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Soil is a fascinating and often overlooked (figuratively but also literally in many 
instances) component of the landscape. Apart from its intrinsic value and interest as 
part of the natural environment, so il also plays a vital role in human life, providing the 

basis for agriculture and forestry on which countries such as New Zealand so heavily 
depend. The dynamic phys ical environment in New Zealand, combined with a varied 
geological and climatologica l past, has produced a wonderful array of soils: from the 

acidic, impoverished soils of the Northland kauri forests, to the weathered but rich 
volcanic soils of the Banks and Otago Peninsulas, to the saline soils that dot the Man
iototo plain in Central Otago. In this chapter the main processes that influence the 

form ~nd character of soils are described and an overview of the major New Zealand 
soil types is presented . 

The nature of soil 

Soil is a familiar substance yet one that is very difficult to define in precise terms. In 
fact, White (1979) cautions aga inst attempting such a definition, primarily because 
'soil' means different things to different people: farmers view soils very d ifferently to 

engineers, for example. However, a broad appreciation of the nature of soil is a usefu l 
starting place when trying to understand the processes that lead to the development of 
different types of so il. 

At a very simple level, so il is a combination of weathered inorganic materia ls and 
the products of organic matter decomposition, and it occurs on the surface of the land
scape. It has its own atmosphere, rich in carbon dioxide, but with oxygen and nitrogen 

as crucial constituents, too. Soil water is the other major component and, with the 
gases, it provides a dynamic element to the soil that promotes interaction between the 
various constituents, living and non-living, organic and inorganic. The interaction of 

these components over a long period of time leads to the development of structure in the 
soil, and especially the development of layers, or horizons. 

Horizons are a natural consequence of the fact that the organic materials largely 
come from above ground, while weathering products usually originate from below the 
soil proper (Figure 19.1). However, soils often differ both in the degree of horizonisation 
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Figure 19.1 General processes of soil formation and the development of horizons. 

and in the characterist ics of those horizons that do develop, owing to d ifferences in 
soil formation processes. These features are of great importance when classifying soils 
into different types. 

Major components of soils 

Table 19.1 

Inorganic 

The breakdown of inorganic parent materials into smaller const ituents by physical 
and chemical weathering provides the raw material for most so ils. Weathering 
processes are dealt with in Chapter 13, so they are not described further here. How

ever, it is important to recognise that the factors that affect weathering processes wi ll 
also influence so il formation processes through the effect they have on the character 
of the material available to the soil system, and the rate of supply. As a funct ioning 

bio-physical system, so il requires inorganic materials in the sand-, silt-, and clay-size 
classes (Table 19 .1 ); as we see later, the proportions of each are important in ensuring 
good drainage, aeration, and nutrient storage conditions. Larger inorganic materials 

may be found in soil, but they are not usually considered to be an intimate part of the 
soil system as such. 

Sand-. silt-. and clay-size classes (particle diameter. mm). 

USDA/FAO International Society British Standards 
of Soil Science Institution 

Sand >0.05 >0.02 >0.06 
Silt 0.002- 0.05 0.002-0.02 0.002-0.06 
Clay <0.002 <0.002 <0.002 
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Chemical weathering processes take over from the physical processes as the pri

mary mechanisms for breaking down inorganic particles with in the soil. The smaller 
particles have a higher proportion of surface area to their volume, and chemical 
processes operate on those surfaces, leading to disruption of their mineral structures. 

The bulk of the minerals occurring at the Earth's surface are silicates, comprising sili
con (Si) and oxygen (0), with lesser amounts of other elements such as iron (Fe), 
magnesium (Mg), and aluminium (AI) . The basic building block of this large group of 

minerals is the silicate tetrahedron, made up of four oxygen ions and one sil icon ion; 
three of the larger oxygen ions form a triangular base, the smaller silicon then sits in 
the centre supported by the oxygen ions, with a fourth oxygen on top (Figure 19.2). 

The 'silicate tetrahedron' 

Oxygen atom 

Silicon atom 

The 'silicate tetrahedron' 
with one oxygen atom elevated 
to show the position of the 
silicon atom 

Figure 19.2 The structure of the silicate tetrahedron. 

Geometrically this is a very neat and strong structure, but the electrical charges 
on the tetrahedron are not in balance; the overall structure has a net negative charge 

of 4 units. In order to create stable structures it is necessary to have a charge balance, 
and this can be ach ieved by linking tetrahedra together (sharing more oxygen ions, 
per silicon ion) or by using other positively charged ions (cations) to balance the 
excess negative charges. Silicate minerals can be classified according to the degree to 

which these two strategies are used to achieve a balanced structure (Table 19.2 ). The 
orthosilicates retain independent tetrahedra but use highly charged cations (typically 
iron and magnesium) to balance the charges in the structure; the mineral olivine is an 

example of this strategy. Inosilicates employ simple linkages , in single (e.g. pyroxene) 
or double (e.g. amphibole) chains, with other cations incorporated to balance the 
remaining negative charges. In phyllosilicates, such as mica, the tetrahedra are linked 

laterally into extensive sheets that are then stacked on top of each other, with cations 
located between the silicate sheets. Finally, in the tektosilicates the tetrahedra are 
linked both laterally and vertically, creating three-dimensional silicate structures, as 
found in minerals such as feldspar. Although in theory they are electrically balanced, 

tektosilicates usually incorporate some lesser charged cations within their structure. 
In the context of soil processes, the most important of these groups are the phyl

los ilicates (phyllo = layers) because they include the secondary clay particles that have 
such an important ro le to play in the soi l. The term 'secondary' indicates that much of 

the clay found in the soil has been formed there from the primary silicates, large ly 



Table 19.2 The main forms of silicate mineral. 

Structure type 

Independent tetrahedra 
Chains: single 

double 
Sheet 
Three-dimensional 

Closs 

orthosilicates 
inosilicates 
inos ilicates 
phyll osi licates 
tektosilicates 
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Example 

ol ivine 
pyroxene 
amphiboles 
micas (e.g. biotite) 
feldspars, quartz 

through chemical weathering. T he simplest process involves minor changes to pri
mary phyllos ilicate minerals; mica, for example, undergoes the rep lacement of certa in 
cations and becomes the clay mineral illi te. Subsequent weathering of illi te would 

produce other, simpler clay fo rms in the so il, until the final stage is reached: break
down into the elemen tal components of the remain ing structure. 

The second process of clay formation in the so il is more rad ical and requires 

extensive disruption of the primary silicate structures , with the subsequent recombi
nation of the breakdown products in to the sheet forms of the phyllosilicates. The most 
important chemical process operating on the minerals is hydro lysis, in which hydro
gen ions (small, high charge-density ions, also known as protons) penetrate the sili

cate mineral structures and disrupt the bonds that hold the framework together. This 
produces silicate debris (short lengths of chain, or separate te trahedra) and free 
cations (positively charged ions) into the so il solut ion, including silicon, aluminium, 

iron, and others. The structural debris and the cations in solution then recombine, 
perhaps using ex isting clays as templates, to create new layers in the developing clay 
part icle. This process requires such a radical breakdown of primary silicate minerals 

over a short time that it is usually associated with so ils of the tropical region . The 
first process , alteration of primary phyllosilicates, is much more widespread and is 

important in the soils of the temperate region . 
Many clays have two sh eets of silicate tetrahedra held toge ther by th e linking 

layer of cations (often called the octahedral layer, because of the geometric arrange
ment of the cations in relation to the oxygens on the tetrahedra). A lumin ium is a par

ticularly common element in the linking layer, hence the clay minerals are often 
referred to as alumino-silicates. T h is bas ic un it, two silicate sheets bound together by 
an octahedral layer, is then repeated through the clay mineral structure. S uch clays are 

referred to as hav ing a 2: 1 structure . There are clays with a 2:2 structure, but these 
are less common; on the other hand , clays with 1: 1 structure, the basic uni t compris
ing one silicate sheet paired with a single layer of cations, are espec ially common in 

weathered soils. 
The type of clay formed in the soil varies according to the nature of the parent 

material, the speed and intensity of weathering, and the length of time over which 
weathering has taken place (Figure 19.3). Moreover, the different clays h ave different 

phys ical and chemical characteristics, and consequently impart different properties on 
the soil (Table 19.3) . For example, some clays, such as montmorillonite, have the ability 
to take up large quantities of water between the layers in the mineral, while others, 

such as kaolinite, do not behave in this way. Hence soils with large proportions of 
montmorillonite clays are characterised by their propensity to shrink and develop 
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Figure 19.3 The effect of weathering intensity and time on t he two processes of clay formation. 

Table 19.3 

Cloy type 

Kaolinite 

cracks on drying, and to swell up aga in on wetting. This behaviour has major implica

tions for so il processes, especia lly the movement of water and physical constituents 
from the surface down into the body of the so il. On the other hand, kaolinite
dominated soils are characterised by their lack of shrinking and swelling (hence the 
importance of kaolinite in making pottery). 

Characteristics and properties o f the main clay types in the so il. 

Closs Size Surface area Isomorphic -ve charge 
substitution 

1:1 0. 1-5 .0 iJm 5-20 m' g' very little very low 
Montmorillonite 2: 1 expanding 0.01- 1.0 iJm 700-800 m' g ' high high 
Vermiculite 
Illite 
Chlorite 

2: 1 limited expansion 0.1-5.0 iJm 500-600 m' g ' very high high-very high 
2: I non-expanding 0.1-2.0 iJm 100- 120 m' g ' high model-ate 
2:2 0. 1-2.0 iJm 100-120 m' g ' moderate model-ate 

The other major influence clays have on so il processes is through their physico
chemical properties. In most situations, clay particles in the soil develop a compara

tively strong negat ive charge on their surface, much of it due to the substitution of a 
proportion of the silicon in the silicate framework by aluminium over a period of time. 
The aluminium ion has a charge of 3 pos itive units, compared with 4 for the silicon 
ion, hence excess negat ive charge results from the substitution, and this is expressed 

on the surface of the clay. The charge on the clay particle attracts cations from the so il 
solution; some are adsorbed onto the surface of the clay, others locate close by but still 
in solution. There is a constant movement of cations onto and off the surface of the 
clay, but overall the clay adsorbs as many cations as its charge allows. In this way the 
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clay particles are providing, first, storage sites for the cations, many of which are 
macro-nutrients for plants, and second, a control mechanism: when the concentration 

of a particular cation in the soil solution falls, reserves are released from the clays. The 
opposite also occurs: greater concentration of a cation in the soil solution sees more of 
that cation being adsorbed onto the clays, at the expense of other cation types. This 

process is called cation exchange, and the total amount of surface negative charge in a 
standard quantity of soil is called the cation exchange capacity (CEC) of the soil. As 

we see below, cation exchange is not restricted to clays; humus is also an important 
component of this process. 

The clay fraction also includes other compounds, including allophane and 
hydrous oxides of various metals. Allophane refers to a group of alumino-silicates with 
similar constituents as the secondary clays but with a smaller-scale structure. It often 
occurs as spheres. However, one of the main forms in New Zealand soils, imogolite, is 

found as tubes, contrasting markedly with the sheet structures of the phyllosilicate 
clays. Allophane minerals are derived from volcanic ash deposits, and are therefore 
very important in soils in the central North Island. Hydrous oxides can be very abun

dant in old, long-weathered soils, though they are found in most soils to some degree. 
They are oxides of metal elements in the soil, mainly iron, manganese, and alu
minium, usually co-ordinated with several water molecules (i.e. hydrated). What 

makes allophane and the hydrous oxides particularly interesting is the fact that they can 
develop both negative and positive surface charges, depending on the pH of the soil. In 
acidic conditions (pH <7.0, hence hydrogen ions abundant in the soil solution) the 

-OH groups in these compounds take up an extra hydrogen ion and become positively 
charged; in alkaline soils (pH> 7.0, hydrogen ions no longer abundant) the -OH groups 
give up their hydrogen ion to the soil solution, developing a net negative charge. 

Clay particles are very small, and soils with large proportions of clay tend to suffer 
from a lack of pore space, with the attendant problems of inhibited soil water move

ment and poor aeration. Consequently, for all their importance in providing storage 
for plant nutrients, too much clay in a soil can pose real problems for plant growth. 
Some soil formation processes can result in clay build-up below the topsoil (an argillic 
horizon), creating a layer that can impede drainage and, in the worst cases, provide a 
barrier to plant roots. 

The other important size fractions in the soil are silt and sand (Table 19.1) and, as 
with clay, soils dominated by either of these fractions will have problems: silt-domi

nated soils have low porosity, with consequent poor drainage and aeration, and, when 
exposed to wind and rain, are prone to erosion, as they have low particle strength. 
Sand-dominated soils have very rapid soil water movement and low moisture storage 

ability. They are weak soils, easily eroded once the surface vegetation cover is 
removed. Clearly, then, soils with mixtures of the three size fractions will tend to have 
the benefits of each fraction, while reducing the problems that come from dominance 
of one fraction over the others. Sand and silt provide the main physical framework of 

the soil with a variety of pore spaces to promote aeration, soil water movement, but 
also moisture storage capability, while clay adds the fine element that enhances water 
storage, increases soil strength by helping to bind particles together, and provides the 
reactive surfaces that drive the cation (and in some cases, anion) exchange processes. 
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Organic 

Organic matter is the other major component of soil and is as important in determin

ing so il properties as the inorganic component. The term organic matter refers to the 
non-living plant and animal material returned to the soil either at the ground surface 
or within the topsoil (top 10-15 cm) from organisms living in the soil. The soi l is, of 

course, populated by a large range of living organisms, ranging from fungi, bacteria, 
and other micro-organisms, to worms, termites, and grubs and larger organisms. In 
some parts of the world, animals such as moles and prairie dogs are important agents in 

the physical processes of soil mixing. In parts of New Zealand, rabbits playa similar 
role, although the results can often lead to enhanced erosion of the topsoil rather than 
simply promoting mixing. In addition to the soil-based organisms, plant roots exploit 

the upper soil layers and contribute waste to the soil as they push through the soi l and 
when they die. Less directly, the root systems of some plants, especia lly some shrubs 

and trees, extend deeper into the soil profile to extract water and nutrients from lower 
in the profile. The nutrients are then returned to the ground sUl{ace or the topsoil as 
plant waste, producing a net flow of nutrients from lower in the soil to the upper layers. 

The root systems of plants are important for the life of the soil. The roots provide 
fresh waste materials for soi l organisms to feed on: the protective mucus on root tips 
that is sloughed off as the root extends through the soil ; various exudates from the 

roots, often rich in carbohydrates; senescent root hairs, no longer required as the root 
tip moves on and the reactive surface of the root also advances through the soil. With 
such a rich supply of organic wastes, the root zone is naturally a focus for biological 

activity in the soil. This is enhanced by the development of intimate relationships 
between plants and other organisms in this zone. In particular, certain nitrogen-fixing 
bacteria infect plant roots, causing a reaction in the plant that leads to the creation of 
nodules around the bacteria. Thus safely 'housed', the bacteria capture nitrogen from 

the soil atmosphere to create amino acids and proteins for growth. However, a large 
proportion of the nitrogen, usually as ammonia, is intercepted by the plant for its own 
use. In return, the bacteria are able to exploit the carbohydrates in the plant cell sap to 

provide energy for their activities. 
Similar relationships occur between some plants and certain soil fungi, known as 

mycorrhizal fungi (or often just mycorrhizae) because of their association with plants 

roots. Two types of relationship are found, normally in nutrient-poor soils. In the first, 
the ectotrophic type, the thread-like fungal hyphae cloak the plant root and trail out 
into the soil like quasi root hairs . The fungus releases enzymes to break down organic 

wastes and absorbs the nutrients, bringing them back to the main fungal mass on the 
root surface and making them available to the host plant. Plant exudates in return 
provide an energy source for the fungi. The second type of relationship, endotrophic, 
sees the fungi infecting the root ce lls. The most common form is the vesicu lar
arbuscular mycorrhizal fungus, compris ing a network of fungal hyphae that also con

tains vesicles (small bladder-like structures, possibly used for storage purposes) and 
arbuscules (branching root-like structures that spread into the plant cells and are 
involved in the exchange of metabolites between plant and fungus) (Figure 19,4). 
Phosphorus is often the nutrient in shortest supply in many impoverished so ils, and 
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Figure 19.4 Vesicular-arbuscular fungi on plant roots. 
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the mycorrhizal relationship provides a mechanism for increasing the ability of plants to 
capture phosphates from a much larger soil volume than would otherwise be possible. 

The bulk of the non-living material is made up of plant carbohydrates (mainly 
cellulose, hemi-cellulose, and starch), together with fats, oils, proteins, and other 
lesser constituents from both plant and animal sources. This material is the basis of a 
complex decomposition process that supports much of the soil fauna and fungi, but 

also provides the components for the important process of humification. The humus 
created by this process is the organic analogue of the clay particle: it, too, influences 
both the physical and the chemical properties of the soil. However, unlike with clays, 

there is less understanding of the process by which humus is created and of the struc
ture of the resulting humus particles. Humus is a natural polymer or, rather, a family of 
polymers, as a range of humus types are found in soils. The two major forms are humic 

and fulvic acid, differing in size, structure, and behaviour in the soil. 
Humus molecules comprise a central core of poly-aromatic hydrocarbons (i.e. 

carbon compounds based on the benzene ring) to which side chains of a variety of 
compounds are attached. The core is constructed from the partial breakdown products 
of lignin, a strengthening compound derived from carbohydrates and of particular 

importance in woody plants. Decomposition yields oxidised derivatives of lignin, such 
as quinone and phenol, some of which combine into complex molecules. Onto this 
core are attached a variety of organic units, such as short pieces of the polysaccharides 
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derived either from plant carbohydrates or, more likely, from microbial activity in the 

soil; individual amino acids, or short chains of these from proteins; and phenolic com
pounds. Humus is surprisingly resistant to breakdown, partly because of the strong 
structural framework provided by the aromatic hydrocarbons in the core, but also 

because it interacts with clays to form complex particles in the soil. 
The various types of humus differ in terms of the molecular weight, the compara

tive size of the core versus the side chains, and the make-up of the side chains. As a 

consequence, the properties of the different types of humus differ quite markedIy. The 
main contrast is between humic acid and fulvic acid, although there is a gradient of 

change between these two forms. Humic acid has a large core, relative to the side 
chains, and is the larger molecule, with a molecular weight in the range of 
20000-100000. Moreover, it is insoluble in water, which means that humic acid 

humus is less readily washed out of the topsoil. In contrast, fulvic acid humus is a 
smaller molecule, with larger side chains relative to the core. It is soluble in water, 

leading to greater mobility within the soil. 
Environmental conditions affect the type of humus created in the soil, and soil 

scientists recognise this by identifying three broad types of organic litter/humus: mor, 
moder, and mull. Mor humus is associated with vegetation high in lignin and pheno

lic compounds, especially coniferous trees and evergreen shrubs, growing in cool, wet 
conditions on nutrient-deficient, acidic soils. Decomposition is inhibited, and the 

humus is usually of the fulvic acid type and is not particularly well integrated with the 
mineral soil. Mull humus is found under deciduous forest or grassland vegetation, in 
areas with warmer temperatures and good rainfall supply. The soils are nutrient-rich, 

or at least not impoverished, and acidity is low. Soil biological activity is much higher 
than in the mor soils, and therefore decomposition is much more rapid. The resulting 
humus is of the humic acid type. Moder humus sits between the two extremes. 

The presence of humus in the soil is important from a structural point of view. As 
noted above, humus particles bind with clays to produce complex organo-clay struc
tures, which then aggregate to create larger units, called peds. The greater the devel
opment of these small soil particles, the better the soil structure: large and small pores 

are created, improving water storage and the movement of water and gases into and 
out of the soil. In addition, humus particles develop electrical charges on their surface 
and are active in the exchange processes of the soil. While humus tends to carry much 

higher charge densities than the clays, their charge is also more dependent on the pH 
of the soil. That is, in markedly acid soils, humus particles do not develop as much 
charge as in less acid soils, because the phenolic -OH groups, and the -OH and 
-COOH (carboxyl) groups on the side chains, retain their hydrogen ions. As pH 

increases, especially with pH >4.0, the lower hydrogen ion concentration in the soil 
solution encourages the hydrogens on the side chains to move off the humus, leaving 
unsatisfied negative charges. Hence, in less acid soils, humus is often the major site for 

cation attraction and exchange processes. Interestingly, in acidic conditions, humus 
particles can develop a slight positive charge as amine groups (-NHz) on the amine 
side chains take up an extra hydrogen (-NH} +). This means humus, as with allophane 
and the hydrous oxides, can attract negatively charged ions such as sulphates and 
nitrates. 
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Soil formation processes 

The environmental context 

It is clear from the above discussion that the processes of weathering and clay forma
tion, decomposition, and humification, are strongly dependent on the environmental 

conditions under which they occur. Weathering products will reflect parent materi al; 
the organic litter from podocarp conifers will be different to that from tussock grasses 
and will affect decomposition and humus formation. More fundamentally, tempera

ture and moisture regimes wi ll influence the course of these processes. Moisture supply 
can promote or hinder weathering and decomposition, the movement of breakdown 
products in the soil, and the processes of clay and humus synthesis. Temperature 

affects the rate of the many biological and physico-chemical reactions that constitute 
so il formation processes. 

Despite the apparent complexity generated by the interaction of the environ

mental factors with the various constituents of the so il, in varying topographic situa
tions it is possible to recognise broad processes operating that give rise to 
characteristic soi l types. Before describing the main processes and reviewing New 

Zealand soil types, it is important to consider just what it is that we are classifying and 
characteris ing. 

Profiles, horizons, and soil characterisation 

The basic classification unit of soil is often called the pedon. We are all familiar with 

photographs or diagrams of soi l profiles: these are slices through the soil, in which we 
look for certain features. The pedon is essentially a three-dimensional profile, and we 
can visualise it as a cylinder with a diameter of about a metre. In that cylinder of soil, 

lateral change within the horizons is assumed to be negligible, and interest is focused 
on the nature and the particular combination of the horizons that make up the pedon. 

Figure 19.5 Horizons and their labels in 
profile description. 

o : organic, various stages of decomposition 

A : intimate mix of mineral and organic material 
"zone of elluviation" 

E : strongly elluviated (washed out) 

B : primarily mineral components ; modified 
"zone of illuviation" 

C : comparatively unchanged parent material, 
t~ough usually some physical disruption 

Parent material: 
often not rock , but surface deposits 
(ash , al luvium , landslide debris , loess , etc) 
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Table 19.4 

Table 19.5 

Defini t ions of horizon des ignations. 

c: 
d: 
fm: 
g: 
h: 
k: 
m: 
n: 
0: 
q: 
r: 
s: 

t: 
w: 
x: 
y: 
z: 

concretions or nodules formed in the soi ls (iron, manganese, carbonates, etc.) 
densipan 
Oi'tstein (iron/humus) pan 
gley characteristics 
humus accumulation 
carbonate-enriched, from internal soil processes 
cemented horizon 
natric (sodium-enriched) horizon 
oxidic (or oxic) horizon 
silica-enriched, from internal soil processes 
strongly reduced, gley conditions 
enriched with hydrous oxides, especially translocated iron and alumin ium 
compounds 
argi ll ic horizon 
altered, weathered B horizon: colour and/or structure change 
fragipan 
enriched with gypsum, arid area soils 
enriched with other soluble salts 

Note: The letters are used with the main horizon-designation letter- to qualify the description of the horizon: 
for example, Br- wou ld be a B horizon showing localised waterlogging and reducing conditions. 

Field investigations of soil often focus on the description of the soi l profile in par
ticular localities. Certain conventions abo~t labelling have developed to speed the 

process of describing a soil, and these are outlined in Table 19.4, and Figure 19.5. 
Modern soil classifications place a great deal of emphasis on diagnostic horizons. 

These are horizons with distinctive physical or chemical features that may not be vis

ible in the field. Increasingly, laboratory tests are used to differentiate diagnost ic hori
zons or to confirm a field assessment. Table 19.5 shows the main diagnostic horizons 
used in the New Zealand soil classification of Hewitt (1992). 

T he main di agnostic horizons used in the revi sed New Zealand so il classificatio n. 

Argi llic 
Brittle-B 
Calcareous 
Cutanic 
Cutanoxidic 
Nodular 
Oxidic 
Placic 
Podzolic-B 
Redox-mottled 
Reductimorphic 
Weathered-B 
Densipan 
Duripan 
Fragipan 
Humus-pan 
Ironstone-pan 
Ortstein-pan 

Clay-enriched 
Low -strength B horizon, brittle, massive structure, few roots 
Detectable calcium carbonate in the soil fine earth fraction 
Translocated Inorganic or organic materials coating ped faces 
A degree of coating of peds with mainly kaolin-group clays 
Marked presence of iron or aluminium oxyhydroxide nodules 
Kaolin-group clays with iron and aluminium hydrous oxides 
Thin, cemented iron pan 
B horizon with translocated clay, iron, aluminium, humus, etc. 
Localised reducing conditions within an horizon 
Strongly affected by reducing conditions from prolonged wetness 
B horizon, altered by weathering, evidenced by colour or structure change 
Non-cemented E horizon; closely packed sand- and silt-sized quartz 
Cemented, non-calcareous, subsoil horizon 
High bulk density, non-cemented horizon; often closely packed silt in loess 
Marked accumulation of humus in the B horizon 
Iron-dominated indurated horizon, laterally continuous or semi-continuous 
Build-up of humus and iron compounds, forming distinct firm layer in the soil 

Note: A number of other criteria are used in the classification, but they are not described-here. The descrip
tions provided above are simplifications of those given in Hewitt (1992). 
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Profile processes 

The combination of environmental factors operating on soils in a given locale can 

seem bewildering, yet it is possible to identify a number of major soil profile processes. 
A useful starting point is in relation to the water balance in the profile; specifically 
whether the profile experiences a net throughflow of water, or a net movement back 

towards the soil surface over a given period of time. The net movement of water 
through the profile and into groundwater implies the actual or potential loss of mate
rial from the so il column, and this is an important influence on the subsequent course 

of events in the formation of the soil. The lack of such throughflow implies that mate
rial is not lost from the soil (except perhaps by surface erosion), and this again has 
implications for the character of the profile that develops in such soils. 

Profile processes associated with soils that experience a net throughflow of water 
are: leaching, argilluviation, and podzolisation. An excess of water in the profile can 
lead to the process of gleying. Soils that do not experience a net throughflow of water 
are characterised by processes that include calcification, salinisation and solodisation. 

This very simple scheme then has to be modified to recognise processes associated 
either with intense weathering, particularly ferrallitisation, or with certain parent 
materials such as calcareous rocks. 

Podzolisation 

True podzols are associated with wetter environments, often but not always in cooler 

situations, with acidophilous vegetation; that is, evergreen shrubs and trees, and plant 
litter rich in phenolic compounds (a type of aromatic hydrocarbon), producing a mor 
organic layer. Slow decomposition results in the production of polyphenols, which are 

carried down the profile by the infiltration of water, together with soluble compounds 
including fulvic acid humus. The upper profile becomes more acidic as hydrogen and 
aluminium build-up, with the loss of other elements. The polyphenols capture various 
metal elements, especially iron (Fe), the organo-metal complexes being carried down 

the profile; this whole process is called cheluviation. At the same time, clays are being 
broken down or moved down the profile. In extreme cases, especially on freely drain
ing soils such as old sand dunes, the loss of iron compounds, clays, and humus from the 

loss of materials results in a pale albic horizon (E) between the A and B horizons (Fig
ure 19.5). The transported materials accumulate in the B horizon with the iron com
pounds often cementing soil particles together to form an iron pan, marked by a 

narrow rust-coloured ribbon running through the B horizon. Prolonged podzolisation 
can result in a continuous pan being developed that impedes drainage, leading to 
waterlogging of the upper profile. In such conditions gley podzols develop. 

Leaching and argil/uviation 

Less extreme than podzolisation, leaching occurs where the vegetation cover produces 
organic matter of the moder type, as a result of better breakdown of the organic mate

rials . Although there is still a loss of soluble products (especially soluble nutrients) , 
the process of aggressive chelation and transportation of iron by- the polyphenolic 
compounds (cheluviation) is absent. The main effect of the leaching process over a 
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period of time is to increase the acidity of the A horizon as soluble nutrients are 
moved down the profile and may be lost to groundwater. In certain circumstances, soil 
conditions promote the movement of clays-the process of argilluviation. Compara

tively low organic matter, increasing acidity, and seasonal waterlogging can release 
clays, especially montmorillonite, from complex particles to be washed into the B 

horizon, where they accumulate initially as clay skins coating the upper surfaces of 
larger soil particles. Over time this process can produce marked clay accumulation 
within the B horizon, which is then known as an argillic horizon. 

G/eying 

Soils that experience seasonal or frequent and prolonged waterlogging are charac

terised by a series of related processes that produce highly characteristic gley soil types. 
Waterlogging of part or all of the profile reduces the oxygen available to soil organisms 
in those parts. The organisms turn to other sources of oxygen, including important 

nutrients such as nitrates, phosphates and sulphates, and inorganic compounds such as 
iron and manganese oxides. The metals in the oxides are 'reduced' by the removal of 
oxygen and are converted to soluble forms, which are often different in colour to the 

normal oxidised forms; rust-coloured ferric oxides become blue-grey ferrous oxides, 
changing the look of the soil. The removal of oxygen from nitrates can lead to the loss 
of gaseous nitrogen or ammonia, while sulphate degradation can produce foul

smelling hydrogen sulphide. Periodic waterlogging results in the soil compounds oscil
lating between the oxidised and reduced forms, typified by blue-grey mottles in the 

normal red-brown profile. 

Calcification 

In contrast to soils with excess water, calcification occurs in soils in which rainfall 
penetrates to a certain depth but does not move right through the profile. The best 
examples are found under grassland in dry and warm environments. The infiltrating 
water carries soluble products from the topsoil, often over a long period of time, to be 

accumulated in the B horizon as the water is pulled back up the profile by evapotran
spiration from the ground surface. This produces a calcic horizon, rich in calcium and 
other soluble bases such as magnesium. The topsoil under natural grasslands is often 

deep and rich in mull organic matter, although the humification process is slow, and 

humus, once created, has a life measured in hundreds of years. 

$alinisation 

Dry climates are marked by higher rates of water loss from soil surfaces. In some situa

tions plants can offset that loss by drawing on water collected from surrounding high 
ground and concentrated towards the centre of a natural drainage basin. However, the 
process leads to the accumulation in the upper profile of soluble products, especially 
sodium, left behind by evaporation from the soil surface. The salt-enriched topsoil, 

often marked by crystals on the surface itself, is called a salic horizon. 
In locations where rainfall is slightly higher, there is a gradual separation of 

sodium salts from calcium and magnesium salts, ,through topsoil leaching alternating 
with re-evaporation. Sodium salts accumulate in the topsoil but have the effect of 
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breaking down the organo-clay complexes, releasing the humus particles to be dis

persed through the topsoil and imparting a much darker colouring on the topsoil than 
normally expected. This sod ium-enriched topsoil is called a natric horizon and is very 
alkaline (sometimes higher than pH 9.0). 

S%disation 

In areas where periodically heavy rainfall occurs, the topsoil loses the sodium and 

some of the clay and humus particles dispersed by the sodium. The clay and humus 
combine again and accumulate lower in the profile, and over time the upper horizon 
can become acidic with the loss of the base cations (especially Na, Ca, and Mg). 

Ferral/itisation 

This process characterises so ils that have been developed through long periods of 
weathering in warm or hot, moist cond itions. Weathering proceeds rapidly, comple
mented by the rapid growth of vegetation and rapid breakdown of the organic mater
ial returned to the so il. In these old so ils, clays in the topsoil are broken down by 

weathering to release the constituent elements, notably silicon, aluminium, and iron. 
Iron and aluminium are precipitated in the topsoil as hydrous oxides, while the silicon 
is moved down the profile. Some silicon is used to create new kaolinite clay particles, 
with the remainder being leached from the so il column. Topso ils are usually marked by 

a red coloration because of the high amounts of iron, and have low concentrations of 
the base cations. The subsoil shows long-term build-up of kao linite, with low cation 
storage and exchange properties, coated with the hydrous oxides, which can develop 

either negative or positive charges according to the pH of the soil. This horizon is 
called an oxic horizon. Much of the nutrient load of the soil is transferred over time to 
the plant biomass, which recycles the nutrients very efficiently through the organic 
matt on the soil surface. 

Many other processes are found in so ils, and there are many other diagnostic hori
zons. However, these main processes provide a valuable base for understanding the soil 
types of New Zealand. 

Classifying New Zealand soils 

During the early years of soil sc ience in New Zealand, the classification schemes 
developed in the Northern Hemisphere were seen as providing a basis for organising 
the growing information about New Zealand soils. The zonal soil concept was very 

important. It grew out of the studies of so ils in the major land masses of North Amer
ica and Russia, where large areas were seen to have the same soil and vegetation char
acteristics, largely determined by the climate of the zones. Hence the backbone of any 
classification was the zonal differentiation of soils on the basis of broad climatic 

regions. In places, unusual parent material or recent geomorphological or geological 
activity would result in soils that differed from the expected zonal pattern. These were 
recognised as intrazonal (parent material or marked topographic difference) or azonal 
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(little horizon development, by virtue of the recent origin of parent material such as 

wind-blown sand, alluvial deposits, and volcanic ash). 
In 1948 a formal classification of New Zealand soil, based on the genetic concepts 

embodied in the zonal, bioclimatic approach, was devised (Taylor & Pohlen, 1968). 
The main soils types are shown in Table 19.6. Zonal so ils were labelled 'earths' (as in 

yellow-grey earth), while intrazonal and azonal soil types lacked that descriptor. The 
classification has been very successfu l in providing a simple explanatory framework for 
understanding so il variation in this country. However, it was found to be less useful for 

detailed work on local soils. The criteria for classifying a so il were often vague, with a 
high degree of reliance on the judgement of the field soil scientist. Not infrequently, 

so ils were primarily separated on the basis of local climate and topographic factors that 
were assumed to be reflected in changes in soil characteristics. 

Table 19.6 The main types of the 1948 genetic classification of New Zealand soils. 

Zonal 

Brown-grey eal-ths 
Yellow-grey eal-ths 
Yellow-brown earths 
Podzols 
Gley podzols 

Intrazonal 

Yellow-brown sands 
Yellow-brown loams 
Yellow-brown pumice soils 
Brown-granular loams 
Brown-granular clays 
Red loams, brown Ioams 
Rendzina 
Organic soils 
Saline soils 
Gley soils 

Azonal 

Recent 
Skeletal/steepland 

By the 1980s a great deal of dissatisfaction had built up with respect to the older 
classification. New Zealand so ils are much more variab le than those of the major con
tinental areas, particularly with the country being positioned on the boundary of two 
major tectonic plates. As previous chapters have shown, the New Zealand landscape is 

still very dynamic, through geomorphological processes or more fundamental geologi
cal processes. A more complete and rigorous classification was required, one that 
would provide greater certainty especially at the local level. Trials with the US system, 
called the so il taxonomy approach, showed the merits of devising a new classification 
based on a different philosophy, one in which classification is based on measurable 

characteristics of the soil, reducing the role of judgement or the use of presumed for
mative factors. Diagnostic horizons play an important role in the new approach. In 
1992 the new classification scheme for New Zealand soils was published (Hewitt 

1992), following several years of development and testing. 
The classification identifies 15 soil orders, the broadest categories of soil type. 

These are defined on the basis of diagnostic horizons or other specific differentiating 
criteria (Table 19.7). Each order is broken down into groups, and then subgroups, on a 

hierarchical basis. In general terms the new classification shows similarities to the old 
system, as one would hope if the so il variations are real and can be suitably charac
terised. However, the new classification provides a more ordered arrangement, based 
on the extensive information now ava ilable on profiles throughollt the country. Also, 
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the soil orders are not arranged within any broader genetic framework, unlike the old 

class ification, which used temperature and rainfall regimes to relate the zonal soil 
types. The emphas is is on the soils as they are observed, and the categories that can be 

developed to group them on the basis of those observed features. 

Table 19.7 The orders of the revised New Zealand so il classificat ion. 

Allophanic 
Anthropic 
Brown 
Gley 
Granular 
Melanic 
Organic 
Oxidic 
Pal lic 
Podzols 
Pumice 
Raw 
Recent 
Semi-arid 
Ultic 

Hewitt (1992) 

A llophane-dominated 
Strongly affected or created by human actions 
Leached, weathered soils, may have argillic horizon 
Affected by waterlogging 
Strongly weathered volcanic rocks, clay soi ls 
Dark topsoi ls, on basic parent materials 
Peaty soi ls 
O ld, stl-ongly weathered soils: oxidic horizon 
Pale, less weathered: often fragipan, in loess 
E horizon, subsoil accumulation of iron, humus, etc. 
Pumice-dominated 
N o distinct topsoil as yet 
Topsoil marked, but rest of profile poorly developed 
Calcic horizon at depth, dry localities 
Old, long-weathered, argi ll ic horizon 

New Zealand soil types 

Each of the 15 soil orders is briefly described here; for fuller descriptions, refer to 
McLaren and Cameron (1996). Hewitt (1992) provides detailed characterisation of 

the orders, and a key to allow soil profiles to be assigned to groups and subgroups. The 
descript ions below fo llow Hewitt's alphabetical listing, which de-emphasises the 

genetic model of the old system. 

Allophanic soils 

These are soils with a high proportion of allophane, often derived from the weathering 
of older volcanic ash deposits in higher rainfall areas (over 1000 mm per year) . They 
are mainly found in the North Island (especially Taranaki and Waikato), but a lso in 
South Island high-country soils, where they are derived from acid greywacke or schist. 

Physically they often have a high porosity but with good water storage characteristics, 
and low bulk dens ity. Allophane soils are generally good for plant growth but are 
marked by very low concentrations of base cations; the ch arge sites on the a llophane 

particles vary with soil pH and will often be positive, presenting problems for land 
managers. 

Anthropic soils 

These are simply the new so ils that humans have created in the New Zealand land
scape by their various activities, usually inadvertently. They are often linked with 
urban areas, or where extractive industries such as mining have created overburden 
and other surface deposits, or have reworked the soi l extensively with earth-moving 



The Biological Environment 

machinery, including removal of topsoil to leave truncated profiles. The original fea

tures have been lost through mixing of horizons, incorporation of new materials, trun
cation, or simply by burying the original soil under substantial amounts of new 
material (with delightful, and intentional, irony, this last group is termed 'fill 
anthropic'soil). 

Brown soils 

These soils comprise the most extensive soil type in New Zealand and reflect the pre

dominance of leaching processes in the soils of many areas of the country, particularly 
where annual rainfall exceeds 1000 mm. They occur on a variety of parent materials, 
but mainly weathered schist and greywacke, and acidic igneous rocks. Usually well 

drained and with good structure, the Brown soils are low in bases and have low to 
moderate acidity. Their brown coloration comes, in part, from the presence through
out the upper profile of iron oxides, which, together with aluminium oxides, tend to 

coat the 2:1 clays that typify this soil type. These soils would originally have been 
under forest vegetation in most areas. There are a number of groups within this order, 
reflecting the influence of particular parent materials, or topographic position, that 
introduce some of the characteristics found in other soil orders. 

G/ey soils 

As indicated earlier, gleys are associated with soils that are temporarily or permanently 

waterlogged. Changes in soil chemistry, in particular, result in distinct features, espe
cially in colour, nutrient status, and physical properties. They are associated with such 
areas as estuaries or river flood plains where groundwater can rise close to, or remain 

at, the surface for periods of time, and with topographic depressions where drainage is 
impeded by features such as iron pans or fragipans (physically compacted zones, typi
cal in silty subsoils in Pallic soils). 

Granular soils 

Mainly found in the Waikato and South Auckland areas, these soils are the result of 
prolonged weathering of old volcanic tephra under moist, warm conditions, to pro
duce soils dominated by kaolinitic clays, mixed with 2: 1 clays of the vermiculite group. 
The high clay content, usually marked by an argillic B horizon, makes these soils 

sticky and heavy to work when wet, and drainage is slow. Nutrient status is low, 
reflecting the degree of weathering they have experienced, although the presence of 
vermiculite, one of the most reactive of the clays, means they have reasonable poten
tial for cation storage. 

Melanic soils 

The name of this soil order is derived from the dark coloration of the topsoil and 

reflects the influence of two broad types of parent material: calcareous and basic 
igneous. The high concentrations of calcium and/or magnesium in the parent materi
als promote rich topsoils, weakly acidic or weakly alkaline, with high organic matter 
content, good structure, and high base saturation (i.e. the cation exchange sites are 
dominated by base cations). The soils tend to be characterised by clays of the 2: 1 
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smectite group (such as montmorillonite), contributing to the structure and fertility of 
the soil. On calcareous parent materials, the topsoil coloration is mainly due to 

organic matter, but on basic igneous parent materials, dark-coloured magnesium and 
iron silicates contribute to the coloration. These soils are usually found in localised 
areas throughout the country, reflecting the patchy occurrence of specific parent 

materials. 

Organic soils 

Organic soils are naturally characterised by the dominance of organic material over 
inorganic material and are typically found in two main locales: wetlands, where peat 

has built up, and under coniferous-dominated forest vegetation in high rainfall areas, 
where decomposition of the organic litter is slow. The soils often have a high cation 
exchange capacity, but, being derived from humus particles, this varies with the pH 
of the soil. The range of nutrients available for plants is often low, especially in peats 

naturally subject to high water levels. Soil strength is low, with a lack of binding of soil 
particles, owing to low clay content. Most organic soils are prone to shrinkage on 

drying out. 

Oxidic soils 

Soils in this order have experienced the process of ferrallitisation, described earlier, 

and in consequence are characterised by an oxidic (= oxic) horizon: a build-up of 
kaolinitic clays, formed in situ from degradation products of earlier weathering, 
together with coatings of iron and aluminium oxides. The topsoil is often friable, with 

good structure and drainage, despite the clay content. However, as a consequence of 
the strong weathering regime, oxidic soils have low nutrient reserves and low cation 
exchange capacity, owing to the nature of the clay fraction. This soil type occurs north 
of Auckland on land surfaces that, apart from sea-level changes, have seen minimal 

disruption and comparatively little rejuvenation of the land surface during the past 
several hundred thousand years. In places the parent material is conducive to the pro
duction of haematite (a form of iron oxide), resulting in a striking red coloration in 

the soils; generally, the soils are of a rich brown colour. 

Pallic soils 

As the name of the order signifies, these soils are pale, as a consequence of slower 
weathering processes experienced in the dry climates on the east coast of the South 
Island, and the south and east coast of the North Island, with water deficits common 

over the summer months. But the other important factor is the parent material, which 
is usually loess, the wind-blown silt from the extensive outwash plains that existed at 
the height of previous glacial advances. The silt particles in loess can pack close 
together, and as a result of mechanical sorting through wetting and drying cycles over 
a long time period, many Pallic soils have a dense, compacted fragipan in the B hori

zon, which can form a barrier to drainage and root growth. The topsoil is usually well 
structured, with good organic matter, but drainage is often slow because of the domi
nance of silt in the profile. Moreover, physical disruption of the upper soil can result in 
erosion because of the low strength of the soil particles. Lack of strong weathering 
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means that 2: 1 mica and illite clays sti ll dominate the clay fraction, giving high cation 

exchange capacity; there are also good levels of base cations. G iven the geographical 
range of these soils, it is not surprising that there are notable differences in detailed 
features of these soi ls, depending on location. 

Podzols 

The process of podzo lisation was covered earlier, so it is suffic ient here to note that 

this distinctive group of soils has been ass igned its own soil order. Conditions that pro
mote podzolisation exist in Northland and in the wetter parts of the South Island, 
especially on the west coast, in upland areas, and on Stewart Island. Other soils can 
develop certain podzol-like features as a result of extensive leaching, but podzols are 

characterised by the accumulation in the subsoil of iron, aluminium, and humus, usu
ally with the strongly elluviated E horizon between the A and B horizons. The soils are 

acidic to very acidic, with low nutrient status and often high concentrations of alu
minium in solution, which exacerbates the acidity and can cause problems for plant 
growth. In some situations, cemented pans in the B horizon reduce permeability, lead

ing to waterlogging and subsequent gley ing in the upper profile. G ley podzols are 
found under pakihi vegetation on the west coast of the South Island. 

Pumice soils 

The relatively young (700-3500 years) tephras of the central North Island, charac
terised by a high pumice content, support a free-draining, porous soil with a low clay 
content and weak structure . The clay that does occur is largely allophane. Topsoils 

may have comparatively high amounts of organic matter, ensuring a reasonable cation 
exchange capacity (CEC) in the upper profile. On the other hand, the subsoils have 
very low CEC because of the dominance of allophane and the lack of other clays. 

Nutrient status is poor, and there is often a shortage of trace elements. 

Raw soils 

The most dynamic areas of the country are those where water meets land, or the land 
surface is subject to frequent erosion or deposition. The movement of materials on to 
and/or off such land surfaces over short periods of time means that topsoil develop

ment is difficult. These are raw so ils and provide d ifficult conditions for plant life, 
apart from the problems presented by the dynamic processes operating in the environ
ment. They are found at beaches , in estuarine locations, on steep mountain slopes , 
and other similarly dynamic locations. 

Recent soils 

These soils are only beginning to show the first signs of horizon development. They 
tend to occur on parent materials that have been exposed or laid down in the recent 
past and have developed a full vegetation cover. A topsoil is usually well defined, as 

organic matter builds up, but B horizon development may not be obvious. Given that 
the parent material is often only weakly weathered, the so ils usually have high n utri
ent status but a poorly developed structure. 
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Semi-arid soils 

The driest parts of New Zealand, in the inland bas ins of Central Otago and the 
Mackenzie Country, support soils that can be surprisingly old but have immature pro

files. They are the semi-arid soils, where annual rainfall is well below 500 mm, and are 
often defined by the presence of a calcic horizon at about 1 m depth. Some soils also 
have argillic horizons in the subsoi l. Topsoils are usually thin, pale brown to brown, 

with low organic matter and a rather weak so il structure. C lay content is often low, 
and the clay fraction is dominated by mica and illite minerals, with very high levels of 

iron and aluminium oxides, further indications of the lack of weathering in the dry 
conditions. The so ils have good supplies of base cations, but the ir CEC is low, owing 

to the low organic matter and clay contents. 

Ultic soils 

The last so il order comprises so ils developed in the clay-rich, weathered products of 
acidic igneous rocks or siliceous sediments. They are located in the warm, high rainfall 

areas of the north of the North Island , as well as the Wellington region and the north 
of the South Island. The so ils are ac idic and are undergoing strong weathering and the 
breakdown of clays in the topsoil. C lays, clay-breakdown products, and humus can all 

be eluviated from the topso il and accumulated in the B horizon. A luminium, in par
ticular, can show marked accumulation in the B horizon, to the extent that it may 
cause problems for plant roots. Because of the strong weathering, these so ils are of low 
nutrient status. 

The geography of New Zealand soils 

The soil map of New Zealand (Figure 19.6) provides an overview of the spatial distri
bution of the 15 soil orders at the national leve l, and it is clear from the map that cer
tain generalisations can be made about the link between particular soi l orders and the 

broad features of the environment within which they occur. 
It has long been observed that there ex ists a basic relationship between major soil 

types and the broad patterns of temperature and precipitation across the country. 

Indeed, the old genetic class ification used this as the underlying basis for differenti
at ing classes of soi l. We can see, therefore, simple patterns such as the change from 
Semi-arid so ils in Central Otago, to Pallic so ils and then Brown so ils, as the ra infall 

increases closer to the coast or with elevation, and fina lly to Podzo ls on the wet west 
coast of the South Island. However, the country can also be subdivided on the basis 
of comparative tectonic stability, and the presence or absence on the land surface of 
drift depos its (loess, tephra, alluvium, etc. ). O'Connor (1993 ), for example, has 

identified 14 natural provinces, based on the work of Molloy (1988) (Figure 19.7). 
Table 19.8 is an adaptation of O'Connor's original table, reflecting the new soil order 
names and focusing on the natural characteristics of the provinces together with their 

assoc iated so il features. Broad geographica l patterns can be seen. The older land sur
faces of the stable north support the Granular, O xidic, and Ultic soi ls, a ll of which 
reflect long periods of weathering, with little rejuvenation from drift deposits. T he 
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Figure 19.6 The soil map of 
New Zealand, using the 
classification of Hewitt (1992). 
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Figure 19.7 Natural provinces of New Zealand. (Redrawn from O'Connor 1993) 

tephra- influenced region of the North Island is marked by the extent of Pumice and 
Allophanic so ils in particular. To the east and south of the North Is l~nd, the so ils give 
way to Brown soils on the wetter sites, and Pallic so ils on drier, often loess- influenced 

sites. 

Table 19.8 Physica l and soil characteristics of 14 landscape provinces of New Zealand. 

Landscape province 

Northland
Coromandel 

Physical and soil characteristics 

Relatively o ld stable volcanic and sedimentary landforms, in ,a warm humid climate; 
Brown, Granular, and Oxidic soils on volcanic rocks; Brown and Ultic soi ls, and (kaul'i) 
Podzols on sedimentary rocks; Gley soils on alluvium, and extensive coastal sands 
(Raw/Recent soi ls) . 



Landscape province 

Waikato-Te Puke 

Central Volcanic Plateau 

Taranaki-Wanganui 

Rangitikei- Manawatu 

Eastland 

Raukawa 

Northwest Nelson 

Western lowlands 

Western barrier 

Eastern range and basin 

Canterbury plains 
and downs 

Otago block and basin 
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Physical and soil characteristics 

Lowland coastal and basin alluvium and intervening greywacke hills capped with 
Tertiary deposits, all mantled with ancient tephra, in a mild humid climate; extensive 
Allophanic and Bmwn soils, with significant al"eas of Ol"ganic and Gley soi ls. 

Volcanic landfol"ms on uplands grading to coast with youthful tephra of varied 
pumice character, in mild to cool subhumid to humid climates; Podzols on higher 
ground, extensive Pumice soils elsewhere, and some Raw (volcanic) soi ls. 

Volcano, ringplain, and steeply dissected Tertiary sediments, in mild humid climate; 
Allophanic soils on the ringplain give way to Bmwn soils on the interior hill country 

Dissected hills and terraces on uplifted marine and coastal sediments, extensive 
dunes and alluvium, in mild subhumid to humid climate; Raw/Recent soils on dunes 
and alluvium, Pallic soils on loess-covered terraces, downs, and hills, giving way to 
Bmwn soils on higher ground; Gley and Organic soils locally important. 

Shattel"ed hills of deeply weakened uplifted late-Cretaceous and Tertiary coastal and 
marine sediments, with Taupo tephl"a in centl"al west, in mild subhumid to humid 
climate with dry summel"s. Soils of northern sectol": Recent (tephl"a and al luvium), 
Brown and Pumice soils; central sector: Recent (alluvium), Pumice (to the nOI"th), 
with Pallic soil on downs and terraces, thmugh to Bmwn soils on higher ground; 
southern sector: Brown and Pallic soils. 

Relatively stable steep hills of Mesozoic and late Palaeozoic rocks, including 
ultramafics of the Nelson Mineral Belt. bounded on the west by the Moutere 
Depression of greywacke river gravels, now in finely dissected hills, downs and flood 
plains, in a sunny, mild humid climate; Brown soils predominate, from low to high 
country, with Ultic and Recent (sands, alluvium) soi ls locally important. 

Compl"essional ranges of tertiary deposits on basement rocks with smaller rivers 
following fault angle depressions in extensive tablelands, in cool perhumid climate, 
and limited coastal lowlands with mild humid climate; Podzols, Bmwn soils, and locally 
Recent (alluvium) soils, with Melanic (calcareous) and Organic soils locally significant. 

Extensively glaciated lowlands in a nalTOW coastal belt below high mountains and 
with intervening hills and moraines between flights of river-cut terraces, in a mild per
humid climate; Podzols and Gley (podzols) on older surfaces, Brown (acid) soils on 
younger sUliaces; Recent (alluvium, sands) important; Organic soi ls more localised. 

In the south, hard crystalline gneiss and granodiorite mountains deeply glaciated to 
fiords, superhumid mild to cool climate; Brown (acid) soils and Podzols predominate. 
In the central and northern sectors, softer schist mountains, to the west of 
intermediate greywacke, al"e deeply glaciated and further dissected by high 
precipitation; young surfaces, more stable with Podzols, elsewhere Raw soils. 

Mostly gl"eywacke fold mountains extensively glaciated in the west, dissected by 
valleys and largel" basins in mountain (upland) zone, with cool to cold, subhumid to 
humid climates with warm dl"y summel"S; in basins, Brown (acid) with Brown (stony) 
on the terraces; uplands have related soils trending to Podzols; southern basins with 
Pallic soi ls on terraces and foothil ls. 

Coalescing outwash fans from fluvio-glacial systems in west, with ml ling loess
covered downs and low hills of tertiary origin, and a cool to mild subhumid climate 
with droughty summers; Pallic soils in Marlbomugh, Canterbury. and North Otago 
hills and downs, Brown (stony) soils on outwash terraces from Wairau to Waitaki, 
with Gleys and Recent (alluvium) soi ls locally important. 

In western sectol~ schist mountains al"e deeply glaciated with extensive valley 
systems, and a humid, cool to cold climate; Brown (acid) soi ls. In central and eastern 
sectors, unglaciated schist block mountains al"e uplifted and tilt ed between broad 
basins, with humid, cold upland climates, and semi-al"id to subhumid cool climates in 
basins with warm to hot summers; Bmwn soils on summits and steep lands, Pallic and 
Semiarid soils on foothills and in basins. 



374 The Biological Environment 

Landscape province 

Southland Lowlands 

Physical and soil characteristics 

Northern zone: low hil ls of Tertiary sediments from Shag Point to Balclutha, and of 
Southland Syncline rocks from Clinton to Mossburn, loess-covered in a cool to mild 
subhumid climate; Pallic soils, with Clutha and Taieri Recent (alluvium) and Gley soils. 
Central zone: south of Murihiku Escarpment, Southland Syncline rocks and interven
ing Mataura, Oreti and Aparima alluvium are loess-covered, in a cool subhumid 
climate; Brown soils, and Recent (alluvium) soils, t rending to Brown (acid) and Brown 
(stony) on glacial outwash and moraines of the Te Anau Basin. Southern zone: on 
the hills and depressions along the coast, from Waiau to Tautuku, in humid, cool 
climate, soils often Podzols, with Organic and Gley soils locally important. 

Adapted from O 'Connor ( 1993) 

The situation in the South Island is simpler, the longitudinal pattern of so il types 

reflecting the central role of the alpine spine in determining ra infall patterns across 

the island. The wetter regions to the west, the far south, and in the mountains support 

Podzols, while to the east, much drier conditions and a loess-enriched parent material 

h ave resulted in extensive areas of Pallic soils. Between the two is an extensive buffer 

zone of Brown soils, where water supply is enough to encourage weathering and leach

ing processes without reaching the extremes of the podzols. In the driest localities, in 

the inland basins of Otago, the Semi-arid soils are found. 

Summary 

New Zealand has representatives of a ll the major soil groups of the world (Hewitt 

1996), which is indicative of the surprising degree of pedodiversity in a country of this 

size . At the same time, there are a number of distinct features of New Zealand soils 

that mark some of them as being distinct from soils in other parts of the world, reflect

ing the particular combination of environmental factors that have been operating dur

ing their development. As Hewitt (1992) notes, it is important that we understand 

these similarit ies and d ifferences if we are to take advantage of work overseas in devel

oping environmental standards for so ils, or if we wish to investigate the eco logical 

significance of so il in relation to local flora and fauna. Ultimately, of course, better 

understanding of so il enhances our understanding of the linkage between the envi

ronmental processes that have moulded, and continue to mould, the landscape around 

us. Increasingly, that includes the anthropogenic factor, which emphasises the need 

to have well-developed theories about natural soil formation processes if we are to 

appreciate the effects of people and their activities. 

Further reading 

Hewitt, A.E. 1992, New Zealand Soil Classification, DSIR Land Resources Scientific 

Report No. 19, DSIR Land Resources, Lower Hutt. 

Hewitt, A.E. 1996, 'Are New Zealand soils distinctive? A subterranean view of NZ 

ecosystems' (Norman Taylor Memorial Lecture 1996), NZ Soil N~ws, vol. 45, pp . 

7-16. 
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