at corresponding tensions under laboratory conditions.
The surprisingly higlwaterstorage of pumice soils was speculated to be because

of the vesicular nature of the individual particles.

2.6.9 Waterretention of allophan material

The percentage and fraction of the clay minerals present in a soil influences the
soil water retention curvgMile & Mitkov, 2012) (Figure 2.9. Soils containing
allophane usually have low bulk densities and high water retention which are
attributed tathe abundance of inter and infparticle pores of allophar{(€onteset

al., 2004)

Allophanic soil

Volumetric water content, %

Sandy soil

| 1 J
0.01 0.1 1 10 100

Suction, bar

Figure 2.9: A typical water release curve for allophanic and sandy soils soikigure
adapted fronduo & Franzluebbers (2003)

Irreversible changes to the physical properties of Allophanic Soils occur upon
drying (Maedaet al, 1971) Physical properties affected include water retention
and clay dispersibilityThe water retention of allophanic soils decreases on air
dryingdue to microscopic aggregationalfophangKarube & Abe, 1998)

2.7 Soil flipping

2.7.1 West coast of New Zealand (South Island)

Soll flipping is a land development practice used to break up the iron pans and

improve drainagen the Perchgley Podzol Soils d @kihi soilsd Jon the West
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Coast of the South Island (Thomas et al., 2080)l flipping has facilitated the
expansion of productive larmh the Perchgley Podzoldor dairying over the last
15 years (Horrocks et al., 2010).

2.7.2 Sandysoil modification in Australia

There aremillions of hectares of sandy soils or sandy soils overlying clay rich
subsoils known informally agluplex soils) in Western and South Australia which
are used for agricultural purpog@sgure 2.10a) The sandy soils have limitations
including poor wate holding capacity, low fertilityand hydrophobic properse
Soi | modi fi cat i dRgure2li@d)o r a i c fihavebleensgaoivg O
to increase the productivity éfustralian duplex soilgLeonard, 2011)Delving is
used to mix subsoil clay into sandy top scésd claying refers to the application

of clayrich material (which may be from an external source) to sandy topsoils

(Churchman et al., in review).

Figure 2.10: Soil mixing to improve physical properties in Australia. (a):example of
a duplex soil. From http://grains.agric.wa.gov.au/node/dessmdyduplex (b): Clay
delving . Fromhttp://www.precisionag.com.au/pagel6.php

2.7.3 Clay additions and C seguestration

Techniques that involve the addition of clay to sandy surface soil may also lead
to increased C sequestration becausenicgaatter can then be protected from
decomposition(Shi & Marschner, in press) Hall et al. (2010)measured an
increase of 0.2 % in organic carbon (~2&PC halyr?) during 8 years for the
treatment with the highest claying rate (300 t subsoil clay/ha added to the top 10
cm of soil). Shi & Marschner (in press)so reportedhat the addition of clayich
subsoil materialsto sandy sofél can increase carbon sequestration by reducing
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CO, emissions and extractable C concentrations probably because organic matter

particles are less accessible to microbes in the soil once binding to clay occurs.

2.7.4 _Additions ofclay to manage hydrophobicity

Following theaddition of clayrich subsoilmateralsto waterrepellent sandy soils

the clayspreads over and coats hydrophobic particles when the clay disperses
This is the only technique that provides a letegm solution for managing water
repellent soil KHall et al., 2010) However Ward & Oades (1993joncludel that

clay additions only héhan influence on water repellent soils once the modified

soil mixture has been through a wetting and drying cycle.

2.7.5 Soil amendments to improwveateravailability

Sandy soils have a low nutrient and water retention capacity due to the lack of
small pores and low cation exchange capacity of sand parti@adeth et al.,
2009 Shi & Marschner, in press)n areasdominated by sandy soilsuch as
northeast Thailandhe use of claypased soil amendments such as bentonites and
termite mounederived material can be considered astiops to sustainably
intensify and increase productivity by improving soil physical prope(t&aleth

et al., 2009Mekuria et al., 2013)Suzuki et al. (2007)eported that amendements
such as bentonites, termite mound material, and compasigetd the water
holding capacity and soil structural stability two years after initial application.
Available water contents under the termite mound and bentonite material

treatments were higher than the controls (>31% increase)

The water use efficiency of cucumber and mgmevnin sandy soil treated with
clay improved with additions of clayrdditions of clay to surface soils improved
the soilwaterdistribution throughout the soil profilandplant yield from the clay
overlaytreatment was 2.5 times greater tilat ofthe control(lsmail & Ozawa,
2007)

The A horizons of duplex soils in Australia havdéoa clay content and water
storage capacity while the B horizons often comprise kaolinite clay. The clayey B
horizons induplex soilshave low permeability, fertility, and saturated hydraulic
conductivity leading to water loggin@ennantet al, 1992)The A and B horizons

of duplex soilsoften obstruct root growtlas soil dry bulk density frequently
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exceed 1.8 Mg/n? (Dracupet al, 1992) Mechanically modifying duplex soils
enhances water availability for plant-take.Betti (2013)evalwated the effects of
delving sandy duplex soils in South Austra(leigure 2.11). Relatively little clay

was needed to increase the plant available water in the top soil as the greatest

incremental increase was found with an increase in clay contents f66m 2
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Figure 2.11: Effects of increasingclay contents onplant available water. From Betti
(2013)

2.8 Summary

Pumice Soils cover a large proportion of central North Island. Soils formed on
pumice and layered tephra deposits have distinctive characteristics which impact
on water storage and plant growiWater retention is influenced by physical
properties such theexture and structure of the sdlih general, coarse textured
soils are weldrained and have a limited water storage cap#cégfiner textured

soils Pumice particles hold water within vesicksd externalvaterfilms rather

than within capillary pees. Pumice and sands lose most of the water at low
suctions(tensions less than 0.5°&), whereas soils containing allophane have
higher water retentions due &dbundance of inter and intparticle pores ofiny

allophanespherules and microaggregatesalbdphane.

Numerous studies demonstrate the beneficial effects of clay additions to sandy
soil with the goal of improving productivity. An improved understanding of how
flipping enhances the soil characteristics in the Galatea Basin may provide
farmerswith an innovative way to improve efficiency ofater use for pasture

production especially in dry periods
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Chapter 3
Met hods

3.1 Introduction

This chapter describekefield and laboratorynethodsused. The majority of the
soil samplingfield work was carried outn February and March 2013 during a

particularly dry summer.

3.2 Characterisation of undisturbed soilsing a

reference profile

In an initial investigation of the soil in the southern endGafatea Basin, tephra
deposits and associated buried soil horizons within the top 2.5 m of a-seflhra
sequence in an exposed cutting of a quarry wall, wketified anda detailed
profile description was madesing theNew Zealand Soil Description Hdbook
(Milne et al, 1995). Horizonproperties describedncluded colour, texture,
pedality, root abundanceconsistence, horizon boundamgnd parent material.

Horizonnotation was recorded followin@layden & Hewitt (1994

The verticalprofile in an e&posedquarry wall was learedand then sampled
(Figure 3.1a). Samples for allophane analysis were taken from horizons 2bAB,
3bBw, 3bBC1, 3bBC2 and 4bBw. Samples for bulk density and particle size

analysis wes taken from every horizon (Figugelb).
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Figure 3.1: Reference tephraburied soil section: (a) clearing the exposure, (b)
depths and character of tephras and associated buried horizons of the undisturbed
deposits in he exposed quarry wall. Named tephra formations (see Table 2.1)

3.3 Bulk density sampling and measurement

Soil dry bulk density j(b) is the overdry mass of soil (dried at 105°C) in an
undisturbed state per given volumEqggation 3.1). The dry bulk densityis
expressed in gnm3 or tm3 (McLaren& Cameron, 1993).

PZPN

Equation 3.1:" OIAR T OO U

Soil dry bulk density cores were collected by inserting stairde=ss rings(with

known volume)into thesoil. Oncethe corewas removedvith a putty knife the
excess soil from around the core was neatly trimroleéined andhe whole core
wasemptied into a bagrhe soil was maintained within the extra cores to preserve
structure. The cores were douleappedin cling film to prevent soil from
falling out of the core, and transported back to the laboratory. Soils were kept in a
fridge at 4C prior to analysis.

25



Three bulk density cores collected from each sampled horizon were emptied into
separate bagdhe sane procedure was done for the soils in the flipped areas.
Undisturbed cores (3 for bulk density and 2 vVeater retention analysis) were

collected from the predominant material/horizons within the flipped pits.

Soil samples collected fronbulk density nngs (stored in sealed bagsyere
transferred into preveighed tins and placed in an oven to dry out at 105
(Figure 3.2). The samples werkeptin the ovenfor at least 30 hourandthen
taken out andplaced in a desiccatdo cool before weighing. The mass was

recorded and bulk densityascalculated for each sample (Equati).

Figure 3.2: Soil samples ready for oven drying in prewveighed tins.

3.4 Soil watercontent

3.4.1 Gravimetric moisture contef# n)

In order to determine gravimetric moisture content, samples collected from

bulk density ringswvere weighed in pre weighed tins before being placed in the
oven. This step was taken in order to calculate gh&vimetric (Am) and
volumetric @) moisture contents. Gravimetric water content is expressed as a
percentage and is calculated as the ratio of the mass of water to the mass of soil
(McLaren& Cameron, 1993jEquation3.2).

Equation 3.24 [
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3.4.2 Volumetric water content(,)

The volumetric water content was calculated agdhie of volume of water to the
total volume of the soil using the following equation frivicLaren& Cameron
(1993)(Equation3.3).

Equation 3.340 41 AEAIT EQO&

3.5 Soil water release characteristic

3.5.1 Water retention curve

A soil water retention curve can be generated when a water potential measurement
is combined with the water content measurem@ittelli & Flury, 2009). A
hanging water column (or Haines apparatuay used to measure water held in

the soil at lower matric potentials-(® kPa) wiereasa pressure plate apparatus
wasusedfor higher tensions (100500 kPa)The pressure plates are susceptible

to inaccuracies at lower matric potentigBittelli & Flury, 2009).

3.5.2 Subsampling cores fowaterretention measurements

Soil cores werextracted from each horizon (closenbere the bulk density cores
were collected: within ~15 cm proximity) usefor waterretentionmeasurements.
The cores wersubsampled in order to fit into the Haines apparatus upieg
weighed PVCcores(19 mm high and 42 mm in diametefhe PVC core was
pushedintd he @ undi sareysubdsangdleddram théadger soilcore) A
preweighed filter paperWhatman 42 ashless filter papevas attachedt the
bottom with a preaveighed rubber band and labellgdgure 3.3)

Figure 3.3: Sub-sampling bulk density cores.The smaller core (2) was sulsampled
from the | arger Aundi sturbedod soil cor e

27

(1)



inserted into the AundiS3ubsampeed ce readgiolgo mor e

into the Buchner funnel

3.5.3 Haines apparatus

The water column of the Haines apparatus was lowered to terdidn25, and

75 cm. Thesoil watercontentat eachtensionwasdeterminedby reweighing the

core once it had stoppetlaining (water level equilibratedpeforea newtenson

was applied, the soil coreas placed in a tray of water and left to become
saturatedtp ensure the top of the comasnot dry before the measuremenisre
taker) then put in the Haines apparatusthe porous plate in tH&ichnerfunnel
(Figure 3.4. The cores were left for a day to equilibrate in the Haines apparatus.
While the cores were equilibrating, a plastic cover was placed ové@titiener

funnel to minimise moisture loss by evaporation.

{\!\,\ /Porous B

L

F .:l:\w/} B C:ﬁiu:ﬂf_;’.

7

—

= ; it |
I N

S
e

Figure 3.4: Haine"smabbziratus and schematic diagram of thBuchner funnel .

3.5.4 Pressure plate apparatus

Prior to use,he ceramic plates were soaked overnight in a mild solution of water
and bleach to prevent builgp of micreorganismsand to ensure they were
saturatedTheprepared amples weralso left overnight to soak in a tray of water

to become saturated. An open @nér of water was placed at the bottom of the
extraction vessel to prevent the soil cores from drying out while in the pressure
vessel (Figre 3.5. The saturated ceramic platesre put into the pressure vessel
and then the samples were placedo the aturated ceramic plates. The outflow
tube connection between the ceramic plate and the outflow pipe on the extraction

vessel was attached before the lid was placed over top and tightened b bolts
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measuring cylinder was placed at the end of the outflow pipes to collect water
flowing out of soil samples. Compressed air was released into the chamber at the
required pressure until equilibrium was reached (outflow of water stops).

Measurements were madel, 3 and5 kPa

i Total available water capacity (TAWC) was calculated by subtracting the
amount of water held at field capacity (assdri® kPa ) from the water
held 1500 kPa). Samples from each horizon at the reference p(ivbia
exposedquarry wall) were sent to Landcare Research to evaluate water
retention at 500 kPa.

1 Readily available water content (RAW®J)as calculated by subtracting
the amount of water held at field capadity) kPa)(read off the soil water

release curyefrom the amountfovater held at 100 kPa

Pressure gauge

Upper part of chamber
nreccurised ahove
pressurised above & Soil core N
atmospheris L
1 1 1
Porous plate at ninac
W I
Lower part of chamber Measurine cvlinder
viCd - =
atmospheric pressure
WWatn
\.. warer

Figure 3.5: Pressure plate extractor for determination of soil water content at
potentials from 1-500 kPa.Figured adapted from McLaren & Cameron (1996).

3.6 Ammonium oxalate-extractablesilicon, iron and

aluminium

Acid ammonium oxalate (acid oxalasal) extrats iron (Fe), silicon (Si) and
aluminium (Al) from nanarystalline minerals and organic mat{@&@ayment &

Lyons, 2010) It is used in conjunction with pyrophosphaextraction which
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extracts Fe and Al from organic mafteo identfy sourcesand to quantify
allophane and feihydrite contents in the soUSDA, 2010) Acid oxalate
extractable Fe, Aland Si determination ian extraction using a 0.2 solution of
ammonium oxalate with 0.2 solution of oxalic acidBlakemoreet al., 1987)
The extraction method involves shaking the solution on arogadend shaker in
the dark as oxalate is light sens#tiyUV light causes a catalyteffect which
speeds up the attack of crystalline oxif@&eyzes et al.2002)). After dissolution
in acid oxalate reagent, the concentrations of Si and Al in solw&remeasured
by inductively coupled plasma (ICPyyhich is a commonmethod used for

quantitative analysis of allophafRarfitt, 2009)

The calculation ofllophane contenis based on the dissolution data from the Si
content of a number of allophane samples of various Al/Si atomic ratios obtained
by Parfitt & Wilson (1989). Parfitt & Wilson (1989) established a linear
relationship between the Al/Si atomic ratio and the peaggnof Si in allophane
samples (Figre 3.9

X Kaolin
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y=-5.1X+ 23.1

Imogolite
( X X
'Ia Si in

allophane
samples

1 . 1 .- 1 1 | SN

0 1.0 15 20 25 30
Al/Si atomic ratio

Figure 3.6: Si contents of allophanes with diffeent Al:Si ratios. From Parfitt and
Wilson (1989)

The measured concentrations of Al andesiracted by acid oxalatel€picted as
Alo and Si) are used in conjunction with the concentrations of Al extracted by
pyrophosphate (4) to calculate the Al/Si atomic rati@arfitt, 2009)(Equation
3.4). In order to use the computerised calculation of allophane conidtsta &
Reeuwijk (1989) produced an equation wii describes thénear relationship
between the Al/Si ratio and Si content of allophdtgu@tion3.4, Figure 36).
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Eq.3.4 Al/Si atomic ratio=

Eq.3.5 Allophane %= 5 X %Sh

3.7 Particle-size analysis

Particlesize distribution refers to the proportions of both the coarse fraction (>2

mm) and fineearth fraction (clay, silt, and sand sjzaticles <2 mm) (Table 3.1).

Table 3.1: Particle size fractions.From Milne et al(1995).

Coarse fraction size (mm)
boulders >200
very coarse gravel  200-600
coarse gravel 60-20
medium gravel 20-6
fine gravel 6-2
Fine-earth fraction
coarse sand 2.00.6
medium sand 0.60.2
fine sand 0.2-0.06
silt 0.06-0.002
clay <0.002

The percentage of the coarse and-faeth fractions of the individual horizons
was determined by taking a cupful of the-@dired soil from each horizon
collected from the exposed pit (Fig. 3.1b), and sieving them with a 2 mm, 0.6 mm,
0.2 mm, and a 0.06hm sieve. In between sieving, the sieves were thoroughly
brushedclean.. After sieving, the soil was placed in oven dry tinsmgighed)

then put in an oven overnight at 185. The fractions of ovedry weight were

used to calculate the percentage ofirse sand, medium sand, fine sand and

particles smaller than 0.06 mm.

3.7.1 Malvern lasessizer

The Malvern lasesizer was used for partickze amlysis of the < 2 mm
fractions. Approximately %2a teaspoon ofield moist soil (<2 mm sieved) was
placed in a 50ml beaker. The beakers were left iretflume cupboard with
sufficient hydrogen peroxid€10% solution)to coverthe sample. Additional 5 ml
of hydrogen peroxidevereintermittentlyadded until the samples stopped fizzing

(~ 1 week duration). After the fzmg subsided the beakers were placed on a hot
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plate and gently heated. The samples were reduced to approximatdlyo’
slurry and left to cool, 5 ml of 10%algon was addedandthenleft overnight.
The samples were mixed befofe2- 0.5g of materialwas sucked up with a

dropper and put in the Malvern las@zer for analysis.

38l nvestigation of Afl i pped

Four sites wer@entified in the Galatea Basithat had previously been modified

by flipping. Eachcontaireda flippedareaand anadjacenundisurbedarea within

the same paddoclt each site within the same paddock, 3 pits <0@Bm deep,

were excavated, using a tractor with a bucket loadeu(€®7)i n t he Af | 1 ppe
area and 3 pi t sared(lRigure38e Thé deptld of Bippiogr time d o

since flipping, and whether or ntmpsoil was preserved and placed back on top of

the mixed sil materialsvaried betweensites Table 3.2. In each pit,a detailed

pedological description was mafig¢lowing the methods desbed in section 3.2).

Table 3.2: Description of sites sampled

) Years since Depth  *Topsoil ) ]
Site o ) Latitude & longitude treatment
flipping (m) retained

1 3 ~1.8  Yes  38°27'25.84'S 176°44'39.41" fide e p

2 10 18  Yes 38°27'37.80"S 176°457.72°E fid e e p

3 3 06 No 38°24'49.71"S 176°4751.76° N shall
ml X O

4 3 06  Yes  38°2537.48'S 176°4522.57°F | ::ra t' c'

* Topsoil was taken off before flipping and put back after the rest of thevasiflipped.

Figure 3.7: A tractor with a bucket loader excavating pits.
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At site 1during the flipping process, the topsoil (Ap horizon) was stripped and
stock piled then the horizons Cul, Cu2, 2bABd2Cu were put aside and the
secondburied horizon(3bBw) was placed to one side while horizons Cul, Cu2,
2bAB, and 2Cu were plaad back and buried by the 3bBw horizon. The topsoil
was then placed back at the top of the sorted soil mafesigired to asi d e e p

sorto treatment, Table 3. 2).

At site 2 during the flipping process, the topsoil (Ap horizon) was stripped and
stock pied, then the sandy horizons Cul a@d2 were put aside. Horizon 2bAB
(a buriedsoil horizonformed on Taupo Tephra) was putdeswith theunderlying
buried soil horizon 3bBwThe horizons Cul, Cu2, and 2Cu were buried with the
2bAB and 3bBwhorizon materialsThe topsoil was then placed back at the top of

the sorted soilmateriglfdeep sorto treatment, Tabl e 3

At site 3 horizonsAp, Cul, Cu2 antburied soil horizor2bAB wereexcavatedn
small sections and tipped back into the hole to mix thesterialst A Shal | ow mi x
treatment, Table 3.2).

At site 4 the topsoil (Aphorizon) was stripped and stopked. The sandy
horizons Cul, Cu2, anduried soil horizon 2bAB onTaupo Tephrawere
excavatedin small sections andpped back into the hole to mix the ssiil

material (Ashallowd sort treatment, Tabl

Figure 3.8: Paddocks in Galatea Basin thatontain flipped soils(sites 14).
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3.9 Penetration resistance

A handheld penetrometer was used to meadiuegenetration resistance of each

of the horizons in thandisturbed soipits andthe predominant materials/horizons
within the flipped soils The penetrometer was pushed into the soil until the
engraved line (6 mm from the tip) was level with the soil surface. Once the
penetrometer was removed from the soil the scale was read. The penetration
resistance is given in bar amés calculated by multiplying the divisions by the
spring factor of 0.67.The readings were converted to kPa and placed into
penetration resistanceclasses Table 3.3). Approximately 10 replicate
measurementsere made for each soil horizon and the mesneswas calculated.

Table 3.3: Penetration resistance classgérom Milne et al. (1995).

Class Penetration resistance (kPa)
Extremely low 0-500
Very low 5001000
Low 10001500
Moderate 15002200
High 22003000
Very high 30004000
Extremely high >4000

3.9.1 Degree of packing

The degree of packing was measured in each horizon using a Singleton blade and
handheld penetrometer{gure 3.9) using the method described by Milne et al.
(1995). The force requiretb push the Singleton blade sideways (using the
penetrometer) was used as a measure for the degree of packing (Griffiths et al.,

1985). The readings were converted to kPa and placed into cldssdde (3.4)
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Figure 3.9: Singleton blace (LHS) being pushed by penetrometer (RHS}rom Milne
et al. (1995).

Table 3.4 Degree of packing by Singleton Blade and penetrometer tigtFrom
Griffiths (1985) ** From Milne et al., (1995).

Degree of packing Bar* kPa**
Very low 0-4 0-500
Low 59 500-1000
Moderate 10-22 100062200
High 2330 22003000
Very high 31-40 30004000
Extremely high >40 >4000

3.10 Permeability assessment

3.10.1lIntroduction

Soil permeability is a property that is difficult to measure but can be assessed by
examining the physical characteristics of the §Gififfith, 1985)The procedure

for the field assessment of permeability class wadertakerusing the methods

of Griffiths (1985).Permeability class was assessedhatindividual undisturbed

pits at sitel from the biological porosity and degree of packing to give an overall

estimation of permeability class for each soil horizon.

3.10.2Permeabilityrelated to ertical continuity

Dye tracking using methylene blue dye (0.1% solutiomas used to assess
permeability and biological porositpllowing Griffiths (1985) To estimate the
permeability and biological porosity, a large metal ring was iedénto the soll
and 80 ml of dyewereadded(Figure3.10 a). When the dye disappearede soll
was cut back with a spade to see how far thehdyHravelled and also to see if

the dye travelled through any macropofiegure 3.10 b). Permeability is directly
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related to porosity, infiltration rate and vertical continuity and hence the
permeability classes are based on tinbenber and diameter of dygzhtchesin
each cuopen block of soi(Table 3.5)

3.10.3Permeabilityrelated texture and degree of packing

Permeabity classes were also assessed. A penetrometer and Singleton Blade
were used to assess the penetration resistance and degree of the degree of packing
in order to estimate permeability. The permeability class ofaubrerent apedal

single grain horizons,ugh as those of the modern soil formed on Kaharoa tephra
(the Cul and Cu2 horizons), was assessed using Table 3.5 while the permeability
class of the nowoherentapedalmassive horizons, such as those of the buried

horizon formed on Taupo tephra (2bAB)asvassessed using Table 3.6.

Figure 3.10: Assessment opore continuity: (a) addition of methylene blue dye
in metal rings, (b) cutting the soil backto see how far the dye had travelled
through it.
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Table 3.5: The reationship between permeability biological posity, and infiltration
rates. Adapted from Griffithg1985)

Infiltration rates

_ _ Permeability
Diameter of holes # of holes Porosity | at 1.27 cm heac
class
(mm/hr)
<2 mm any Very low 1 <1
_ *
2-5 mm 1 Low 2 14
(worm holes)
2.3 Moderately 3 519
low
4-7 Medium 4 20-64
811 Moderately 5 65-129
high
12-16 High 6 130250
>16 Very high 7 >25

*larger holes should beeduced to worm hole equivalents

Table 3.6: Permeability classof dry apedal soil (norcoherenthorizons/ single
grain). From Giriffiths (1985)

Single gainhorizons Degree of packing Permeability class

Fragmental Very low 7
Low 7
Moderate 7
High 6
Sandy skeletal Very low 6
Low 6

Moderate 6-5

Table 3.7: Permeability class of moist apedal material (massive & weakly
developed structure).FromGriffiths (1985)

Particle ste
Coarse &
Degree of packing coatings Sandy :
fine loamy
Low absent 5 4
present N/A 4
Medium absent 54 4-3
present N/A 3
High absent 4 3-2
present N/A 2
Very high absent 3 2-1
present N/A 2
Extremely high absent 2 2-1
present N/A 2
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3.11Plant root density experiment

In order to @termine the differences in root densatyvarious depthim fiflippedo

ad Aundi sturbedo soil s, soi l cores were
and an undisturbed area of an expental trial site that had been flipped (~1.8

m deep) 1 year prior to sampling (locatio88°27'43.87"S176°45'17.91" A

corer was inserted into the ground at 10 cm increments down to a depth of 60 cm.
Eight cores taken on the flipped side. Each caas inserted 60 cm deep into the
ground and taken in 10 cm incrementsl(® 1620, 2630, 3640, 4650, 5660

cm). There were 4 cores taken on the undisturbed side. The cores were also taken
in 10 cm increments to a depth of 60 cm. The incremental cores lvegged
individually and taken back to the lab to wash the roots. Roots were separated by
washing the sample with a 2 mm sieve (F&g3.11). The excess water was kept

in a container and poured into a 1.8 mm sieve again. Water was added to the
containera few times and the roots that were left behind were picked out with
tweezers. Once the roots had been collected from the individual cores they were
placed in brown paper envelopes and dried in an oven @ & 30 hours,and

cooled ina desiccator theweighed. The root weight collected from the individual
cores was converted to ¢frtEquation3.6).

Equation 3.6: Root density (g ®) for each soil depth increment=———

Figure 3.11: Extracting roots from soil cores by sieving
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Chapter 4

Resul t s

4.1 Introduction

In this chapter | describe the results and observations obtained from the field and
laboratory. Full profile descriptionand water retention data are included in

Appendix 1.

4.2 Reference soil profile

An exposed cuttingn a terrace margifocated in the southern end of Galatea
Basin(Figure4.1)was used as a refererntephrasoil sequencéo characterise the
individual buriedsoil horizonsand associated parent tephras to a depth of 2.5 m.
The modern soil is formed opumice deposits of the Kaharoa Tephvhich

overlie fine textured buried soils and graded pumice lapilli deposits formed

successively on Taupo, Whakatane, antbRa tephras (Fige4.2, Table 4.1).

s

Figure 4.1: Site of referencetephra-buried soil profile on an exposed quarry wall
located close to the Whirinaki River.
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Tephra Chronology and volcanic origin

M ibarea 1314212 AD (636 = 12 cal.
Tephra yrBP)
Mt Tarawera
TaupoTephra— 535 .15 AD (1718 2 10 cal.
ignimbrite unit yrBP)
Taupo
Taupo Tephra —
~ lapilli unit
WhakataneTephra 3326 145 cal. yr BP

Okataina

5526 = 145 cal. yr BP

Whakatane Tephra— Okatsitia

lapilli unit

9505 = 25 cal. yr BP
Rotoma Tephra Okataina

Figure 4.2: Referencetephra-buried soil sequence.
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Table 4.1: Referencesoil profile description: Galatea loamy sand

Reference Data

Soil classification

Soil type

Location

Annual rainfall

Geomorphic position

Parent material

Soil Taxonomy: Typic Udivitrands NZSC: Buried-allophanic Pumice Soil
Galatea loamy sand

Exposed cutting on the property of 260 Whirinaki Rd ~ 200 m nortt
Whirinaki River (38°27'47.73"S 176°43'59.46"E)

1700 mm Elevation 200m
TerraceaboveWhirinaki River flood plain

Rhyolitic tephra (Kaharoa, Taupo, Whakatane, and Rotoma tephras)

Horizon
Depth (cm)

Description of Galatea loamy sand

Ap 0-10

Cul 1040

Cu2 4050

2bAB 50-75

2Cul75115

2Cu2 115125

3bBw 125140

3bBC1 140160

3bBC2 160185

3Cu 185250

4bBw 250

Brownish black (10YR 2/2) loamy sand; non sticky; non plastic; very weak to weak
strength; very friable; apedal earthy; abundant extremely fine roots: abrupt smn
boundary. [Kaharoa Tephra.]

Light grey (2.5Y 8/1)slightly gravelly coarse and medium sand; non sticky; non plas
apedal single grainrabundantextremely fine roots; abrupt smooth boundary. [Kahar
Tephra.]

Light yellowish brown (2.5Y 6/3) medium and fine sand; non sticky; non plastic; ap:
single grain; few extremely fine roots; abrupt smooth boundary. [Kaharoa Tephra.]
Dull yellow brown (10YR 5/4) loamy sand with few fine stdunded pumicéapilli and
charcoal fragments; non sticky; non plastic; slightly firm soil strength; apedal mas
breaking to apedal earthy; abrupt wavy boundary. [Taupo Téghrambrite unit.]

Light grey (10YR 8/1) very gravelly sand with medium sangular pumice lapilli; non
sticky; non plastic; apedal single grain; abrupt smooth boundary [Taupo Téghpslli
unit.]

Light grey (10YR 7/1) evenly sorted loodsme sand (marker bed); abrupt smooth
boundary [Taupo TephraHatepe unit.]

Bright brown (7.5YR 5/6) sandy loam; common medium greyish yellow (2.5Y 7
mottles; non sticky; non plastic; weak soil strength; apedal massive breaking to ei
abundant fine polyhedral peds; abrupt smooth bounfiaftyakatane Tephra.]

Olive brown (2.5Y 4/6) sandy loam with few fine charcoal fragments; non sticky;
plastic; weak to slightly firm soil strength; apedal earthy; abrupt smooth bounc
[Whakatane Tephra.]

Dull yellow (2.5Y 6/3) fine sand; non sticky; non plastic; weak soil strength; fria
apedal single grain; abrupt smooth boundary. [Whakatane Tephra.]

Pale yellow (2.5Y 7/3yery gravelly sand with medium stdmgular pumice lapilli; non
sticky; non plastic; apedal single grain; abrupt smooth boundary [Whakatane Fep
lapilli unit.]

Dull reddish brown (5YR 4/4) sandy loam with few medium greyish yellow (2.5Y 7
mottles; slightly sticky; slightly plastic; slightly firm soil strength; apedal massi
[Rotoma Tephra.]
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4.3 Comparisons between flipped and adjacent

undisturbed sites

4.3.1 Profile descriptions

Multiple profile descriptions were made at each of the four .sifée four
research sites had a different flipping treatment (Secti®n At each site three

pits were excavated in the Afl i arggedo ar

giving a total of six excavated pits per site and twenty four pits all together.
this section a summary of the observations of several pits at each site is included.

Full descriptionsare included in Appendix 1.

4.3.1.1 Site 1

The Aundi st ur b esiledlwds sirilarttorthe rejereree peoéile sétet
However, there was ad@n thck layer of white loamy sand between the Cul and
Cu2 horizons. The white loamy sand layer (an-faihbed of different texture
deposited at this site during the complex Kaharoa eruption event) marked a
noticeable change in plant roots. The microfine sos¢emed to decrease in
abundance at the white loamy sand layer f@g4.3a). The undisturbed Ap
horizon had a strongly developed platy sueféayer about -5 cm thick (Figure

4.4).

Al t hough the topsoil in the fndsdwvelbpedo
developed than the undisturbed pits. The topsoil on the flipped area felt sandier
than the topsoils in the undisturbed side. Particle size analysis shows that the
flipped topsoils had more coarse material in the topsoil compared to the
undisturbedtopsoil (Appendix 3 Figure 8.1 & 8.6). Within the flipped subsoill

matrix, there were clumps of top soil pAhorizon material) (Figre4.3b). In other

flipped pits there were lenses of pumice indicating thatetkeavatedsubsoll
materials were not fulljhomogenised during the flipping process. Predominant

pasture species at site 1 were cocksfoot and yarrow. Roots raamigredin the

Ap and Cul horizon and werd480 nimibthendant o

undisturbed side. In contrast, the roots appedcede more evenly spread
throughout the profile on the flipped side to a depth of 600 mm and the root

growth was prolific in pumice lenses at depths below 600imime flipped areas

42

e

a



.'i‘.. .
B 7”.' e :
wie !

L o

Figure 4.4: Strongly developed platy layeiint h e A u n dAshorizonb e d
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4.3.1.2 Site 2

The undisturbed area aite 2 was essentially similar to the reference profile
(Figure4.5 a). The top soil on the undisturbed area had a strongly devgliaped

surface layer -5 cm thick. The topsoil on the flipped area had a-welleloped

platy surfae similar the topsoil on the undisturbed side. Although the site had

been flipped 10 years ago, the large clumps of topsoil within the subsoil were still
recognisable (Figre 4.5b). Predominant pasture species at site 2 were cocksfoot

and yarr oab uvwmdlantthée riioot s e x-#5@ mehedhet o a d

undisturbed side.

Figure 4.5: Typical Soil profiles at site 2, (a) undisturbed area (b) flipped area.
4.3.1.3Site 3

The undisturbed profilat site 3 was slightly different from the reference profile

in that there were lenses of white loamy sand between the Ap and Cul horizon
(Figure 4.6a). The loamysand lenses were found in 2 out of the 3 pits on the
undisturbed area aite 3. The topsoil o the undisturbed side had a strongly
developed platy surface lay@mroughout the profile, small spots of bright orange

brown stainingmottles)on the pumice lapilli and white loamy sand patches were
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evident at site 3 as well as s#eThe brightorang red staining on the pumice
lapilli at site 3 and 4 indicates periodic water logging. Galatettled sands are

most waterlogged during spring and dry out during summer (Vucetich,.1960)

Although the topsoil had been mixed into the soil during the fliggrocess, a
new topsoil had started to form on the flipped area aBsjiegure 4.6b). At site

3 the soil was more uniformly mixed in the flipped pits than the flipped pits at site
1 and 2, but clumps of the original soil material in the flipped arege still
recognisableThe predominant pasture species at site 3 was chicory and the

fabundant 0 r o o-600 mm inthe undigwbedtamea, 4nfl @00 mm
depth in the disturbed area.

m
R
L3y
»
o
mn
30 4

Figure 4.6: Typical soil profiles at site 3, (a) undisturbed areaan example of the
lenses of white loamy sand between th{p) flipped areas

4.3.1.4Site 4

At site 4 the topsoil on the undisturbed area (Ap horizon) was thicker than that at
any other site (~45 cm compared to ~28)cm). The Ap horizon was separated

into two sections by a 5 cm whitish yellow loamy sand layeruieig.7a). The
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lenses of various soil materials in the subsoil were still recognisable in the flipped

area. The togoil depths ranged from 25 cm to 40 cm oe fiipped area at site 4

(Figure 4.7b). The predominant pasture species at site 4 was perennial ryegrass

and clover. AAbundant 0 r oebOsmmwirethee obser

undisturbed area, and to a dep00 mm in the flipped area.

Figure 4.7: Typical soil profiles at site 4, (a) undisturbed area (b) flipped area.
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4.4 \Waterretention curves

The water retention curves for the undisturbed horizons from the reference profile
show that most of the water held in the soil is lost at lower tensions (<100 kPa)
(Figure 4.84.13). The water retention curves for the sandy, gravelly seml
pumice horizons (Cul, Cu2, 3Cu) have volumetric water contents <10 % under
tensions >100 kPa (Figes4.9 & 4.12). The Taupo pumice horizon (2Cul) holds
more water (120 %) than the Cul, Cu2, and 3Cu horizons fég.10). The
buried soil horizonZbAB) formed on Taupo Tephra holds more water than the
Taupo pumice horizon (2Cul) at every tension up to 500 kParg~#10).
Horizons 3bBw and 3bBC1 (in Whakatane Tephra) have similar water retention
curves at every tension up to 500 kPa comparedosetbf horizon 3bBC2 which
holds less water than 3bBw and 3bB@tlevery tension up to 500 kPa (frg@

4.11).

10 =&
0 T T T T T T T T T T 1

0 50 100 150 200 250 300 350 400 450 500
Tension (kPa)

Volumetric water (%)
N
o

Figure 4.8: Water retention of undisturbed Ap horizon (3 replicates) from reference
site

100

70 —4= Cul -H-Cul —h=—Cul

40 == CU2 == Cu2 =0—Cu2
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Figure 4.9:Water retention of undisturbed Cu 1 (black) and Cu2 (grey) horizon (3
replicates) from reference profile.
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Figure 4.10. Water retention of undisturbed 2bAb (black) and 2Cu horizon (grey)
(3 replicates) from reference profile
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Figure 4.11: Water retention of undisturbed 3bBw, 3bBC1 and 3bBC2 horizons
from reference profile
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Figure 4.12: Water retention of undisturbed 3Cu horizon from reference profile.
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Figure 4.13: Water retention of undisturbed 4bBw horizon from referenceprofile.

The water retention cueg for the flipped topsoil at site 1 are roughly similar to
the water retention curves for the undisturbed topsoil (Ap horizon) at site 1
(Figure4.14). One of the topsoil samples collected from flipped pit 3 at site 1 had
a higher volumetric water content at all tensions to 500 kPaur@g-®14). The
volumetric water content for the flipped topsoils at site 2 was higher than the
volumetric water ontents of the undisturbed topsoils (Ap horizon) at every
tension to 500 kPa (Fige 4.15). The volumetric water contents of the flipped
topsoil samples from site 3 were lower than the volumetric water contents of the
undisturbed topsoil samples (Ap honmgdrom site 3, at tensions between 100 kPa
and 500 kPaKigure 4.16). Soil samples from Ap2 horizon at site 4 had greater
volumetric water contents at all tensions to 500 kPa compared to those of samples
from the Apl horizon at site 4 (Fig 4.17).

100 —0—Ap

S 9 -0-Ap

g 80 —&-Ap

g ;8 == flip 1 0-20 1

g 50 ~x=flip 1 0-20 2

= 40 ~0~flip 1 0-20 3

= 30 flip 3 10-20 cm 1.
g 2 ——flip 3 10-20 cm 2
S 18 | " —=flip20-20cm 1

0 50 100 150 200 250 300 350 400 450 500 —<—flip20-20 cm2
Tension (kPa)

Figure 4.14: Water retention of undisturbed topsoil (Ap) and flipped topsoil from
pits 1-3 on flipped area at site 1 (Three replicates from flipped pit 1 and two
replicates from flipped pit 2 and 3).
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Figure 4.15:Water retention of undisturbed topsoil (Ap) and flipped topsoil from
pits 1-3 on flipped area at site2 (Two replicates from flipped pit 1 -3).
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Figure 4.16:Water retention of undisturbed topsoil (Ap) and flipped topsoil from
pits 1-3 on flipped area at site3 (Three replicates for pit 1,iwo replicates from

flipped pit 2).
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Figure 4.17: Water retention of undisturbed topsoil (Apl and Ap2 and flipped
topsoil from pits 1-3 on flipped area at sited.
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4.5 Available water capacity

4.5.1 Total and readily available water (reference profile).

The total available water capacity (volumetric water content between 10 afid 150
kPa) was calculated for the individual horizons from the reference profile (Table
4.2). The buried soil horizon formed on Rotoma Tephra (4bBw horizon from
reference profile) had the highest water content at 1500 kPa (18 % v,v). The
pumice horizons (CulCu2, 3Cu horizon from reference profile) had the lowest
water content at 1500 kPa-82% v,v). The 2bAB horizon (on Taupo Tephra from
reference profile) had the highest total available water capacity (37 % v,v), but the
3bBw horizon (on Whakatane Tephitamm reference profile) had the highest
readily available water (25 % v,WVhen soil horizon depth is taken into account
the 4bBw horizon (on Rotoma Tephra) has the greatest total and readily available
water capacity (mm). However, the soil thickness fo #bBw is not certain
because the base of the horizon could not be seen. The three buried soil
horizons/subhorizons formed on Whakatane tephra (3bBw, 3bBC1, 3bBC2
horizon) together have the greatest total and readily available water capacity (mm).

Table 4.2: Total and readily available water capacity for undisturbed soil horizons
from reference profile

TAW Soill TAW RA Water
Water Water Water C RAW depth c W storage
content content content 10 10 (m
1D at at at kPa- kPa- () () m) at
100 1500 1500 100
Lbkee kPa kPa kPa kPa He
(% (%
0, 0, 0,
(o viv) (%viv) (% viv) vIV) vIV) (mm)
Ap 40 19 7 33 21 200 66 42 38
Cul 17 7 3 14 10 150 21 15 11
Cu2 19 9 2 17 10 100 17 10 9
ZEA 46 33 9 37 13 150 56 20 50
2Cul 29 20 9 20 9 300 60 27 60
3\?\/8 43 18 12 31 25 150 47 38 27
3be 38 17 11 27 21 200 54 42 34
3bB 14 11 5 9 3 150 14 5 17
C2
3Cu 22 8 2 20 14 400 80 56 32
4\5\’/8 43 28 18 25 15 400 100 60 112

* TAWC=total available water capacity. RAW=read#yailable water cagity. The mean water contents

held under 10 and 10¢Pa werecalculated from 3 replicateblB: 2Cu2 was unable to be sampled. FC=field

capacity (volumetric water content at 10 kPa).
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4.5.2 Profile readilyavailable water

The mearprofile readly-available water contents 600 mm depth (profile RAW)
from all the undisturbed soil materials wasOIfim (standard deviation: 15 mm),
whereas thdlipped soil materials had a me&AW content of 154 mm (standard
deviation: 25 mm)Appendix 1, Tableé.41). Profile RAW contents were greater
(P <0.01) in theflipped soil materials compared withose ofthe undisturbed soil

materialswhen all data were considered together using a paired t test (Table 4.3).

Profile RAW contents were greatan the soilmaterials in the flipped area than
the soil horizons in the undisturbed areas-atsltesP<0 . 05) and at site
(Table 4.3, Figre 4.18).

200 -
180 - m Undisturbed
’E‘ 160 - I w Flipped
5 140
S 120 - I
[}
S 100 -
g
& 80 -
>
= 60 -
5
m 40 T
20 +
0 T T T 1
Site 1 Site 2 Site 3 Site 4

Figure 4.18 Mean profile readily available water (mm) to 600 mm soil depth. Error
bars are one standard deviation of the mean of 3 samples.

4.5.3 Plant readily available water

It wasobserved thatplamto ot s wer e most abundant i n t
depths betweef and 450mm during summeiroots were less abundant below

the Cul and Cu2 horizon). While it was harder to find a set depth range for the
abundant rooting depth in the flipped areas, at many of the flipped soil pits the
abundant rooting exceeded 450 nRwot growth was still abundant at 600 mm in

many of the flipped pits. If rooting depth is considered to be deeper in the flipped

areas compared to the depths in undisturbed areas, the RAW difference becomes
greater (Figre4.19).
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Plant RAW contents weraeater (P <0.01) in the flipped soil materials compared
with those of the undisturbed soil materigtsean of75 mmvs 152mm) when all
data were considered together using a paired t test (Tabl&pp8ndix 1Table
6.41).

To calculate plant readily availabhater, a rooting depth of 450 mm was used for
the undisturbed areas and 600 mm for flipped areas. Plant B#\énts were
greaterin soil materials in the flipped area compared to those of the undisturbed
areas atsiteb3(P<0. 05) and aTables4i3. e 4 (POO. 1)
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Figure 4.190 Mean plant readily available water at sites 14, Plant RAW was
calculated in the flipped areas to 600 mm depth and in the undisturbed are&s 450
mm depth

Table 4.3: Two tailed paired t-test (paired two samples for means) comparisons
between paired flipped and adjacent undisturbed areas for sites4.

profile RAW plant RAW
t-test P(T<=tfwo-tail P(T<=t) twetail
All fllpped vs allundisturbed 5 20E04 4.40E05
at all sites
flipped vsundisturbed(site 1) 0.02 0.03
flipped vsundisturbed(site 2) 0.04 0.01
flipped vsundisturbed(site 3) 0.01 0.01
flipped vsundisturbed(site 4) 0.1 01

*Profile RAW to 600 mm depth in flipped anddisturbedareas, plant RAW to 450 mm depth in
undisturbedarea and 600 mm depth in flipped area.
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4.5.4 Days between rainfall

Assuming an evaporatiorate of 4 mm per day and that plant rooting depth is
deepeilin flippedareas compared to undisturbed areas (i.e., ~600 mm compared to
~450 mm), he flipped soilscan hold more readihavailable water than the
undisturbed soilsThe soils in the undisturbed area at $itan last abou?21 days
between rainfall/ iigationevents(assuming soils were wet to field capacity at the
start) beforethe soilwaterdrops below the readily available limithile thesoils

in theflipped areacan last abous7 days(Table 4.4) At sites 2 and 3, the flipped
soils can last 228 days longer (42 to 44 days compared to 15 to 17 days) than
the undisturbed soils between rainfalijation eventsbefore they dry to below

the readily availablevater content. At site 4 the flipped soils can last 9 days
longer (31 days compared to 28yd) than the undisturbed sdilsfore plants start
becoming stressed (Table 4.4).

Table 4.4: Periods of time following rainfall/irrigation (to field capacity) before
plants start becoming stressed (exceed90 kPawater tension).

Days plants are not stressed*

Site Undisturbed Flipped
1 21 37
2 15 42
3 17 44
4 23 31

*Assuming readily available water is betweenI@ kPa and Evapotranspiration rate of 4 mm

per day and a rooting depth of x mm imdisturbed and y mm in flipped areas

4.6 Soil dry bulk density

The mean soil dry bulk dengs for the topsoil andouried soilsformed on
Whakatane Tephra (3BC1 & 3BC2) and Rotoma (4bBe)eO1 ¢ (Figure
4.20) The Taupo lapilli horizon (2Cu) had the lowest soil dry bulk density and
was noticeably lower thathat of the Whakatane lapilli horizon (3Cu)Figure

4.20). The full soil dry bulk density data set is included in Appendix 2.
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Figure 4.20: Soil dry bulk density of samples collected from the reference profile.
Mean bulk density measured from 3 samples. Ap, Cul, Cu2: (Kaharoa Tephra),
2bAB, 2Cu: (Taupo Tephra), 3bBw, 3bBC1, 3bBC2, 3Cu: (Whakatane tephra),
4bBw: (Rotoma Tephra).

The mean soil dry bulk density for the undisturbed horizons at sitesvére
similar to the mean soil dry bulk densities of the undisturbed horizons at the
reference profile site. There was little variation between the mean soil dry bulk
density of the undisturbed Ap, Cul, Cu2, 2bBw and 2Cu horizons at sites 1
(Figure 4.21).

1.20 -
OSite 1

1.00 1 . o Site 2
%0\ 0.80 —} ‘} H Site 3
> T OSite 4
£ 0.60 - _
©
=
=}
m 0.40 -
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Ap Cul Cu2 2bAB 2Cu
Material

Figure 4.21: Soil dry bulk density of undisturbed horizons at site 4. Error bars
are one standard deviation othe mean of at least x samples.
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There was no significant difference found between the soil dry bulk density for
the undisturbed and flipped topsoils40 cm) at site 1, 3 and 4. At site ,2he
undisturbed topsoil had a higher soil dry bulk dendity0(05) than the flipped
topsoil (Fig 422).

1.2 -

0.8 -

0.6 -

dry bulk density g/cm?

0.4

0.2

site 1 site 2 site 3 site 4

mundisturbed Oflipped

Figure 4.22. Soil dry bulk density of topsoil (320cm depth) from flipped and
undisturbed areas at site 14. Error bars are one standard deviation, data are means
of at least 3 samples.

4.7 Solil clay content and texture

4.7.1 Clay content and allophane analysis

The soil clay contents (<2 um fractions) thie buried soil horizonformed on
Taupo, Whakatane, and Rotoma tegiware ~12 % (Appendix 3Figure 8.4&
8.5. Thesoll horizons on th&aharoa Tephr§Cul and Cu2jhad a clay content
~0.2:0.2% (Appendix 3Figure 8.2 & 8.3 The allophane content of thsmil
formed on Taupo Tephra was 2 ¢ine-earth basis) The soil formed on
Whakatane Tephra had an allophane content &6,3and thesoil formed on
Rotoma Tephra had an allophane content of 5 % (Appentiab®8.1).

4.7.2 Soil texture

The topsoil (Ap horizon) had a large portion of coarse sand and also some gravel
size fragments > 2 mm (Rige4.23). The Cul horizon was predomntly coarse

sand while the Cu2 horizon had near equal proportions of coarse and medium
sand. The soil formed on Taupo Tephra (2bAB) had near equal amounts of fine

and coarse sand. Medium sand made up a large proportion of the soil horizons
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formed on Whalitane and Rotoma tephras in the lower half of the profile (3bBw,
3bBC1, 3bBC2, 4bBw). The 2Cu horizon (Taupo lapill) and the 3Cu horizon
(Whakatane lapilli) were similar in composition and were mostly comprised of

material > 2 mm and coarse sand (Fex.23).

Topsoil (Ap) Kaharoa

Taupo Tephra
(ZbAR) (2Cu)

Whakatane Whakatane Whakatane
Tephra (3BC2)

{4hBw) coarse fraction =7

coarse sand 2206
medium sand 206072

fine sand =02-0086

Fine earth fraction

~ siltand ¢lay m <0 06

Figure 4.23:Coarse & fine earth fractions of paleosols from the reference profile

4.7.3 Particle size
Particle size analysis &<mm) show that all of the horizons including the buried
soil horizons had a low clay content (<5 %5% in the topsoils and buried

paleosols and ~0.5 % in the gravelly sand and pumice horizons) and that the soil
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materials were predominately comprised saind (7680% in the topsoils and
buried paleosols, ~90 in the gravelly sand and pumice horizons). The topsoils and
buried paleosols had a ~P5% silt content while the gravelly sand and pumice
horizons had a ~ 510 % silt content. Particle size analysit undisturbed
horizons and flipped topsoils at reference profile and -ditese included in

Appendix 3.

4.8 Plant root density experiment

The root density at 280 cm in the flipped area was high@<0).05) than that of

the undisturbed area (kige 4.24), this depth corresponding to that of the Cul
horizon of the Kaharoa Tephra in the undisturbed soil. There were no significant
differences between root mass at depti®010620, and 3660 between soils in

the flipped and undisturbed areas

16000 -
14000 -
12000 -

10000 -

8000 - Econtrol
6000 - Oflipped

root mass Kg Dm hal

4000 -

2000 - iJ—‘
0 - . Iﬁlﬁlﬁ —

0-10 10-20 20-30 30-40 40-50 50-60
depth range (cm)

Figure 4.24: Mean root density with depth in the flipped andundisturbed area.
Data are a mean of 4 reps in undisturbed soil and 8 in the flipped soils. Samples
were taken from a site that had been flipped 1 year por to sampling with topsoil
replaced at the surface.

481Per meability assessment of Anund.i

The permeability of each horizon (fAundi
methods of Griffiths (1985) at site 1. Dye trackimgng methylae bluewas used

to assess continuous pores and degree of packing and other properties were also
assessed. There was little evidence of earthworms at site 1. Three earthworms

were found in the 6 profiles described at site 1, and all were rolled up tiglaly
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ball in the dry topsoil. When the dye was poured onto the topsoil (Ap horizon) it
took over 15 seconds for the dye to disappear into the sour@H4ga25.

T £ IOy S = 2 e e N

Figure 4.25; Assessing permeability of undisturbed Ap horizon at site 1.

The permeability classes of the undisturbed horizons were variable with depth

(Table 4.5). The Aphad aii mo d e r a t permeabitity vehile dhe sandy Cul

and Cu2 horizonkelowthe Ap horizonhad a @A r api d.OoThep2bABme abi | i
horizon had a fimoderated to Amoderate sl
h a dr a p p@aneability
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Table 4.5: Permeability class of horizons on undisturbed area aite 1

Cul20-  Cu2(40-

Estimated method Ap (0-20 cm) 14 cm) 55 cm)

2bAB (55-68 cm) 2Cu(>68 cm)

AiModer a

bio pores fisl ow fArapi Arapi sl owod firapid
Dry pedal soil and FModer
degree of packing
Dry apedal soil and o L . o .
degree of packing AfRapi ARapi ARapi d¢
Moist appedal soil ~
and degree of fiModer a
packing
~ , AfModer at
Overall fimoder fimoder a
. sl owd ARapi ARapi R iRapi d¢
permeability class sl owo
482Per meability assessment of #Aflip

The flipped soilsvere less variable in permeability and porosity with depth than
theandi st ur lfTabdes 4.6 The astimations of permeability class

depended on the mixture of the material. Generatliy h e i f Ites, thegree d 0 s i
was more coarse sandpread throughd the profile (excavatedand mixed in

during flipping) and when the dye was poured into the ring the dye passed through

n the patches of coarse samibre quicklythanthroughthe surrounding black

topsoil (Ap) or encapsulatingsoil-horizon material. The Ifpped topsoil was

estimated to have &moder at e0 t o f@Amoderately sl owo
subsoi l matrix estimated to have an over .

Table 4.6: Permeability class of a flipped ara at site 1(flipped pit 2).

Estimated Topsoil (Ap) Matrix Matrix
Method (0-20) (40-60) (20-40 cm)
bio pores AModer at el ifModer at fiModer at e

iModer at eo

and paleosol patches

ARapi do i
patches

Dry apedal soll
and degree of AModer at
packing

Moist apedal soll

and degree of fiModer at eo

packing patches
Overall fiModer at e AModer at e
permeability Aimoder at el fiModer at ~ . N
Airapi do

class estimate
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Chapter 5

DI Scussil on

concl usi or

5.1 Introduction

The main objective of this study was to investigate the differences between soils
modified by excavating buried soil horizons (on Taupo and Whakdteplera)

and mixing them with surface sd@ageit mat er |
undisturbed soils to understand why there are differences in pasture groeth.

hypothesis was that the mixing of the excavated buried soil materials with the
pumiceous surface soil materials (on Kaharoa Tephra) will give increased water

holding capacity in the modified surface horizons, and thus improve water
availability to plants during dry summer periotfsthis chapter | discuss the results

and present the main conclusions from the study.

Specific objectives were to:

1 Characterise soimat eri al s i n the fephmadi sturb
sequence to a depth of 2.5 m including a soil profile description,
percentage allophane in buried soil horizons, and particle size
analysis.

1T Determine the water holdingscapaci:t
and adjacent Aundisturbedd soils (c

1 Compare soil properties, e.g. soil bulk density and permeability class
esti mates, in the Aflippedod soil s

1T Determine the differences ijamd root d

fundi sturbedo soil s.
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5.2 Summary of the work undertaken

Buried soil horizons and parent tephras within the top 2.5 m of a tephra
sequence in an exposed quarry wall cutting (referred to as the reference profile),
were identified, the profile was de#sied, and undisturbed cores from each

horizon were collected for water retention and bulk density analyses.

Four sites were identified in the southern end of the Galatea Basin that had
previously been modified by flipping. Each site contained a flippesh a
comprising mixed soil materials and an
comprising undisturbed soil, within the same paddock. At sites 1 and 2, the topsoil
was stripped and the pumice horizons and buried soil horizons were excavated to
a depth of~1.8 m and separated into piles. The pumice horizons were then buried
first and paleosols were placed back next; lastly the original topsoil was placed
back on top. At site 3, all thieorizons and tephra deposits a depth of 0.6 m
(including topsoil) wee excavated in small sections and tipped back into the hole
to roughly mix the materials mixed. At site 4, the topsoil was stripped and the
horizons below the topsoitd a depth of 0.6 m) were excavated in small sections
and tipped back into the hole toixmthe subsoil materials. The topsoil was
placed back on top of the mixed soil materials.

At each site, three pits were excavated in the flipped area and three in the
undisturbed area. Detailed soil descriptions were made and undisturbed soil cores
were taken from all horizons in each pit to a depth of 0.6 m. Water retention was

determined using a hanging column and a pressure plate extractor.

5.3 Summary of key results

1 Profile readily available water contents were greater (P <0.01) in the
flipped soil maerials (mean of 152 mm) compared with those of the
undisturbed soil materials (mean of 75 mm) when all data are considered
together using a paired t test.

i Profile readilyavailable water contents were greater in the soils of the
flipped area than soils @e undisturbed areas at sites 1, 2 and 3 (P<0.05)
and at site 4 (PO 0.1).
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Plant readilyavailable water content was calculated in the flipped areas to

600 mm depth and to 450 mm depth in the undisturbed areas (based on

plant root observations in the fiebver summer). Plant readigvailable

water content was greater in the flipped compared to that of the

undi sturbed areas at site 1, 2 and 3 |
Assuming an evaporation rate of 4 mm per day and that plant rooting

depth is deegr in flipped soil compared to undisturbed soils (~600 mm
compared to ~450 mm, respectively), the flipped soils can hold more
readily-available water (mean of 39 days) than the undisturbed soils (mean

of 19 days) between rainfall/ irrigation events (assgmsoils in both

areas were initially wet to field capacity).

The buried soil horizon formed on Rotoma Tephra (4bBw horizon from
reference profile) had the highest water content at 1500 kPa (18 % v,v).

The pumice horizons (Cul, Cu2, 3Cu horizons from egfeg profile) had

the lowest water content at 1500 kP&3(2 v,v). The 2bAB horizon (on

Taupo Tephra from reference profile) had the highest total available water
capacity (37 % v,v), but the 3bBw horizon (on Whakatane Tephra from
reference profile) hathe highest readily available water (25 % v,v).

Particle size analyses (<2 mm sfzactions) show that all of the horizons

including the buried soil horizons had a low clay content (<5 %&#02in

the topsoils and buried sdibrizons and-0.5 % in the greelly sand and

pumice horizons) and that the soil materials were predominately
comprised of sand (¥80% in the topsoils and buried soil horizons, ~90 in

the gravelly sand and pumice horizons). The topsoils and buried soil
horizons had a ~185% silt contat while the gravelly sand and pumice

horizons had a ~ 80 % silt content.

Theallophane content (finrearth fraction) of the (noywburied soil horizon

formed on Taupo Tephra was 2 %. The soil horizon formed on Whakatane

Tephra had an allophane contet3 %, and the soil horizon formed on

Rotoma Tephra had an allophane content of 5 %.

The undisturbed Ap horizon hadfamo der at el y sl owoOo per me
while the sandy Cul and Cu2 horizons |
permeability class. The 2bABor i zon had a fAmoder ateo
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sl owo permeability class while the 2C
class (results obtained at site 1).

1 The permeability class of flipped soils was more uniform with depth than
t hat of t he fH Thedestimdtions bf epdrmeabdity cldss .
depended on the mixture of the material. The flipped topsoil was estimated
to have afimoder ateo to fimoderately sl owbo
of l i ppedidbl smatri x was estimated to h;

pemeability class.

5.4 Discussion

5.4.1 Readily available water

The profile and plant readily available wateas greater in the soil materials in
the flipped soils than in the soil horizons in the undisturbed area at sit® D%P.<
This finding indicates that the effects

was flipped 10 years prior to sampling.

The topsoil at site 4 was somewhat different to that of the reference profile
(located in the southern end of the GaldBaain). At site 4, thé\p horizon was
separated into two sections by a 5 cm whitish yellow loamy sand layer. This may
have beerHoromanga sedimentshich overlie the Kaharoa Teph(&ucetich,
1960). Horomanga soils are most widespread as outwash depdsitsgling from

the Mangamate Stream. Thioromanga sedimentsere deposited over a period

of extensive flooding and occur on both the fans and lower flats. According to
Vucetich, (1960)Horomanga soil has an improved water holding status due to the
total thickness of loamy sandver theunderlyingdroughty pumice lapilli (Cul

and Cu2) horizons. This local layer, rather than the type of flipping treatment,
may explain thewvhy difference between the plant and profile readily available
water of theundisturbed flipped soils was not as great as the difference found
soils atsites 1, 2 and 3At site 4 the topsoil on the undisturbed area (Ap horizon)

was thicker than that at any other site (~45 cm compared te25 261)

5.4.2 Seasonal variations inwbmass

The roots were observed to peliferating at the pumice horizon (Cul and partly
through Cu2 horizon) in the top 200 mm. Packard (1957) reported the
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phenomenon of roots proliferating through Pumice Soils to gain water in the wet
zones which hetaibuted to the slow unsaturated movement of water through
pumice horizons or layers. However, it is more likely tiia roots were
desperately trying to spread out to access water. Greater mass and length of roots
in pasture species is associated withught stress and lower fertilifpodd et al.,

2011)

In a study of growth patterns of perennial ryegrasses under well watered and
drought conditions, drought conditions resulted in an increase in root counts down
the soil profile compared to counts well-watered ryegrass controls one month
after the stimulated drought conditions began. Root death in the top 15 cm
followed in the postirought period while lower root death rates were observed

further down the soil profile after the drougfWedderbun et al., 201Q)

5.4.3 Plant readily available water

The rooting depth used to calculate plant readily available water for the
undisturbed area was 450 mkivhen the root density was measured in August,
the root data were different from those pertainingh® observations made in
summer. This difference was probably because of dynamic seasonal changes in
root density and structurer summer (during a drought), the roots appeared to be
growing deeper (>400 mm depth) in the profile under the flipped andturtzed

soils at sites -4 than in the undisturbed soildowever, the measured radénsity

with depth (measured in a paddock that had been flipped one year prior to
sampling) found little root growth deeper than 400 mm in the flipped soils and
little growth below 300 mm in the undisturbed soils in August when the sampling
was undertakerAccording toCaradus & Evans (197,7hew plant roots (ryegrass

and cocksfoot) are formed during autumn and winter and grow nearer the surface
from May until August. Wedderburn et al. (2010) warned that seasonal patterns in
root development vary ith slope, aspect and region and cannot be extrapolated
generally throughout New Zealand. A continual measurement in the root structure
and density throughout the whole year would provide valuable data in order to
help estimate plant readily available wetteroughout the year

A significant difference in root density at thdepth range 2380 cm,

corresponding to that of the Cul horizon, was found (root mass was higher
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(P<0.05) in the flipped soils compared to those of the undisturbed area). This
result siggests that the Cul horizon restricts root growth in the undisturbed soil in
August and that he physi cal process of Afl 1 ppin

pumice layers, allowing easier root penetration.

5.4.4 Texture

Texture i nfl uenc danwatdr @rplendsiahd@lso daibh éxtesst y t o
water. Because of textural differences, the gravelly sand and pumice layers had
different water retention curves to those of the buried soil horizons. The buried
soill horizons formed on Taupo and Whakatdmephies had higher volumetric

water contents at all tensions to 500 kPa compared to Taupo and Whakatane
pumice (2Cu and 3Cu) and sand horizons (3bBC1)u(Eig4.10, 4.11 and 4.12).

In a study comparing various media and mixed media for container grown plants,
pumicewas able to hold on to more water at all tensions when compared to (non
pumiceous) sand, but both materials lost most of the water at tensions less than 50
cm (0.5 kPa)(Haynes & Goh, 1978)When comparing the fine sand horizon
(3bBC2) and the very gravelly sand horizon (3Cu), the 3Cu horizon held on to
more water than the 3bBC2 horizah all tensions to 500 kP&igure4.11 and
4.12).The retention curves for the undisturbed horizons froenAp horizon to

the 3Cu horizon were steep between 0.4 and ~ 10 kPa, and less steep between 10
and 100 kPa. The curves were almost horizontal at tensions >100 kPa and were
almost horizontal at tensions >300 k®a the buried horizon formed on Rotoma
Teplra (4bBw horizon)All samples were predominantly sandy and hold most of

the water at lower tensions (<100 kPa), confirming dbaeral findings in the
literature review that sandy/coarse textured soils are draihed and have a
limited water storage capity in comparison to soils with a higher clay content
(Kramer, 1995Table 24.Packhard (1957) reported the
pumice soils was speculated to be because of the vesicular nature of the individual
particles. When comparing the sandy and gravedwd horizons formed on
KaharoaTephra(Cu) with those of Taupo pumice (2Cu) and Whakataéeghra

(3Cu), the more vesicular pumice horizons have a higher total available water
capacity (20 % v,v) compared to the sandy Cul and Cu2 horizons (14 and 17%
v,Vv) (Table 4.2).
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The water storage of the undisturbed soil is limited because of the underlying
coarse textured horizons (Cul and CU2je topsoil only has the capacity to store

38 mm of water at field capacity (Table 4.2). Vucetich (1960) also repowréd th
the topsoil has the capacity to store moisture estimated to be the equivalent of 1
inch (25 mm) of water at field capacity. The implication is that frequent rainfall is
needed to offset thgoil moisture dropping below the readily available limit due
topl ant uptake of water and evaporation.
ability to hold more readibavailable water than the undisturbed sdlls average,

the plants remain within the readily available range between rainfall events
(assumingsoils were wet to field capacity at the stdor) about twice the time in
flipped soils compared to undisturbed soils (mean of 19 days compaaeddan

of 39 days).

5.4.5 Bulk density of undisturbed soil horizons and tephra layers at

the exposed quarry wall

The mean dry soil bulk densities for the topsoil and buried horizons formed on
Whakatane Tephra (3bBw, 3bBC1 & 3bBC2) and Rotoma Tephra (4bBw) were
01 d./Rijkse & Guinto (2010yeported that the topsoil of a Galatea sandy
loam had a bulk density df g/cn? and the subsoil bulk density 4f18 g/cni.

Will & stone (1967) reported a dry soil bulk density value for the buried horizon
formed on Taupo Tephra (2bABY be 0.76g/cn? and the bulk density of the
underlying pumice Igilli horizons to be 0.50.97 g/cn? which is a close match to

my bulk density values for the buried soil horizon formed on Taupo Tephra (0.78
g/cn?) and for Taupo lapilli (0.58&/cn?) and Whakatane lapilli (0.9@/cn?)
layers The bulk density of the&/hakatane lapilli layer (3Quvas greater than that

of the Taupo lapilli (2Cu) because it contained tiny rock fragments (lithics) in
amongst the pumice lapilli. Although the bulk density of the Kaharoa pumice
deposit (Cul and Cu2 horizon) is lowl( g/cn?), the gravelly sand acts as a
barrier because of mechanical impedance (pumice particle bridging), low moisture
storage, and rapid permeability (Griffiths, 198Bulk density alone is not a
reliable indicator of potential problems with root penetrationvaater movement
though the soi{Henderson, et al. 1988)

There was no significant difference found between the dry soil bulk density for

the undisturbed and flipped topso($20 cm) at sites 1, 3 and 4. At site 2 the
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undisturbed topsoil had a higher soil dry bulk density (P<0.05) than that of the
flipped topsoil. This finding would sug:
compaction of the topsoil at all sites.

546 Permeabilt y assessment AnUndi stur bedo

The permeability assessment revealed that water does not travel evenly through
the soil profile (horhomogenous with depth). Permeability is slow in the topsail,
rapid in the horizons below (Cul and Cu2)damoderately slow in the 2bAB
horizon. When the soil profile is ndromogenous with depth, the vertical
movement of water is restricted between the boundaries of contrasting textures
(Griffiths, 1985). In the flipped soil the sharp contrasting texturentiaties were
removed and the permeability with depth did not vary as much as it did at the

undisturbed side.

5.5 Review of hypothesis
My hypothesis that #Afl i ppi ngatngbiiried he | ay

soil horizons and associated pumiceoughta layers and mixing them with

surface soil materials) will give increased water holding capacity in the modified

surface horizonsfl{pped soils), andthus improve moisture availability to plants

during dry summer periods, can be accepted. There were clear significant
differences found between the readily available water and plant available water in

ofl i ppedd soil s at sidffereancemtthe 20 %levd at3 , and
site 4. On average, the plants remain within the readily available range between

rainfall events(assuming soils were wet to field capacity at the sfartgbout

twice the time in flippedoils compared to undisturbed soil

5.6 Limitations of study

Root growth measurements were made in winter and differed from the observed
summer situation. It would have been better to get the root density cores at the
same time the profile descriptions were made. The root densitydegth was
made as a visual observation in sumnfi&oting depth influences the available
water content within the soil profile and therefore more accurate estimations of
RAW could have been made from root data that were measured in summer
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instead of obserd. If all of the pits were sampled to a depth of 1 m, the profile
RAW contents would have been more easily compared with data from online
sources such &map online

5.7 Suggestions for further work

Future work could include the collection of soil samfes moisture retention)
from the northern part of the Galatea Basin to determine if Tarawera scoria (from
the 10 June 1886 Tarawera eruption) makes a difference to the readily available
water capacity. Tarawera scoria was not found in soils in my fielliarsouthern

Galatea Basin.

Buried soil horizons have the potential to store carbon if brought upwards. Future
work could include monitoring carbon contents of the soil over time to determine

if paddocks of flipped soils have accumulated more carbontbeeyears.

It was noted in the literature review thatedt mechanical damage such as tillage
contributes to a decline in earthworm populations. Since earthworms enhance soil
development by the addition and breakdown of organic matter and the mixing of
the topsoil, it could be useful to look into the effect of flipping on the earthworm
populations and how long the population of earthworms take to recover after a

section of soil i's Aflippedo.

5.8 Conclusions

Better grass growth as a consequence of flipgngrobably a combination of
things:

1 Bringing the finertextured buried soil horizon materials to the land
surface means that th@#lippedd soils are able to hold more readily
available water than the undisturbed soils. This is because theaextav
finer textured buried soil horizons have higher clay and allophane contents
than the undisturbed pumiceous surface horizons (in Kaharoa Tephra). The
moisture availability to plants during dry summer periods is improved and
the physical process of mixing also breaks up the Kaharoa pumice
materials, allowing easier root penetration.

1 At the flipped sites, soil permeability was more homogenous with depth
compared to permeability in soils in the undisturbed areas as there were
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fewer contrasting texture boundarjethus water could more readily pass

down through the soil.

There were clear significant differences found between the readily
avail able water and plant available w
3, and a significat difference( p O Cat slt§ 4. On average, the plants

remain within the readily available range between rainfall events
(assuming soils were wet to field capacity at the startabout twice the

time in flipped soils compared to undisturbed soils. Basethe results of

this study, the hypmulthleyeredPumichSolls Af | i p
(i.e., excavating buried soil horizons and associated pumiceous tephra

layers and mixing them with surface soil materials) will give increased

water holding cpacity in the modified surface horizons (flippedils),

and thus improve moisture availability to plants during dry summer

periodswasaccepted.
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Appendix 1

6.1 Profile descriptions at site 1

Soll profile description of undisturbed soil pit 1
1 Soil classification (NZSC)Buried-allophanic Pumice Soil
1 Location:38270626. 0840680148 o E, el evation:
Paddock adjacent to Whirinaki road, approximately km north west of
the intersection at Whirinaki and Troutbeck Rd. Pit in far south corner
(closest to road) 10 m from the fence facing the road and 2 m from the
fence of neighbouring paddock (opposite from the race).
Geomorphic position: flat to gentlyndulating land on alluvial terrace
Parent material: rhyolitic tephras (Kaharoa, Taupo, Whakatane, and
Rotoma tephras)
1 Predominant pasture species: cocksfoot and yarrow

T
T

Horizon and
depth (cm) Profile description ofundisturbed soil pit 1

Brownish black (10YR 2/2) loamy sand; non sticky; non plastic; |
slightly firm and brittle; very low penetration resistance (900 kPa);
degree of packing (700 kPa); strongly developed plafiaseilayer 2
Ap 5cm thick breaking weakly pedal with very coarse to medium blc
(0-20) peds breaking to weakly pedal with very fine to fine polyhedral |
breaking to apedal single grain; many microfine roots and
extremely fine roots; sharp smooth boundargliroa Tephra].

Dull yellow orange (10YR 7/4%lightly gravelly coarse and mediur
sand with many fine swangular pumice lapilli; non sticky; no
plastic; apedal single grain; abundant microfine roots; indistinct v
boundary [Kaharodephra].

BC
(20-30)

Light yellow orange (10YR 8/33lightly gravellycoarse and mediur
sand with many fine suéingular pumice lapilli; non sticky; no
plastic; apedal single grain; abundant microfine roots; abrupt \
boundary [Kaharoa Tephra].

Cul
(30-39)

Light grey (2.5Y 8/2) loamy sand; non sticky; non plgstpedal
Cu2 single grain; common microfine roots; abrupt wavy bounc
(39-40) [Kaharoa Tephral].

Light grey (10YR 8/1) medium and fine sand with common fine ¢

Cu3 angular pumice; non sticky; non plastic; apedal single grain; con
(40-53) extremely fineroots; abrupt smooth boundary [Kaharoa Tephra].
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2bAB
(53-65)

Brown (7.5 YR 4/3) sandy loam with few fine sahgular pumice an
charcoal fragments; non sticky; non plastic; peds slightly firm
brittle; very low penetration resistance (900 kPa)y, yve | ow
packing (500 kPa) massive bre
fine polyhedr al peds breaking
abrupt wavy boundary [ Taupo T

Light grey (10YR 8/1)very gravelly coarse sand with abunda
medium sukangular pumice lapilli; non sticky; non plastic; extrem
low penetration resistance (100 kPa); very low degree of packing
kPa); apedal single grain; common microfine roots; abrupt sm
boundaryy Taupo Tephra 1 lapil I
P a3 ;

Kaharoa

Tephra

Figure 6.1: Undisturbed pit 1 at site 1.
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Soil profile description of flipped solil pit 1
1 Soil classification (NZSC): Mixed Anthropic Soils
! Location:38270626. 01840680148 0 E, elevation:
{1 Paddock adjacent to Whirinaki road, approximately 1.5 km north west of
the intersection at Whirinaki and Troutbeck Rd. Pit is approximately in the
middle of the paddock 50 m from the fence facing the epe&ti80 m away
from the race.
Geomorphic position: Flat to gently undulating land.
Parent material: rhyolitic tephras (Kaharoa, Taupo, Whakatane, and
Rotoma tephras)
1 Predominant pasture species: cocksfoot and yarrow

= =4

Horizon and
depth (cm) Profile description of flipped soil pit 1

Brownish black (2.5YR 3/1) loamy sand [Ap horizon] with f
medium olive brown (2.5 YR 4/4) sandy loam fragme
[WhakataneB horizon]; non sticky; non plastic; peds firm a
Ap brittle; low penetration resistance (1000 kPa); medium degre
(0-20) packing (1200 kPa); platy surface layes@n thick breaking tc
moderately pedal with medium polyhedral peds breaking to af
single grain abundant microfine rds; indistinct smooth boundary.

Yellowish brown (2.5YR 5/4) sandpam [Whakatane B horizor
with brownish black (10YR 2/2) loamy sand lenses [Ap horiz
light grey (2.5Y 8/1) gravelly coarse and mediumnd lenses
[Kaharoa C horizon]; non sticky; slightly plastic; fragments sligt
firm andbrittle; moderate penetratigrsistance (1600 kPa); mediu

(leggé) degree of packing (1200 kPa); apedal massive breaking to a
earthy; abundantmicrofine roots in browish black [Ap horizon]
lenses and sand lenses [Kaharoa C horizon], many microfine ro
matrix 2060 cm; common microfine roots in matrix 60-80 cm
depth; indistinct wavy boundary.

Greyish yellow (2.5YR 7/2inoderately gravellgoarse and mediur

B/CU2 sand [Kahqroa C hor?zonij/ith brownis_h black (10YR 2/2) loamy

(80- sand materl_al [Ap horizon] and yeII_0W|sh brown (_2.5 YR 5/4) sa

100) loam material [Whakatane B horizon]; non sticky; non plas

extremdy low penetration reistance (80 kPa) very low degree o
packing (®0 kPa); apedal single grain; few microfine roots.
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Whakatane B

horizon-mateérial

oy

lenses

-y

- oamm e
Mixture.of buried pumice.

and WhakataneTephrg

Figure 6.2: Flipped soil pit 1 at site 1.
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Solil profile description of undisturbed pit 2

1 Soil classification (NZSC)Buried-allophanic Pumice Soil

! Location:38270626. 01840680148 0 E, elevation:
Paddock adjacent to Whirinaki road, approximately 1.5 km north west of
the intersection aWhirinaki and Troutbeck Rd. Pit is 100 m from the
fence facing the road and 5 m from the fence of neighbouring paddock
(away from race).

1 Geomorphic position: Flat to gently undulating land on alluvial terrace.

1 Parent material: rhyolitic tephras (Kaharodaupo, Whakatane, and
Rotoma tephras)

1 Predominant pasture species: cocksfoot and yarrow

Horizon and

Depth (cm) Profile desciiption of undisturbed soil pit 2

Brownish black (10YR 3/1) loamy sand; non sticky; non plas
peds slightly firm and brittle; very low penetration resista
(900 kPa); low degree of packing (800 kPa); strongly develc

'(6(‘3?20) platy surface layer -Bcm thick, apedal massive breaking
apedal eartyt abundant microfine roots; sharp smooth bount
[Kaharoa Tephra].

Dull yellow orange (10YR 7/4xslightly gravelly coarse anc

BC medium sand with abundant fine sabgular pumice lapilli; nor

(20-30) sticky; non plastic; apedal single graafgundant microfine roots
abrupt wavy boundary [Kaharoa Tephra].

Light yellow orange (10YR 8/3}klightly gravelly coarse anc
cul medium sand with abundant fine sabgular pumice lapilli; nor

(30-45) sticky; non plastic; apedal single grain; abdant microfine roots

abrupt wavy boundary [Kaharoa Tephra].
Light grey (2.5Y 8/2) loamy sand; non sticky; non plastic; apt

Cu2 single grain; common microfine roots; abrupt wavy bounc
(45-46) [Kaharoa Tephra].

Light grey (10YR 8/1)very gravelly medium and fine sand wi

a‘g many subangular pumice lapilli; non sticky; non plasti
50) common microfine roots; abrupt smooth boundary [Kaha
Tephra].
Brown (7.5YR 4/3) sandy loam with few fine sahgular
pumice lapilli and charcoal fragments; non sticky; non pla:
SbAB peds slightly firm and britt_le; low penetration rgsistance _(1
(50-60) kPa); low degree of packing (900 kPa) massive breakin
weakly pedalwi t h abundant fine pi
apedal earthy; few microfi
[ Taupo Tephra T i gni mbrit
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Dull yellow orange(7/4) very gravelly coarse sand with abun
medium sukang