
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



Soil Mapping, Compilation and Land Evaluation of 

Motueka, Riwaka and Moutere Valleys 

A thesis presented in partial fulfilment of the requirements 

For the degree of 

1asters of Applied Science 

In 

Natural Resource Management 

Massey University , Palmerston orth 

Paul Jerem y Nelson 

2003 



Abstract 

The development of a soil map of the Motueka area, along with the supporting 
documents was completed during this study. This was achieved by the verification of 
an old poorly documented paper soil map . Primary Solutions Ltd initiated this project, 
but Tasman District Council provided the funding and assistance during this project 
The project was developed as it was realized that there was significant potential for the 
map to be expanded and therefore better utilized . 

Validation of the original map was done by auger observations during extensive 
fieldwork It was found that the paper map provided a reasonably accurate portrayal of 
textural distinctions, but lacked definition for drainage classes . Some reclassification of 
the map was therefore undertaken , and two new soil series were developed (the Ferrer 
and \fotueka) to compliment the existing seven series (Riwaka , Umukuri , Sherry, 
\1aori , Hau, Braebum and Tahunanui). Some areas of the Ferrer series still exist within 
the Rivv-aka series as they could not be extracted due tot eh timeframe of this study. 

Soil physical and chemical analysts was also carried out on four of the most extensive 
and intensively used soils (Riwaka, Umukuri , Sherry and Ferrer) . The Umukuri soil had 
the most suitable results from the tested physical factors , while the Riwaka came out as 
the poorest The Riwaka was the most chemically fertile soil , while the Sherry was the 
least fertile 

Current land use in the study area (a total of 4355 ha) is dominated by apples (30% or 
1261 ha) and pasture (28% or 1207 ha) Other horticultural crops with significant areas 
in the study area are kiwifruit (499 ha), hops (218 ha) and blackcurrants (87 ha). There 
is limited potential for expansion of the more intensive land uses onto pasture, as the 
pasture is generally located on stony or wet soils making them unsuitable for 
horticulture . 

Land evaluation results demonstrated that all the sampled soils generally were well 
suited to hop, blackcurrant and kiwifruit The Umukuri soil however was rated the most 
suitable, while the Sherry rated the poorest 
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C HAPTER O NE 

Introduction 

Soil maps provide an insight into the distribution of soils within a selected area. 

Understanding this distribution is a significant benefit to land managers and others 

involved in land based decision making responsibilities . Soil is a very important and 

complex resource that can be easily damaged , but difficult, if not impossible to repair 

within the human time scale. Understanding the attributes and limitations of individual 

soil units therefore can assist m managing the soil resource . 

While the identification of soils has been occurring for many thousands of years, the 

study of soils as an independent science is relatively new The German scientist A 

Fallou introduced the tem1 ' pedology' in 1862 (Yaalon and Berkowicz, 1997), from 

which soil science has grown Soil surveying was born in ew Zealand in 1920 when 

Theodore Rigg together with J Bruce carried out a survey of Waimea County. 

ationally, the coverage of ew Zealand ' s soil resources is patchy. There are many 

publications between the scales of 1 :1,000,000 and 1 50,000 that depict the distribution 

of soil from national through to regional scales . Soil publications at scales greater than 

1 :50,000 are rare . This is predominately due to the significantly higher costs and time 

involved with producing detailed maps . As land use and knowledge on the processes 

that contribute towards increasing production have intensified and increased, so has the 

need for such maps . 

Soil maps for the Motueka area are currently inadequate for use by interested parties . 

The most detailed published soil map has a scale of 1 126,720 (Chittenden et al. , 1966). 

Soil mapping, compilation and land evaluation of Motueka, Riwaka and Moutere Val leys 6 



Recently soil maps of various valleys within the region at scales as detailed as l : l 5,000 

have been rediscovered by the Tasman District Council (TDC), but lack accompanying 

documentation to enable their use. It is unknown who produced these maps that are no 

more than a sheet of paper with an unlabeled illustration. To utilise these assets it was 

recognised by Primary Solutions - an organisation set up to produce a Land Use 

Parameter Database for the elson Region - that documentation of these maps was 

needed. Jeremy Cooper (project co-ordinator of Primary Solutions) contacted Massey 

University on behalf of the TDC in an attempt to find personal who could undertake the 

documentation of the soil maps . This thesis was designed to meet this need . 

1. 1 Problem Statement 

The TDC has various paper soil maps of the va lleys within its region surveyed prior to 

195 l but no documentation of the soil units The TDC needs to know what each soil 

unit depicted on the map represents, and which soil units are significant for land use 

management deci sions . 

1.2 Aim 

Produce a 11 ·orkahle and meaning/iii soil map and supporting documents.fi·om detailed 

hut poorly documented paper soil maps of the l\l!o tueka area. 

1.3 Objectives 

The objectives of this study are to: 

l . ground truth the paper maps ; 

2. characterise soi ls on the paper map; 

3. generalise the paper map where necessary; 

4. create detailed soil map; 

5. select four of the most extensive soils for detailed analysis ; 

6. provide recommendations; and 

7. provide examples of applications of land evaluation. 

Soil mapping, compilation and land evaluation of Motueka, Riwaka and Moutere Val leys 7 



CHAPTER T\VO 

Physical Resources of the Region 

2. 1 Location 

Figure 2.1. Extent of the existing soil map. 
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The study area encompasses the flat floors of the Ri waka, Motueka, and \1outere 

Valleys covered by the existing soi l map (figure 2.1 ), an area covering approximately 

4355 ha. The area sits on the :\1outere depression, which is a collection of extremely 

deep (up to 2500m) gravels between the Richmond-Bryant Range and the Tasman 

\1ountains forn1ed during the uplift of the Tasman \fountains and elson Range 

(Rattenbury et al. , 1998) 

2.2 Geology 

The geology of the region is varied, but has been in tensively studied and recorded. 

Detailed maps covering parts of the study area have been produced at a scale of 

1 :50,000 by Johnston ( 1982), and a scale of l :63,360 by Grindley ( 1980) and Coleman 

( 1981 ). The Institute of Geological and Nuclear Sciences Ltd. undertook the most 

recent compilation of the geology, during their Q\tlap project (Rattenbury e t al., 1998). 

This publication gives a general description of the regional geology at a scale of 

l :250,000, and is avai lable in geographic infom1ation systems (GIS) fo rmat. This 

publication was produced by the generalisation of existing geological maps (primarily 

at a scale of I :50,000 or I :63,360) augmented by new data. It does not cover the entire 

\1otueka Catchment as it excludes the headwaters region in the South, which will be 

included in the Kaikoura Q\IIAP publication which is scheduled for publication in 

2005 . However, the headwater region is not significantly geologically different from 

the middle reaches of the catchment. 

The :vlotueka Ri ver catchment covers a substantial area (approximately 2200 km 2) and 

has diverse, but distinctive geology (figure 2.2). The lower and mid (northern) region 

of the catchment is dominated by Early Cretaceous granites and Late Pliocene to Early 

Pleistocene gravels (Moutere Gravels) (Rattenbury et al., 1998). The upper catchment 

is predominantly Early Pem1ian ultra-mafic, and Triassic sandstone/siltstone units in 

the east. Ordovician limestone, marble, and middle Devonian calcareous mudstone 

dominate in the west. 

The Riwaka Valley is geologically complex with several different units within the 

catchment (figure 2.2). The rock types are primarily Late Ordovician limestone (and 

Soil mapping, compilation an<l lan<l ernluation of Motueka. Ri\~aka an<l Moutere Valle\·,; 9 



marble) in the headwaters , Silurian schist, Late Devonian gabbro and clinopyroxenite in 

the mid valley, and Early Cretaceous granite towards the bottom of the catchment. 

There are also numerous small side catchments where the sediments produced can be 

considerably different from those that fom1 the general Motueka and Riwaka 

Catchments . An example 1s the small Brooklyn Valley catchment, where granites 

dominate the geology. 

The Moutere Catchment is a very unifom1 catchment geologically, as it is entirely made 

up of the Moutere Gravels . These gravels are horizontally bedded, well rounded 

pebbles and cobbles of quartzose greywacke which are held within a clay-sand matrix 

The age of the gravels is thought to be Late Pliocene to Early Pleistocene (Rattenbury 

et al. , 1998) 

Soil mapping, compilation and land evaluation of Motueka, Riwaka an<l Moutere Valleys 10 



Figure 2.2. Geology of the Motueka and Riwaka Catchments (adap tedfi'om Rattenbury 
et al., l 998). 
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2.3 Climate 

The elson region is renowned for its sunny wam1 climate, wi th :vtotueka res idents 

frequently claiming to have the best climate in ew Zealand. The climate in Motueka 

is regionally distinct (figure 2.3 ), predominantly due to the effects of the surrounding 

mountain ranges. 

16 0 
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12 0 
11 0 
100 
so 
80 
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30 

. 20 

Mean Annual Temperature (' C) Mean Annual Rainfall (mm) Annual Hours of Bright Sunshine 

Figure 2.3. Climate summary of the region (adapted.fi-0111 \ttackintosh, 2001) 

There is little accessible recent climatic information, but there is plentiful published 

information for the period from the mid 1940's until the early 1980's. The 'Summaries 

of Climatic Observations to 1980' was compiled by the ew Zealand \;leteorological 

Service (NZMS) ( I 983 ). The climatic information discussed in th is chapter is extracted 

from this publication unless referenced otherwise. There is also a climatic study 

currently being undertaken by a masters student, Glenn Waterland of Canterbury 

Uni versity. This study should provide an insight into the climatic variations that are 

occurring at selected locations within the Motueka area. 

2.3. I Temperature 

The study area is very temperate, more like the North Island than the majority of the 

South Island. Mean annual temperature is I 2.5°C at the Riwaka HortResearch site. 

Seasonal temperature variations are significant with January and February typically 

having the highest monthly means of 17.4°C, and July being the coldest month, with a 
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mean temperature of 7.0°C. The annual mean daily range is a lso high at 11 .1 °C, and 

does not change much with the seasons. 

In general, the temperature is warmer nearer the coast, while the valleys tend to be 

co lder especially early in the morning and evening. 

2.3.2 l?ai11/all 

Annual rainfall 111 the e lson 

region ranges from 950 mm at 

the coast from Ru by Bay to 

elson City, to over 5000 mm in 

the Ranges Rai nfall data 

coll ected by the TDC indicates 

that there is considerable local 

variation within the s tudy area, 

"vi th a low of 1200 mm at 

\ltoutere Inlet, and up to 1600 

mm in the Riwaka Valley (figure 

2.4). Generally as distance from 

the sea and/or altitude increases 

so does rainfall. Ylean annual 

rainfall fo r the period between Figure 2.4. Rainfall lsohyets for the study area. 

1956-1 980 at the HortResearch 

site on Old \!till Road was I 38 1 mm. 

]. 3. 3 S1111sl,i11e !,ours 

Sunshine hours in the study area are extremely high compared to the rest of New 

Zealand. This may be due to the effect of the surrounding mountains and the direction 

of the prevailing wind, which creates a zone of clear skies. Average annual sunshine 

hours are in excess of 2400 at the Riwaka HortReseach s ite . Monthly variations in 

sunshine hours are not great, but temporal summer months have more sunshine hours 

with January averaging 264, while the winter month of June has the least, at 146 hours. 
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].3 . ../ h-osts 

Frosts a re common in the study area. Typically there are 82 days of ground frosts, and 

31 days of air frosts at the Riwaka HortResearch site annually The majority of the 

frosts occur during the months of \'lay to September, with the greatest occurrence in 

July with an average of 19.3 and 11.4 days of gro und and air frosts respectively. 

Frosts do not commonly occur in the months of No\ember to \ 'larch, with an a\erage 

of only one ground frost during this period each year 

].3.5 Wi11d 

The lack of wind in the study area is a signi fican t fea ture. Annually there is an average 

of 136 kilometres of daily wind run, compared to 646 at Well ington Airport (Goulter, 

1984). W in te r months are generally less windy with June and July having on average a 

wind run of 1 02 km, while ovember is generally the windiest mon th with a daily wind 

run of I 74 km. 

].3.6 J:\ ·apora1io11 

Pan evaporation is significant with an a\erage of 1105 mm annually. This is likely to 

be due to the high levels of sunshine. January has the highest of l 79 mm, while the 

lowest reading is typically in July with 27 mm. For the months between ovember and 

March levels of evaporation are greater than rainfall . 

].3. 7 Other.femures 

Annually there is on average half a day of snow or hail, l day of fog, and on ly 0 .1 days 

of gale force winds. Winter (1 st \ fay-30th August) chil ling uni ts for Riwaka during 

1998-2002 range between 1176 and 1442 (S nelling and Langford, 2002). 

2.4 Previous so il studies 

The Nelson region hosted some of the earliest soi l science in New Zealand. Sir 

Theodore Rigg of the Cawthron Institute in Nelson carried out numerous s tudies of 

soils in the region as ea rly as l 920, including a survey of Waimea County (Rigg & 

Bruce, 1923). At this time the science of pedology was in its infancy and the methods 
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of soil classification and mapping were developing rapidly. Many of these initial 

studies have provided the infom1ation on which the more recent soil maps of the region 

are based. 

].-1.1 Ru11etins and reports 

In Soil Bureau Bulletin 30, ' Soils of the Waimea County, New Zealand ' (Chittenden et 

al., 1966), the soils are classified in a significant amount of detail. This publication and 

accompanying map at a scale of 1 126,720 divide the study area into six different soil 

senes . Three of the soil series are monotypic while the remaining three are 

differentiated into two soil types . The soil types are the 

• ' Riwaka silt loam and sandy loam' , and the ' Riwaka silt loam (wet phase)' ; 

• ' Maori gravelly sandy loam '; 

• 'Sherry sand and sandy loam ' ; 

• ' Braebum clay loam ' , and ' Braeburn sandy loam '; 

• ' Tahunanui sand ', and 'Tahunanui sand and gra\el '; and 

• ' Hau stony sandy loam '. 

There is a brief typical profile description of each soil type provided in the bulletin , 

with information on the parent material. There are also limited chemical analyses of 

the soils with tests such as pH, phosphorus retention , organic matter, cation exchange 

properties , potassium supplying power, and acid soluble magnesium 

Recommendations for fertiliser applications on each soil are also mentioned. This 

publication is currently used as the main source of soils infom1ation by local bodies and 

interested parties when making land use management decisions . 

The Soil Bureau also completed other reports in the region, primarily by the pedologist 

Michae l D. Laffan One such report was ' A report on a soil investigation of hops in the 

Nelson Region' , an unpublished report produced in 1975 The report and field sheets, 

which are held by Landcare Research , provide a good description of the more 

productive soils of the region . lnfom1ation includes detailed soil profile descriptions of 

all the hop gardens in existence in 1974. The soil variability in each garden is also 

often discussed. The report itself discusses and compares the hop yields on the 
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differing soil types . It finds that hops produce the highest annual yields on the Riwaka 

sandy and silt loams (soils from composite parent materials derived from greywacke, 

granite, limestone, quartzite and basic igneous rocks), where 2400kg/ha of seedless 

hops were produced . The Braebum silt loam and sandy loam (soils wi th alluvium 

deri ved entirely from Moutere Grave ls) produced significantly less hops, with average 

annual yields of only l 350kg/ha. Soil parent material, which effects nutrient status, 

was attributed as the main factor for these differences 

A published report by Laffan (1988) entitled, · A report on the soils of Umukuri Fam1, 

Riwaka ', describes the soils on the property directly east of the current HortResearch 

site on Old Mill Road , at a scale of I :4,000 . This report made use of the soil series 

units from the Soils of the Waimea County (Chittenden et al. , 1996 ) publication, and 

portrays the differing textural and mottling distributions found during auger 

observations. The soil types di sp layed and described are the Riwaka sandy loam, 

Riwaka shallow sandy loam, Riwaka mottled fine sandy loam, Sherry sandy loam, and 

Sherry mottled sandy loam. Detailed profile descriptions of these soils are included. 

This is the only known published source of detailed soil profile descriptions of some of 

the soils in the study area There is no new information on the physical and chemical 

characteri stics of the soils . 

The oldest documented soil in ves tigation found during this masters study was "The 

Maori Gravel Soil of Waimea West, elson ' by Rigg and Bruce (1923 ). This report 

discusses the possible methods the Maori people used to augment soil , as well as a 

physical and chemical description of the soil. While this publication describes the 

Maori soils in the Waimea Plains it is noted that they are very similar to those near 

Motueka. It is suggested in this report that these soils were formed as a result of 

modification for the production of sweet potato (kumara). This was done by the 

addition to the soil profile of gravels and sands, and charcoal obtained by burning 

imported vegetation. This practice had a marked impact on the soil , especially the 

chemical fertility . Analysed soils had a significant increase in plant available 

phosphoric acid . 
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] .-I.] 1-'apers and journal arricles 

As mentioned in Chapter One, it is unclear who and when the paper map was produced. 

There was only one publication found during this study that gave an overview of all the 

soils on the existing paper maps. This was a short paper entitled ' Soils of the Nelson 

District' by Sir Theodore Rigg, which was read to the Grasslands Conference, elson, 

m ovember 1954. In the paper each soil in Waimea County is discussed , but 

particular attention is placed on those used for agriculture. There is a fairly 

comprehensive description of the parent material of each soil as well , but little on other 

physical characteristics. Chemical deficiencies including cobalt, boron , copper, 

molybdenum and magnesium are discussed . 

Rigg and Chittenden (1951) wrote an insightful article entitled ' Classification of land in 

the Waimea County, Nelson , for flue-cured tobacco' . In this article a description of 

how the soils were classed and grouped is explained in some detail. It initially divides 

the alluvial soils in the Waimea County into six soil series based solely on parent 

material s (and thus consequently on chemical fertility) A description of the parent 

materials for each soil series is given . The soil series mentioned are the Riwaka, 

Waimea, Sherry, Tapawera, Motupiko and Maori . Each series is then divided into six 

more subclasses , or soil types as follows . 

I) Well-drained fine sands and sandy loams of good depth and not subject to river 

flooding. The depth of fine sand should be not less than 18 inches (46 cm) 

unless underlaid by sandy loam. 

2) Somewhat similar to those in subclass 1) but with textural conditions less 

perfect, e.g. underlying horizons rather too heavy or alternatively too open . 

3) Gravelly sandy loams and sands with rather open subsoils. This group of soils 

is satisfactory if irrigation can be practised but otherwise the tobacco crop is 

detrimentally affected by drought in dry seasons. Included in this category are 

certain soils liable to occasional flooding. 

4) Soils of a somewhat "heavy" texture for high quality tobacco, and gravelly silt 

loams and light phase silt loams. Good yields are associated with tobacco 

culture on these soils but the leaf is frequently of comparatively poor quality, 

particularly in years of high rainfall. Soils of this textural class, belonging to the 
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Motupiko series with lower inherent fertility, have given much better results in 

so far as quality of leaf is concerned. It is also the case with heavy soils 

belonging to the Riwaka series 

5) Soils w-hich are texturally too hea\y for flue-cured tobacco. These are silt loams 

and light phase silt loams, underlaid by a heavier textured subsoi l. They may 

possibly have some \alue fo r air-cured or fi re-cured but not fo r flue-cured 

tobacco. 

6) Soils which are quite unsuitable for tobacco culture. These include clay loams, 

stony loams, and peaty soils with a high water table. 

These criteria were used to produce maps to spatially depict the occurrence of each 

unit. These maps therefore are not true soil maps, but more, suitability maps for the 

production of flue-cured tobacco. These maps may still exist today, and may c larify 

some of the unexplained additional paper soi l maps of the region, currently held by the 

Tasman District Council. 

An imestigation into the physical and chemical properties of the \ltaori gra\el soil \Vas 

undertal-.en by Challis (I 976). This study had fo ur objectives, which were: 

I . to examine the soil B and C horizons to test the theory of gravel addition: 

,., to prove the presence of a gravel quarry pi t; 

J. to test for any residual effect on soi l mineral content on the process caus ing the 

dark soil coloration: and 

4. to determine the effect of the additional gravel on so il temperature. 

The author concluded that the addition of gravel was done by early \ltaori settlers, and 

that the gravels were quarried from a nearby pit. Charcoal found in the so il pits was 

also analysed and found to be of rimu origin that was dated at 830 (plus or minus 60) 

years before present. The chemical analys is that compared the Maori soil with an 

adjacent unmodified soi l concluded that there is no residual chemical enhancement of 

the soil. However, the soi l temperature of the Maori gravel soil was fo und to be greater 

than the unmodified soil. The author discusses the implications of growing kumara, 

and concludes that the gravel soil would extend the growing season by up to one week. 
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2.5 Historical Vegetation 

Before European arrival much of the Nelson region was covered in forest Beech 

(Nothojagus spp.) forest dominated the steep slopes, while podocarps were abundant in 

the higher rainfall areas, gullies and on the lowlands (Chittenden et al., 1966). 

The \1outere Valley and lower lying land around \fotueka and Riwaka was forested , 

but swampy and commonly flooded . The area of stony soils to the south-west of 

Motueka township was not forested and supported manuka (!,eptospermum spp.), 

bracken (Pteridium spp .), and grasses . Many of the other valleys up the Motueka River 

were heavily forested , with the exception of some of the areas of dry stony soils above 

Tapawera, where manuka, matagouri (l)iscaria toumatou) , and grasses dominated . 

\llaori settlement in the area did have a significant impact on pre-European vegetation 

Much of the coastal belt near \1otueka was deforested This is thought to be due to the 

area having been burnt off, and the lo"v rainfall causing a slow rate of reforestation 

(Chittenden et al. , 1966) . 

2.6 Land use 

Figure 2.5. Intensive land use about Brooklyn, looking east along Old Mill Road. 
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The study area has a favourable climate, with high sunshine hours, moderate rainfall, 

and lack of winds, and therefore is highly suited to a many horticultural crops . Land 

use in the study area is intensive, with little suitable bare land left for further 

development (figure 2.5 and figure 2.6) . Changes in land use would generally involve 

the replacement of one intensive crop for another. While there are significant areas of 

pasture, much of this land is on the less suitable soils , which have limitations such as 

excessive or poor drainage. 

Land uses within the area covered by the soil map were collated during this study 

(figure 2 6) Observations were taken during the fieldwork and later digitised . Land 

use areas can be calculated from this , and co rrelated to soil series (Table 2.1 ). It m ust 

be noted that these land use areas do not contain roads, so there is a slight discrepancy 

(10 ha) between total areas discussed in the soil survey report (chapter 7) 

-
Ferrer Hau Motueka Maori Braeburn Tahunanui Umukuri Riwaka Sherry TOTAL 
Soils Soils Soils Soils Soils Sands Soils Soils Soils 

ha % ha % ha % ha % ha % ha % ha % ha % ha % ha % 

Hops 17 6 0 0 3 2 10 12 0 0 0 0 32 11 150 8 6 3 218 5 

Apples 48 17 305 39 48 38 23 27 171 33 8 5 96 34 517 28 45 21 1261 30 

Pears 0 0 0 0 0 0 0 0 0 0 0 0 17 6 19 1 4 2 40 1 

Kiwifruit 10 4 131 17 11 9 17 20 1 0 8 5 32 11 260 14 29 14 499 12 

Pasture 136 47 160 20 46 36 9 11 314 60 8 4 52 18 382 21 91 43 1207 28 

Currents 1 0 12 2 2 2 3 3 0 0 0 0 11 4 58 3 0 0 87 2 

Grapes 0 0 14 2 6 5 2 3 0 0 0 0 0 0 27 1 0 0 49 1 

Citrus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 

Research 0 0 0 0 0 0 1 1 0 0 0 0 12 4 18 1 0 0 31 1 

Olives 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

Buildings 11 4 31 4 9 7 13 15 21 4 7 4 26 9 128 7 21 10 267 6 
Town-

47 16 125 16 0 0 5 6 0 0 137 77 0 0 236 13 0 0 550 14 Motueka 

Roses 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 1 0 0 14 0 

Raspberries 0 0 1 0 1 0 0 0 0 0 0 0 0 0 5 0 0 0 7 0 
Market 

1 0 0 0 0 0 3 3 0 0 6 4 0 0 14 1 13 6 37 1 
Garden 

Trees 11 4 2 0 2 2 0 0 18 3 4 2 8 3 21 1 3 2 69 2 
Gravel 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 5 0 
Extraction 
TOTAL HA 291 782 128 86 526 178 287 1855 213 4345 

Table 2.1. Land uses and distribution on differing soil series in the Motueka area. 
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Figure 2.6. Land uses on the Motueka soil map area. 

Soil mapping, compilation and land evaluation of Molueka, Rivvaka and Moutere Val leys 21 



1.6. 1 Larly Maori Agriculture 

The impacts of pre-European agricultural practices are still evident in the Motueka and 

Riwaka areas . There are significant sites where there have been modifications to the 

landscape , particularly by the addition of gravels and/or sand and burnt vegetation to 

the upper soil profile (Challis, 1978) The assumed reasoning for this is that it was an 

attempt to increase the fertility , drainage, soil temperature and moisture storage to 

enable the growth of tropical food crops such as kumara, gourd, taro and yam 

(Chittenden et al., 1966; Green, 1975; Challis , 1978). 

1. 6.1 Tohacco 

Tobacco was once the dominant crop grown in the Motueka area, peaking at 763 

growers and 2379 ha in the 1963-64 season (O'Shea, 1997) H Everett produced the 

first commercially grown crop at Umukuri in 1888, but the industry did not flourish 

until 1916 (Gregory, 1976) The demand for this crop began to decline as cigarette 

companies found cheaper, better quality leaf elsewhere. Rothmans , the final company 

with contracted gro wers finall y pulled out in 1996, putting an end to this once 

profitable crop. The legacy of the once strong tobacco industry can still be seen with 

the many abandoned kilns scattered around the countryside. 

During the period of maximum profitability of the tobacco crop, many properties were 

subdivided into small units to provide separate lots for the owner' s siblings . This was a 

common practice as the financial returns for tobacco were so great The result is that 

now the countryside is subdivided into small holdings , with few continuous sizeable 

tracts of productive land. 

1.6.3 Hops 

The climate of Motueka is well suited to the production of hops . Hops have been 

grown now in this area for over 150 years , and have been selected through extensive 

research to become some of the best varieties worldwide . This is due to the high 

proportion of alpha resins , which are intensely bitter and responsible for the desired 

bacteriostatic contribution to beer (MAF, 1997). 
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Many of the growers have invested considerable amounts of capital into processing of 

hops . Hops are harvested and transported to an onsite processing plant which generally 

consists of picking machines that strip the hop cones from the vines , cleaning belts to 

remove leaves and excess vine, and drying systems where kilns are used for drying the 

hops. 

Hops currently occupy 218 ha (5%) of the study area . The majority of the gardens have 

been grown at the same location for many years . Due to the high set up and post 

harvest costs the introduction of new growers into this industry is slow Many of the 

current growers do not solely grow hops and this land use is generally combined with 

apples . 

The recent development of the supercritical CO 2 extraction plant in Nelson 1s a huge 

advantage to the hop industry. This joint venture between NZ Hop Products Ltd and 

Nutri-Zeal Ltd, removes the need to transport comparatively bulky hop pellets to the 

Northern hemisphere for processing, ,Nith jars of resin produced instead. This 

development may assist in reinvigorating the hop industry in ew Zealand. 

].6.-1 Apples & Pears 

The history of apple production in the study area is long and distinguished . Research 

into the growth of apples has been occurring for some time, but has been traditionally 

concentrated on the Moutere gravels . Apple orchards were grown as far back as the 

l 850 ' s, and participation in this land use has increased from there . While the rainfall in 

Motueka is quite high for the production of apples, this is partially offset by the high 

sunshine hours . 

These crops (primarily apples) represent the major land use in the study area at the 

present time, totalling some 1301 ha or 31 % of the study area. This area is significantly 

greater than any other intensive land use. It also equates to more than half of the apple 

orchards in the Tasman District (Statistics New Zealand, 2003). 
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2.65 Ki11'(/i-11it 

The production of kiwifruit in the Nelson region has increased from eight hectares in 

1975 (Hadfield, 1982) to one of the dominant crops in the study area. When the 

production of kiwifruit in ew Zealand had poor financial returns in the early l 990 ' s, 

significant areas of this crop were removed and put into other land uses. However, 

since then kiwifruit production has again increased. 

Kiwifruit is extensively grown around Motueka, and currently occupies 499 ha, making 

it the second biggest horticultural land use tn the area. There are significant areas of the 

new Zespri variety of kiwifruit, with the majority of the recent plantings being this 

variety. 

].66 Berries 

Berries, particularly raspbemes , have been grown in Motueka since the 19th century, 

and include most of the original plantings in ew Zealand (\tlAF , 1998) Details on the 

historical statistics of raspberries in New Zealand are unclear and unreliable with man y 

discrepancies (MAF, 1998). It is evident, however, that the Nelson region provides a 

significant proportion of the national raspberry crop. 

Current levels of berry production were found to be minimal within the study area. In 

total there was only seven hectares identified as being in berry production. The main 

type of berry grown is raspberry . 

].6 7 Rlackc11rra11ts 

Historic data on the blackcurrant production in the Nelson indicates that this was never 

a prominent land use. Langford and Mavromatis (1981) reported that total numbers of 

growers in the Nelson/Marlborough region peaked at nine between the seasons of 

1975/76 to 1979/80. The area planted by these growers was small, reaching a 

maximum of 37 ha in the 1979/80 season. 

Blackcurrants are now a significant land use, occupying 87 ha. While this area only 

equates to two percent of the study area, the land use is the fourth most dominant 
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Currants are grown in five large areas , which is rare for land uses in the study area. 

The current end uses for blackcurrants are varied , including jams, juices, frozen and 

pies . 

2.6.8 Vineyards 

A limited number of small scale vineyards have recently been developed within the 

study area This is possibly due to the highly productive nature of the area, and the 

already established land uses (i e apples) In total there are 49 ha of viticulture in the 

study area. The viticulture growth that has that has been occurring in New Zealand 

over the last ten years has been primarily replacing pastoral land uses . Vineyards , in 

general , are well suited to poorer gravelly land where the soil has low moisture holding 

capacity This enables the grapes to be stressed and flavour and quality of the wine 

controlled There may be a possibility that current areas in pasture may be converted 

into vineyards in the near future , especially on the stony Hau soils . However, the effect 

of frosts (especially late and early) must be in vestigated further 

2.6.Y l'v!arket Gardens 

Market gardens used to be plentiful around Motueka due to the extended growing 

season, and the regions competitive access advantage to the South Island produce 

market Numbers, though , have been decreasing due to the increased efficiency of 

transportation , which has allowed produce from as far away as Pukekohe to easily 

reach the South Island . The variation of soil type and microclimate within paddocks 

has also made it difficult to achieve unifom1 crop ripening The relatively small size of 

the paddocks in the study area (compared with areas such as Pukekohe) has also meant 

that the potential for significant operations to develop is low 

There are still a few small market gardens around Motueka, but numbers have been 

decreasing. Market gardens now occupy only 37 ha of the study area. 

2.6. JO Green Tea, Boronia Oil, Medicinal Herbs 

There was a large effort to establish these crops in the Nelson region during the early 

1990's. Today none of these crops are being commercially grown. Their failure was 
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primarily due to inadequate awareness of the significance of climate data, particularly 

the failure to recognise the effect of the high ultraviolet levels , and the early and late 

frosts . 

].611 Pas/lire 

Pastoral farming was previously a far more significant practice in the study area. Dairy 

farming was common , but now the only remnants are the derelict milking sheds 

scattered throughout the plentiful orchards . This change in land use can probably be 

attributed to increased drainage of the wet soils, which has made the land suitable for 

an intensive horticultural use . 

Most of the remaining pastoral land is used for sheep and beep production on poorer 

soils that either have a wetness or stoniness limitation. There are still 1207 ha of 

pasture in the study area, with the majority of this further up the Moutere and Motueka 

Valleys . 
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C HAPTER THREE 

Revision of the Soil Classes 

3.1 Approach 

Validation and interpretation of the exis ting soil map was needed as it was not being 

utilised to its potential , and its accuracy was unknovvn . There was also no workable 

legend with which to interpret the map This study aims to resolve these problems . 

The existing old paper soil map was digitised by the elson City Council , and the 

completed shapefiles were provided to the TDC 

Initially an introductory letter was sent out to all landovvners in the study area advising 

them of the project and requesting pem1ission for access to their properties. There were 

mainly affirmative replies to this request, along with a few refusals The properties that 

a ll owed access were surveyed first, and areas where further studies were needed were 

followed up and access duly obtained. 

It was decided that instead of trying to complete a comprehensive coverage of the entire 

study area (beyond the scope of a one year masters study), that intensive examinations 

of selected properties would be more beneficial in achieving the goals set A detailed 

inspection of selected individual properties would assist in determining the variability 

of the soil types, as well as providing comprehensive soil descriptions for the existing 

map units . The amount of time available for fieldwork was also a consideration into 

determining this approach . 
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3.2 Methods 

3.2.1 Map Validation 

Fieldwork was undertaken with the following equipment: 

A 1 :5,000 scale field sheet with the digitised existing soil map draped over a 

recent (2002) colour orthographic aerial photograph 

A dutch auger with a total length of 120 cm, and an auger diameter of 75 

mm 

A spade 

A Munsell soil colour book 

A digital camera 

A field notebook 

The intensity of surveying on each property was determined by factors such as their 

size, topography, and soil units suggested by the existin g so il map . Smaller properties 

were intensively surveyed in a grid-l ike manner. Where topography obviously 

changed, additional sites were selected to try and obtain a better understanding of the 

soil pattern, resulting in areas of concentrated sampling A lower sampling intensity 

was used where the topography was unifonn and the existing soil map indicated that 

there was little variation in the soil type . 

Where a sample was taken the profile was described in the field notebook, noting 

thickness of horizons , texture , colour, presence of stones/gravels , presence and 

abundance of mottling (both low and high chroma), and any other noticeable features . 

The sample was laid out to enable an assessment of the depth of features . A photo was 

taken of typical samples and where something unknown was occurring The location of 

the sample site was also noted on the field sheet This location was later digitised into 

GIS forrn back in the office (appendix A 1 ). 
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3. ]. ] hmd Use Map 

A land use map was produced which can be used at a scale of up to 1 20,000. This was 

done from observations during the soil mapping fieldwork These observations were 

noted onto field sheets at a scale of approximately 1 • l 0,000, and later digitised at the 

Tasman D istrict Council , or the New Zealand Centre for Precision Agriculture 

(NZCPA) at Massey University 

3.].3 Soil /)escription and Sample C'o!lection 

Four sites were selected for further detailed examination . These sites covered a 

dominant soil type from the four series with the greatest productive potential , namely 

the Riwaka, Umukuri , Sheny and Ferrer series (new series name see section 8.3 .2). 

The Hau, Maori, Braebum, Motueka (new series also see section 8.3.2), and Tahunanui 

series were therefore not examined The Hau soils was not sampled due to it being very 

gravelly ; the Maori due its variability from site to site, and small representation ; the 

Braeburn due to poor drainage and current limited land uses ; the \fotueka due to its 

gravelly limitation and small representation ; and the Tahunanui because it is mainl y 

occupied by Motueka Township and also because of its limitations due to low water 

holding properties and salinity problems. 

A pit was dug at these selected sites to a depth of at least one metre. The soil profile 

was described noting thickness and depth of horizons, colour, texture, structure , roots , 

mottles, boundaries and any other noticeable features Samples were collected from 

each horizon for chemical analyses (bulk sample), and physical analyses (standard 

sampling rings for bulk density, hydraulic conductivity, and water retention). Four 

replicate samples were collected in each horizon for the physical data. A further 

sample for chemical analysis was obtained by taking 10-15 10 cm long cores within 

25m of the soil pit, using a soil sampling corer with a diameter of 2cm 

3.3 The Problem With Old Classes 

The soil classification that was being used in New Zealand when the old paper map was 

produced, the New Zealand Genetic Soil Classification, (Taylor, 1948) is different from 
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that which is used today, the ew Zealand Soil Classification (Hewitt, 1998). The old 

soil classes were less rigorously defined than the modem ones . Today more research 

has been done into the precise factors that dictate plant grovvth. Variables such as depth 

to gravels or water table, and the presence of impeding features such as pans have been 

considered in defining new classes. 

The precise criteria used in detem1ining the different classes on the old soil map are not 

known, as there is no accompanying legend . This study will attempt to provide criteria. 

The labels used to describe some of the different soil classes are also unclear. Names 

such as ' light phase ', could imply a number of differing soil factors , and are not 

considered helpful today. 

3.4 Definition of Soil Series: Concepts 

Soil can be categorised and distinguished on both pedological and physiographic 

features These are features such as differences in parent materials , profile fom1 (nature 

and sequence of horizons), specific environmental conditions, and sometimes by the 

nature of the landfom1 where the soil is found (McLaren and Cameron, 1996). This can 

lead to the development of a hierarchical soil classification . 

3.-1. J Parent materials 

The d is tribution of parent materials is generall y the initial factor (if there is no 

significant variation in climate) for defining soil classes in the landscape. As this study 

area is concentrating on the flat land around Motueka, the majority of the soi ls are 

deri ved from the recent alluvial material from the many rivers and streams in the area. 

The parent material that has formed the plains from each of these watercourses reflects 

the geology of the catchment area. The parent materials from the main Motueka 

Catchment are principally formed from a great variety of alluvium from predominantly 

greywacke, quartzite, limestone , granite and basic igneous rocks . The parent material 

from the Riwaka Catchment is similar to that of the Motueka Catchment, but the 

concentration of ultra mafic rocks is higher. Some of the small sub catchments off the 

Motueka Catchment produce markedly different parent materials, e.g . greater 
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proportions of granite Early soil studies in New Zealand focused on parent material in 

the absence of different landforms. Commonly in an alluvial setting (especially in the 

Manawatu and Canterbury) there are suites of Holocene terraces that are formed as 

rivers cut down into the landscape. These terraces assist with the classification of soil 

series units , but are largely absent within the study area. 

Due to the study area's close proximity to the coastline, coastal sands are also found 

and are easily defined on landfom1 and texture . 

3.-1.] ProJileform 

Soil profile fom1 is another way to classify a soil. The key features that differentiate 

the soil are drainage classes, depth of profile of loamy or sandy material over gravels, 

and texture . These factors greatly impact on the management and land use limitations . 

The drainage class has a significant affect on possible land uses and therefore 

recognising the extent and type of drainage impediment is very important Drainage 

class is defined by the number of low chroma (grey) mottles in the profile , with two 

percent as the cut off point (figure 3.1 ). Well drained soils have a profile where the 

upper 80 cm or more is free• of grey mottles . Moderately well drained soils are free of 

mottles in the top 60 cm. Imperfectly drained soils have common grey mottles below 

40 cm, and poorly drained soils have grey mottles up to and within the topsoil. The 

drainage classes can be used to define series, and tn this study well drained and 

moderately well drained soils are put into separate series, with imperfectly and poorly 

drained soils forming a third (figure 3.1 ). Defining series in this way is justified both 

by the land use implications and contrasting soil forming processes. 

• in this case •' free" means less than 2'% 
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Drainage Classes for Soil Series Classification 

A 

SO cm 

\\'dl Dr.t ined 
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C 

Figure 3.1. Drainage classes for soil series classification (Palmer, pers. comm, 2003 ). 

Soil depth is another factor that is used to group soils (figure 3 2) The depth is 

generally measured to gravel , but also can include any other impeding layers or limiting 

factors such as an impervious pan or coarse sands. Soils deeper than 20 cm are 

generally arable while those that are less than 20 cm may not be . 

Soil Depth Classes for Soil Series Classification 
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Figure 3.2. Soil depth for soil series classification (Palmer, pers . comm, 2003). 
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3.-J.3 Environmemal conditions 

Environmental conditions such as rainfall and temperature can have an impact on soil 

formation Rainfall affects the rate at which the soils are weathered , and the rate at 

which leaching occurs. Temperature affects the rate of chemical reactions and also the 

rate of vegetation growth. A warmer temperature increases the rate at which chemical 

reactions occur. A l 0°C increase in temperature increases chemical reactions involved 

in weathering two to three fold ('vlcLaren and Cameron, 1996 ). 

The differences in environmental conditions within the study area are not great, and 

consequently do not enter into the differentiation of soil series . 

3.-J.-J Nature <~(the land.form 

Different landforms and parts of landforms often have different soils . River and stream 

valleys often produce a variety of flood plain landforms, low terraces and their risers , 

and bars and channels In areas of uplift, the ri ver may cut down through the 

surrounding land and leave a terrace suite as it changes course. Terrace A (figure 3 3) 

is the youngest terrace and is often flooded . The soil profile on this terrace is therefore 

very young and generally only consists of an A and C horizon . Terrace B is slightly 

elevated above A and is only rarely flooded . The soil profile has had more time to 

develop on this terrace, and a Bw or Bg horizon is also present The C terrace sits 

higher again in the landscape and is no longer flooded The soil profile on this terrace 

is more developed, and a C horizon is only found at depth On each terrace, areas of 

impeded drainage may develop , and be reflected in the resulting soil profile (figure 

3.3). 
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Typical Soil Profile Development on River Terraces 

Figure 3.3. Typical soil profile development on river terraces. 

In the study area there is little evidence of discrete low terraces, and differentiation of 

soils in this manner is not possible. Also stop banks designed to eliminate flooding 

were erected in the 1940s and 1950s, largely stopping deposition of sediments outside 

the stop banks. 

Coastal sand dunes also fom1 a distinct landfom1 in the study area. The dune 

morphology is reasonably easily distinguished and is found in a ribbon pattern along 

the coastline. The low lying coastal sands are more difficult to identify by landfom1 

observations as they merge into the surrounding alluvial soil. Identification is therefore 

achieved by auger observations. 

3.5 So il Types 

The main source of infom1ation on the soils in the region is the "So ils of the Waimea 

County, New Zealand" (Chittenden et al. , 1966). This publication includes the 

' Riwaka silt loam and sandy loam ' , ' Riwaka silt loam (wet phase)' , ' Maori gravelly 

sandy loam ' , ' Sherry sand and sandy loam ' , ' Braebum clay loam ' , ' Braebum sandy 

loam ' , 'Tahunanui sand' , 'Tahunanui sand and gravel', and 'Hau stony sandy loam' . 
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The following account is paraphrased from Chittenden et al. (1966) 

The Riwaka silt loam and sandy loam is described as a soil formed from a variety of 

rocks which include greywacke, quartzite , limestone, granite and basic igneous rocks at 

Motueka and Riwaka Soils tend to be thin near rivers with occasional gravelly layers 

in most places. Fertility is moderate to high, slightly acidic, high phosphorus, medium 

calcium and low potassium 

A typical profile is: 

10 in . (25 cm) greyish brown silt loam , very friable , moderately developed 

coarse nutty and fine crumb structure; 

10 in . (25 cm) dull greyish brown fine sandy loam, friable , weakly developed 

coarse blocky structure; 

12 m. (30 cm)pale brown sandy loam, loose, structureless ; 

on sand and gravels 

The Riwaka s ilt loam (wet phase) is found in small lov,, ly ing areas near the coast The 

land is close to sea level , and this is the major cause for this soil having drainage 

problem These soils have greater amount of organic matter in the topsoil and therefore 

have a darker colour. Mottles and gleying are common in this soil , and gravels usually 

occur below 3 feet (90 cm). 

The Maori gravelly sandy loam is described as sites where Maoris made kumara beds 

prior to European settlement This soil has sands and gravels as well as charcoal in the 

upper horizon due to the modifications the Maori people made. Topsoils are 25-30 cm 

deep, and are dark grey or black. Subsoil is typically unaltered . The distribution of this 

soil is scattered, predominantly on the higher gro und above regular flooding . The 

profiles of these soils vary with locality. The fertility of these soils is high. 

The Sherry sand and sandy loams are derived from granite alluvium, and are found at 

Riwaka, Umukuri and scattered locations along the Motueka River system Texture 

and depth to gravel varies greatly, but medium sand is the most common texture . Soils 
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are especially shallow and coarsely textured near rivers and streams. Fertility is low in 

this soil . 

A typical profile is 

6 in . (15 cm) pale brownish grey medium sand, very friable , weakly developed 

fine granular structure; 

6 m. (15 cm) greyish bro\vn medium sand , very friable , weakly developed 

medium blocky structure; 

9 in . (23 cm) pale yellowish brovvn medium sand, loose , structureless; 

on sand 

The Braebum clay loam soil is deri ved from weathered Moutere Gravels, and is found 

up the Moutere Valley . Typically these soils are strongly gleyed , with an impervious 

iron pan sometime present Fertility is very low 

A typical profile is 

8 in (20 cm) bro\vnish grey clay loam, firm , strongly de veloped coarse blocky 

structure ; 

4 in . (10 cm) dull yellowish brown clay, very fim1 , moderately developed 

coarse blocky structure; 

9 in . (23 cm) pale yellowish brmvn clay with bright brovvn mottles and small 

iron concretions, moderately developed coarse blocky structure; 

on weathered g ravels and clay. 

The Braebum sandy loam is found alongside the Braebum clay loam in the Moutere 

Valley. This soil is deri vied from weathered Moutere Gravels , which have been water­

sorted more than the Braebum clay loam This soil is less poorly drained but is still is 

moderately gleyed. Fertility is similar to the Braeburn clay loam . 

A typical profile is 

9 in . (23 cm) dark grey sandy loam, friable , strongly developed medium nutty 

and fine granular structure; 

6 in. (15 cm) dull yellowish grey silt loam with veins of topsoil , strongly 

developed coarse nutty structure; 
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8 in. (20 cm) greyish yellow silt loam with pale brown mottling, weakly 

developed medium blocky structure; 

on clay. 

The Tahunanui sand is fom1ed on consolidated sand dunes of flat to rolling topography 

Parent materials are a mixture of sediments , but north of Motueka are chiefly granite 

Fertility is low 

A typical profile 1s 

l O in (25 cm)dark gey fine sand, very friable , very weakly developed medium 

nutty structure; 

6 in . (15 cm) pale greyish brown fine sand, weakly compacted, structureless ; 

on pale brovm fine sand, loose, structureless . 

The Tahunanui sand and gravel soil is located on the coast with low relief Most of the 

soils are fom1ed on sand of varying depths . The profile is very similar to that of the 

Tahunanui sand These soils are prone to drought 

The Hau stony sandy loam is fom1ed on the stony alluvium from greywacke, argillite, 

quartzite, limestone, granite, and basic igneous rocks . Stoniness is variable and 

fertility is low. 

A typical profile is : 

9 in . (23 cm) dark grey stony sandy loam, friable, moderately developed fine 

granular structure ; 

12 m. (30 cm)dull brown stony sandy loam, moderately developed fine nutty 

structure; 

on stones and sand . 
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CH APTER FOUR 

Physical Properties of the Selected Soils 

4 .1 In troduction 

Soil samples collected in the field were stored in chilly bins and transported to Massey 

University for analysis. During the time between when they arrived at \tlassey and 

were analysed they were stored in the department chiller, which is set at three degrees 

centigrade. Effort was taken to minimise the disturbance of the samples, and the 

samples were analysed as soon as possible (usually within days) . 

4.2 So il Dry Bulk Dens it)' (pb) 

-I. ] . I J111rod11c1io11 

Dry soil bulk density is the ratio of the mass of dried soil to the total volume of the soil 

(McLaren and Cameron, 1996). The general desired range for bulk densities is between 

0.8 and 1.6 g cm-~ Values that are below this range are prone to erosion (particularly 

by wind when cultivated). Values above this range often are compacted and limit water 

and root movement throughout the profile. Even one horizon of compacted soil may 

cause undesirable effects such as a perched water table . 

Differences in soil texture also have an effect on soil dry bulk density. Sandy soils 

normal ly have a higher bul k density than a finer textured soil such as a silt loam soil 

(McLaren and Cameron, 1996) Organic matter also has a low bulk density- compared 

to the minerial fraction - thus causing topsoils to typically have a lower bulk density 

than the subsoils. 
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Compaction 

Compacted soils have a significant effect on potential production under all land uses. 

Compaction occurs due to the repeated trafficking of machinery or stock, particularly 

over soil that is at or above its plastic limit Correct management on susceptible soils is 

crncial to ensure that adverse effects are not exacerbated . These management practices 

are ensuring that: 

the soil is below the plastici ty limit when machinery (especially heavy 

equipment such as full sprayers) is in use; and 

where requ ired , an adequate irrigation programme is in place that 

recognises the variations in water holding capacities and soil hydraulic 

conductivity of the soil , and does not over water some areas. 

The effects of compaction on the two major land uses in the study are quite different 

Apples have a fibrous root system that extends to the width of the tree canopy. 

Therefore the compaction of the wheel ruts between the rows does not ha ve a 

significant effect on plant growth . Kiwifruit on the other hand have a rooting pattern 

that spreads out laterally into the areas compacted by machinery, causing plant growth 

to be restricted . This issue has been previously mentioned with specific reference to the 

\1otueka area by Haynes (1995) . 

-1.2.2 Method 

Dry soil bulk density was calculated for all the soils, with four replicate samples taken 

from each horizon . The samples were initially trimmed flush with the ends of the 

cores, and considerable care was taken not to remove soil from inside the core . Where 

some of the soil (up to 5%) was accidentally removed it was replaced by repacking it 

back into the core. The outsides of the cores were cleaned of excess soil. The samples 

were oven dried at 105°C for at least forty-eight hours , after which each sample was 

individually weighed along with the container they were in . The soil was then removed 

and the containers cleaned and returned to the oven for twenty-four hours . The 

containers were then weighed. 
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From this process the dry soil bulk density of the soil can be calculated by the use of 

equation 4.1. 

(equation 4.1) 

total Hllume or ,;oil 

-1.2.3 Nesulrs 

A summary of the results is shown in table 4.1, with a full tabulation of results in 

appendix A2. The Riwaka, Sherry and Urnukuri soils tend to increase m bulk density 

as depth increases . The Um ukuri soil however is a lot more constant and does not vary 

substantially with depth as the bulk density of the topsoil is a lot greater than the other 

soils sampled . 

The Riwaka, Sherry and Ferrer soils all have bulk densities of approximatel y l .00 

glen/ in the top horizon, but vary considerably after this . The bulk density of the 

Riwaka soil quickly increases to 1.42 glen/ and 1.59 glcm' in the 12-17 cm and 40 cm 

plus horizons respectively . The Sherry soil increases gradually to a bulk density of 

1.46 glen/ below 47 cm. The Ferrer soil also increased gradually to a bulk density of 

1.38 g/cm·' below 47 cm. The Umukuri soil has a bulk density of 1.31 glcm·' in the 

topsoil , and reaches its lowest level at 40-45 cm with a bulk density of 1 25 glen/ The 

highest bulk density in the Umukuri soil is in the bottom horizon (78-101 cm), with a 

value of 1.36 g/cm3 

Riwaka Umukuri Shern: Ferrer 
1-6cm 0. 98 -'-9 cm 1.31 1-6 cm 1.03 2-7 cm 0 99 

12- 17 cm 142 23-28 1.34 10-15 cm IJ3 15-20 cm 1.13 

-'ll--'5 cm 1.59 -'0--'5 cm 125 26-31 cm IJ7 35--,o cm IJO 
75-80 cm 1.59 65-70 cm 1.27 -'7-52 cm 1.46 60-65 cm 1.38 

78-101 cm 1.36 70-75 cm 1.46 100-105 cm 1.38 

Table 4.1. Bulk Densi ty of the Sampled Soils (g/cn13
) 
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-1.].-I Discussion 

All bulk density values fall within the desired range of 0.8-1 .6 glen/ , however, the 

subsoil of the Riwaka and Ferrer soils are at the upper end of this desired level. 

The reason for the elevated bulk density levels in the lower horizons of the Riwaka and 

Ferrer soils could possibly be due to the natural properties of the soils . These soils have 

similar texture (as shown in section 7.2 and summarised in appendix A 7), but there was 

no granular data collected for laboratory analysis . The high bulk density in the Ferrer is 

somewhat more expected because of its poor drainage. Orchard activities may have 

contributed towards the observed bulk densities of the Riwaka soils . Machinery 

compaction may have increased the values in the subsoil , while frequent rotary hoeing 

would lower the bulk density in the topsoil . The high bulk density levels of the Riwaka 

soil do not seem to be having a significant effect on the current land use of the apple 

and pear orchard . Precautions though should be put into place to ensure that practices 

that may cause further compaction are kept to a minimum 

The results for the Umukuri and Sherry soils are typical of those expected for sandy 

soils, as they have reasonably high bulk densities . 

4.3 Saturated Soil Hydraulic Conductivity (Ks) 

-1.3. J !11trod11ctio11 

Saturated soil hydraulic conductivity (K,) is a measure of the rate at which water passes 

through a soil in its saturated state. This is important, as it is a measure of water 

drainage through the soil profile . The desired range of K, is between 0.36-360 mm h(1 

(McLaren and Cameron, 1996) Values be low this range restrict plant growth to 

shallow rooting crops, as the ability to recharge plant available water to depth is 

insufficient Values above this range have very low water holding potential and are 

only suitable to crops that are deep rooting. Generally sandy soils have the fastest K,, 

then silts and clays respectively. This is due to the size of the pores that the water 

moves through . A pore with a size of 1 mm will drain at a rate 10,000 times faster than 

a pore with a size of O 1 mm (McLaren and Cameron, 1996). Soil structure therefore 
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also has an effect on the Ks of the soil. A well structured silt or clay soil will have a 

considerably faster Ks than its poorly structured equivalent 

Ks information should be considered when planning an irrigation program. Soils with a 

low Ks are severely restricted to the amount of water they can receive . Applying water 

at a rate in excess of the Ks will cause ponding and an inefficient irrigation system, 

which will also increase the chances of compaction as mentioned in section 4.2 .2. 

Classes for permeability are described by Griffiths (1982), and displayed in table 4 2. 

Class Saturated so il h,·draulic ,. 

conductivity,f n; m h( 1
) ' 

Very Rapid >288 
Rapid 144-288 
Moderateh Rapid 72- 144 
Moderate 18-72 
Moderateh Slo,\ 4-18 
Slow 1-4 
Ver, Sim\ > I 

Table 4.2. Soil permeability classes (Griffiths, 1982). 

-1.3. ] Method 

Three samples were collected at each soil horizon in cores that were approximately 15 0 

mm high and a diameter of 73 mm. 100 mm of soil was collected in each core. ln the 

laboratory, samples were trimmed with care not to cause smearing, which could lead to 

an impeding layer for water movement Each sample was clamped in a retort stand 

with an empty container underneath . A mark was placed on the inside of the core to 

indicate five centimetres above the soil. Water was then added to each core up to this 

mark, and kept at this mark as it drained through the soil. Cores that showed obvious 

signs of water leaking between the metal core and the soil core (bypass flow) were 

discarded . Measurements were taken (generally every half an hour) of the water that 

passed through the core, unti l the amount of water exiting the core reached equilibrium. 

At this point the experiment was stopped. 
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Saturated soil hydraulic conductivity could then be calculated using equation 4.2. 

volH , O (cm3
) 1 

K , _- _ x----- cmh -1 

m· - (cm - ) Time(hour) 
(equation 4.2) 

11 ·here .,. = 3.1-1 7 

-I. 3. 3 Results 

A summary of the results is sho\,vn in table 4 .3, with full results in appendix A3 . 

\ 

Riwaka Umukuri Shern, Ferrer 

1- 11 cm 299 -1 - 1-1 cm 120 0- 10 cm 124 2- 12 cm :no 
12-22 cm ') ') 23-33 cm 84 10-20 cm 1(1 I 15-25 cm 41 --
-10-50 cm 13 -10-50 cm 390 26-36 cm 381 (, 35-15 cm 23 

75-85 cm 3 65-75 cm 454 -17-57 cm 70 60-70 cm 29 

70-80 cm 47 lOO- l lO cm 4 

Table 43. Satu rated soil hydraul ic conductivity of sampled so ils (mm h-1) 

There is considerable variation both within each soil and between soils. Generally all 

the topsoils have moderate to very rapid permeability, with the Riwaka and Ferrer soils 

showing values of 299 and 370 mm h-1 respectively. The Ks of the subsoil in these 

soils though are considerably lower, and decreases with depth . Both these soils enter 

the slow pern1eability class in their lowest horizons, with values of 3 and 4 mm h-1 

respectively . The Um ukuri and Sherry soils have excessively high K, with values up to 

454 mm h- 1 at 65-75 cm for the Umukuri soi 1, and values up to 3816 mm h-1 in the 

coarse granitic sand at depth 26-36 cm of the Sherry soil . The horizons with the lowest 

Ks in these soils are still classed as moderate to moderately rapid, with the Umukuri soil 

having a Ks of 84 mm h- 1 in the 23 -33 cm horizon , and the Sherry soil with 47 mm h-1 

at 70-80 cm. There is no apparent trend with depth in the permeability of the Umukuri 

and Sherry soils 
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-1.3.-1 Discussion 

Saturated soil hydraulic conductivity appears to be related to the texture of the soil . 

The sandier Sherry and Umukuri soils generally have higher rates of flow throughout 

the profile, while the siltier Riwaka and Ferrer soils tend to have a much slower K, 

The moderate K, in the silty Riwaka and Ferrer topsoils is probably due to macropores 

produced by worms, plant roots , and also strnctural deve lopment The wormholes in 

the topsoil are likely to remain intact for a considerable time, due to the silty nature of 

the soil . These influences decrease with depth and the K, values (which are classified 

as slow) in the lowest horizons of the Riwaka and Ferrer soils are of concern. The 

Ferrer soil has a rising or less likely a perched water table during periods of prolonged 

wetness. The lack of mottling suggests that a water table is not present for any length 

of time in the Riwaka soil, however the high bulk density and low K, point to the need 

for careful application of irrigation water, and drains as a safety measure. Significant 

areas with problems from over irrigation (such as ponding and deep wheel nits) were 

observed on the Riwaka soil during field\vork. 

The Umukuri and Sherry soils both ha ve reasonably free draining profiles , which 

should allow rapid movement of water throughout the profile Both profiles are very 

yo ung and composed of layered alluvium of contrasting texture . lt is thus not 

surprising that K, and the bulk density should be so variable . The rapid loss of 

irrigation water via lateral flow in the coarser layers of these soils is likely to render 

irrigation management difficult 

4.4 Soil Water Retention 

-1.-1. J Introduction 

Soil water retention is the ability of a soil to retain water in its matrix that plant roots 

can access . Texture is the biggest variable that has an effect on the amount of water 

stored (figure 4 .1). Sands typically have a lower water storage capacity than silts and 

clays as they have less surface area relative to the volume they occupy. The gaps in 
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between each sand particle also are a lot larger, causing the water to be lost by 

gravitational forces more readily . 
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Figure 4.1. Typical relationship between soil texture and soil water content (\tlcLaren 
and Cameron, 1 996 ). 

There are three key points of water retention that are used to assess the plants ability to 

use water (figure 4 .2). The first is at 0 1 bar (-10 kPa) , where the soil is said to be at 

•field capacity' . This is detem1ined as the moisture content of the soil after the soil has 

been saturated with water, and left to stand for two days to a point where rapid drainage 

has ceased, and the soil water content is relatively constant The second point is known 

as 's tress point' , and is measured at 1 bar (-100 kPa) . At this point plants have used all 

the easily extracted water, and as the soil dries further must work increasingly harder to 

extract water for survival. Stress point approximates the point of cessation or 

significant slowing of growth . The final and third level is described as ' permanent 

wilting point ', and is measured at 15 bar (-1500 kPa) . At this point plants are no longer 

able to extract water from the soil , and are in a state of permanent wi lt. The zone from 

field capacity to stress point is called ' readily available water' (RAW), as this water is 

readily availab le for plants to utilise. Total available water (TAW) is taken from field 

capacity to permanent wilting point. 
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AU pores filled w ith w ater, no al' 

SATURATION 

No w ater in macropores 

No rapid dra1n.igt 
of free wate r 

FIELD CAPACITY 

Little plant available water Plant permanently wilted 

STRESS POINT PERMANENT V\/IL TING POINT 

Figure 4.2. Representation of soil water contents at Saturation , Field Capacity, Stress 
Point and Pem1anent Wilting Point (adapted.fimn McLaren and Cameron , 1996) 

A classification table for the profi le readily availab le water is displayed in table 44 

PRA W (mm) in top Im Cla,;s 

> 100 Ven high 
(,7- 100 I ligh 
50 -(J7 Moderate!, hiirh 
.B-50 Moderate 
17-.13 Lm, 
< 17 Ven l011· 

Table 4.4. Classification of profile readil y available water (adapted .frorn Webb and 
Wilson , 1995) 

-1.-1. ] Method 

Four samples collected from each horizon in small cores approximately 15 mm high 

and with a diameter of 50 mm. The samples were cleaned of excess soil and placed on 

ceramic pressure plates and submerged in water. The samples were left to soak for 

twenty-four hours, which ensured that the soil was at a saturated state. Two of the core 

samples were placed on the O 1 bar and 1 bar plates, and one sample of loose soil was 

placed inside rubber rings and placed on the 15 bar plate . This was done as at the lower 

pressures, soil structure has an effect on the water holding capacity, whereas at the 

higher pressure, water holding capacity is almost entirely dependant on soil texture. 

The O 1 bar pressure plate was placed in a sealed plastic bag, which was connected to a 
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bubble tower. The other two pressure plates were placed in pressure chambers and 

placed under 1 bar and 1 5 bar pressure. 

The samples were left until there was no further water being lost from the pressure 

chambers , and were then removed and weighed. The bubble tower samples were 

typically removed after four days, while both the other sets of samples were kept under 

pressure for at least two weeks . When the samples were removed they were placed 

onto a small container and weighed wet They were then placed in an oven set at 105°C 

for at least forty-eight hours , and then reweighed . The sod was then removed from the 

cores and the containers were cleaned, o ven dried and reweighed . From this process, 

the amount of water in each soil was calculated using equations 4 .3 and 4.4. 

Amount o f ,rnter 
in horizon or laYer 

-1.-1.3 Results 

(equation 4 .3) 

II ·o t11111 etric HDl<'r in lm ·er (%)\j . 
= · · xdeptho/lmer ( 111111 ) (equatlon4.4) 

\ 100 . . 

A summary of the results is shown in figure 4 5, with full results shown in appendix 

A4. There is considerable variation between and within soils , with readily available 

values for the upper one metre of the profile ranging from 59 mm in the Riwaka soil , up 

to 134 mm in the Ferrer soil . The distribution of water in the soil profile is reasonably 

even, with the exception of the Riwaka soil that has substantially more water in the 

upper part of the profile. The difference between the readily available and total 

available water contents in all soils ranges between approximately 20 and 40 mm. 

The Riwaka soil has a high amount of plant readily available water in the top 12 cm, 

with 29.3 mm (24.4%) present in this small horizon . Below this the amount of water 

decreases dramatically, with a total of 29.9 mm in the remaining 88 cm of the profile. 
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While the total plant available water is higher with 97.5 mm, it is still significantly 

lower than the other soils sampled. 

The Umukuri and Sherry soils, which are both sandy soils, have relati vely high levels 

of readily available water with 114 and 84 mm respectively. The distribution of water 

in these profiles is fairly uniform throughout the profile. The coarse granitic sand 

horizon in the Sherry soil is quite obvious, with a readil y available water content of 

only 4.3 mm 

The Ferrer so il has by far the greatest amount of plant readily available water of the 

sampled soils , with 133 .9 mm in the top 100 cm, or 146.8 mm in the top 120 cm Total 

available plant water is also the highest with 169. 7 mm in the upper 120 cm of the 

profile. 

Uiwaka l ·mukuri Sherry Ferrer 
Readil1· To tal Readil1· 't o tal Readil1· To tal Readil1· To tal 

f)..12 rn, 29 .> -rn. I f)..2J rn, 2(,2 >> .X ()..10cm 17 .8 21.5 ()..15cm 171 22 .0 

12-.tO cm 8 .7 1-U 23-.tO cm 19 .9 22 .8 10-26 cm 17f, 19.(, 15-35 cm 2> .5 H, .8 

.t0-75 cm 1-U 22 (, .t0-65 cm >-L9 -l2 .9 26--t 7 cm -l .> 5 .5 35-60 nu >-l .9 -l'.2 .1 

75- 100 cm r,7 12 (, 65-78 cm 19 O 20.r, .ti -70rn1 I XJ, 2(, .9 60-100 cm 58 (, (>> .5 

78-100 cm 1-l .2 I (, .8 70- 100 cm ~53 1> .5 100-120 cm 12 .9 15 .> 

Total to Im 59 9 8 Total to Im 1 1-l I >r, Total to Im 8-l 107 Total to Im 1>-l 155 

T;.~I 4.5. R adi:y and total a ailab le waicr ;. 

-I. -I. -I /)isc11ssio11 

The readily available water in the Umukuri , Sherry and Ferrer soils follow the expected 

trend, however, the Riwaka soil is well below what was expected. Typically, as 

discussed in section 4.4. 1, silty soils typically have higher amounts of available and 

total water than sandy soils (Sherry and Umukuri). The reason for the lower moisture 

holding capacity in the Riwaka soil is uncertain , but it could be due to high bulk 

densities, or perhaps due to the exceptionally slow saturated soil hydraulic conductivity, 

which did not allow the samples to reach field capacity before being placed into the 
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pressure plates during sampling. The amount of readily available water in the Riwaka 

soil though is still classified as moderately high . 
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CHAPTER FIVE 

Chemical Properties of the Selected Soils 

5.1 Introduction 

Soil samples collected in the field were transported to Massey University and analysed 

by the Fertilizer and Lime Research Centre (full results in appendix AS). Due to finical 

constraints only one sample from each horizon was texted. Bulk samples were collected 

from each soil horizon and stored in plastic bags. Samples consisted of a section of the 

entire horizon . Ten core samples to a depth of IO cm taken from the surrounding land 

within 25m of the pit were also collected. 

Chemical properties of the soil are very important because nutrients are in essence the 

food p lants use for growth and production Establishing a sound understanding of the 

chemical properties present can therefore gi ve the land manager a better understanding 

of areas that might need attention This \Nill usually mean the addition of fertili serc; to 

correct any deficiencies that each soil may possess, and provide available nutrients for 

the growing crop. 

Ranges for chemical properties are given by Blackmore et al. (1987) (Tab le 5.1) to 

facilitate description of the levels of each chemical parameter. 
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RA TINGS FOR CHEMICAL PROPERTIES 
The foll owing ratings of chemical properties a re used by NZ Soil Bureau for 
New Zealand soils. 

Or1:anlC maltc r Phosphorus 
Orgnnic T otal 0.5 M lnorit-

Raring pl-I ( 1:2.5 soil :..-ater) C N C/ '1 Truo~ Olsen H ,SO, anic.:: 
Org-
anic Total 

- - (%)-- -()lg/ g) - - -- (mg/ 1(1(1 g) - --
( I ,\ )' \ \ ,\ nr Ill !-':\ o r Il l t:> ,\ ) !SH I !5 0 ! l~E> f5 F1 

> 9.0 (ex tremel y alkalini: ) 
Very high 8.4-'1.0 (s tro ngly a lkaline) > !O > I. I) "> 2--l > 50 > 50 > 40 > 50 > 7() > 120 

7.6-8 .3 (moderatel y alka line) 

p 
rt'tn , 
('·Ot 
fSG, 

'10- 100 

H1 1>h 
7. 1-7.5 i sli!lh ll y al kal ine) 

10 - 20 0.6-1 .0 16-2,1 .l l)- 50 30- 50 2U-40 30- 50 50- 70 Mfl-110 60-00 6.6-7.0 (near neuiral / 

tvkd1um 6.0--65 (sl1gh1ly acid ) 
4- 10 0. ]-0.o 12- 16 20-30 21.)....10 10-20 20-.l() 20--50 40-80 30 -60 5.3- 5.9 (moderately acid/ 

Low 4 5-5 .2 ts lrungly add) 2-..J 0. 1-0 . .1 10 - 12 I tl-20 l ll-20 5- 10 10-20 10- 20 21)-4() 10-30 

Ve r) lff"' < 4.5 (c,..lrl! mcl y acid) < 2 < 01 < I ll < Ill < l lJ < i < 10 < 10 ,;: 20 ()- 10 

Exchan~e 
Cation cxc hungc prul)(·rtic-s (NH.OAc. pl 17 ) KCl-e"'· r\ cidit,· R,•ser vt' 

Rat ing CEC I: Ba.sc... flS Ca ;\I~ I( ~u .-\I (pl-I 8.2 ) K, \I J(. 
-(mc./ 100~) - (¾) --- (me./ 10!1 I?) --- --- - (mc. / lO0 ~) 

j t ,1\,\ / (6!\ J I (M5 l 10•\: ) !W\.'.!) H'I\ ~ I l('l'\:1 tc,11 11 U>l II C~ AI t ~IIJ 

Very h igh 41) > ~, 80-II M) , 20 > 7 "> I..'.! ,,. 2 > 5 > 6'.l > 0.5 c- 30 

H igh 25-4(/ 15-:5 6/)-Xfl 10- :11 .l- 7 ll.S-1 .2 (l.7 -2 2-5 Jll- 60 11 .. 15-0.5 15-30 

M edium 12-~5 7-1 5 41l- !,0 5-10 1- _1 0 5-0.~ 0. 1-0. 7 0. 5-.:! .0 15-10 tL~0-0.35 7- 15 

Lo w 6- 12 J -7 20-41 ) 2- 5 0 .5-1 0 . .1-0 , 0. 1-U. _1 0 . 1-0.5 ' - 15 0, 10-0 20 _1- 7 

V t.: r ) low < r, <. _1 < .'!O 2 () 5 , \1 . .1 -..: U. I · U. I <. < I) I U < .l 

Dit hiona le- Phusphutt~ 
l'yruphusphall" - r ilnU\.'- \.' \lrarhtb l t' 

Add u'\ialah•-l' ,lnu:t~bll· \.':\ lr.1ct;1blc "' "-trnctuhh: 'iUlphur or Soluble 't;1h., 
Rat in ~ Al Fe Si ,\I Fe .-\I Fe sulphalc Condud ivih 1 ~o sa lt., 

(%) (%) (%) (%) (%) (114, ) (%) (11~ S/ ~I ( rnilJimho / c.·;n ) 
18,\ t ◄ l~.\J ( k ,\ 1 1>1 H1 om; 1iju PH 1 11 I >\ ur R1 (''"' (11,\ 1 

Very high > ~.o > 2 {l > ~-0 > 1.: > .'.! 0 , 4 .1 1 > I I ll >' > (j., 

High 1.()-J.0 1.0-- 1.0 > 1).5 O.K- 2.fl 0 .6-1 .2 1.0- 2.0 2_0-4.Ll 0-150 O.X-2 U.J-0. 7 

Mcdn1m CJ.5-1 .0 0 .5- 1.11 'J. 15- 0 5 0. 4- IJ.~ U.}- 0. ~ 0. 5- 1.1) 1.0-2.0 I 5-511 ll.4-0 .8 IJ. 15-IJ.3 

L O\'- 0.2-f].5 0. ~- 0. i 0.05-0 . 1 '1 0.1-0.4 () 1- 0 .1 0 .2-0.5 0.5- 1. tl -i-15 0 15-0.4 IJ .IJ S-1). 15 

Vl..'r) JO\'- < 0.2 , 0 - .-: 0.0) < O. i .-: n. 1 ,. ll.~ < 0. <_ <0 Ii < 0.05 
1 Number'- in hr:ll"kc:b rcrer lo the num ber o f 1he anal ~l!cal m t· lhod in '\17 So il Dun:;111 Snc.·n11frc Rt"po11 80 
1 Conducuv 11 ~ of tht:> 1:5 .! \.trz1c1 a t ~S''t: 

Table 5.1. Ratings for chemical properties of New Zealand Soils (Blackmore et al .. 
1982) 

5.2 Soil Acidity 

5.2.1 Introduction 

Soil acidity or alkalinity is a measure of the relative concentrations of hydrogen (H-) 

and hydroxyl (Off) ions in a soil solution . Acidity or alkalinity of the soil is expressed 

numerically on a scale, the pH scale. This scale ranges in logarithmic steps from O to 

14, with O being extremely acid (only Jr ions), and 14 being extremely alkaline (only 

Off ions). The value of 7 is therefore the midpoint, where the pH is said to be neutral. 
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At this point concentrations of H- and Off ions are equal , cancelling the effect of each 

other. 

Soil pH is influenced by the cation exchange capacity (discussed in section 5.3) of the 

soil (Cornforth , 1 998) When the cation exchange capacity is filled with basic cations 

such as potassium, calcium, magnesium and sodium the soil will ha ve a base saturation 

of near 100%, and will also have a pH that is approximately 7. So when soil loses these 

cations they are replaced by H- ions, and consequently pH is reduced . In their natural 

state soils tend to become acidic by : 

• the growth of vegetation ; 

• decomposition of organic matter: 

• biological nitrogen fixation ; 

• nitrification ; and 

• leaching (Cornforth, 1998) 

Cultural processes that can increase the rate of acidification are : 

• increased plant grovvth rates by the intensification of agriculture ; 

• the introduction of nitrifying legumes; 

• the loss of cations in produce exported off the property; and 

• addition of fertilizers such as urea and elemental su lphur. 

Soils tend usually to be acidic due to the processes mentioned above. However, soils 

can be basic (pH greater than 7) if there is a significant amount of limestone in the soil , 

or if the soil has a salinity problem The over application of certain fertilisers can also 

cause the soil pH to rise above 7. 

Soil pH has an effect on the availability of individual nutrients (figure 5.1 ). Calcium, 

magnesium, nitrogen and sulphur availability increase with pH, the first two more 

markedly than the other two. Phosphorus availability also increases with pH to a value 

of 6.5 , where it then decreases again . Micronutrients generally increase in availability 

as pH decreases, with the exception of molybdenum, which increases in availability 
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wi th pH. At lower pH values these micronutrients can often occur at levels that are 

toxic to plants . 

., 
> 

~ t> Ma nganese 
a:: Iron 

Copper "-. ,, 
Zinc ,,,,,. ;.,,~ 

4 ·5 5·0 5-5 6 ·0 6 ·5 

pH 

Calc ium 
Magne siu m 

Phosphorus 

7·0 7·5 

Figure 5.1. Relative nutrient availability and pH relationships (McLaren and Cameron, 
1996) 

Each plant has differing preferred pH levels at which they survive and grow \!lost 

plants produce thei r optimum yields in a s lightly acidic soil (figure 5.1 ). 

Crop Optimum pH range Other f eatures ' 
,, 

Apple✓pears 5 8--{\ 8 
Slone fruil (, 0-(,7 In lop 40 cm 
l 3lackcu1rnnh >5.8 
l 3lueherries 4 0-5 0 
l 3m·,;enhenies 5 8-(,5 
Rasrhenies 5.8-6 .5 
SLrawhen-ies 53-(1 5 
Kiwifruil 4.5-6 .8 Te,lurall,· dependant 
Ci rapes 5.8-6 .8 
Citrus 5.5-6 .5 
l· eijoas 5.8-6 .8 
l' asture - rYegrass 5.5-6 .5 

Table 5.2 . Optimum pH levels fo r crops (Cla rke et al. , 1986). 
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5.1.1 Results 

All soil s fall within the medium rating of soil pH, either being s lightly or moderately 

acidic . Soil pH values vary considerably between soi ls , but vary little between horizons 

\,Vi thin each soil (Table 5.3 ). The Ri waka and Umukuri soils have pH val ues between 

the range of 6.1 and 6.5, while the Sherry and Fener soils have pH values of 5.5 in the 

topsoil, which increased to 5. 9 and 5. 7 respectively in the lowest horizon . 

Riivaka Umukuri Sherrv Ferrer 
0- 10 cm comp (d 0-10 cm comp 64 0-10 cm comp - - 0-10 cm comp 5.4 )) 

0-10 cm pit (,4 0-10 cm pit (,.5 0-I0cm pit 54 0-10 cm pit - -
)) 

I0-38 cm (14 I0-28 cm (15 10-26 cm 54 10-32 cm 54 
38-70 cm 6J 28-36 cm 6. 3 26--H cm 5 (1 32-51 cm 5 ] 

70- 110 cm (i4 36-61 cm (d -'7-70 cm 5.7 51-93 cm - -
) ) 

61-78 cm (,I 70-92 cm 5.7 93-120 cm 5.7 
78-IOI cm 64 92-100 cm 5. 9 

Table 53. pH values of sampled soils. 

5.1. 3 J)iscussion 

The levels of pH in the sampled sods are desirable. The so il pH may have been affected 

by land use management prac tices The soils that are, or have recently been in 

hort iculture (Riwaka and Umukuri) have the higher pH range, while the soils is pasture 

have the lower pH range. More attention may have therefore been placed on soil pH in 

the horticultu ra l so il s, and practices to increase the pH in the soil (e .g. the add ition of 

lime) may have been carried out 

5.3 Cation Exchange Capacity 

5.3. I Introduction 

Cation exchange capacity (CEC) is the number of exchangeable cations that can be held 

on negatively charged surfaces in a soil. In essence it is the number of negati ve charges 

that a soil possesses. The higher the CEC the greater the amount of cations that can be 

held in the soil, and can then be used by plants for growth. CEC is dependant on the 

texture and type of material that makes up the soil. Humus and certain types of clays 

have many negati ve charges, and therefore have a high CEC Coarser textures such as 
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sand and even silt will have a lot lower CEC, because these soil particles have 

significantly less surface area and hence fewer cation exchange sites . The types of 

clays that have a high CEC are vermiculite , smectite and allophane . Humus has a high 

CEC, therefore topsoils tend to always have a higher CEC than subsoils . 

5.3.2 Results 

From the sampled soils CEC varies considerably from soil to soil (Table 54). The 

Riwaka and Ferrer soils have higher CEC values, ranging from 13 to 23 me/ 1 00g, than 

the Sherry and Umukuri soils , which range from 3 to 1 7 me/1 00g. The soils also 

follovv the trend of having high values in the topsoil , which then decrease in the lower 

horizons . The Umukuri and Sherry soils displayed this trend more obviously than the 

Riwaka and Ferrer soils. The CEC in the subsoils of the Umukuri and Sherry soils are 

very low, often in single figures and with both reaching 3 me/1 00g in the lowest 

horizon . 

Riwaka Umukuri Shern· Ferrer 
0-10 cm comp -,-, 0-10 cm comp 15 0-10 cm comp 15 0-10 cm comp 19 --
0-10 cm pit ," 0-10 cm pit 17 0-10 cm pit 12 0-10 cm pit -,-, __ ) --
10-38 cm 17 10-28 cm 12 10-26 cm 10 10-32 cm 18 
38-70 cm I(, 28-36 cm 13 26--H cm 4 32-51 cm 13 
70-110 cm 15 36-61 cm 7 -H-70 cm 2 51-93 cm 14 

61-78 cm (, 70-92 cm 4 93-120 cm I (i 

78-10 I cm 3 92-100 cm 3 

Table 5.4. CEC of sampled soils (me/1 00g). 

5.3.3 Discussion 

The variations appear to follow differences in texture. The silty Riwaka and Ferrer 

soils have higher values than the sandy Umukuri and Sherry soils, which is to be 

expected. The trend of decreasing CEC down the profile is also expected . The Riwaka 

and Ferrer soils have medium levels (12-25 me/1 00g) of CEC in the top 60 cm. The 

Sherry and Umukuri soils have CEC values that are rated as low in the upper 60 cm of 

the profile. This is a disadvantage, especially with the Sherry and Umukuri soils , as 

the number of cations that these soils are able to hold is low 
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5.4 Base Saturation 

5. -I. I !111roduction 

Base saturation is the proportion of the negatively charged sites in the soil that are 

occupied by exchangeable bases (a ll the exchangeable cations except for H- and At·~- ). 

Fundamentally it is the level to which the nutrients (cations) have filled up the cation 

exchange si tes. A low base saturation indicates that there is still room for additional 

cations in the soil. Base saturation is also an indicator of pH 1f a soil has a low base 

saturation then a high proportion of the cation exchange sites will be occupied by H-

10ns, thus causing the pH to be low 

Base saturation in association with pH can give a rough guide to the buffering capacity 

of the soil . Buffering capacity is defined as the ability of the soil to change pH when 

circumstances alter (McLaren and Cameron , 1996). A soil with a pH near neutral and a 

low base saturation would indicate that the soil has a high buffering capacity. 

5. -I. ] Results 

Most of the sampled soils have med ium levels of base saturation that do not exhibit 

substantial variation throughout the profile , especially the Riwaka and Umuku ri soils 

(Table 5 5 ). Howe ver, the Sherry soils are significantl y lower with very low values that 

average 35% in the topsoil , but decrease to 6% in the subsoil . The Ferrer soil also has 

moderately low values ranging between an averaged 53% in the top l O cm dov,rn to 

25% in the subsoil (32-51 cm). The Ferrer soil does not display any obvious trends 

with base saturation and depth , unlike the Sherry soil. 
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Riwaka Umukuri Sh err]I Ferrer 
0-10 cm comp 67 0-10 cm comp 75 0-10 cm comp ~ '1 0-10 cm 1.,•omp - -.,~ )) 

0-10 cm pit 73 0-10 cm pit 77 0-lO cm pit 37 0-LO cm pit 49 
10-38 cm 62 10-28 cm 69 10-26 cm 24 10-32 cm 36 
38-70 cm 54 28-36 cm 61 26-'7 cm 13 32-51 cm '1 -_) 

70-110 cm 58 36-61 cm 49 -t7-70cm 21 51-93 cm 35 
61-78 cm - - 70-92 cm 6 93-120 cm 47 )) 

78-101 cm 61 92-100 cm 6 

Table 5.5. Base saturation of sampled soils(%). 

5 . ./. 3 J)/sc11ssion 

The Riwaka and Umuk,ui soils both have high base saturation (between 60-80% in the 

top 60 cm). The Ferrer and Sherry soils both have low base saturation (20-40% ) in the 

upper 60 cm These differing le ve ls of base saturation in these soils may be a result of 

land management practices (particularly fertilizer and lime application) of the present 

land use at the sampled sites . 

An indication to the buffering capacity of the soils can also be obtained with the 

correlation of the base saturation to the pH of the soils. The pH of the Sherry and 

Ferrer soi ls is lower than the Riwaka and Umukuri soils (section 5.5.2). This combined 

with the low base saturation of the Sherry and Ferrer soils, and higher va lues in the 

Riwaka and Umukuri soils, indicates that all the soils sampled have a similar buffering 

capacity. 

5.5 Exchangeable Cations - Potassium, Calcium, Magnesium and Sodium 

5.5. J introduction 

Potassium 

Potassium (K) is a vital element in the growth and production of vegetation. Its role in 

the growth of plants involves controlling the rate of carbon dioxide assimilation, 

assisting in balancing the charge of anions, and the initialising enzyme processes 

(McLaren and Cameron, 1996). More specifically for horticultural operations it 

controls the sugars in fruits K deficiencies in vegetation can be seen by the browning 
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of leaf edges . It is suggested that responses to K fertiliser is expected on soils that have 

a value of less that 0.28 me/l00g, whereas soils with values of greater than 0 56 

me/1 00g a response to fertiliser is very unlikely (McLaren and Cameron, 1996) The 

nom1al range of soil potassium that crops require does not vary substantially from crop 

to crop (Table 5 6) 

Crop Normal Potassium ran1:e 
Apple✓pear~ 05-10 
Stone fruit 05-10 
I 31ackcurranh O0 -I 2 
Ra~pherrie~ 0 .5-0 8 
Su·awheJTie~ 0 .5-0 8 
Ki,vifruit 0() -12 
(irape~ 04 -0 8 
Citru~ 0 5-0 8 
l·eijoa~ 0 . .5-10 

Table 5.6. Normal soil test potassium ranges (me/1 00g) for selected crops (Hill 
Laboratories, 2002 ). 

Calcium 

The role of calcium (Ca) in the grovvth of plants is crucial. It 1s vital for the grovvth of 

root tips and also 1s a significant feature in the production of cell walls . In fruit crops a 

deficiency in calcium leads to problems such as bitter pit in apples. It 1s thought that 

good subsoil levels of Ca will assist in reduction of problems such as bitter pit (Clark, 

1986). Significant quantities of Ca in the soil al so encourages activity of soil 

organisms, which in tum leads to increased aeration and a stable soil structure 

(McLaren and Cameron, 1996) 

Nom1al ranges for calcium in soils are between 5 and 12 me/1 O0g (Hill Laboratories, 

2002) . Parent material of a soil is the main factor for detem1ining the Ca levels in the 

soil. Soils made up of limestone and other rocks with a high concentration of Ca will 

normally have adequate supplies of Ca. Soil pH and exchangeable calcium levels are 

usually closely related (figure 5.1). The more acidic the soil is (the lower the pH), the 

more likely the amount of Ca in the soil will be lower. 
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Magnesium 

Magnesium (Mg) is a vital part of the photosynthesis process, as it is the central ion in 

chlorophyll . If this element is deficient then the leaves of plants tend to lose the green 

colour between their veins. Other effects on plants are not significant Effects of Mg 

deficient soils on animals , however, can be dramatic, especially on lactating dairy cattle 

where a lack of Mg can cause hypomagnesaemia (grass staggers). 

All crops investigated generally have a similar range at which sot! Mg ts required to 

achieve optimum growth. This is a range of between 1-3 me/1 00g (Hill Laboratories, 

2002) . 

Sodium 

Sodium (Na) is more important for the growth of animals than the gro½th of crops 

Deficiencies of Na in the soil have not been recognised in the growth of crops , but it 

has been proven that the addition of Na can increase the yields of some crops such as 

beets, spinach and mangolds (\!lcLaren and Cameron, 1996 ). Na is also thought to be 

able to substitute for some of the processes that potassium carnes out 

Sodium levels in soils do not have to be high and most soils contain a sufficient amount 

of Na for crop production Excessive levels of Na in the soil, however, can lead to 

salinity problems , but this is not really an issue in New Zealand apart from areas of low 

rainfall in Central Otago and some soils within close proximity to the coast It is 

considered that soil levels of 0-0 5 me/ ] 0Og are the nom1al range for New Zealand soi ls 

(Hill Laboratories, 2002) 

5.5. 2 Results 

The full results of the tested exchangeable cations are displayed in table 5. 7, with 

summarising graphs shown in figures 5.2-5 .5. Generally there is a trend of decreasing 

concentrations of cations with depth . The Riwaka soil also typically has the highest 

values with the Umukuri and Ferrer soils second, and the Sherry soils predominantly 

have the lowest 
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IRiwaka 
K Ca :vl g Na 

lJmukuri 
f.: Ca \ lg Na 

Shen ·y 
K Ca \ 1g Na 

Ferrer 
K Ca \ •lg Na 

11--10 cm 
O 39 I 2 -l 2 1)6 () 1)7 

11--10 cm o 67 77 :: ~c n ,J3 11--10 cm 
I) J 5 3 X 1) 6 1 ,J ux 11--10 cm 

0 6] 86 I 38 I} IJ 
comp comp comp comp 
11--10 cm \) 5-4 1-l .i 2 29 () 1)6 

11--10 cm () x:: X X 32 1 0 1)2 
11--10 cm 

I ) ] 2 3 5 \) (i8 l] 1]6 
0-10 cm 

0 3 I X -l I 7-l i l l (i 
pit pit pit pit 

10-38 cm o 23 8 7 I 36 I) q7 10-28 cm 0 -4 9 -" 3 2 -1 8 i] 1) 2 10-2 6 cm I ) 0(, 2 1 l \) 26 1) ( )6 10-32 cm ll I ll 52 !J 83 tl 07 
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70- 110 cm 1) 1,)6 4 X 3 6 1 I) 1)7 36-61 cm 11 12 ' , - ·' I :;o 1)<11 47-70cm l l d :2 i) 2 c) i l_', 1) (}~ 51-93 cm nos 3 9 I ) 77 ! l 06 

61 -7 8 cm l l ilJ 2 5 n -4 5 d 112 70 -92 cm 1) 0 ] I] 2 l ) .J :2 <) 1)--I 93- 120 cm dOJ -l 8 2 69 l ] 13 

7 8 - 101 cm Cl ox IS n 33 t ) l ).,t 92 - 100 cm l ) d \ '1 1 l ] (l j O t).1 

Table 5.7. Exchangeable cations of sampled soils (me/ I 00g). 

The values of exchangeable potassium in the sampled soil generally decrease with 

depth, and are normal ly much higher in the topsoils (figure 5.2). The Umukuri soil has 

the highest values with 0 82 me/1 00g recorded from the pit sample. All the soils values 

decrease to be lO\v 0 I me/ l 00g in the lowest t\vO horizons. The Sherry soil has 

particularly low values with val ues ranging from 0 15 me/ I 00g of exchangeable K in 

the topsoil , down to only slightly detectable amounts of exchangeable Kin the subsoil 

Exchangeable K of the Sampled Soils 
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Figure 5.2. Exchangeable K of sampled soils (me/ l 0Og). 
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Levels of exchangeable calcium are highest in the Riwaka soil with values reaching 

14.3 me/ l00g in the 0-10 cm pit sample. The Umukuri and Ferrer soils have very 

similar exchangeable Ca, ranging from approximately 9 me/1 00g to just below 2 

me/ 1 O0g (figure 5.3). The Sherry soil has the lowest amount of exchangeable calcium 

in the sampled soil , and has values that range from 3.8 me/1 00g in the topsoil down to 

0 .1 me/1 00g in the lower subsoil. 

Exchangeable Ca of Sampled Soils 
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Figure 5.3. Exchangeable Ca of sampled soils (me/ 1 00g). 

The Umukuri and Sherry soils show decreasing amounts of exchangeable Mg with 

depth , while the Riwaka and Ferrer soils both tend to initially to decrease, but values 

increase in the lower horizons (figure 54 ). Often these increases in the lower horizons 

resulted in values, which were higher than in the topsoil . The Riwaka soil had the 

highest amount of exchangeable Mg, which peaked at 3.61 me/ l 00g in the lowest 

horizon. The Sherry soil had the lowest values, which ranged from an average of 0 .65 

me/ 1 O0g in the top l 0 cm, down to values as low as 0.1 me/1 00g in the lowest horizon. 
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Figure 5.4. Exchangeable Mg of sampled soils (me/1 00g). 

Levels of exchangeable sodium in the soils tested do not seem to follow trends similar 

to the other cations. Ferrer soils contain the highest levels of exchangeable Na with 

0.16 me/l00g in the 0-1 0 cm pit sample (figure 5.5). The Ferrer soil decreases to a 

value of 0.04 me/1 00g in the 32-51 cm horizon, where it increases again Um ukuri 

soils have the lowest values, which range between 0.01 and 0.04 me/1 00g. The Riwaka 

soil varies little and averages 0.06 me/1 00g, and the Sherry soil ranges between 0.03 

and 0.08 me/1 00g. 
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Figure 5.5. Exchangeable Na of sampled soils (me/1 00g). 
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5.5.3 Discussion 

The generally higher values of each exchangeable cation in the Riwaka and Ferrer soils 

are likely to be due to the siltier nature of these soils, compared to the sandier Umukuri 

and Sherry soils, and is to be expected. The common trend to decreasing values with 

depth also is expected due to lower amounts of organic matter and weathered material 

at depth 

Differences in the 0-10 cm samples taken from the pit and as a composite within 25m 

of the pit suggest considerable spatial variation in values exists 

The exchangeable K values of the tested soils all tend to be on the lower scale of the 

nom1al soil test ranges (Table 5.6). The Umuh1ri soil with an averaged value of 0.75 

me/ I 00g in the top ten centimetres is the only topsoil that falls within the normal range. 

The lovv· level of exchangeable K in the Sherry soi I is rather strange due to the granitic 

parent material of the soil being high in K bearing minerals such as orthoclase, 

microcline and muscovite . Total K in the parent material (see section 5 .7) is also 

higher than for other soils. The results indicate that Sherry soils are deri ved from 

granitic matenals that have been deeply weathered before erosion and deposition as 

alluvial fans . The texture of the Sherry soil (coarse sand) also may also affect the 

exchangeable Kin the soil. 

All the sampled soils, except the Sherry soil have adequate levels of exchangeable Ca 

in the upper horizons . The low values of Ca in the Sherry soil are probably due to this 

soil being derived primarily from granite (little calcium). The other soils would have 

got adequate amounts of calcium from the limestone and marble in their parent 

material. 

The topsoils of the sampled soils, except the Sherry soils are within the normal range of 

1-3 me/1 00g for exchangeable magnesium However, subsoils values are often much 

lower. The Riwaka soil has the highest overall level of exchangeable Mg at 3.61 
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me/1 00g. The topsoil horizons in the Umukuri and Ferrer soils also have satisfactory 

levels of exchangeable Mg, but levels in the lower horizons and may be deficient The 

Sherry soil recorded values that were all below the desired range. The values ranged 

from an average value of 0 65 me/1 00g in the top 10 cm down to values as low as 0 1 

me/1 00g in the lowest horizon . The Sherry soil is therefore very deficient in Mg, which 

is probably due to its granitic parent material. 

All of the sampled soils fell within the normal range of Na levels All results were at 

the lower end of this range ranging as low as 0. 1 me/1 00g in the 36-61 cm horizon of 

the Umukuri soil , up to 0 16 me/1 00g in the upper and lower horizons of the Ferrer soil 

The higher leve ls of a in the Ferrer soil may be due to its closer proximity to the 

coast, and also possibly due to salinity in the groundwater, especially the increased 

values of Na at depth (which is close to the water table) 

5.6 Phosphate 

5.6. J /111rod11c1io11 

Phosphate (P) is an import element in plant grovvth as it is involved in many processes, 

but most importantly it is used for the transfer and storage of energy obtained from 

photosynthesis . Without an adequate supply of P, plant grovvth is stunted and the 

formation of fruits and seeds is reduced Pis stored in the soil solution in the fom1s of 

H::, PO/ m acid soils, and HPO/ in basic soils . The availability of P is also dependant 

on pH. A pH of 6 . 5 is generally regarded as the optimum value for maximising the 

availability of P for the use by plants (figure 5.1 ). 

Olsen P test 

This test was designed in New Zealand some twenty-five years ago to estimate the 

ability of the soil to provide plants with phosphate. The test has been specifically 

designed to test the likely reaction of the soil to the addition of superphosphate 

fertiliser Each individual crop has its preferred level of Olsen P (Table 5.8). 
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Crop Normal Olsen P ran1:e 
Apple,;/pear,; 30 -(10 
Stone fruit l 5-]5 
l:31ackcuJTant,; l 5-]0 
Ra,;pherrie,; 40 -60 
StrawbeITie,; ] 0-40 
Ki \vifruit 30-CiO 
CJ rape,; 15-40 
Citru,; ] 0 -50 
l·eijoa,; ] 0 -50 

Table 5.8. Normal Olsen Prange (ugP/ml) for selected crops (Hill Laboratories, 2002) 

Phosphate retention test 

This is a test that provides an idea of a soils abili ty to fi x phosphate. This is important 

as it gives a guide to how well a soil is able to retain P, and the level of buffering it has. 

P retention can be di vided up into three classes low (0-30% ), moderate (31 -85% ) and 

high (86-1 00%) (McLaren and Ca meron, 1996) 

5. 6.] Nesul,s 

The Riwaka, Umukuri and Sheny soils all generally tend to have decreasing va lues of 

both Olsen P and P retention with depth , whereas the Ferrer soil has fairl y constant 

levels of both Olsen P and P retention throughout the profile (Table 5.9). Ol sen P 

values are the highest in the topsoil (0-1 0 cm pit) of the Urnukuri so il where a value of 

71 µg P/rnl was found The Sheny soil has the lowest levels of Olsen P, with just 1.4 

~tg P/g in the lowest horizon (92-1 00 cm). 

The Riwaka soil has levels that range behveen 32.9 and 34 3 µgP/g in the topsoil, but 

decreases to a range of between 8.6 and 10.5 µgP/g in the subsoil. The P retention was 

also higher in the topsoil with values ranging between 21.9 and 24.1% , while the 

subsoil values ranged behveen 16.5 and 17.5%. 

The Olsen P of the Umukuri soil is 71 0 µgP/g in the top 10 cm, decreases to 27.6 

µgP/g in the base of the topsoil , and 7.6-13 .8 µgP/g in the subsoil. P Retention values 

ranged between 12.1 and 20.4% in the topsoil and 7.0 and 16. 9% in the subsoil. 
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The Sherry soil Olsen P is 32 .9 µgP/g in the top 10 cm, 13 8 µgP/g in the base of the 

topsoil, and l 4 to 13 .8 µgP /g in the subsoil . P Retention values range between 18.9 

and 23 .0% in the topsoil and 6.4-20.2% in the subsoil. 

The Olsen P and P retention of the Ferrer soil is higher than the other three sampled 

soils with values ranging between 26 .7 and 52.4 µgP/g, and 33 .6 and 40.2% 

respectively . 

Riwaka p lf mukuri 
Olsen P p . 

Sher,·y 
Olsen P p _ 

Ferrer 
O lsen P 

p 
O lse n I' . 

Retention Relent.ion Rctcnt1<;)1l .Retention 

0-10 cm 
3-L3 2-1 .1 

0- 10 cm 
61.9 18.8 

0- 10 cm 
32 .9 2,.0 

0- 10 cm 
-11.1 39.0 

comp comp comp comp 

0-10 cm pit 3.1 .8 21.9 0- 10 cm pit 71.0 12.1 0- 10 cm pit 2-1 .. , 20 .0 (~10 cm pit -17.6 36.5 

10-38 cm 3'2.9 2'2.9 1(~28 cm -1 2.9 20 .-1 1(~26 cm 13 .8 18.9 10-32 cm 26 .7 -10 .2 

38-70 cm 8.6 I 7.5 28-36 cm 27.(, 2U 2(,-47 cm 7.(, 64 32-:il cm -1 6.7 .<3 .6 

70- IIOcm 10 .S 16.5 3(,-61 cm 1., .3 16.9 47-70 cm 2.9 17 .. < :il -'13 cm 52 .➔ 3-1 .0 

61 -7 8cm 1., .8 15. I 7(~'12 cm 2 .j 20.2 '13 - 120 cm -1 2. -1 Y>.7 

78-101 cm 7.6 7 0 '12- 100 cm u }() .(, 

Table 5.9. Olsen P (µg P/g) and P retention(% ) values for sampled so il s . 

5.6.3 Discussion 

The topsoils of the sampled soils (Table 5.9) are within or above the nom1al range for 

recommended Olsen P values for the crops listed in table 5.6 However, a low value of 

13 .8 µgP/g is present in the lower topsoil (l 0-26 cm) of the Sherry soil The Olsen P 

values of all the subsoils are at levels below the normal ranges, with the exception of 

the Ferrer soil where values remain similar to the topsoil. 

Of the sampled soils, all with the exception of the Ferrer soil are classified as having 

low phosphate retention . The Ferrer soil is classified as a medium level of P retention , 

with values ranging from as high as 40.2% in the l 0-32 cm horizon (lower topsoil), to a 

low of 33 .6% in the horizon below this (32-51 cm). The P retention and Olsen P of this 

soil is unusual. Firstly the Olsen P of most soils decreases with depth , a result of 

decreased organic matter and higher fertiliser application nearer the surface. Secondly 
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the P retention of imperfectly to poorly drained soils is usually lower than adjacent soils 

with similar parent material that are well drained. 

This pattern of decreasing Olsen P with depth is expected due to the higher 

concentration of organic matter and the more weathered soil particles in the upper 

horizons . The unifom1 readings in the Ferrer soil could be due to the ferro-organic-clay 

coatings present 

5.7 XRF Analysis of sediments 

5. 7. 1 !111rod11c,im1 

X-ray fluorescence (XRF) analyses of the sampled soils was undertaken by 

SpectraChem Analytical Limited, Lower Hutt This was done so that an understanding 

of the parent materials that fom1 the soils could be established and/or reaffirmed 

Samples were taken from the lower horizon of each sampled profile, as this is where 

the least weathering has occurred, and therefore provides the best representation of the 

parent material. There was some variation in the texture of the collected samples, with 

the Ferrer soil sample a silt loam, the Riwaka soil a fine sandy loam, the Sherry soil a 

coarse sand , and the Umukuri soil a medium loamy sand . 

5. 7. ] Resuhs 

There are significant differences between soils , especially between the Sherry and the 

other three sampled soils (table 5.10) The Sherry soil showed substantially lower 

levels of both iron and manganese oxides (Fe 2O.~ and MnO respectively) . Levels of 

magnesium and titanium oxides (MgO and TiO2 respectively) in the Sherry soil are also 

a lot lower than in the other soils tested 

The results of the trace element analyses (table 5.11) show the Sherry soil has increased 

levels of barium (Ba) and decreased levels of chromium (Cr), copper (Cu), lanthanum 

(La), nickel (Ni), zinc (Zn) and zirconium (Zr) compared to the other three soils 

sampled. 
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MAJOR OXIDE ANALYSES 
Oxide Riwal<a Umukuri Sher~· Ferrer 

70- 110 78 -101 92 -100 93-120 
SiO2 (i(, 5 I 58 .60 74 .12 52 .26 
Al2O3 14.73 13 .94 14 .63 18 .7 1 
Fc2O3 5 (12 9. 14 045 9.77 
MnO 009 0. 15 <0.0 1 0 IC, 
•lgO 2 0 I 3.51 0 11 3 (17 

CaO l .CiO 5.60 1.49 4 08 
Na2O 2.(15 3.22 4.27 2.39 
K2O 2 0(1 I 97 348 1.24 
TiO2 0.73 235 0 18 IJ2 
P2O:a 0.13 OJI 0.02 ().](, 

LOI 364 I 09 0.71 5.99 
SU 1 99.77 99 88 9944 99 .95 

Al l rn lue,; are e,pre,;,;ed a,; ,, eight '½, on m·en drie<l 11 I 0°C I hasis. 
LOI = lo,;,; on ignition at l(Xl0"C. 

Table 5.10. Major oxide ana lyses on the subsoil of the sampled soils. 

T RACE ELEMENT Al\ALYSES 
Element Riwaka Umukuri Sherr)· Jenkins 

70 - 110 78 - lOl 92 - 100 93-120 
As 5 2 < I 2 
Ba 570 (i55 1]02 - -p ) __ ) 

Cc 57 (15 97 9() 

Cr 199 131 < I 133 
Cu 28 29 < I 97 
Ga 17 18 15 2.1 
La 2(, 24 < I 44 
Nb 9 17 4 IO 
Ni 112 45 5 81 
Pb 

,, 
~-' 14 1(, 1(1 

Rb 84 51 67 44 
Sc 15 21 < I 19 
Sr 312 875 804 6 18 
Th 13 2 < I 7 
u (, 5 5 5 
V 104 21 0 < I 209 
y 23 19 4 22 

Zn 72 82 18 I 19 
Zr 197 311 77 152 

~ 11 value,; are e:-:pressed as mg/kg 

Table 5.11 Trace element analyses on the subsoil of the sampled soils. 
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5. 7. 3 Discussion 

The levels of iron and manganese oxides in the Riwaka, Umukuri and Ferrer soils 

indicate that the parent material is possibly from felsic (granite), sandstone, limestone 

or dolomite rocks Levels of magnesium and titanium oxides (!\tlgO and TiO:, 

respectively) in the Sherry soil are a lot lower than the others, indicating that the parent 

material is more likely to be dominated by granite The results of the trace element 

analyses further enforce the findings found in the major oxide analyses . This reinforces 

the presumed assumption that the Sherry soil is primarily derived from granite, whereas 

the other three soils have come from more complex and generally more basic or iron 

rich rocks . 

The relatively low level of calcium in the Riwaka soil is surpnsmg as marble is 

common in the catchment. It was expected that levels would be substantially higher 

than the Sherry soil . 
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CHAPTER SIX 

Land Evaluation 

6.1 Introduction 

Land evaluation is a process where the physical factors of a particular area are related 

to a particular land use. This involves identifying and classifying the individual 

characteristics of a si te such as climate, topography, and soil type, and then correlating 

these characteristics to possible land uses In essence it provides a companson of a 

particular piece of land for a particular land use, relative to another piece of land for the 

same land use. The key areas where land evaluation has a direct application are with 

land resource planning, guiding land purchase, and the basing of decisions on land 

management (Webb and Wilson, 1995 ). Two useful manuals on this process are · A 

manual of land characteristics for evaluation of rural land ' ( 1995) and "Classification of 

land according to its versatility for orchard crop production ' (1994) by Webb and 

Wilson at Landcare Research . 

61.1 Soil Versatility 

Soil versatility is a measure of the ability of the soil to be used for many different land 

uses . Very versatile soils are suited to a wide range of uses, including cultivation and 

cropping which are very demanding on soil . Molloy (1998) describes a versatile soil as 

one that: 

• occurs on flat land or very gentle slopes (<5°); 

• has a potential rooting depth of at least 0 . 75m; 

• offers little resistance to root penetration 

• suffers few days of soil-water deficit; 
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• suffers few days of waterlogging; 

• has large, interconnected pores to ensure good drainage and aeration ; 

• has a low content of stones ; 

• is capable of being cultivated by machines throughout most of the spring 

period; 

• has high structural stability; and 

• is not likely to suffer from erosion , f1ooding or salt contamination. 

Versatile soils not only support the greatest range of land uses but also have the best 

energy-use efficiency for crop production , the strongest absorption capacity of 

pollutants (minimising contamination risk), and the greatest resistance to land 

disturbance (Landcare Research , 1999). Versatile soils are commonly classified 

according to their description under the New Zealand Land Resource lnventory 

(NZLRI) . Land that is classified with a Land Use Capability (LUC) class of I or II and 

sometimes Ill is often classified as versatile . 

The land use capability of the study area is very high (figure 6.1 ). Values range from a 

significant area of class I land on the floodplain of the Motueka River and up the 

Riwaka Valley, to a small area of class 8 land near the mouth of the Motueka River. 

Most of the land in the study area has a LUC class 1, 2 or 3 The re-examination of the 

soils in this study suggests that some re-designation of the class 1 land may be required. 

The NZLRI system has a major weakness when used for the classification of highly 

productive land , in that it fails to fully quantify highly versatile land. This is due to the 

purpose the NZLRI was primarily developed for, i.e. for being a tool to evaluate more 

marginal land that was prone to problems such as erosion The manuals developed by 

Webb and Wilson mentioned in section 6 .1 are more suited to classifying the land 

characteristics in terms of their ability for productive enterprises . They also offer the 

opportunity to semi-quantify suitability, using actual soils data, whereas the LUC is 

interpretative. In the manual on the evaluation of rural land there are some 27 different 
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tables that can be consulted for the purpose of land classification . Often, though, the 

data required to support these tables is unavailable or unmeasured. 

MOTUEKA LUC UNITS 

Figure 6.1. LUC units of the study area and surrounds (Lynn, 1975). 

The importance of versatility identification 

Once versatile soils have been used for urban development or other non-productive 

land uses they have been effectively lost fi-om production forever. This problem 

predominantly occurs as more people move to urban areas on such land, resulting in 

urban sprawl. This in tum places increased pressure on the remaining areas of 

productive land. 
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Fragmentation of land is also becoming an issue due to the current increasing trend of 

living on life-style blocks (Molloy, 1998). Often such blocks are not used as efficiently 

or intensively as when they were in productive land uses , as the common land use on 

such blocks is horse or sheep grazing Historically the land around Motueka has been 

subdivided into small blocks during high times of tobacco production. To some degree 

this may mitigate against a number of larger blocks being subdivided into life-style 

properties . 

The loss or fragmentation of versatile land can result in some land uses that require 

large continuous blocks of rural land becoming unsustainable both economically and 

environmentally. For an intensive land use such as vegetable production , only one 

quarter of the area should be used for production at any one time, with the other three 

quarters spelled. If land users carry out their activities on insufficient amounts of land, 

they may try to utilise land that is not well suited to production, or attempt to produce 

more from the smaller remaining areas of land that are suited to production These 

options have a greater potential for adverse environmental effects, such as soil 

compaction due to increased trafficking. 

Fragmenting rural land reduces the options for future land users . If it is possible to 

maintain large rural land parcels for many years it will give future generations the 

opportunity to carry out a wide range of potential land uses . This point can be 

emphasised by the recent success of crops such as kiwifruit, which predominantly are 

based on reasonably large tracts of highly versatile soils . 

6.2 Individual Cro p Requirements 

Differences in the physical requirements of crops for optimum production can vary 

considerably. Blueberries for example require a significantly lower soil pH for growth 

and production compared with most other crops . When evaluating land for potential 

uses , the requirements of the individual land uses must be factored into the process to 

ensure a sensible result is found . 

Soil mapping, compilation and land evaluation of Motueka, Riwaka and Moutere Valleys 73 



For the purpose of th is study three crops wi ll be studied and eval uated, these are 

kiwifruit, hops , and blackcurrants , which are three crops that appear to be increasing in 

hectarage. 

6.]. l Ki11 ·(fi·11ir 

Presently there are three key commercia l kiwifruit varieties available in New Zealand, 

which are Hayward , Early Start and Zespri Gold . They all are very s imilar in the 

environmental conditions required to produce productive yields A work calendar 

(figure 6.2) disp lays the key growth periods , and when acti vities occur on the orchard . 

Jul Auq Sep Oct Nov Dec Jan Feb Mar Apr Mav Jun 

Growth 

Pollination 

Fru it Growth 

Ha rvesting 

Activities 

Pruninq 

Weed Spraying 

Spraying 

Mowing 

Fertiliser 

~ Important Activity 

Less Important Activity 

Figure 6.2 . K iwifruit work calendar (adaptedjiwn Kemohan, 1983). 

Climate 

Kiwifru it is particularly sensitive to frost and needs a frost-free season of 225 to 240 

days Late spring fros ts (colder than -1 °C) can damage new shoots, w hile early frosts 

in autumn (colder than - 2.5°C) can damage fru it and trun ks of young vines . Kiwifruit 

need a lot of mois ture in the growing season, and they thrive best when there is an 

evenly distributed rainfall T hey also favo ur a re lative ly high humidity, which is the 

opposite of o ther crops such as app les and grapes Annual precip itation is ideally 
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between 1250-2500 mm, and irrigation is needed if below this range (Kemohan, 1 983) 

Hail in the spring can break shoots and reduce crop production In New Zealand shelter 

is generally needed to protect kiwifruit from strong winds . This helps to reduce the 

damage caused when new shoots are growing, and prevents excessive wind rub on the 

mature fruit (Sale, 1986). Shelter also helps pollination, as bees do not like working in 

an unsheltered orchard Insufficient pollination causes large numbers of small " scrub" 

or misshapen fruit, which decreases profitability (Kemohan, 1983 ). Strong winds that 

defoliate the vines also cause the cropping capacity of the next season to be reduced . 

Table 6.1 displays the climatic data for Te Puke, the heart of the world kiwifruit 

industry . 

Rain fa ll Tempe rature Min Temp Frost Frost Huntidity Hail Ga le (d ays 
(mm) Mean (0C) Recorded IA verage Days A vernge Days (%) (days ol) o l) 

(OC) (ground ) (air) 

J.\ :'I' 7-1 18 .7 () .5 - 76 - 0 .1 

Feb 111 18.9 5.-1 o l 7X - () 1 

Mar 199 17.(> 2.7 0.1 77 - () j 

Anr 1-19 I 5.:l ().() I.I XI o I -

Mav 1-1() 12 O -2 () 9.-1 () -I 8~ 0 .1 0 .1 

Jun 188 9.9 -1.X 12 .-1 u 85 ()J 

Jul 19() 9:; -2 () 1:l.9 2.5 X-1 0.6 ()J 

Aug 156 IO 2 -U 12 .1 o:; 82 () j -

Sen 15:l 117 -0:l X.5 o:; 77 ()J -

Oct 1-19 13 .-1 O.X l .X - 7-1 () -I -

Nov 125 1-1 .9 1.5 1.X - 75 o I -

Dec 12() 16.9 -1 .X - - 75 () -I -

Annual 17S.t 1-t.l -2.0 63.2 .t.8 79 2.5 IA 

Ta ble 6.1. Climatic data for Te Puke (Kernohan, 1983). 

So ils 

Kiwifruit vines are very sensitive to wet soils so they must be free draining and have a 

minimum winter water table of 1 m Kiwifruit require good soil fertility , similar to that 

required by other orchard crops. Soils must contain minimum salts, and not be too 

alkaline (greater than pH 7.3) . Soil for kiwifruit vineyards should have less than 0.25 

ppm boron, low sodium, and an electrical conductivity of 0. 75 or less (Beutel, 1990). 
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Classification of the nom1al range of soil chemical characteristics for kiwifruit growth 

has been defined by Hill Laboratories (tab le 6.2). 

Element (unit) NormaJ Range 
pll 5.8 - 6.5 
Oben P (ug/ml ) 30 - (10 
Pota,; ,;ium (me/ ! (Xhz) 0B:l - 1.20 
Calcium (me/! (X)~) (10 - 12.0 
Magne,;ium (me/ l00g) \ (X) -3 .00 
Sodium (me/! 00g) ()(X) - 040 
CI-:C (me/100~) 12 0 -25 .0 

Table 6.2 . Soil chemical requirements for kiwifruit (Hill Laboratories 2002). 

6.]. ] Rlackc11rra111s 

ew Zealand produces 2500-3000 tonnes of blackcurrants annually, with the major 

cultivars being \ltagnus, Ben Rua, and Ben Ard (Snelling and Langford, 2002) The 

two regions where this crop is predominantl y grown are Nelson and Canterbury. 

Climate 

Blackcurrants require a substantial amount of winter chilling, and are best suited to 

regions in New Zealand that have at least I 300 hours below 7°C (Snelling and 

Langford, 2002). Because of this , blackcurrants can be grown in shadier spots where 

many other horticultural crops cannot 

Soil 

There have not been significant studies in ew Zealand on detem1ining the soil 

requirements of blackcurrants . Much of the currently utilised research in ew Zealand 

has been either carried out in Britain or Eastern Europe (Clark et al. , 1986). 

Blackcurrants are a tolerant and hardy crop and can survive well in heavier textured 

soils (e.g. clays) where other berry crops cannot, but do not tolerate wet, water-logged 

soils (Ballinger and Ballinger, 1981 ). The normal range of soil nutrients for optimum 

production of blackcurrants in ew Zealand is shown in table 6.3. 
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Element (unit) Nonnal Ran2e 
pl! 5.8 - (, 5 
Olsen P (ug/ml ) 15 - 30 
l'otassium (me/I (X)g) 0(i() -1 .20 
Calcium (me/I 00!!) 60 - 12 0 
Magnesium (me/l 00g) I <Xl - 3.00 
Sodium (me/ l00g) 0(X) - 04 0 
en:· (me/l00g) 12 .0 - 25 .0 

Table 63 . Soil chemical requirements for blackcurrants (Hill Laboratories, 2002). 

63.2 Hops 

Hops are a unique crop , and are only grov,rn in the Nelson/Motueka region in New 

Zealand. Currently there are 26 growers producing 800 tonnes of hops on 

approximately 350 ha (MAF, 1997) The current dominant varieties grown in New 

Zealand are Super Alpha, Green Bullet, and Pacific Gem All these varieties have been 

bred for ew Zealand conditions. 

Climate 

Climate is very important to the successful production of hops. This is due to the 

vu lnerability of hops to wind damage when they have fully groVvTI and are strung up 

some ten metres above the ground Lack of strong winds during November-February is 

therefore vital for the production of hops . Hops are also vulnerable to spring frosts that 

are greater than -5°C These frosts stop the growth of the bine (the vine) and kill the 

leaves . 

Soils 

There has been very little research into the soil facto rs that dictate optimum hop yie lds 

in New Zealand, primarily due to the relatively small area in hop production. From soil 

studies by Laffan (1975) it has been found that that hops produce highest annual yields 

on the Riwaka sandy and silt loams, where 2400kg/ha of hops were produced. The 

Braebum soils produced significantly less hops, where annual yields of 1350kg/ha were 
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produced. Cases of deficiencies in magnesium, zinc, boron and molybdenum have 

been noted in New Zealand hops (Oliver, 1962). 

6.3 Method of land evaluation 

The method of land evaluation involves the rating of climatic, landscape, soil physical 

and chemical factors of a particular soil to a selected crop. Climatic factors considered 

for example may include rainfall , temperature and sunshine hours . The factors used are 

generally restricted to those that have had data collected, which can be a problem, 

especially as often soil data is unavailable or difficult to obtain . 

The ratings for each factor typically range from l to 5, with the lowest number 

indicating the maximum suitability. The amalgamation of these factors can be 

presented in a table where averages for the key factors (e .g . climate, and landscape) can 

be presented . These averages are calculated by the addition of the sum of the 

individual factors , divided by the amount of factors considered. 
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6.4 Results of land evaluation 

The suitability of kiwifruit, blackcurrants and hops were evaluated and rated to the 

Riwaka silt loam, Urnukuri medium sandy loam, Sherry medium sandy loam and Ferrer 

silt loam soils_ Results are summarised in table 6.4, which is a summary of each factor 

described in appendix A6. 

I' Ri waka silt loam L· mukuri medium Sherry medium Fe rrer silt loam 
sandy I am sandy loam 

-- --

CLi\1 -ffE 

.-'.nnual Rainfall l_,81 1_,81 I_, 81 1381 
Kiwifruit I I I I 
Rlackcurrants I I l l 

- Hops l I l l 
Annual m..;an temp 12.S 12.5 12.S 12.5 

Kiwifruit I I I I 
Rlackeurrants I I I I 
Hops I I 1 1 

I .owes! recorded temp --U --U --U --1.-1 
- Kiwifruit I I 1 I 
- Blackcuri-ants I 1 I 1 
- Hops I 1 1 1 

An nual gro und frosts 82.0 82.0 82 .0 82 0 
Ki"·i fruit -I -I -I -I 
Blackcunants -I -I -I -I 
H,)ps -I -I -I -I 

Ann ual ai r fros ts :;0_9 :;o 9 _,0.9 30.9 
Kiw ifru it -I -I -I -I 
Blackcurrants -I -I -I -I 

- Hops -I -I -I -I 

. .\nnua\ sunshin~ hours 2-11 8 2-118 2-1 I 8 2-1 I 8 
Kiwifruit I I I I 
Blackcurrants I I I I 
Hops I I I I 

Annua l humidity 77 77 77 77 
Kiwifruit 2 2 2 2 
Blackcurrants 2 2 2 2 
Hops 2 2 2 2 

Annua l days hail 0/, () _(, 0.6 I)_(, 

Kiwifruit I I 1 I 
Blackcurrants I I 1 1 
Hops I I 1 I 

Annual days gale 0. 1 0.1 0.1 0.1 
- Kiwifruit I I I I 
- Blackcurrants I I I I 
- Hops 1 1 I 1 

,\,·era2es 
Kiwifmit L78 1.78 1.78 1.78 
Blackcurrants 1.78 1.78 1.78 1.78 
Ho ps 1.78 1.78 1.78 1.78 

LA.~DSCAPf; Riwaka l ·mukuri Sherry Ferrer 

Slope (degrees) 0-3 0-3 5-7 0-3 
Kiwifruit I I 1 I 

- Blackcurrants I 1 I 1 
- Hops I I I I 

Soil mapping, compilat ion and land evaluation of Motueka, Riwaka and Moutere Val leys 79 



SO I I, PIIYSIC .\I. Riwaka l ·rnukuri Sherry Ferrer 

Drainage class Wdl Well Well lrnpcrfoct to Poor 

- Kiwifruit I 1 1 -1. 5 
- Rlackcurrants I 1 1 :u 
- Hops I 1 1 2.5 

Pro tile a,·ailahk water (to 1 rn) 59 11-1 8-1 13-1 
Kiwifruit 1 2 1 

- l:llackcurrants - I 2 1 
Hops - 1 2 1 

Bulk Density 1.59 U6 1.-16 U8 
Kiwifruit _, 2 3 2 
l:llackcurrants ·' 2 ·' 2 
Hops . 2 3 2 

Sa turated Hydraulic conducti,·ity . 8-1 -17 -1 
Kiwifruit -1 1 2 2 
Hlackcurrants -1 1 2 2 
flops -1 1 2 2 

Sto nin ess (0 o top 1 m) 0 0 0 
Kiwifruit I 1 1 1 
Hlackcurrants 1 1 1 1 
Hops 1 1 1 1 

r\,·era2es 
Ki"ifmit 2.-1 1.2 1.8 2. 1 
Blackcurrants 2.-1 1.2 1.8 1.9 
Hops 2.-1 1.2 1.8 1.7 

SOI I. CII E\IIC .\I. Ri"·aka l ·mukuri Sherry h:rrcr 
- . 

pH 6 .. , 6. -1 5 .S 5.5 
Ki,vi fruit 1 1 -1 -1 
Blackcurrants 1 1 -1 -1 
Ho ps 1 1 -1 -1 

Cati ,)n exchange ca pac ity top (,0 1 7.-1 10.8 6. 75 16 .1 
cm ' -1 -1 ' Ki wi fru it ' -1 -1 ' 

Hla..::k..::urrant~ ' -1 -1 ' 
Hops 

Potass ium (l..'5 0.62 0. 10 0.28 
- Kiwifruit ·' 

0 ' . -
- Blackcurrants 2 ' Hops ·' 2 a 

Calcium 11 .0 6. 8 2.8 6.9 
Kiwifruit 1 2 ' 2 
Hlackcurrants 1 2 ' 2 
Ho ps 1 2 ' 2 

Sodium 0.07 0.02 0.07 0. 11 
Kiwifruit 1 1 1 1 

- Hlackcurrants 1 1 1 1 
- Hops 1 1 1 1 

\ [a gnc sium 1.76 2. 75 0. -1 S 1.20 
- Kiwifruit 1 1 1 

Hlackcurrants I 1 2 1 
- Hops 1 1 2 1 

P Retention (0 o) top 20 cm 
..,, ,_, 26 20 39 

Kiwifruit -1 -1 -1 ·' 
Blackcurrants -1 -1 -1 3 

- Hops -1 -1 -1 3 
AYerages 

- Kiwifmit 2.00 2. 1-1 3.1-1 2.-13 
- Blackcurrants 2.00 2.1-1 3.00 2.-13 
- Hops 2.00 2. 1-1 3.00 2.-13 

Total Aw~es 
. Ki,-i fmit 1.95 1. 73 2. 18 2.112 
- Blackcun·a nts 1.95 I. 73 2.1-1 1.97 
- Hops 1.95 1.73 2. 1-1 1.93 

Table 6.4. Factor evaluation of selected crops to selected soils. 
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Climatic variations between soil types are minimal. The climatic conditions of the study 

area is generally highly suitable for the studied crops, however the occurrence of 

ground and air frosts is the most limiting factor with a rating of 4 . 

The only landscape factor considered (slope) was rated l on all soils . 

The soil physical factors varied substantially from soil type to soil type. The Umukuri 

medium sandy loam was by far the most suitable soil for the studied crops , and scored a 

l for each factor considered, with the exception of bulk density, which scored a 2. The 

next best soil physically was the Sherry medium sandy loam, with an averaged rating of 

1.8. This soil scored well in drainage class and stoniness, but has lower readily 

available water and saturated soil hydraulic conductivity with ratings of 2, and bulk 

density with a rating of 3. The Riwaka silt loam rated similarly to the Sherry soil , but 

the poorer ratings of 2 for readily available water and saturated hydraulic conducti vity 

increased to 3 and 4 respectively. The Ferrer silt loam rated well in the available water 

and stoniness, but poorly in the drainage, bulk density and saturated soil hydraulic 

conductivity. Values for the drainage class of the Ferrer soil varied with crops, with 

kiwifruit rating 4.5, blackcurrants 3 .5 and hops 2.5. All the crops scored 2 for saturated 

hydraulic conductivity in the Ferrer soil . 

The soil chemical properties of all the soils rate as only moderate, with averages 

ranging between 2 and 3.14. The Riwaka soil rated best with good scores for pH, 

calcium, sodium and magnesium levels . A rating of 3 was given to CEC and 

potassium, and a 4 was given for phosphate retention . The ratings for Umukuri and 

Ferrer soils were slightly lower. Sodium and magnesium were given ratings of l . pH 

was rated as l in the Umukuri soil , but received a 4 in the Ferrer soil . A rating of 2 was 

given to both soils for calcium. CEC in these soils was rated poor with a 4 and 3 given 

to the Umukuri and Ferrer soils respectively. Potassium was rated 2 and 3, and 

phosphate was rated 4 and 3 in these soils . The poorest soil was the Sherry medium 
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sandy loam. Sodium levels were the only chemical property that was rated with a 1. 

Magnesium levels were rated as 2 for black currant and hop production, but 3 for 

kiwifruit production. Ratings of 3 were given for potassium and calcium levels , and 

ratings of 4 were given for pH, CEC and phosphate retention 

In general results of the total averages for the soil ratings are very similar ranging from 

1. 73 to 218. The Umukuri and Riwaka soils are rated the best with a scores 1. 73 and 

1.95 respectively. Soil physical factors were rated higher for the Umukuri soil with an 

average of 1.2 compared to 2.4 in the R1waka. The chemical properties of the Riwaka 

soil rated better than the Umukuri soil with values of 2.00 and 2.14 respectively The 

other two soils investigated also rated similarly with total averages between 2.14 and 

2. 18 for the Sherry soil and 1. 93 and 2. 02 for the Ferrer soil . The rating for growing 

hops on the Ferrer soil is greater than the Riwaka soil. There was also variation 

between crops on the Sherry and Umukuri sot! with hops rating the most suitable, then 

blackcurrants and kiwifruit respecti vely. From the factor averages landscape was rated 

the factor most conducive to the evaluated crops, then climate. Soil chemical and 

physical factors varied with physical factors rated poorer in the Riwaka soil , but higher 

in the other three soi ls . 

6.5 Discussion 

The averages for each land evaluation factor and the total averages give an insight into 

the suitability of the crops, as well as the versatility of the sot! types . The best soil, 

with the lowest total average rating is the Umukuri soil, with a rating of 1.73 This 

indicates that this soil is also the most versatile, and is therefore able to support the 

widest range of crops The second best rated soil is the Riwaka, with a total averaged 

rating of 1.95 . The Ferrer soil with a total averaged rating ranging between 1.93 for 

hops and 2.02 for kiwifruit was rated third. The suitability of hops is in fact greater on 

the Ferrer soil than the Riwaka soil . This is due to the soil physical suitability of this 

soil. The Sherry soil had the worst total average with a rating of 214-2.18. 
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There is no data to indicate any major climatic differences within the study area. The 

ratings for climatic factors indicate the soils are all similar, with a value of 1. 78. This 

value would be a lot higher if it was not for the occurrence of both air and ground 

frosts . There is likely to be variation in the location of frosts with pockets and zones 

existing These areas are likely to be the valleys, and the land in general as distance 

from the sea increases. The impact of frosts is likely to be the biggest climatic 

restriction to the development of new crops in the region 

As the only landscape factor considered was slope, the landscape is highly suitable for 

the studied crops with a rating of 1. 

There was considerable variation from soil to soil in the physical ratings The Umukuri 

soil was rated as the best soil. Th is is due to the texture of the soil, which enables free 

drainage, but also holds adequate water. The Riwaka soil rated the poorest with an 

averaged rating of 2.4. This is likel y to be due to the high bulk density of the soil , 

which in tum causes saturated hydraulic conductivity to be slow. Profil e available 

water is also rated poorly. This shows a weakness in this method used as the physical 

characteristics of the Riwaka soil is likely to be more highly suited than the Ferrer soil 

for the production of a crop such as kiwifruit 

The chemical ratings also varied from soil to soil. Riwaka soil was the best with an 

average rating of 2 . P retention , CEC and available K though are low raising the rating. 

The Sherry soil is the poorest soil chemically with ratings ranging between 3 .00 and 

314 This is probably due to the coarse nature of the soil 
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CHAPTER SEVEN 

Soil Survey Report 

Please Note: 

This chapter has been set out in a fom1 that enables it to exist by itself, in the form of a 

'soil survey report '. For this reason there is material in this section that has already 

been mentioned in other chapters of the thesis . However, there is also a considerable 

amount of material within this chapter that is not mentioned elsewhere. 
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A descnj)(ion of 

The Soils of Part Motueka, 

South Island, New Zealand 

P J Nelson 
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INTRODUCTION 

LOCATION 

The study area covers some 4355 ha around the Motueka township , at the northern end 

of the South Island, New Zealand . The area covered by th is map is restricted to the flat 

(<7°) alluvial land , and excludes any of the rolling land in the area. The area is 

bounded by Tasman Bay in the east, the Tasman Bay Mountains in the north-east, and 

the Moutere Gravel fom1ation in the south . The major rivers in the area are the 

Motueka and Riwaka. The Motueka River (2200 km 2
) is a substantially larger river the 

Riwaka (7km 2
) and is the source for the majority of the sediment that forms the plains . 

Figure I. Location of 
the Motueka soil map. 
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GEOLOGY 

The geology of the region can be defined into two distinct units . These are the Moutere 

Grave l formation that forms the southern rolling hill country, and the many differing 

geological units that form the remaining Mountainous parts of the region. 

The Late Pliocene to Early Pleistocene Moutere Gravel formation is made up of 

uniform, horizontally bedded, well rounded pebbles and cobbles of quartzose 

greywacke, which are held within a clay-sand matrix (Rattenbury et al. , 1998). 

The remaining area has varied geology. The northern hills are predominantly Early 

Cretaceous granites, while the southern mountains are predominantly Early Permian 

ultra-mafic fom1ations and the south-east is dominated by Triassic sandstone/siltstone 

units . Ordovician limestone, marble , and \1iddle Devonian calcareous mudstone 

dominate in the west (Rattenbury et al. , 1998). 

The geology has influenced the alluvium deposited on the plains (Table l ). The Sherry 

soil , formed predominantly of granitic parent material , has substantially lower levels of 

iron (Fe20 ~), magnesi um (\1g0), titanium (Ti02) and phosphorus (P20 s), but more 

potassium (K 20) and silica (Si02). The Um ukuri soi l, from more bas ic rocks , has 

lower potassium, but higher iron and calcium The Riwaka and Ferrer soils are deri ved 

from mixed alluvium of the Motueka Ri ver. 

MAJOR OXID E ANALYSES 
Oxid Riwaka ffmukuri .. -· Sherry Ct~~~~ Ferrer .,. ' 

' '70 - I 10 1>-•!l.,~L 78- IOI "" __ 11.,_..._ 92 - 100 · .. J.~l l 93-120 
SiO2 (,6 51 58 GO 74 .12 52.26 
AhOJ 14.73 13 .94 14 (,3 18 .7 1 
Fe2O3 5.62 9.14 045 9.77 
MnO 0.09 0 .15 <0 0 1 0. 16 
MgO 2 0 1 3.5 l 0 1 l H,7 
CaO I .GO 5.60 l .49 4 08 
Na2O 2.65 3.22 4.27 2.39 
K2O 2.06 l 97 3.48 1.24 
TiO2 0 .73 2.35 0. 18 132 
P2O5 0 .13 OJI 002 OJ 6 
LOI 3.64 l 09 07 1 5.99 
SIIM l)C) 77 C)C) XX l)C) 44 l)C) ()') 

All va lues arc express~d as weight 0 o on o,·cn dried 111 O"C I has is . 

LO I = loss on ignition at I000"C. 

Table L. XRF major o;-.; i<le analyses of the suhsoil,; or four key soils in the study area. 
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CLTMATE 

The climate for the Nelson region is unique (Table 2). It is significantly warmer and 

sunnier than its latitude might suggest, primarily due to the effects of the surrounding 

mountain ranges. Riwaka gets on average an annual amount of 2418 sunshine hours, 

57% of the total possible hours . Annual rainfall is 1381 mm, and the mean temperature 

is l 2.5°C. Frosts are common with 82 days of ground frosts annually. Other features 

such as gales and hail are very rare. 

Hainfall 'l'emperatur l\ l in Temp Frost Fr·ost Humidit)' Hail E, ·aporacion i\lean Gale 
I! ( 111111) e, i\lean ("C ) l{ecorded ,-\ver~ge .A ·fera~e ('Po) l(da~ s of) 111111 (pan \nnual da~·,; of) 

("C) Days Days (air) Sunshine 
(2round) hour,; 

.Jan 7-l 17.-l -1 .2 - 68 - 179 26-l -
Feb 88 17.-l 

, , 0. 1 72 - 1-ll 2-1, -·-
i\lar 100 1(>.0 1. , 0.-l 77 - 106 20-l 

,\pr 1 ~ 5 1., .2 -0.6 .'. -l 0 .1 81 - (,8 180 

!\la~· 1-l(, 10 .1 ... 10.9 2. -1 85 0.1 ·' 7 165 

. Jun 125 7. 7 -.-~ .x 17.9 8.8 87 - 28 1-1(, 

.Jul 1-18 7.0 --l .-l 19 .. , 11.-l 92 - 27 15 7 

,-\u:? 
1 '" 8.0 --l .-l 16. 1 6.6 85 0.1 :,9 1 (, -1 

Sep 109 10.2 - 2.6 9.5 1.-l 77 0 1 65 18., -

Oct 122 12 .. , - 1.8 3.(, 0.2 69 105 2~2 

i\o,· 9 1 1-l .2 0.-l 0.7 67 0 2 1-11 2., -1 

Dec 90 16.2 2.5 0.1 67 01 169 2-16 0.1 

,\nnual 1381 12.S --l.4 82 .0 30.~ 77 0.6 I 1(1:i 2-l 18 0. 1 

Table 2. Cli matic data for Ri\\ aka lN/MS. 1985 i. 

VEGETATJO 

Pre-European vegetation of the region was commonly forest Beech (Nothojagus spp.) 

fo rest dominated the steep s lopes of the valleys, while podocarps were abundant in the 

higher rainfall areas, gullies and on the lowlands (Chittenden et al., 1966). The stony 

Hau soils to the south-west of Motueka township were not forested, and manuka, 

bracken, and grasses dominated . Maori settlement in the area did have a significant 

impact on pre-European vegetation due to the burning and development of gardens 

The coastal belt near Motueka was not forested , thought to be due to the impacts of pre­

European Maori activities (Chittenden el al., 1966). 

Soil mapping, compilation and land evaluation of Motueka, R.iwaka and Moutere Val leys 88 



Much of the vegetation now is high producing horticultural crops such as apples, 

kiwi fruit and hops. Apples are the most dominant land use with 1489 ha or 30% of the 

study area in this land use . Pasture is also significant with 1419 ha, but much of this is 

the poorer land with gravelly or drainage limitations , and is therefore unsuitable for 

intensive horticulture. The areas in kiwifruit and hops are also substantial with 583 and 

256 ha respectively. Motueka tovvnship and other buildings occupy 20% of the study 

area . 

SOIL SURVEY 

The soil map used as a basis for this study was re-discovered by the Tasman District 

Council (TDC), with the date and author unknown. The map (scale approx. l 36,000) 

itself is poorly explained and contains very little description, with only an 

accompanying hand written A4 sheet which could not be interpreted as either a 

physiological or pedological legend. No accompanying publication or report describing 

the so il units on the map was found . 

During this study extensive ground augering was undertaken to validate the map. 

Detailed sampled areas were selected based on replies to an introductory letter sent out 

to landovvners . This approach was undertaken due to the limited time available for this 

study. 

Further analysis of four soils was also undertaken. These were the Riwaka, Umukuri , 

Sherry and Ferrer soils, and were selected due to their dominance, and also due to the 

potential for future horticultural development Analysis involved physical and 

chemical factors such as dry bulk density, saturated soil hydraulic conductivity, 

available water, main nutrients and a XRF on the key macro and micro nutrients. 
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SOlL UNITS 

TAHUNANUl SAND SOIL SERIES (TA) 

Key Points 

• Located along the coastal foreshore 

• Formed on coastal dune fom1ations 

• Profile dominated by coarse sand, with little topsoil development 

• Four soil types mapped with differing textures 

• Mostly excessively drained, with the exception of the wet dune sands which are 

imperfectly drained 

Detailed Description 

Tahunanui sands cover much of the coastal belt of the study area, but particularly north 

of Moutere Inlet They cover some 213 ha of the Motueka soil map. Much of this unit 

(77%) is now covered by the Motueka township, or used for non-productive uses such 

as a sewage treatment plant The sand north of Motueka township is primarily deri ved 

from granitic alluvium, while that south of the township is from a great variety of 

parent materials (Chittenden et al. , 1966) 
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Four different types are differentiated in this study; the Tahunanui gravelly dune sand 

(45 ha), Tahunanui fixed dune sand (63 ha), Tahunanui dune sand (73 ha), and the 

Tahunanui dune sand - wet (32 ha). All these soils have weakly structured to 

structureless profiles . The gravels in the gravelly dune sand typically occur within 15 

cm of the surface Topography is generally flat to rolling. 

Soil Profile 

A typical soil description of the Tahunanui fixed dune sand extracted rrom Chittenden 

et al. ( 1 966) is : 

JO in. (]5 cm) 

6 i11. (15 cm) 

Oil 

dark grey.fine sand. ve,yji·iahle , vefy 11 ·eakly 

developed medium 1111tty structure; 

pale greyish hrmt'11jine sand. ll'eakly 

compacted, structureless ; 

pale hrml'lljine sand. loose. structureless. 

General Physica l Properties 

The physical properties of this soil are those that are expected for coastal dune soils. 

Water holding capacity is low, saturated hydraulic conductivity is rapid, and structure is 

weak to structureless . 

Genera l Chemical Properties 

The chemical properties of this soil are poor Fertility is low, pH is near neutral and 

availability of nutrients such as phosphorus and potassium are very low 
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RIWAKA SOIL SERIES (RI) 

Key Points 

• Dominant soil on the \tlotueka sod map 

• Located on the floodplains of the Riwaka and Motueka Ri vers 

• \llixed alluvial material from these catchments 

• Typically well drained but also areas of excessive drainage 

• 19 different soil types based on texture 

Detailed Description 

Riwaka soils are the dominant soils in the study area, covering 2032 ha of the Motueka 

and Riwaka Ri vers floodplains , as well as the corresponding valley floors . They are 

formed rrom alluvium derived rrom many assorted rock types including greywacke, 

granite, limestone, quartzite and basic igneous rocks . The alluvial material from the 

Riwaka and Motueka River catchments is very similar, and hence is all classified as 

Riwaka soils. There are numerous small side catchments, especially up the Motueka 

Ri ver, where alluvium is of considerably different composition . These areas have been 

removed from this soil series and classified separately. 
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Fi~uIT 2. Con Lra:;L ing gra:;:; gnl\\lh 
bet\\een Ri,, aka medium :;an<l 
on :r g.rm·el (foreground) and 
Ri m1ka line :;and (background) 

The Ri waka series includes a wide variety of soil types, of different textures, layers of 

contrasting texture and depth to underlying gravel. This can have a substantial effect 

on soil properties , especia lly water holding capacity (figure 2). In all there are nineteen 

different map units differentiated as Riwaka soils (Table 3), with the silt loam (373 ha) 

and fine sandy loam (219 ha) dominating. Drainage classes for these so ils range 

between excessive and well drained, with the majority of the soils classified as well 

drained . All profiles are underlain by gravel or sand. 

Soil mapping, compilation and land evaluation of Motueka, Riwaka and Moutere Val leys 93 



Type ha Drainage Brief description 
. 

Riwaka coarse sand ' ~:xcess ivc h· Coarse sand topsoil to 25 cm. m·cr coarse sand 
Riwaka coarse sandY loam X l•:xccssiYch· Coarse sandY loam topsoil to 30 cm . o,·cr gravels 
over gravel 
Ri\\·aka medium sand 8-+ ~-:xcess i ,·c h· Medium sand topsoil to 25 cm. m·cr medium sand 
Ri\\·aka medium sand m·er lXX 

I •:xccssi ,·eh· Medium sand topsoil to 25 cm m·cr gra,·c\ 
gravel 
Ri,vaka fin.: sand m·cr xr, l•:xccssi,·ch· Fine sand topsoil to 25 cm m·er graYcls 
gra,·c\ 
Ri,vaka med ium sand m·cr .. n Well Medium sand to 25 cm oYer si lt loam 
si lt loam 
Ri,vaka medium sand, 

6 1 
Wel l Medi um sand, loa m topsoil to 10cm. sandY loam to r,o cm. 

loam m·e r gra,·els 
Ri,, aka medium sandY 

97 
Well Medium sand ,· loam topsoil to 25 crn . over gra,-cls 

loam o,·cr gra,·c\ 
Riwaka m.::dium sandY 

1()(, 
Well Medium sa nd,· \oarn topsoil to 25 cm. o,·er sand 

loam over sand 
Ri\\·aka medium sand,· 

(, 
Well Medium sand,· loam topsoil to ,o cm m·er silt loam subsoi l 

loam m·er silt loam 
Ri,Yaka tine sand \(, Well Fine sand topsoil to 25 cm . m·er fi ne sand 
Ri \\·aka tine sand o,·er silt 2X Well Fi ne sand topsoil to 25 cm . o,·er silt loam 
loam 
Ri\\·aka tine sandY loam 21 9 Well Fi ne sand,· loam topsoil to ,o cm. oYer sand,· loam subsoil 
Ri\\·aka tine sand, · loam IX Well Fin e sand,· loam to _,o cm. oYer gra,·e \ 
over graye \ 
Ri,Yaka tine sand,· loam (,7 Well Fine sand, loam o,·er to ,o cm. oYc r sand 
m·er sand 
Ri\\·aka tine sand,· loam }() Well I· inc sand,· loam to ,o cm o,·er silt 
oYer si lt 
Ri\\aka silt loam ~ 7~ Well Silt loam topsoil to 12cm. m·er silt loam subso il 
Ri\\aka silt loam m·er 

1-+9 
Well Silt loam topsoil to 12cm. oYer graYels 

graYe\ 
Ri,Yaka silt loam O\"er 22(, Well Silt loam topsoi l to 12cm. m·er sand,· loam subsoil 
sandY loam 

Table 3. 131ier descriptions or the Ri" aka soik 

General Physical Properties 

The physical attributes of these soils are likely to vary greatly, especially in the subsoil. 

The bulk density of the sampled soil was high , especially in the lower subsoil , reaching 

values of l .59g/cm3 (Table 4), but not all Riwaka soils appeared to be this dense. The 

saturated soil hydraulic conductivity in the subsoil of the sampled soil was also below 

desired rates, with values as low as 3 mm/hr. Plant available water is reasonably low 

with 59.2 mm in the upper 1 m of the profile. 

all :-.oils generall y m ·erl y grayeJs or sand at depth (80 -1 00 cm) 
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General Chemical Properties 

These soils are the most chemically fertile m the study area, with moderate to high 

natural fertility (Table 4) The sampled soil is slightly acidic with an average pH of 6.4 

throughout the profile. All chemical elements are at desired le vels w ith the exception 

of potassium (K). Levels of K, especially in the subsoil , are very low, recording as low 

as 0 .04 me/ 1 00g in the sampled soil. 

Soil pmperties of the Riwaka silt loam 

Topsoil 
Suhsoi l 

l ipper Lower 
Bulk densia (g/cm·') 0 .9 8- 1.-12 1.59 1.59 
Saturated lndmulic conduct iYin· (mm 11 · 1

) 22-299 13 ' Readil~· aYailahle water (111111) 
to 50cm depth -12 
to 100cm depth S9 

pH (, .3 -6 .-1 I 6 .3 (, .-1 

CEC (me/1002) 17- 2.• 1 (, 15 
P retention ('1/c,) 2 1.9-2-1 . 1 I 17.5 16. 5 
Ba.-..e saturat ion (11/.,) 62- 7.< I 5-1 58 

h: (me/100g) 0 .23-0. 5-1 0.0-1 0 .06 

Ca (me/ \00g) 8.7-1 -U 6.3 -1 .8 
i\lo (me/ 100<!) 1.36- 2.29 "'} ,;: -, 3 .6 1 
r-.·a (me/ lO0g) 0 .06-0.07 0.0~ 0 .07 

Table -t l'h Y~ ical mid chemical propertie~ o r the Ri \\ aka ~o il. 
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Soil Profile 

A brief profile description of the dominant R iwaka soil (see appendix A 1 for a full 

description), the Ri waka silt loam located under an apple and pear orchard, map 

reference ZMS 260- 27 101099, is : 

Ap 0-36 cm 
dark greyish brown silt loam ; friable ; 
moderately developed, fine nut 
struch1re; indistinct boundary 

Bwl 36-7] cm 
light olive brown silt loam; friable ; 
moderately developed, fine nut 
structure: indistinct boundary 

Bw2 7]-105 cm 
light olive brown silt loam; friable ; 
moderately developed, fine nut 
structure; a few, small stones 

105- similar but weakly weathered 
stones 
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FERRER SOIL SERIES (FE) 

Key Points 

• ew soil series incorporating imperfectly and poorly drained soils fom1erly 

included in the Riwaka and Umukuri series 

• Found in low lying areas of the landscape , close to the water table 

• Occurs most commonly in the eastern costal parts of the district 

Deta iled Description 

These soils are the imperfectly and poorly drained equivalents of the Riwaka soils. 

Extensive grey and orange mottling occurs in these soils , commonly up into the topsoil. 

Five different types are mapped ; being coarse sand (24 ha), medium sandy loam over 

gravel (12 ha), fine sandy loam over gravel (8 ha), silt loam (239 ha), si lt loam over 

gravel (5 ha), and clay loam (51 ha) (Table 5). They cover 296 ha in the study area, 

and are fou nd in the lower lying areas , generally close to the water table. Artificial 

drainage has been intensively developed and in some areas the water table has been 

successfully lowered . Today most forms of land use practiced in the study area are 

occurring on these soils, but some areas that are still wet remain in pasture. 
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Type ha Drainage Brief description 

Ferrer coarse sand 
2--1 

Poorly Coarse sand topsoil to 25 Ci11 with significant gleying. m·cr 
coarse sand 

Ferrer mediu111 sand\' loam 
12 

Poorl,· Mediu111 sand\' loa111 topsoil to 25 c111 \\ith significant glcying. 
over gravel m·er gra Yel 
Ferrer fine sand\' loa111 m·cr 

X 
Poorh· Fine sand,· loam topsoil to :,5 cm with strong glc,· 111onles. 

graycJ o,·cr gra ,-.::I 
Ferrer si It loam 2:,9 Poorh· Silt loam topsoil \\ith significant orange 111ottlcs. oYer si lt loam 

subsoil ,,·ith significant orange and grcY 111ottles 
Ferrer si lt loam oYer graYcl 

5 
PoorlY Silt loam topsoil to :,o cm \\ith significant orange mottles. over 

gravels 
Ferrer claY loam 

51 
PoorlY ClaY loam topsoil to :,ocm with moderate greY mottles. m·er 

silt loam subsoil with ,1rong glc,·ing 

Table 5. Brier de~cTiplion~ or the l·en-er ,;oik 

General Physical Properties 

The physical characteristics of the sampled soil are very similar to those of the Riwaka 

soil (Table 6). Bulk density is moderate with val ues up to 1.38 g/cm~ in the subsoil. 

Saturated soil hydraulic conductivity is low with the subsoil reaching as low as 4 mm/h-

Readil y available water content is 134 mm in the top l m of the profile . This is the 

highest level found in the sampled soils . 

General Chemical Properties 

Chemically these soils have moderate/low fertility (Table 6). In the sampled soil , pH is 

quite acidic with an average va lue of 5.5 throughout the profile . Potassi um, calcium 

and magnesium are low, especially in the subsoil. All o ther val ues of the sampled soil 

are within the desi red range. Compared to other soils in the region these soils have 

favourable fertility. 
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Soil 1mperties of the Ferrer silt loam 

Topsoil 
Subsoil 

lJ pper Lower 
Hulk densin· (2/cn,-) 0.99- 1.13 l ~0 U8 
Saturated ln-drauli c conducti\in· ( 111111 1, ·

1
) -H-370 23 -l-29 

Readil)· a.-ai lable water ( 111111) 
to 50c111 depth 55 
to IOOc111 depth 13-l 

pH 5 . ➔ - 5 . 5 5.3 5. 5-S . 7 
CEC (111e/ \002) 18- 22 13 l-1-16 

P retention (%) 36 .5--10. 2 33.6 .<-l .0 -36. 7 
Hase saturation ('½,) 36- 55 25 35 --17 

h: ( 111e/ \002) 0 . l-0 .6 1 0. l 5 0.0., -0 .05 

Ca (111e/ l000) 5.2-8.(, 2.8 3.9--l .8 

1\12 (me/ 1002) 0.83 -1.7-1 ()3 5 0 77-2.69 

1\"a (111e/ l002) 0.07-0. l <, I 0.-1 0 06 -0. 13 

Table 6. Ph,:-; ical and chemical propertie,; of the 1:en-er ,;oil 

Soil Profile 

A brief typical profile of the Ferrer soil (see appendix A2 fo r a full description), the 

Ferrer silt loam located between SH60 and Swamp road , map reference NZMS 260-

N27 091137, is 

A 0-3] cm 
greyish brown silt loam ; fim1 ; small 
blocky breaking to medium crumb 
structure; few distinct pale brown 
mottles ; indistinct boundary 

Bg 32-/00 cm 
light yellowish brown silt loam; 
firm ; moderate blocky breaking to 
medium nut structure; abundant 
prominent brown and strong brown 
mottles: 

/00 - cm sand and gravels increase 
with depth until the water table is 
reached at 2 m. 
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UMUKURI SOIL SERIES (UM) 

Key Points 

• Alluvial material from the Brooklyn and Little Sydney Valleys 

• Predominantly excessively to well drained 

• Um ukuri medium sand and Um ukuri fine sand over silt dominate 

• Alluvium of somewhat between that of the Ri waka and Sherry soils 

• Differs from Ri waka so il s with a significan t amount of granitic 

material but also wi th proportions of other rock particles 

• Differs from Sherry soi l by less proportion of granite 

Deta iled Description 

Um ukuri soils dom inate some 341 ha from Brooklyn settlement, north a long the base of 

the hills . The parent material is deri ved from alluvial deposits from the Brooklyn and 

Little Sydney Streams. The geological makeup of the alluvium lies somewhat between 

that of the Riwaka and Sherry soils, principally with a significant amount of granitic 

material but also with proportions of other rock particles . Chittenden et al. (1966) 

grouped these soils into the Sherry, indicating that they are closely related to this soil 

unit. There are 13 different map units displayed, ranging from coarse sand through to 
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silt loams (Table 7). The dominant types are the medium sandy loam (61 ha) and silt 

loam (60 ha). 

T:ype ha Drainage Brief description 

U111ukuri gravel\,· sand 1 l•:xcc ss i,·ch· Coarse gravel!,· sand torsoi l to 25 cm . over coarse sand 
U111ukuri coarse sand X l•::-.:ce ss i,·ch- Coarse sand tor soil to 30 cm. over sand 
Umukuri 111cdium sand (, 1 l•: :-.:ce ss ivch Medium sand torso il to 25 cm. over medium sand suhsoil 
Umukuri medium sand 

12 
I •: :-.:cessi ,·clv Medium sand topsoil to 25 cm over gravel 

m·cr gra ,·cl 
U111ukuri mediu111 sand 

11 
Well Medium sand topsoil to 35cm. over silt 

m·cr silt 
Umui-.1.11i sand,· loam 22 Well Sandv loam tor soil to 20 c111 m·cr sand 

U111uh1ri sand,· loam over 
5 

Well Sand,· loam topsoil to 35 cm m-cr gra,·cl 
gra ,·el 
Umuh1ri fin e sand m·cr Well I- inc sand topsoil to 30 cm over sand,· loam 
sand,· loa111 ·' 

U111 ukuri fine sand over silt (, I Well I-in c sand tor so il to 30cm m·er silt 
U111ukuri tine sand,· loam ~ I Well I· inc sandv loa111 torsoil to 25c111 . m·cr sand 
U111uh1ri silt loa111 60 Well Silt loam topsoil to 35cm . m-cr sa nd,· loa111 suhso il 
U111uh1ri silt loam over r, Modcratch· Silt loa111 topsoi l to 30cm . over clav suhsoil " ·ith moderate 
clav well orange monie s at depth 
U111ukuri claY loam 

j () 
Modcratch· C !av loam topsoi l to 30cm. over silt loa111 suhsoil 
"di 

Table 7 I 3ri e1· Je,;c1iptinn,; o!' the of the l Jmuku1i soik 

General Physical Properties 

These soils are physical ly suitable for many land uses. Bulk density in the sampled soil 

range between 1.25 and 1.36 g/cm·~ (Table 8) Saturated soil hydraulic conductivity is 

on the slightly excessive end of the sca le ranging between 84 and 454 mm/h-1
. Water 

holding capacity in the top one metre is 114 mm for plant readil y available water, and 

136 mm for total plant available water. 

General Chemical Properties 

The sampled soil, is chemically similar to the Riwaka soils (Table 8) with a pH ranging 

between 6 .1 and 6.4. Olsen Pis significantly higher though with values up to 71 µgP/g 

in the topsoil. All other major chemical properties are similar to the Riwaka soils, 

except cation exchange capacity, which is slightly lower. 
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Soil properties of the Umukuri medium sand,· loam 

Topsoil 
Subsoil 

I.I p per Lowe r 
Bulk den siq· (2/c m·') 1..•l - U-1 1.25-1.27 1.3<, 
Saturated h)"dr-aulic conducth·in- (111111 11 ·1) 8-1 -1 20 390 -1 5-1 

Readil~-arnilable water (111111) 
to SOcm depth 65 
to 100cm d epth 11-1 

pH 6 .-1 -6.S 6.3 6.1-<i. -1 

CEC (me/1002) 12-17 I 7-13 3.(, 

P retention (%) 12 .1-20 .-1 16.9-21.2 7.0-15 .1 

Rase saturation (%) 69-77 -19-6 1 55 -6 1 

h: (me/1002) 0 .-19-0.82 I 0 .12-0 .30 0 .03 -0 .08 

Ca (me/ 1002) 5.3-8 .8 I 2.3--1.7 1.5 -2 .5 

1\12 (me/ 1002) 2.-18-3 .2 1 I 1 .20-2.69 o .:;3 -0 .-1 5 

i\a (me/ 1002) 0 02-0 03 0.01 -0.0-1 0.02-0 .0-1 

Table 8. l'h,,; ical an<l chemical propenie,; of the lJrnuku1i ,;o il. 

Soil Profile 

A typical brief profile of the Umukuri medium sandy loam soil (see appendi x A3 for a 

full description) at the HortResearch site on Old Mill Rd, map reference ZMS 260 

N26 079123 , is 

A 0-]] cm 
dark greyish brovvn sandy loam: very friable: 
weakly de veloped, fi ne and medium nut 
structure; indistinct boundary 

B!Ci ]]-5] cm 
brov,m sand/sandy loam; loose, s ingle 
grained structure; diffuse wavy boundary 

uA 52-70 cm 
greyish brown silt loam; friable ; moderately 
developed, fine nut structure ; distinct 
boundary 

C2 65-100- cm 
dark yellowish brown silt loam; very friable ; 
moderate fine and medium nut structure; 
grading down to layered sands. 
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SHERRY SOIL SERJES (SH) 

Key Points 

• Alluvial soils of predominantly granitic material 

• Found on fans leading down to the Riwaka soil 

• Predominantly excessively drained but also imperfectly drained m 

places 

• Differ from the Umukuri and Riwaka soils by increased amount of 

granite in parent material 

Detailed Description 

Sherry soils are located on fans at the base of granite slopes . They are formed from 

primarily granitic alluvium of small side catchments, and are located on sites up the 

Motueka, Riwaka and Moutere Valleys . These soils are not regularly flooded as they 

are slightly elevated above the Riwaka soils on fans . The soil profile commonly has 

coarse granitic sand subsoil. Sixteen different types are mapped totalling 213 ha, with 

the majority being variations of sandy textured soil types (Table 9). Sherry sandy loam 

dominates with 43 ha. Sherry silt loam is common in the Riwaka Valley. 
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Type ha Drainage Brief description 

Sh err\" coarse sand 1:1 Exccssi , ·ch· C oarsc sand topsoi I to 2( )cm. o,·cr coarse sa nd 
Shern· coarse sand o,·er silt ➔ I•: -.;cc ssivch· Coarse sand topsoil to 20cm. m·er silt 
ShelTY medium sand 8 E-.;ccssi Yc\,· Medium sa nd topsoil to 20cm O\"cr sand 
ShertY coarse sand,· loa m 

I 
Well Coarse sand,· loam to 20cm m·cr sand 

m·cr sand 
Sherr,· medi um sand,· loam 17 Wel l Med ium sand,· loam topso il to 20cm ove r sand,· loam 
Sheri"\· medium sand,· loa m 

5 
Well Medium sa ndY loam topsoil to 20cm over sand . . 

O\"Cr sand 
Shem· medium sand,· loa m 

19 
Well Medium sand,· loa m topsoil to 20cm m·cr silt . . 

oYer silt 
Sh eJT,- med iu m sand,· loa m 

' 
Well Med ium sand,· loam topsoil to 20cm m·cr claY . . 

o\"cr c!a,· 
Sh erry sandY loam --+ :1 Well San d,· loam topsoil to 20cm. m·er sand 
Sherr,· fine sand 17 Well !· inc sand topsoil to 20cm oYcr medium sand 
Shern fine sand o,·cr sil t 2 Well I-inc sand topsoil to 20cm m·er silt 
Shem· silt loam n Mode rate\\· Sil t loam topsoil to :10cm . OYer sandY loam subsoil 

,, ·ell 
Sherr,· si It loam o,·cr 

' 
Moderate\\· Si lt loam topsoil to :10cm . m ,:r graYcl sl 

grm-cl \\"Cl! 
Sherr,· si lt loa m o,-cr cla,· 

-+I 
Moderate\\· Silt loam topsoil to :10cm m·cr cla, · loam 

loam ,,-ell 
Sherr,· medium sand,· loam 

➔ 
Imperfect \\· Medium sa nd,· loam topsoil to 20cm m·cr silt \Yi th common 

O\"er silt \VC t grc,· mottles in subsoi I 
Shern· silt loam - ,, ct 

5 
lmpcrfccth· Silt loam top,oi l to :10cm. m·cr sandY loam subsoil ,, ·ith gscY 

mottles 

Tahlc 9. l)e,;cri ption~ or the Shem ~oik 

General Physical Properties 

The phys ical characteristics of these soils are generally favourable (Table l 0 ) Bulk 

density is within the desired range with values rang ing from 1.03 to 146 g/cm·' in the 

sampled so il. Saturated soil hydraul ic conductivi ty is high in the top 50 cm of the 

profile with values ranging from 124 to 3816 mm/h-1
. Values decrease in the subsoil, 

slowing to 47 mm/h- 1 at depth . Readily and total available water contents in the top one 

metre are moderate with 84 mm and 107 mm respecti vely . Most of this water is in the 

lower part of the profile. 

General Chemical Properties 

The natural fertility of the sampled soil is very low (Table l 0). The pH proportionally 

increased from 5.5 in the topsoil to 5.9 in the lower subsoil. The levels of all major 

elements are below the desired levels. Deficiencies in trace elements such as boron, 

magnesium and cobalt have also been recorded (Chittenden et al. , 1966). 

So il mapping, compilation and land evaluation of Motueka, Riwaka and Moutere Valleys 104 



Soil pmperties of the Shern· medium sand~· loam 

Topsoil 
Suhsoil 

l) pper Lower 
Hulk densin (o/cm') 1. 0:1 - u ., 1 .. ,7-1 .-16 1.-16 
Saturated lndraulic conducti\in· (111 111 1,- 1

) 1 :2 -1-1 6 1 70-:;8 16 -17 
H.eadilJ· aYailable water ( 111111) 

to :\Ocm depth -10 
to 100cm depth 8-1 

DH 5. ➔ - 5 . 5 5.<, -5.7 5. 7-5.9 
CH' (rne/100!!) 10-1 5 :: --1 ., --1 
P retemion (%) 18.9-::., .0 I 6. -1 -1 7.3 10.6-::0.:: 
Hase saturation ( 01<,) :2-1- :17 I 1.,-:: 1 6 

K (me/ 100!!) 0.06-0.1 5 I o.o:: ().01 

Ca (me/ 100!?) 2 0-3.8 0.:2 -{) _.j 0.1-{). :2 

i\lo (me/ \OOo) 0.:26-0.6 8 0. 05-0.07 0.0 1 -o.o:: 
l\"a (me/ 100!!) 0.06-0.08 o.o:: 0.0:1 -0.0-1 

Table IO. l'hYsical and chemical prope11ies o f Lhe Shen , soi I. 

Soil Profile 

A typical brief profile description of the Sherry soil (see appendix A4 for a full 

description), the Sherry medium sandy loam, found off the !Vlotueka River West Bank 

Road, map reference NZMS 260 044066 is 

Ap 0- ] 7 cm 
dark brov,n medium sandy loam ; 
friable ; weak fine and medium nut 
structure: sharp undulating boundary 

C ] 7--13 cm 
pale yellow coarse sand; loose; very 
weak singular grain structure: few, 
dark reddish brown mottles : sharp 
undulating boundary . 

28w or 2C -13-100 cm-
light grey coarse sand; loose; weak 
soil strength; weak blocky structure; 
few dark reddish brown mottles ; few 
small pebbles . 
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MAORI SOIL SERIES (MA) 

Key Po ints 

• Altered soil by pre European \llaori 

• Gravelly and sandy topsoil , with unaltered subsoils 

• Located within Riwaka soils 

• Highly variable imported gravel content, with charcoal 

• Excessively to well drained soil 

Deta iled Description 

Maori people significantly altered the soil by the addition of sand/gravels and burnt 

vegetation, causing the variability of the soil unit is quite high Evidence of their 

activity can still be seen in the form of garden walls and terraces , structures for the 

storage and wintering of crops , and discoveries of digging implements such as ko 

(Challis, 1978). These alterations are sti ll evident and thus provide sufficient 

modification (especially the topsoil) to justify their own soil senes. These soils are 

typically located within the Riwaka soil series (mainly in silt loams) on slightly 

elevated sites away from regular flooding and swampy areas . Five diffe rent soil types 

are identified in the map, ranging from gravelly sandy loam through to sandy loam. 
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The total area of these soils amounts to 92 ha, with the Maori gravelly sandy loam 

dominating with 28 ha. All these soils have topsoil of the same texture as the soil name 

to a depth of 30 cm, then typically a silt loam subsoil below this . Gravels are also 

common at depth in these soils . 

General Physical Properties 

The physical properties of this soil are similar to the Riwaka soil , especially in the 

subsoil The topsoil however, has a greater concentration of sand and or gravels , which 

affects the physical properties of the soil substantially . Saturated hydraulic 

conductivity of the soil is increased throughout the topsoil , as well as bulk density in 

the top l O cm. Water retention in this soil though is reduced due to the increase in 

sands and gravels . 

General Chemical Properties 

Initially these soils were chemically superior to many of the adJacent soils (Rigg & 

Bruce, 1923 ). The chemical difference today is less pronounced as the processes that 

produced this soil (burning vegetation) have not been continued, and the fertility has 

consequently slowly reverted (Challis, 1976). Chemical properties of these soils are 

very similar to Riwaka series . 

Soil Profile 

A typical profile of the Maori gravelly sandy loam, extracted from Challis (1978) is : 

Ap 3-1 cm Dark hrml'll.fi-iahle , gravelly sandy loam 11 ·iil1 

coarse sand and gravel 

R 5 J cm J)ul/ yello11·ish-hrm1·n, compact, s ticky sandy loam 

C on !,ayers of ligh t brm 1·n sandy silt, and.fine, medium 

and coarse sand 
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HAU SOIL SERIES (HA) 

Key Points 

• Stony and gravel ly unit south of Motueka township 

• Similar parent rocks to the Riwaka soils 

• Likely to be Ohakean (late last glacial) in age 

• Well to excessively well drained 

Deta iled description 

The Hau soils form a clearly defined soil unit, which is found south-west of Motueka 

township, covering 794 ha making this the second most dominant unit on the map. The 

soil unit very gently slopes towards the north where it meets with Riwaka soils. There 

are only two map units differentiated in this soil series, being the Hau stony sandy loam 

(639 ha), and Hau Gravelly sandy loam (155 ha) . The soils are very stony, often with 

stones and gravels to the surface (figure 3). These gravels and stones consist 

predominately of greywacke, argillite, quartzite, limestone, granite, and basic rocks 

(Chittenden et al. , 1966), which is similar to the Riwaka soils . The age of these soils 

though is much greater, more likely to be of late last glacial (Ohakean) age. 
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Figure 3. A ploughed paddock or the Hau soil (near the comer or Chamberlain and College 
Streets) 

General Physical Properties 

The physical characteristics of thi s soi l are dominated by the presence of gravels . 

Saturated hydraulic conductivity of the soil is therefore high, and water holding 

capacity of the soil is low. 

General Che mical Properties 

atural fertility of thi s soil is low, with moderate deficiencies of phosphorus , and 

significant deficiencies of calcium and potassium (Chittenden et al. , 1966). Other 

features such as CEC and P retention are likely to also be low due to the gravels . 
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Soil Profile 

A typical profile of the Hau stony sandy loam is 

A ]] cm hlack stony sandy loam ; vet)" ji-iahle; ll 'eak fine very 

.fine crumh structure; ah1111da11111011 11'eakly 1t'eathered 

s1011 es; distinct boundary. 

BIi' 60 cm yel!oll'ish broll'n swny sandy loam ; _ji-iahle .firm; 1·e1J,· 

ll'eak .fine crumh structure; ah1111da111 non ll'eakly 

ll'Cathered stones. 

C Oil \t 'eakly lt 'eathered sandy gravels. 

l\tl 0TUEKA SO IL SE RI ES (1\tlO) 

, -, 

Key Points 

• New soil series formerly included in Riwaka soils . 

• Stony or gravelly to the soil surface (generally non arable) 

• Excessively to well drained 

• Generally found close to a watercourse 
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Detailed Description 

These soils are fo rmed from the same parent rocks that make up the Riwaka soils, and 

were included in Riwaka series . Due to their excessive stony and gravelly profiles , and 

being non arable they are here classified into an individual series. The area that these 

soil types cover is reasonably small, amounting to 135 ha, and is commonly located 

close to the Motueka or Riwaka R ivers . 

There are four soil types differentiated within this soil series, being the Motueka stony 

sand (58 ha), Motueka gravelly sand (43 ha), Motueka stony sandy loam (8 ha), and 

Motueka gravelly sandy loam (26 ha) The key difference between these types is the 

size of the rocks, as well as the amount of loamy material within the soil matrix . The 

stones and gravels usually occur within 20 cm of the soil surface, however, o~en wi thin 

a soil map unit there is considerable variation, with small pockets of deeper soil being 

common . 

Genera l Physica l Properties 

The physical properties of these soils are very similar to those of the Hau soil . 

Saturated hydraulic conductivity of the soil is high , and water holding capacity of is 

low 

General Chemical Properties 

The chemical properties of these soils are similar to the Riwaka soil. The CEC and P 

retention levels however are lower due to the increase in gravels . 
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BRAEBURN SOIL SERIES (BR) 

Key Points 

• Located in the \lloutere Valley 

• Imperfectly drained to poorly drained soils 

Detailed Description 

The Braebum soils are formed on poorly resorted alluvium from the Moutere Gravels, 

and occupy the entire Moutere Valley. They occupy 591 ha of the study area. Soil 

types present are sandy loam (17 ha), silt loam (295 ha) clay loam (203 ha) and silt 

loam - wet (39 ha) and are generally imperfectly to poorly drained . The texture of the 

profiles is fairly consistant, however the sandy loam soils generally have a silt or clay 

subsoil (at about 30cm). The sandy loams occupy the area adjacent to the Moutere 

River in a ribbon like fashion, whereas the silt loams are found at the foot of the steeper 

slopes . The clay loams occupy the area in between these two soils , and are the most 

dominant soil type in the area. 

Soil mapping, compilation an<l lan<l evaluation of Motueka, Riwaka and Moulere Val leys I 12 



General Physical Properties 

The physical properties of these soils are poor. These soils have poor drainage and thus 

a low saturated hydraulic conductivity. Often there is also an impeding iron pan, 

causing a perched water table, which is typically found at about 60 cm depth . Bulk 

densities of these soils are high . 

General Physical Properties 

These soils have a very low natural fertility and are deficient in a number of elements. 

Levels of phosphorus and potassium are at very low levels , calcium is at low levels and 

trace elements are deficient in boron, magnesium, copper and cobalt (Chittenden et al. , 

1966). 

So il Profile 

A brief profile of the Braebum sandy loam soil extracted from Chittenden et al., (1 966) 

1s : 

Apl Y i11 . (]3 cm) dark g rey sandy loam. jhahle, s trong ly 

de1 ·eloped rnedium 11u11y a11d.fi11e granular 

structure; 

Ap] 6 i11 . (15 cm) dull yelloll'ish grey silt loam 11 ·ith veins of 

topsoil, strongly de1-eloped coarse 111111y 

structure; 

Rg 1 8 in . (]O cm) greyish yellm1· silt loam 11 ·ith pale hro11·11 

Cg on 

mo11/i11g, ll'eakly developed medium hlocky 

structure; 

clay. 
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LAND USE 

Apples, ki wifru it and hops dominate the productive soils in the study area (Table 11 ). 

Apples are the most dominant land use and occupy 1489 ha (30%) of the study area. 

The area in ki wifruit and hops are also substantial with 583 ha (12%) and 256 ha (5%) 

respecti ve ly. Pasture is also substantial with 141 9 ha (28%), but much of thi s is the 

poorer soil types with gravelly or drainage limitations. Motueka township and other 

buildings occupy l 002 ha (20%) of the study area. 

Ferrer Hau Motueka Maori Braeburn Tahunanui Umukuri Riwaka Sherry TOTAL 
Soils Soils Soils Soils Soils Sands Soils Soils Soils 

ha 'lo ha 'lo ha 'lo ha 'lo ha 'lo ha 'lo ha 'lo ha 'lo ha 'lo ha 'lo 
Hops 17 6 0 0 3 2 10 11 0 0 0 0 32 11 150 8 6 3 218 5 
Apples 48 17 305 39 48 38 23 27 171 33 8 5 96 34 517 28 45 21 1261 30 
Pears 0 0 0 0 0 0 0 0 0 0 0 0 17 6 19 1 4 2 40 1 
Kiwifruit 10 4 131 17 11 9 17 19 1 0 8 5 32 11 260 14 29 14 499 12 
Pasture 136 47 160 20 46 36 9 11 314 60 8 4 52 18 382 21 91 43 1207 28 
Currents 1 0 12 2 2 2 3 3 0 0 0 0 11 4 58 3 0 0 87 2 
Grapes 0 0 14 2 6 5 2 3 0 0 0 0 0 0 27 1 0 0 49 1 
Citrus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 
Research 0 0 0 0 0 0 1 2 0 0 0 0 12 4 18 1 0 0 31 1 
Olives 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Buildings 11 4 31 4 9 7 13 15 21 4 7 4 26 9 128 7 21 10 267 6 
Town-

47 16 125 16 0 0 5 6 0 0 137 77 0 0 236 13 0 0 550 14 
Motueka 
Roses 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 1 0 0 14 0 
Raspberries 0 0 1 0 1 0 0 0 0 0 0 0 0 0 5 0 0 0 7 0 
Market 

1 0 0 0 0 0 3 3 0 0 6 4 0 0 14 1 13 6 37 1 
Garden 
Trees 11 4 2 0 2 2 0 0 18 3 4 2 8 3 21 1 3 2 69 2 
Gravel 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 5 0 
Extra ction 
TOTAL ha 291 782 128 86 526 178 287 1855 213 4345 

Table 11. Land uses and d istrihlllion on differint,! soil series in the Motueka area. 

The Tahunanui sands are not currently intensively used for productive uses as they are 

mainly occupied by Motueka tovvnship. Poor water holding capacities restrict any 

current potential land use utilisation on the remaining unoccupied soils 

The land uses on the Riwaka soils cover almost the entire range found within the study 

area. Apples (28%), pasture (21 %), kiwifruit (14%) and hops (8%) dominate the 

• Total hectares Yary from the rnlues mentioned in the :-;(1 il descriptions due to roads being es;clude<l from 

the land use map in this analvsis. 
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productive land uses. A significant proportion of these soils are also covered by 

Motueka township and rural buddings (20%). The majority of the hops grown in the 

study area are on these soils. 

Pasture is by far the most dominant land use covering almost 50% on the Ferrer soils, 

however, there are also significant areas in apples (48 ha) Apple production will be 

problematic on this soil unless the water table is pem1anently lowered . The Motueka 

Township occupies 4 7 ha of these soils . 

The Umukuri soils are currently intensively used with a great diversity of land uses. 

Apple and pear orchards are the most dominant (96 ha or 40°/o of the study area), but 

there are also significant areas of kiwifruit, hops (32 ha each) and pasture (52 ha) 

The dominant land use on the Sherry soil types is pasture with 43% of the area covered. 

Other land uses with significant areas are apples (21 °/o) and kiwifruit (14%) \1arket 

gardens are a significant land use with 13ha of the total 37 ha in the study area being on 

this series . \fost of the market gardens in the study area are the located on the finer 

textured Sherry soils . 

The area occupied by the Maori soils is relatively small, amounting to only 86 ha The 

main land uses on these soil types are apples , kiwifruit and hops . There is a higher 

proportion of kiwifruit on this soil unit, possibly due to the enhanced drainage. 

Despite the stony nature of Hau soils and chemical fertility limitations they are still 

intensively used for apple production , with 305 ha or 39% of the soil in this land use. 

Kiwifuit is also grown, with 131 ha in this crop. Other crops such as hops are absent 

Provided adequate irrigation is available (especially during the initial establishment of 

the trees) it has been proven that viable and economic orchards can be grown on these 

soils . 
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On the Motueka floodplain the Motueka soils are predominantly used for apple 

production, however, up the Motueka valley much of these soil units are in pasture. In 

total there are 48 ha in apples , 46 ha in pasture and 11 ha in kiwifruit There is also a 

small area of these soil units in other crops such as hops, blackcurrant, and raspberries . 

The dominant land use on the Braeburn soil is pasture covering 60% of the 314 ha. The 

only other productive use on these soils is apple production, which cover 33% of the 

area . Again apple production is likely to be hampered by drainage unless water table 

pem1anently lowered . Kiwifruit are not present, probably primarily due to the poor 

drainage of the soil. 

CONCLUSION 

The land covered by the Motueka soil map is intensively occupied by highly valued 

horticultural land uses . The major crop grown is apples , with s ignificant areas of 

kiwifruit and hops . There is also a substantial area of pasture , vvith 28% of the study 

area occupied by th is land use . 

The soils are naturally moderately fertile and provide adequate levels of required 

factors for the current horticultural crops . This along with the favourable climate 

makes the area very suitable for productive land uses 

This report summarises the features of the main soils, including new data on the 

Riwaka, Umukuri and Ferrer soils collected during this study. The Riwaka and 

Umukuri soils are the most highly valued soils covered in the map . 

New soil series are introduced to better reflect the soil properties and land use potential 

of the Motueka soil map . These were the Ferrer and Motueka soil , which were 

previously incorporated into the Riwaka series. 
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APPENDIC I ES 

Al Detailed Profile Description - Riwaka soil 

Riw aka silt loam 11 /6/03 

Location: 

Map reference: 
Vegetation: 

I .am~( orm: 

in apple and pear orchard two hundred meters along and fifty meters 
north of Green Lane (opposite the north-eastern comer of the 
Motueka airport) . Pit in rows between trees . 
NSMS 260- 27 1O1099. 
apple and pear orchard. Clover and rye grass between rows, with 
herbicide spray strip under rows of trees. Sprinkler irrigation to each 
tree. Orchard established , 20 years old . 
flat alluvial terrace of Motueka River, no longer flooded . Parent 
material is a composite of alluvium from the \fotueka River 
catchment. 

Representative Soil Profile Descrip tion: 
Apl 0-1 0 cm olive brown (2 SY 4/4) silt loam , friable/firm nutty structure, 

compacted by orchard activities: strong soil strength ; plastic, sticky; 
many small roots and worrns ; indistinct boundary. 

Ap2 10-38 cm bight olive brown (2 SY 5/4) silt loam; firm blocky/nut structure ; 
plastic, sticky; strong soil strength; few medium and fine roots ; 
indistinct boundary. 

Bwl 38-70 cm light olive brown (:?. .SY 5/3) silt loam texture; blocky/nutty structure; 
plastic, sticky; strong soil strength ; very few medium/fine roots ; few 
small stones throughout d1e horizon ; few, fine , faint light yellowish 
brown (2 SY 6/3) and brovvnish yellow (1 0YR 6/6) mottles near base 
of horizon ; indistinct boundary 

Bw2 70-110 cm olive brown (2.SY 4/3) fine sandy loam; fine to medium nutty 
structure; plastic, sticky; strong soil strength ; few (10%) small (<5 
cm) granite, fine grained igneous, greywacke, quartzite gravels in 
profile; old root channels in horizon ; few, coarse, distinct light grey 
(2.SY 7/2) mottles ; indistinct boundary. 

110 cm+ same as above but 50% gravels. 
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A2 Detailed Profile Description - Ferrer soil 

Ferrer silt loam 12/6/03 

Location: 

Map ref erence: 
Vegetation : 

Lam(form: 

West of Ri waka Town ship , 1 000m from State Hig hway 60, midway 
to Swamp Road. 
NSMS 260-N26 091137. 
Pasture of ryegrass and clover, which is in good cond ition Kiwifruit 
growing in an orchard fifty meters to the west 
Generally flat topography with slight mounds and dips due to fluvial 
fom1ation . Extensive drainage in surrounding area. 

Representative Soil Profile Description: 

Ap 0-32 cm dark g reyish brown (2 .SY 4/2) silt loam; firm ; sma ll blocky breaking 
to medium crumb structure ; plastic, sticky; man y small roots ; few 
distinct pale brown (1 0YR 6/3) mottles, increas ing towards base, 
especia lly on ped faces ; distinct boundary . 

Bg l 32-51 cm light yellowish brown (2 .5Y 6/3) silt loam ; firm ; moderate/medium 
bloc ky wi th medium crumb structure ; plastic, s lig htly sticky; many 
fi ne roo ts and roo t cannels; abundan t (40% ) fai nt, s trong brown 
(7 5YR 5/6 ) and strong brown (7 .5YR 4/6) mottles; common strong 
brovm (7.SYR 5/6) coatings on peds ; gradationa l boundary. 

Bg2 51-93 cm light yellowish brown (2 SY 6/3) s ilt loam; firm ; moderate, medium 
blocky, breaking to medium crumb structure; plasti c, slightly sticky; 
abundant (40%) di stinct strong brown (7 5YR 5/6 ) and strong brown 
(7.SYR 4/6) mottles; many (20%) profuse prominent iron coatings, 
dark redd ish brown (5Y 3/3) on ped faces , also 10% light brownish 
grey (2 .SY 6/2) on ped faces ; many fine root channels coated with 
dark oli ve brown (SY 3/2) ; gradational boundary. 

Bg3 93 -120 cm light oli ve brown (2 .SY 5/3) silt loam, sand increasing at the base of 
the horizon; firm ; weak, medi um blocky structure; plastic, s lightly 
sticky; moderate (20% ) distinct strong brown (7 5YR 5/6) and strong 
brovm (7 .SYR 4/6) mottles; few (20%) distinct very dusky red 
(2 .SYR 2.5/3) iron coatings on ped face ; many fine root channels 
with dark olive brown (5 Y 3/2) coatings; gradational boundary . 

120-200 cm (auger observation) sand increases wi th depth until coarse sand at 
depth ; very wet at 200 cm, water table reached. 
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A3 Detailed Profile Description - Umukuri soil 

Umukuri medium sandy loam 12/6/03 

Location: 

Map Reference: 
Vegetation: 

Lam~{ orm: 

Ap 0-23 cm 

Old Mill Road, two hundred meters east of HortReseach buildings , 
40 meters south of road, one hundred meters north of Brooklyn 
Stream. 

ZMS 260-N26 079123 . 
Currently in pasture with rye grass, Yorkshire fog, yarrow and 
dandelion . Previously been used as an orchard 
Flat topography . Brooklyn Stream is stop banked, with the 
streambed higher than the land outside the stop banks 

(Apl 0-3 cm, Ap2 3-23 cm) very dark greyish brown (2 SY 3/2) 0-3 
cm, dark olive brown (2 SY 3/3) 3-23 cm medium sandy loam; 
friable ; medium to fine nut structure; non plastic, sticky; many 
medium to fine roots and earthworms; indistinct boundary. 

Bw 23-28 cm light olive brovm (2 SY 5/6) fine sandy loam ; friable ; fine to medium 
crumb structure; non plastic, sticky; few fine roots; few pieces of 
charcoal ; indistinct boundary. 

uA 28-36 cm (buried soil) olive brov,n (2 .5Y 4/4) fine sandy loam: friable : fine 
crumb structure; non plastic, sticky; few fine roots; few pieces of 
charcoal ; diffuse wavy boundary. 

B/Cl 36-61 cm light grey (2 SY 6/2) (C) , light olive brown (2 SY 5/3) (B) fine sandy 
loam ; very friable ; very weak fine crumb strncture; non plastic , non 
sticky; few fine roots and pieces of charcoal: diffuse wavy boundary. 

B/C2 61 -78 cm light olive brown (2 .SY 5/4) medium sandy loam ; friable ; weak 
medium/small crumb structure; non plastic, slightly sticky; many 
small roots ; diffuse wavy boundary. 

Cl 78-101 cm greyis h brown (2 . SY 5/2) medium loamy sand; loose/very friable ; 
very weak/no small nutty breaking to granular structure; non plastic 
and non sticky; few small roots ; sand increases in coarseness with 
depth ; blackish band 98-1 0 l cm of heavy mineral concentrations; 
bedded coarse sand and grit (5 cm) bands; diffuse wavy boundary. 

B/C3 l 01 -115 cm similar to 61 -78 cm but only few small roots. 

C2 115-130 cm+ same as 78-101 cm, no black bands evident 
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A4 Detailed Profile Description -Sherry soil 

Sherry medium sandy loam 10/06/03 

Location: 

Map reference: 
Vegetation: 

Lam~form: 

1 OOm below gravel pit on Motueka River West Bank Road, 1 Om 
south from fence , 30m from stream. 
NSMS 260-N27 044066 
low producing pasture, brown top , ryegrass, moss, minor clover, 
plantain , Yorkshire fog and other low fertility grasses. Gorse next to 
stream. Little/no fertiliser added in previous ten years . 
alluvial fan fom1 small tributary to the Motueka River , southeast 
facing slope 5-7 degrees. Large granite boulders nearby. 

Representative Soil Pro.fi.le Description: 
Ap 0-26 cm dark brown (7 .SYR 3/2) medium sandy loam ; friable ; non plastic, 

non sticky; weak fine and medium nut breaking to moderate-coarse 
crumb structure ; many fine roots ; sharp undulating boundary . 

C 26-47cm pale yellow (2 .SY 7/3) coarse sand : loose ; non plastic, non sticky; 
very weak singular grain structure ; few·, fine roots ; few, fine , faint, 
dark reddish brovvn (SY 3/4) mottles . sharp undulating boundary . 

2Bw 47-92 cm light yellowish brovvn (2 .SY 6/3) medium sandy loam : friable ; non 
plastic , non sticky; vveak soil strength ; weak medium crumb 
structure: no roots ; few, fine , faint dark reddish brown (5 Y 3/4) 
mottles increasing to abundant, medium, distinct 85-92 cm ; 
discontinuous band of coarser sand and fine pebbles at 52 cm, 
approximately 1 cm thick ; charcoal in this horizon, possibly from 
European clearance; gradational boundary 

2C 92-110 cm, light grey (2.SY 7/2) coarse sand ; loose; non plastic, non sticky; 
weak soil strength ; weak, coarse , blocky structure; few coarse, 
strong, dark reddish brown SY (3 /4) mottles ; few small pebbles. 
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CHAPTER EIGHT 

Discussion and Conclusion 

8.1 Validity of the Original Soil Map 

An assessment of the \alidity of the original soil map was established during fieldwork, 

\vhere over five hundred auger observations within the study area were undertal-.en. 

This method was in reverse to hovv· a typical soil map is produced, where the 

description of the soils is typically follO\•ved by a legend, and lastly a map is created. 

The original soil map pro\ided a reasonably accurate portrayal of the distribution of the 

soils \vithin its extent, \Vith three 1-.ey limitations - texture, drainage and parent material. 

X. I . I lexture 

The map portrayed textural distinctions of the soil types fairly rigorously. This was 

more evident where there was a significant change in textural type, e.g. from a silt to a 

stony sandy loam. At locations where textural changes were not abrupt, but rather 

merged into each other, the soi I boundaries were expectedly less accurately defined. 

This is due to the nature under which these soils \Vere fonned, an alluvial floodplain 

Under this process deposited alluvium is typically laid down with a decreasing size in 

particle density as the distance from the river increases. Soil units are therefore not 

clearly defined due to this process, but rather portray the most suitable location to place 

the soil boundary. This was most evident during the fieldwork where silt loams were 

adjacent to fine sandy loams, especially in the Riwaka series. Both gradational and 

rapid changes in texture are to be expected where soil parent materials are laid dov .. 11 by 

fluvial processes. 
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R. l.] Drainage 

It became evident during fieldwork to validate the original map that drainage classes 

were not consistently distinguished in the determination of soil classes. While the 

poorly drained soils that show considerable gleying are identified as wet soils within 

the individual soil series, soils that exhibit less pronounced signs of gleying, e.g. 

imperfectly drained, are often included in series where most types are free draining. 

This was found where the newly classified Ferrer series was extracted from the Riwaka 

series . This may possibly be due to the lack of understanding of the significance that 

drainage classes have on some land uses (e.g kiwifruits susceptibility to wet roots) , and 

the fact that the surveyors would have been using screw augers , which makes features 

such as mottles a great deal more difficult to identify. 

8. J. 3 Parent material 

The distinction of parent materials is the single biggest factor for the classification of 

soils into the defined soil series on the paper map. This was a maJor assistance to this 

study as the distinctions between soils of differing parent material s were difficult to 

determine from auger observations, especially between the Riwaka and Umukuri soils 

Differentiating the source of parent materials during the fieldwork was complicated due 

to the reasonably flat nature of the study area, but also because of the intensive 

horticultural land use . Landscape modification and densely planted trees made it 

difficult to obtain a comprehensive perspective of the surrounding area , and thus the 

possible distribution of parent materials . 

8.2 Anomalies 

The newl y digitised soil map provided an accurate portrayal of the discovered paper 

soil map. There were though a few anomalies, but a reason for most could be 

ascertained . 

The most evident irregularity was the position of the Motueka Ri ver, which is probably 

due to changes that the ri ver has taken in the fifty years or so since the map was 

produced The most common areas where this occurred were at the river bends, where 
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the river had either cut into, or out of a comer. The other rivers in the study area 

(Riwaka and \!loutere) did not show as signi ficant discrepancies, and were positioned 

accurately. Stop-banking may also have an effect on the positioning of the river. 

The position of the soils up the smaller side valleys seemed to be incorrect, especially 

when the map was draped over aerial photos or a topographic map. The main areas 

where this occurred were up the Little Sydney a nd Brooklyn Valleys. Ofte n the soils 

appeared to occurr on the sides of valleys where they clearly were not meant to be. It 

\vas commonly obvious where the soils were meant to fi t onto the landscape, as the 

shape of the soil polygon matched up with distinc t areas on the aerial photos. 

Therefore there was either some error in the initial positioning of the soils on the paper 

map, or when the digital soil map was rectified. 

8.3 J\lodification to the Soil J\lap 

There was general ly litt le need to modify the soil map, and the changes that vvere made 

\Vere no t significant Changes either imolved a modification to the polygon by altering 

the vertices andio r moving the entire po lygon. Database modifications were also made 

usually to reclassify exis ting soil units. 

H.3. 1 Po!Jgo11 mod(/icario11 

T he biggest modification made to the digitised map was the clipping of the digitised 

map to the exclude the areas ins ide the exis ting stop banks of the \!lotueka River. This 

was done as it was concluded that the area inside the stop banks is extremely vulnerable 

to fl ooding, and therefore little use for productive uses and have probably been 

modified. The stop banks were defined from 1 :50,000 topographic data obtained from 

the Tasman District Council, but were also modified to ensure that they reflected a 

scale of 1 :20,000. Clipping the soil map to the stop banks also resolved the discrepancy 

between where the river fl owed when the map was produced, and its current course. 
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Other modifications made were the repositioning of the soil units up the Little Sydney 

and Brooklyn Valleys . This did not commonly evolve a substantial shift in the 

polygon, but rather a minor transfer 

8.3.] Database mod(flcatio11 

The Riwaka soil unit was relatively significantly altered. On the paper map the Riwaka 

soils covered the entire spectrum of soil drainage and textural classes . This study 

removed all the 'wet' and ' stony and gravelly ' Riwaka soils from the current Riwaka 

series and created two new soil series for these soils. 

A new soil series was created to encompass all the poorly and imperfectly drained soils 

previously included in Ri waka series . This new series was named the Ferrer series. 

The series name ' Ferrer' was selected due to the nearby location of Ferrer Creek 

depicted on the NZMS 260 26 map sheet A new series was deemed necessary as 

these soil types have significantly different pedological and land use characteristics 

than the rest of the Riwaka series. 

The previously classified Riwaka stony and gravelly soil types were reclassified into a 

new soil series , the \fotueka soi I series The name ' Vlotueka' was selected as this soil 

is predominantly found alongside the Motueka River, and near Motueka township. 

This reclassification was necessary as these soil types were considerably different than 

the Ri waka series. The Motueka soil types frequently have gravels within the upper 20 

cm of the profile, and are therefore classified as stony soils . These soils could not be 

included into the Hau series as the age difference is too great 

8.4 Accuracy of the Produced Map 

Unmapped Ferrer soils are present as inclusions within polygons identified as Riwaka 

soils, particularly close to polygons now mapped as Ferrer soils . The significance of 

these inclusions is thought to be small. Although they display the characteristics of a 

poorly drained soil (mottles), it has been proven that with the extensive drainage that 

has occurred on this unit, drainage has been effective. There are currently substantial 
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areas of successful apple and kiwifruit orchards, and hop gardens on this soil , which 

further indicate that drainage is no longer a significant factor. Because of the scope of 

this study it was also deemed that attempting to resurvey these areas could not be 

sufficiently completed within the timeframe all ocated. 

8 . ../. J f.imi1a1io11s ofscale 

The scale of the map produced (1 :20,000) is not sufficient for planning by indi vidual 

growers, investing in land, or planning land management changes . A map at a scale of 

1 5,000 is recommended for such acti vities . This is recommended as the fluvial pattern 

of the area covered by the map causes rapid changes within small distances . The cost 

of developing a map at this scale is small compared to the investment undertaken by 

land purchase. 

It is also noted that not all land uses in the di strict are well matched to soil. There is 

considerable scope for changes in land uses. 

8.5 Conclusion 

The produced and ground truthed map is nO\N a useful asset for parties interested on the 

soils of Motueka. Th is modem up to date 1 20,000 map now has a legend and 

descriptions An accompanying soil survey report has also been produced. 

Through extensive ground truthing it is concluded that the original paper map was an 

accurate portrayal of the distribution of soils, based on texture and parent material. 

However, new series are here introduced to take account of diverse drainage classes 

Nine soil series are used to describe and differentiate the soils . These are the previously 

classified Riwaka, Umukuri , Sherry , Maori, Braebum and Tahunanui series, as well as 

the newly introduced Ferrer and Motueka series. There are 74 different soil types 

within these soil series, all of which are meaningful in a practical sense. The previously 

existing map was generalised where necessary to make it more suitable for practical 
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use. Some of the original type and phase descriptions on the paper map are here 

updated to modern tern1inology to avoid confusion. 

The four soils selected for further physical and chemical analysis (the Riwaka, 

Umukuri , Sherry and Ferrer soils) provided useful results. These soils have been 

selected due to their extensive area, current intensive use and physical and chemical 

fertility . The Urnukuri has the most favourable physical properties, with desired values 

for saturated soil hydraulic conductivity and bulk density, and moderate water holding 

capacity. Surprisingly the Riwaka soil is found to have a high bulk density (reaching 

1.59 in the subsoil), slow saturated hydraulic conductivity (dovvn to 3 mm/h) and the 

lowest readily available water content (59 mm in the top l m). The Riwaka soil 

however, is the most chemically fertile soil. All soils generally have low CEC, low 

exchangeable potassium and low phosphorus retention , making them only moderately 

chemically fertile The Sherry soil displayed the poorest chemical characteristics with 

most factors tested below desired levels. 

A land evaluation rated the suitability of kiw·ifruit, blackcurrants and hops production 

on the Riwaka silt loam, Umukuri medium sandy loam, Sherry medium sandy loam and 

the Ferrer silt loam The Umukuri soil is rated the best soil with a total average rating 

of l . 73 for all crops. The Riwaka and Ferrer soils rate similarly with values of 

approximately 2, \Nh ile the Sherry soil rates the lowest with values between 2. 14 and 

2.18. The rating exercise shows that the study area is very well suited to these crops 
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APPENDICES 

A I - Auger Observations and Pit locations 

Sampled Sites of the Motueka Soil Map 

Sampled Sites 

o soil profile pits 

• auger locations 
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A2 - fodividual Soil Bulk Density Results 

Rhrnka Sample 

A /J C /) .-t ,·ern,:e 
1-6 Clll 

)ricd Soil & Container (g ) 12:: .. , I 1.,9.-12 l.<1.S6 117.4 
·o,11aincr \\'eight (g l ]7.S 4l .98 ::7.64 ::6 .8 

:S,,il \\'eight (g l 85 .81 97A4 9::.92 80.6 
·ont3incr \ ' \'))Um\! ( cm3

) 90 .89 90.89 90.89 90.89 
Hulk Densitv (<t cm 11 0.94 1.07 1.0., 0. 89 0.98 
12- 17 cm 
)ricd S,) il & Container (g 1 I 59.79 174 09 171.6.' 172.-1 
·,,ntaincr \\.eight (g) ::x 75 .'7.77 41 .91 42.72 

Soil \\'eight (g) 121.04 1::6 .. ,2 129.72 129.68 
·011t3Jncr \ "olum~ (crn1 l 90 89 90.89 90 .89 90.89 

Hulk lknsit\ ( It cm ' 1 I .. , .' I.SO 1.-1., 1.-1., 1.-1 
411-4S cm 
b)ncd S,1,I & Container {g 1 180.29 185.~ 185.19 184.51 

·ontaincr \\'eight (g I ::8 02 41.59 42 .12 .'7.::7 
l:foil \\'eight (gl I -le 27 14.' 91 14:.07 147 I 4 

\Jr1t3incr \"olumc (cm ;) 90 89 ')0.89 90 89 90 89 
b-lulk lkn,11, ( It .:m1 1 1 57 158 1 57 1.62 I. 5' . 
15-HO cm 
)ri.:d S,111 & C.,ntaincr (!p 189. 54 185.-11 182.24 182.5 7 
\ontaoncr \\'eight (g J 42 91 -[ !.2 .s?.74 .<7.9 1 

tfoil \\'eight (g J 146.6: 14:.21 144.5 J44.(i(, 
·,) ntain\!r \ ',)lurnc (cm ; ) 90.89 90 89 90 .89 90 89 

il-!ulk lknsit, ( <t cm ' 1 1.6 1 1.58 I S9 1.59 I. 5' 

I 'mukuri Sample 

·I /J C /) .j,·ern,:e 
k-'1 Clll 

)ncd S,"il ..l C ,111t3incr (gl 157 0 1 ~6. ~( (4J.44 l<,9 x.: 
,Jnt3incr \\ eight ( g. J _,9 .•:: ,7 ·' ::v; 42 Oi 

s,,ol \\·c,ght (gJ 117 7 119.1' 11 0 Oi 127 7i 
\111t3incr \ ,)lurnc (cm i I 90 8• 90.8' 90.8' 90.8' 

!Hulk lkn,it) (g .:m 1 J I.::{ I.:: 1 1.21 UI I..• I 
123-28 

)ricJ S,1il .X.:. { 'nnt3incr (g I 16: 6' 160. 8: 16 1 21 1 59., 
\111t3incr \\\:ig.ht (gl 4 .•7.96 _;7 7~ .'8.8i 

S,ool \\'ci1tht ( <ti 1:1 6' I 22.8i 12:q; 120.s:: 
\1ntainc; , -,)Jumc (cm ; I 90 8' 90.8\ 90.8\ 90 8' 

b-lulk lkn,it, (It cm ' 1 I -' I .•S I ::<: 1 " I :,. 
k<l-4~ Clll 

)rocd S,o,I &. C,Jntaoncr {gl 1 s::.oi 16 1.2, IS:: 4~ 169.M 
"\ontaincr \\'eight (gl 4.' .w (: 4 I :8 52.2.': 
S,)ol \\ eight (g I 109.8~ 11 6.64 112.1 I 11 7.-1.• 
~ ·ontaincr \',1lunw (cm 1

) 90.8' 90.8' 90.8~ 90.8~ 
b-Julk lkn,it\ ( <t .:m1 1 1.21 I. 2~ 1.2., l.:!<..i 1.25 
i<,S-70 Clll 

U)ncd Soil & Container (gl 164.1 ~ 171.68 16,.S 1 I 5 8.5~ 
\ontaincr \\'eight (g ) 48. 7:, 56.95 45 .77 ..lS ,5_ 

Sool \\'eight (gl 11 S.-IS 114 7:, 117.74 11 :.07 
·ontaincr \'olumc (cm ') 90.8' 90.8' 90.8' 90.8' 

U-folk Dcn~ity ( It cm3
) 1.21 1.26 U< 1.2 1.21 

~ 8-101 cm 
l)ricd Soil & Container (g) 266.81 266.-14 261.86 221.91 

·ontaincr Weight (g) 142. 7' I-ti.I 139.65 100.2 
Soil \\'eight (g) 124.08 125.,4 122.21 121.6' 
·ontainer \·olumc (cm3 ) 90.8' 90.8' 90.8' 90.8' 

ll-!ulk Density (It cm' ) I..• I u~ 1.~ 1.:: U6 
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Shen·.- Sampk 

.4 B C /) A.\·era~1t I 
1-6 Clll I 
D)ried S,1il & Containcr(gl J.,o.o< I 29.3 136.06 I 3-1 .67 
"'ontaincr \\'eight (gl .'8.7i 38.3' 38.7~ .,8. S 
Soil \\'eight (g) 9U· 90.91 97 27 %.I 
lr\)nt3incr \·,)lumc (..:m1) 90.8' 90.81 9O .X~ 90.8' 
!Hulk lknsit, (~ cm ' I 1.0( 1.(K 1.07 1.06 1.03 
l<l-l:\c111 

D)ricd S,1il & Cm1taincr(gl 160.1' 163.91 16-1.1 16 1.03 
·,)tltaincr \\'cight (gl .,1. 7 -12.9-1 -12.9, -12.9' 

Soil \\'eight (gl l:!::!.-P 120.97 121 IS 118.O 
\)ntain..:r \-,)lurnc (..:m ' I 9O.8~ 9O.8S 90.8' 9() 8' 

!Hulk lknsit , (~ crn1
J us I .. ,3 1.3., I .. ,I 1.3.' 

12<1-31 cm 
)ricd S,1il $.. l. ,11113111..:r ( g > 183.2( 176.'6 172.-1 
\111tai11..:r \\ . ..:ight (gl 57.6 i -19 ( 52 .1 

S,1il \\'eight (gl I:!~.~< 12<,7( 120 I 
\)ntain..:-r \"c1lu111..: t..:m ' 1 9().8< 90.8' 9().8< 

!Hulk I kn sit, ( ~ cm' J Ul I..'' J.., I .'7 
ki-:i2 cm 
)ricd S,1il & (\1nta1ncr (gl 18S.1.' 18-1 2 177 71 191. 
'ontaincr \\'eight (gl SI . 75 SU<: -16.0, 57.81 

Svil \\'eight (gl l.'.' ··'l 132.-1 1 1.'I 6 I-' " 
\-,ntaincr \'olumc (..:rn; I 9() 8' 90.8' 9().8' 9() 8' 

!Hulk lknsot1 (~ crn '1 14 1.4( I .-IS 1.-1 , 1.-16 
1(1-':i cm 
)ncd S,"'il .!C... l ·,111t3incr (gl 180.7-1 176.' 18.1 . 7 186.31 
\1nta111..:r \\'..:i ght ( g l -18 0 -1,1 _(: SI 8] ~ -~-~ 

S,111 \\ eight (gl L'c I.' 2.3 131 8' 13:C 8/ 
\1nta111..:r \ ,1lumc (..:m 1 

t 90 8\ 9()_ 8( 9(> X• 9() 8' 
folk lk1hll\ (~ cm'1 1-16 I -1( I -IS I -1( I -1<, 

Ferrer Sam pk 
4 /j C /) -4 ,·ern::e 

12-i cm 
0)ricd S,111 & C @taincr (g I I .' O.O.' 131.95 I 30. 5- 129.-11 
v ·,1nta111cr \\'eight (g I -12.OS -11.91 .'7.6, -12.0! 
S,1il \\'eight (gl 87.<Jl 90 O~ 9:!.8j 87.3.' 
lt•ontaincr \",1lum..: (..:111 11 90.8' 9() 8 ~ 9().8' 9().8' 

!Hulk lknsot, (~ crn 11 0.9 0 9' Io O.'X: 0 9' 
l :i-20 Clll 

)ncd Soil .l... ( \1ntaincr (g) 1-18.1 I .,9.6~ 1-12.65 1-111 

·ontaincr \\'eight (gl 42.2~ 38.' 7 -11 .8 '7 I 
Svil \\'eight (gl 105.8, 101.27 100.85 10-1 
·ontaincr \ olurnc ( cm ' ) 90.81 9()_8', 9().8' 9() 8' 

H ulk lkn,itv (~ cm 1
J 1.16 I.II I.II I.I-I I. J., 

O:i--'O cm 
j)ricd Soil & Container (gJ 225.O~ 2<,.,.8s 255. 5 2S 7.-16 

'ontaincr \\'eight (g l 10-1.1 ~ 1-11.8-1 I 38.2f 1-1-1.16 
S0il Weight (gl 120.' 122.01 117.2-1 113 .. ' 
·ontain..::r , . olumc (cm1 1 90.8' 9<1.8S 9().8' 9().8' 

!Hulk Dcnsitv (~e n/I I.~~ U-1 1. 2' 1.25 U< 
",0-6:i cm 
)ricd Soil & Container (gJ I 70.21 265.63 26 7 .. '.' 23.,.9~ 
·ontaincr \\'eight (g) -1-1.7' 1-11.5'., 1-1-1.2 105.56 

Soil Weight (gJ 125.-11 12-1.0-1 123.13 I 28.3~ 
·ontainer \'olurnc (c m3 J 90.8' 9(1 8S 90.8~ 9().8' 

!Bulk Density(~ cm3
) 1.3~ 1.36 us 1.41 ui 

l<MJ- l05 cm 
)ried Soil & Container (g) 172.01 162.85 168.-13 170.8 1 
·ontainer \\'eight (g) -15 .6 37.8<., -13 .36 -17.3 -1 

Soil \\'eight (g) 126.-11 12-1.96 125.07 123.-1, 
·ontaincr \' olumc (cm3

) 90.8' 9().8< 9().8~ 9() 8~ 
l:lulk Density(~. cm3) 1.3' U7 U8 1.36 U} 
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A3 - Raw and Calculated Data for Saturated Soil Hydraulic Conductivity 

Riwaka Soil 

Kaw data (ml) 

?/.\fr: 1.\//.\( '?/-.S1 
/)f-.'f'lf! 30 (~I 90 120 ISi 180 21( 2-1( 270 30( 1231: 

1- 11 cm -I 2000 3000 2000 2000 -l(XlO 2000 800 525 -1 75 -100 

/3 2000 2000 880 860 10-10 850 1.,50 1900 1000 1200 

C -1000 2000 870 600 1-1:;o 1000 750 -170 :;20 280 

12-22 cm -1 ns 190 1.10 100 75 55 50 -15 ➔5 45 -

/l 200 210 170 l :5 100 80 100 75 75 70 -
C 80 80 75 50 50 -10 -10 .10 .,o 25 -

.t(,-50 cm -1 15 15 20 10 10 10 20 10 10 10 20 

11 -10 -1 5 30 20 -10 -10 -10 .,o 15 15 80 

C 180 170 125 90 80 70 60 -15 50 55 

75-SS cm -I 0 5 5 5 5 5 < < < < 10 

/l -10 -10 -10 .10 .,o :;o ~5 25 10 10 25 

C 0 5 0 0 < 10 5 < ' 2 () 

Saturated lnd1-aulic condu<"th in nun h 1 

11.\tJ-:,.,fl\l 1r:s, 
!'!-.'Pl II 30 (~I ')() 120 ISi 180 21( 24( 270 300 123 ( \,·e1·a2e 

1-11 cm -I 9 5-1 1-1.11 95-1 95-1 1908 95-1 382 250 227 191 -

13 95-1 9 5-1 -120 -11 0 -196 -105 6-1-1 906 -177 572 -
C 1908 95-1 -1 15 286 682 -177 ~58 22-t 153 J.1-1 -

12- 22 cm -I 17' 91 62 -18 3(, 26 2-1 21 21 2 1 

II 9 5 100 81 w -18 .'8 -18 X, H, .. -

C .•8 . ,8 .1(, 2-1 2-1 19 l ' 1-1 1-1 12 -
-1(,-SO cm -I 7 7 10 5 5 5 10 5 5 5 0 

B 19 21 1-1 10 l ~ 19 l ' l-1 7 I I 

C 86 81 60 -13 38 ~'·' 2' 21 2-1 26 -
75-85 cm -I 0 2 2 2 2 2 2 2 2 2 0 

II 19 19 19 1-1 1-1 l-1 1 , 12 5 5 0 

C 0 2 0 0 2 5 2 2 l l 0 
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Umukuri Soil 

Kaw data (1111) 

! /.\Ir:•.\//\ l 7 ;.:s, 

!)f-.'f'l!! 15 31 611 'JII .-\\"Cr:l~C 

-t- 1-t cm ·I 70 90 150 I SC 

/j 190 190 -150 ::::c 
C 1(,0 160 280 275 160 

23-33 cm --1 60 90 180 180 

/ j 50 100 210 200 

C 75 90 160 ISO 177 

-t0- 50 cm --1 250 .'75 775 800 

/ j 190 .100 57 5 ;75 

C -170 550 1065 1075 817 

65-75 --1 .' I 5 .JOO 775 790 

/J 760 -175 1-125 1-175 

C 2-10 ::oo 600 590 95:! 

Saturated ln dr~1ulic condu cth in mm h 1 

I l.\tJ-: 1,\/l.\l 7 !-.'SJ 

IJ_;;-:n Ii 1;; 3 1i 60 \Ill \veraae 

-t- 1-t cm --1 67 86 72 72 

/J 181 18 1 16i I 5 i 

C 15:: 15-1 1:: -1 1::1 120 

23-33 cm ·I 57 86 86 86 

/j -18 9 5 100 95 

C 72 86 7(, 72 !U 

-to- ;;o cm --1 :!J9 -158 no -182 

/J 18 1 286 27-1 27-1 

C -l-18 5:!5 508 5 t., 390 

r, ;;.. 75 --1 .,01 _182 no _177 

/j 725 -15-1 680 70-l 

C :!'.!9 286 286 281 -t5-t 
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Sherry So il 

Raw data ( ml) 

Y /.\IF 1.\//.\l 7 t:S1 

m:n11 Ill 2~ .JO 5~ 7( 100 130 16 11 1911 

0--10 cm .J .150 .105 26S 2.JO 205 .1SO .110 270 270 

/J 80 I.JS 165 170 150 275 260 235 2.JO 

C 150 2!0 215 205 I 85 .,25 _1()() 270 270 

10--20 CIII .J 200 :!90 _1()() 275 250 -1_10 .175 _1_1() .'75 

II 150 260 250 2.J5 220 no _1.j() :!90 ]25 

C 11 0 220 2..10 2.10 210 _17() _1.j() _120 _110 

2(,-36 CIII .J - .JOOO .j()()() -
/J - - -

C - -

-47-57 CIU .J I.JO 1 « I.JS 120 100 175 l 50 I.JO I.JO 

/l 210 2.JO :oo 150 I.JO 220 220 200 200 

C 180 l" 100 90 80 120 120 II 0 100 

70-lill CIII .J ]50 125 100 80 70 !IX) IIXl 95 100 

II 200 1-1 S 125 9S 80 125 D I 105 120 

C 180 160 125 75 (,0 90 90 80 75 

Saturated IHd raulir conductivitY mm h 1 

Y /.I/!-.', \/1.\l -Y f-.'S1 

/)r.'?/ I! 10 2: .JO 5~ 7( l(HI 130 16( 19(1 \vera_ge 

0- 10 C III .J 501 :!91 25~ 22S 196 167 1-18 12~ 12' 

II 11.J 1.18 157 162 I.J.1 1.11 12.J 11 2 11-1 

C 215 200 :!OS 196 177 155 I.J.1 12<..i 12' 12.J 

111-20 cm .J 28<, 277 286 262 2.'~ 205 179 157 179 

II 215 2-18 019 ..,,..i 210 177 162 1.18 15 5 

C 157 210 219 219 200 177 162 15.1 l.J8 161 

2(,-36 cm 4 - - .1816 .1816 -

II - - - -
C - - - 3lil 6 

.J7-57 CIII .J 200 l.J8 1.18 l l.J 95 8.1 7:. 67 67 

II .101 22< 191 l.J.1 1.1.J 105 105 95 95 

C 258 11' 95 86 76 57 57 5:! .J8 7( 

70-liO cm .J 501 11 S 95 76 67 .J8 .J8 .JS .J8 

H 286 1.18 11 9 9 1 76 60 57 5( 57 

C '.!58 153 11 9 7~ 57 .jJ .J3 38 36 .J7 
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Ferrer Soil 

Raw data (ml) 

I 
7 !.\ff-.' ,,\f/\{ -, 1-::-:1 

V)1-:n Ii 30 60 90 120 150 urn 210 240 270 1300 

2--12 cm -I 290 500 .•80 :,10 250 225 180 190 180 

n :,oo 570 570 560 1:,00• 1750 1500 1600 1550 

C :,so 1:,:,0 1800 1075 D50 I 500 2100• 11)()() 600 --

15-25 Clll -I 250 _-;75 225 170 1:,0 110 75 25 70 --

IJ -- -- -- -- --

C 800 500 290 ..,,.,,, 200 150 120 120 100 

35--15 cm -I 50 90 70 50 -15 -10 25 25 25 

IJ II o 2!0 175 130 120 IOO 80 75 70 

C 110 175 I 25 90 75 70 50 50 50 

60--70 -I .•O 6S so .~s :,o ,_ 
2~ ,_ 

20 --

IJ 600 570 -180 .' I 0 250 200 120 II o 100 

I00-- 110 -I 50 190 50 50 -10 25 20 20 I 5 90 

II 10 15 I 5 10 s s 5 s 2 0 

• If i>rm fed/ 0111 ,if core i1110 coutniner 

Satur~ted lndraulic conducthin mm h I 

7 /.\!!-.' ,.\ll.\l "1r.'S1 

VJ!-.'?lll 30 (~I 91 121 1;;0 urn 2111 2-10 270 1230 \nra~e 

2-- 12 cm -I 1:,8 239 181 1-18 119 107 86 91 86 

IJ 1-1:, 2T2 "2T2 26: 620 ~> s 716 76.• n9 --1 

C 167 6.'-1 MS'.. 5 I-' 6-1-1 716 1288 -177 286 --1 3 70 

15-25 cm -I 119 179 107 81 62 
,, 

.'6 12 .. _\ 

IJ -- - -1 

C .'82 2~9 l.'8 107 95 72 57 57 -18 .. \ 41 

l3:i--15 cm -I 2-1 -1:, 3> 2-l 21 19 12 12 12 .. I 
IJ 52 IOO x:, 62 57 -18 38 }6 ·'·' -1 

C 52 83 60 -13 .'6 )~ 2-1 2-1 2-1 -1 23 

6U-70 -I 1-1 :,1 2-1 17 1-1 12 12 12 10 -I 

IJ 286 27'2 229 l-18 119 95 57 52 -18 29 

HHJ--1 JO ,-1 2-l 91 2-l 2-1 19 12 IO JO 7 

Iii! R 5 7 5 2 2 2 '.! I -I 
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A4 - Raw and Calculated Pressure Plate Data 

Riv.aka raw pressure plates 

0.1 bar Sa111ple wet 1817 dn· 22/7 om's 1-120 % H 20 

1-3 Clll , \ 77.3 60.16 17.1-1 28.-1' 

B 78.73 50.95 27.7 8 5-1.5 2 

12- 1-1 <Ill , \ 87 7 7-1.12 P .58 18.32 

B 8-1. 5 2 71..• I.• .:: 18.5-1 

~0-42 cm \ 86.97 7-1.-1 5 12.5:! 16 .82 

B 91 .93 79.1 12.8." 16.22 

f)S- 78 Clll \ 96.95 8-1.59 12 .. •6 1-1 .6 1 

B 81 92 71 .-12 10 5 1-1 70 

I h-ar wet 1/8 dn -1/8 !?'11 1
~ 1120 0/4, H20 

1-3 Clll \ 67.18 5~.::!➔ l .•.9-1 26 18 

H 7 1.95 55 .2 16.75 .•O 3-1 

12- 1-1 Clll \ 99.03 8~ 26 13.77 16 15 

B 80.99 69 21 11 .78 17.02 

~0--12 cm \ 102.05 88 .51 I.• .5-1 15.30 

B 92.-15 80 -1-1 12 .01 1-1.9.• 

.i ~•8cm \ 9-1.76 82 87 I I 8' 1-1 .. • 5 

H 88 -19 77 7-1 10 75 I.• 8• 

15 bar wet /7 dn -1/8 ~111·, 1-120 % 1120 

1-3 Clll \ .• 3.06 28.51 -1.55 15.96 

12- l-l c111 \ .' 7 13 ;2 82 -I .• I I.• .13 

k<l--12 cm \ 33.88 30.5-1 3.3-I 10.9-1 

15-78 Clll \ -12.96 .,8. 56 -1. -1 11 .-11 

Riwaka calculated pressure plates 

Container , ·01u111eu;c 

25.3 OA8 -18 

21 .0 -1 0.91 9 1 

20 2 0.36 36 

21.02 0 .37 37 

21.22 0 .37 3; 

2-1.26 0 .37 ·' 7 

2-1.9-1 0 .' .' .. 

19.9 1 0 ."2 J2 

Container 

21.08 0. -12 -1~ ..: 

20.95 0. -18 -18 

2S 48 <U3 .. 

20.2-1 <U-1 3-1 

25 . I 8 <U-1 .•-I 

21.31 0.32 ~2 

20.95 <UI ·' I 

19 81 0 30 .•O 

Container 

13.-12 <UO 30 

I.• .36 O .. • I 31 

13.32 <UI 31 

J., 26 o 28 28 

Ho rizon lfori1.0n d e pth Horizon S,unpl• \\'~lter cont ent (%v/v) at te n!r,,ion~ \\'ailable \\"ater (Tension, in kPa) 
De pth (c111) ( kPa) 

Sample ( % ) Horizon (111111) 

10 1(1(1 1500 Keadlh Total Keadih· Total 

0 -1 2cm 12 ..\ -18 -13 

0 - 1 2 cm 12 H 9 1 -1 8 30 2-1 -10 :!9 -18 

12--10 c m 28 ..\ 36 ·'·' 

12--10 c m 28 H 37 3-1 ." I 5 ' 5 9 l -1 

-1() .. 75 cm 35 ..\ 3 7 34 

-10 -75 c m 35 A 37 ·~ ·'- 3 1 -I 6 15 2.l. 

75-100 cm 25 ..\ 33 31 

75-100 c m 25 H 3::! 30 28 5 7 i:, 

TOT..\I. 59 98 
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U k mu ' Un raw pressure p ates 
0. 1 bar Sample Wet 30/6 dn· 3/7 2m's H 2O % H20 Comainer \ "<>LL \ IE IHW 

-1..f> cm ,\ 77.2.J 65.29 11.95 18 .. •0 20.1 (l.35 3.J.6-l 
B 87.~ 7.J.95 12.9S 17.28 20.91 0.3 1 3U9 

23-B cm \ 6.J.08 56.8 7 7 21 12.68 2.~.9( 0.29 29.38 

H 86.2.J 75.S 2 10. 72 I.J.19 25.16 0.29 28.52 

-1(1--12 cm \ 87 75.13 11.87 15.80 2.~.95 0.29 28.99 

H 82.7.J 70.73 12.01 16.98 2.J.36 (U2 .•2.38 

65-6i cm \ 85.1 5 75 .19 9.96 I.~ 25 25.-15 0.25 25 . .J.• 

H 80 17 69.56 10.61 I 5.25 21.67 0.28 28.1-l 

78-80 cm \ 61 .91 58.77 3.1-l 5.3-l 22.81 0.12 11.88 

B 60.J-l 56.6.• 3.81 6.73 18.5 2 0.1.J 13.60 

I bar n et ton d.-. 11,~ !!Ill'~ 1·120 % H20 Container \ ·01.t ,wrn w 
4--6 cm \ 67.08 60.27 6.81 11.30 19.93 0.22 22 II 

H 81 7.-.27 77:; 1(1.55 2~ .-15 0. 21 21. 1 8 

23- 2:'i cm \ 81.27 7.J .. •.J 6.93 9 .. ~2 20.1 2 017 17.13 

H 190.9 3 I 83.67 7 26 3.95 127.51 0.17 17.32 

-111-.n cm , \ 185.88 178.62 7.26 .J.O<, 127.77 0.18 17.85 

H 176 2 170.2 6 ::.53 122.2 1 0. 16 I 5.6c 

65-6" cm \ 17<> 5 5 17201 .j 5.J 2.6-l 1:.•.86 0 12 11.97 

- B 13 1 7.J lc0 <,: -I I 2 .' 1 5 88 12 01: 1: c 1 

78-liO fm \ 1:1.1-1 125 97 I 77 1.-11 88 -18 0 0(, <,. 12 

H 160.5 1 158 81 1 7 1.07 121 2 0.06 6 15 

1" bar wet 111/7 d,._ I Iii 0111 ' , H2O % H20 Container \ "ol.l \I EIH IC 

4--6 cm \ 28.01 26.21 1.8 6.87 13.3 5 0.18 18.3.J 

23-2" cm \ 23 75 ..,.., ..,.., 
1 " 6 .89 9.05 0.16 15.57 

.J0--12 fill \ 23 .76 22.29 J..j 7 6.59 9.01 0.1.J 13 8-l 

<,~67 cm \ :.~ .9.~ 22 77 1 16 5 09 9 28 0.1 1 10.92 

78-80 cm \ 36.08 35.26 0 82 2 .. ~~ lc.33 0.05 5.09 

Umukuri calculated pressure plates 
Horizon Horizon \\'ate r content ('½i, '/v) 

Horizon de pth l)epth (cm) Sanrnle at tension, (kPa) \rnilahle \\"ater ( l"ension, in kPa) 

Samn/e ("n) HMhon (mm) 
Iii /()() /5 11() Readilr Total Readilr Total 

0-23 cm 2~ A c .J.6 22.1 

0-23 cm 1; H 31 . .J 21.2 18.3 11..J 1.J .7 26.2 -~3.8 

23•40 ..:m 17 A 29 . .J 17.1 

23-40 cm 17 H 28.5 17.3 1 5.6 11.7 13..J 199 22.8 
-10-65 cm 25 A 29.0 17.8 

.J0-65 cm 25 H 32.➔ 15.6 13.8 13.9 16.8 3.J.9 .J'.!. I 

65 -78 cm 13 A 25..J 12.0 

65-78 cm 13 H 28.1 12.3 10.9 I.J .6 15.9 19.0 20.6 
78-1 00 cm 2'2 A 11.9 6.J 
78- l(Xl cm 22 R 13.6 6.1 5. 1 6.5 7.7 1-l.2 16.8 

TOTAL 114.2 136. 1 
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Sh erry raw pressure p ates 
0.1 bar Sanrnle wet 30/6 dn 3/7 om's H2O % H20 Container \"olumetric 

1-3 cm A 7-1 .. , 59. 7-1 1-1 .56 2-1 .3 7 25 .-19 0. -1-1 -1-1 

B 8-1 .09 70 1-1 .0' 20. 13 25.37 0.3 :S _,.., 

10- 12 cm \ 88.2 1 78 .. <6 9 .85 12.5 7 25 .-11 0 .25 25 

B 80.71 70 .77 9.9-1 1-1 .0 5 21 .05 0 27 27 

2(,-28 cm ,\ 87.92 85 .(,2 2.~ 2.69 29.9 7 0.06 6 
-- - - -

B 79 01 77. -16 155 2.00 36 .27 0.0 5 5 

47-49 Clll ,\ 89.59 80.26 9 .3 .' 11 .6 2 25.62 0.25 25 

B 78.-18 70 .36 8.12 11. 5-1 20 .1., 0.2-1 2-1 

70-72 Clll ,\ 90.9 7 80 10.9 7 13 .71 21.6-1 0.27 27 

B 89.97 78.92 11 .05 1-1 00 2 1.1 O 28 28 

I bar wet 10/7 dn 11 /7 ,!!m's H2O % H20 Container \ 'olumetric 

1-3 cm ,\ 72.0 .< 6:S.8 8.23 12.90 21 .-1 0.20 20 

B 67.2:S 60.2-1 6.99 11 60 25 .. ,-1 0 21 2 1 

10- 12 cm \ 79.2 1 73 .51 5. 7 7. 75 21.5 -1 0 . 15 1 5 

B 7-1.(,2 69.27 5.JS 7.72 20 .9-1 0. 15 1 5 

2(,-28 cm ,\ M, .. ,_, 65.22 1 11 1.70 21 .. <6 o.o:; _, 

B 70.87 69.79 1.08 1. 55 2-1 .08 o.o., -
47-49 Clll ,\ 80 .. < 1 7-1 .17 6. 1-1 8.28 20 .0-1 0 . 17 17 

B 82.0 7 75 .99 (,()8 8.00 19 .91 0. 16 1(, 

70-72 cm \ 86.95 79 .-16 7.-19 9 .-1.< 20 .99 0.19 19 

B 82.-19 75 .06 7 . .J., 9.90 20 .27 0.20 20 

15 bar wet 10/7 dn 11 /7 !!Ill 's H20 '¼, H20 Container· \ 'oLll\11•:TRI (' 

1-3 cm ,\ 19 .07 17 .66 1. -1 1 7.98 8.95 0.17 17 

10- 12 cm ,\ .<2.02 _,o .. 0 1 1.71 S.(,-1 1., .. <8 0. 1.< 1:; 

2(,-28 cm ,\ 27.75 27 .38 o.n us 9 . 11 0 .03 -
-17-49 cm \ _,o. 7-1 29 .0:S 1.71 5.89 9.2 0. 13 1.< 

70-72 cm ,\ 3 .<.(,6 :; 1 _59 2.07 6.55 1., .27 0.16 16 

Sherry calculated pressure plates 
Horizon Horizon Horizon \\'ater content (%\'/Y) at A \'ailahle \\'ater ( l'ensions in kPa) 

depth Depth (cm) tensions (kPa) 

Sample ( 0 n) HnrhM1 (111111) 

Ill /(JI) /.'ilJO Readily Total Retuli~I' Total 

0-1 0 c m 10 -13 .8 20 .0 

0 -1 0 c m 10 :;2.5 20.6 16.7 17.8 21 .5 17.8 21.S 

10-26 c m 16 2-1 .7 1-1 .6 

10-26 c m 16 26.6 1-1 .7 13.-1 11 .0 12.2 I 7.6 19.6 

26--17 c m 2 1 5.7 3.5 

26--17 c m 2 1 5.2 ~-2 2 .8 2. 1 2.6 -1 .3 5. 5 

-1 7-70 c m ~, __ , 
2-1 .9 16 .6 

-1 7-70c m 2~ 23.6 15.8 12.6 8. 1 11.7 18.6 26.9 

70-l(X) cm 30 27 .-1 18 .7 

70-HX) cm 30 27 .9 19.8 16. 5 8.-1 11.2 25 .3 33. 5 

TOTAL 84 107 
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F errer raw pressure p ates 
0.1 bar Sample wet 18/7 dn 22/7 !?m 's H2O '½, H20 C ontai ne r \ ·o lum etric 

2-:i cm A 8'J. 16 68.25 20.9 1 .,0.6 -1 21.0 1 0. -1-1 4-l 

B 68.97 50.0 5 18.92 37.80 21.1 0.65 65 

15-1 7 cm ,\ 87 . .16 7()..16 17 2-1 .16 20 .9 () .19 .19 

B 85 .67 68 .92 16.75 2-1 .. ,0 21.1 9 0.-10 -10 

3 5-3 7 cm A 78.98 65.-1-1 JJ .5 -1 20.69 22.96 0. -11 -11 - ~~ -- ~ 

B 74. 77 6 1.7 5 13.02 21.09 22.6 1 0.-1 3 -13 

60-62 cm ' 78 .5 65 .1 1 3 . ➔ 20.58 22.76 o_.;.; 4-l 

B 77..17 6.1 .6 1.1 .77 21. (,S 18.29 0.-1 2 -12 

100- 102 cm " 7:1. 16 59.22 1.1.9 -1 2.1 .5-1 18.51 0.-1 7 -17 

B 78.5 6-1 .-11 1-1 .09 21.8 8 22.87 () -1 7 -1 7 

I bar wet 1/ 8 dn · 4/ 8 om's H2O % H20 Contai ner \ "o lum etric 

2-:i cm ' 7:1 .71 59 . .' 1 1-1.-l 2-1 .28 21.75 0.38 .,8 

B no~ 56 .65 16.-1-1 29.02 19.62 0.-1 -1 4-l 

15- 17 cm ,\ 7-1 .51 6 1.5-' 12.98 21 10 19.7 (US .~5 

B 77.01 6., .5 13 .5 1 21 .28 19.6.1 0.35 .. ~ 5 

35-37 cm ,\ 79.55 66.82 12.73 19.05 22.7-f (l.38 .18 

B 68. 11 56.69 11 .-1 2 20.1-1 18.6-, 0. 39 39 

60- 62 cm ,\ 78.9.1 (,5 .66 1.1 .27 20.21 18.99 (U9 .19 

B 78 .. < ➔ 6 ~ .2 8 1.1 .06 20 .01 19. 1 S (U<J .19 

100- 102 cm ' 69.' 57.-1-f 12.-16 21.69 18.18 0.-1-1 -1-1 

B 69 . .1-1 57.0 7 12 .27 21 .50 18.5 5 0.-1-1 4-l 

l :i ba r we t /7 dn-4/8 2m '~ H 2<> '½, H211 Container· \ "o lumetric 

2-5 Clll ,\ 29.66 25 .27 -1 .39 17 . .17 1~.2~ (U6 .16 

15- 17 cm ,\ .<1.8 26.62 5.18 19. -1 6 1.1.-11 0.-1-1 4-l 

35-37 cm ,\ 29.2 25 .86 3.36 12.99 1.1 .-1 -1 (US ~s 

60- 62 cm .\ .,-1 .0 1 29 .65 ➔ .. ,6 1-1 .70 1., .-1 (U7 .17 

100- 102 cm ,\ 29.-1-1 25 .82 ~.62 1-1 .02 13.28 0.-1 0 -10 

Ferrer calculated pressure plates 
Horizo n Horizo n Hoti zon De pth Sampl e \\'ate r co ntent ('1/.,y/ , ·) at tension~ ,\,·ai la ble \\'a ter (Tens ions in kPa) 

de pth {cm ) {kPa) 

Samok (o o) Hori ,on 111111 ) 

10 100 1500 Kcad il y Total Kcadily Total 

0-15 cm 15 A 3-1 .6 22. l 

0-1 5 cm 15 B 3 1.-1 21. 2 18.3 11.-1 1-1 .7 17. l 22.0 

1 5<~5 cm 20 A 29.-1 17 .1 

15-35cm 20 1-l 28.5 1n 15.6 11 .7 D.-1 23 .5 26.8 

35-60 cm 25 A 29.0 17 .8 

35-60 cm 25 B 32.-1 15 .6 13 .8 13 .9 16.8 3-1 .9 42. 1 

60-1 00 cm -10 A 25.-1 12.0 

60-1 00 cm -10 13 28. 1 12.3 10.9 1-1 .6 15.9 58 .6 63.5 

100-1 20 cm 20 A 11.9 6. -1 

100 -1 20 cm 20 13 13.6 6. 1 5.1 6.5 7.7 12.9 15 .3 

TOTA L 146.8 169.7 
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AS - Soil Chemical Analyses Results 

f"INA I, YSES: 
Olsen Soil 

SAMPLE pH p S04 K Ca Mg Na CEC volume 
U!.JP/2 U!.JS/2 me/1002 me/1002 me/1002 me/1002 me/1002 l!:fmJ 

Riwaka 0 -1 0 Comp 6J 34J 7.8 0J9 12 4 2 06 007 22 0.92 
Ri,vaka 0- 10 Pit 64 338 3J 0 54 l4J 229 0.06 23 0.85 
Riwaka I 0-38 64 32.9 1.8 0 23 8.7 1.36 007 17 1.15 
{iwaka 38-70 (,3 8.6 1 -~ . ) 0.04 6J 2. 52 0.05 I(, 1.27 
{i \\ aka 70-110 64 10. 5 1.8 0 0(i 4 .8 3 61 007 15 132 
Shem· 0 -10 Comp - - 32.9 4.5 0 15 3.8 0 (, I 008 15 0 .95 ) . ) 

ShenY 0-10 l' it 5.4 24J 3.0 0 12 3.5 0(,8 () ()(, 12 I 00 
Shem· I 0 -26 5.4 13 .8 1.8 () ()(, 2.0 () 2(, 0 0(i 10 1.12 
Shern 2(, -4 7 5 (, 7.6 0 8 0.02 0 .4 0.07 0.02 4 1.40 
Shern 47-70 5. 7 2.9 1.5 0.02 0 .2 0.05 0.02 2 1.20 
Shem 70 -92 5.7 2.4 1.8 0.0 1 0 .2 002 004 4 1.19 
Shem 92-1 00 5.9 1.4 1.0 0.0 1 0 .1 0.0 1 003 3 138 
l·ener 0 -1 0 Comp 54 41.4 12.0 0.6 1 8.6 138 0 13 19 0.85 
l·ener 0 -10 l'it - - 47 .6 12.3 (U I 8.4 174 0 I(, 22 0. 86 ) . ) 

l·ener 20-32 5.4 26.7 8.8 0 10 - 1 
) .~ 0 83 007 18 0.97 

1:ener 32-51 5J 46 7 133 0 15 2.8 0J5 0.04 13 0. 94 
Fem:r 51-93 5.5 52.4 12.3 0.05 3.9 077 ()()6 14 0 99 
Fener 93-120 5.7 -CA 12.3 003 4 .8 2 W 0 13 I(, 1.10 
l Jmukuri 0 -1 0 Comp (i .4 (i l.9 2.0 0 {,7 7.7 2.82 003 15 1.03 
l Jmukuri 0- 10 l'it (, .5 7 1 0 1.8 0 .82 8.8 3.21 0.02 17 0 92 
l Jmukuri 23-29 (i 5 42 .9 1.5 0.49 5J 2.48 0.02 12 1.09 
l Jmukuri 29-Yi (,3 27 (, 1.8 (UO 4.7 2.W 0.04 13 0.99 
l Jmukuri 36-6 1 (,3 13J 13 0 12 2J 1.20 OOI 7 I 19 
l Jmukuri (i l-78 fr I 13 .8 2.0 () 0] 1 -

- . ) 0.45 0.02 (, 1.20 
l Jmukuri 78-101 (,.4 7 (, 13 0.08 1.5 (U 3 004 3 1.55 

Mcthodolo~ics: 
'A mi l ab le' phosphate and su lphate rnlue,; are e,pres,;e<l a,; ~1g/g (air-dn ) !-:,changeable cation,; and 

Cl T rnlue,; are e:-.:pres,;e<l a,; me/ I (X) g (air-drY). 
Soil rnlume is a measure or the weight o r air-drY so il (g) per H1lume (ml ) and can be used to com·ert 
e,;ulh to a n,lume basis. 
'Quick Test' Yalue,; are calcu lated using com·ersion factors repone<l in Fertiliser Recommendation,; for 

l'a,;ture,; and Crop,; in Ne\\ / ealand ( 1984) compiled by I S Comf<1rth and A (i Sinclair. 
Total Carbon and Total Nitrogen were determined b,· IR and TC detection fo llowing combustion in an 

induct ion furnace (LECO). 

Organic matter was detem1ine<l mathematically: OM= OC :-.: 1.72 

13ase saturation and cation ratio,; are calculated from the analYtical data . 
Pho:-.11hate retention is an empirical measure o f the ab ili ty of a soil to remm·e pho:-.11horu,; rapidly from 

solution, a method de,·i,;ed b,· Saunder,; ( 1965) 
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CONVERSION TO MAF 'QUICK 7EST' VAI,UES: ADDITIONA L ANA l YSES: 

p Total Organic 

SAMPLE p S04 K Ca Mg Retention Carbon Nitrogen Matter 

u!!P/ml U!!S/2 % % % % 
Riwaka 0-10 Comp 32 8 (, 13 43 24 I 3.1 0. 27 SJ 
Riwaka 0 -1 0 l'i l 29 3 7 14 44 21.9 3.8 0. 32 6 .5 
l~j \.\ aka I 0-38 38 2 4 12 3(, 22.9 I.I 0.09 1.9 
Ri\\ aka 38-70 II ' I 9 73 17.5 OJ 0.02 0.5 .J 

Riwaka 70 -1 I 0 14 2 I 7 109 16.5 0 .2 0 .02 0 .4 
Shem 0 -1 0 Comp 3 1 5 2 4 13 23 0 34 0 2(, 5.9 
Shem 0 - 10 l'it 24 3 2 4 15 20.0 ]J 0 28 5.7 
Shem 10-26 15 2 I 3 7 18.9 2.1 0 I (, 3.7 
Shem · 2(,-47 II I <I I 2 6 .4 0.2 0.01 0.4 
Sheff\ 4 7 -70 ' 2 <I <I I 173 0(, 0.02 I.I .J 

Sheff\ 70-92 3 2 <I <I I 20 2 0(, 003 1.0 
Sheff\ 92-1 00 2 I <I <I <I IO 6 0. 1 0.0 1 0.2 
FeITer 0- 10 Comp 35 12 8 8 27 39 0 40 0. 36 (,.9 
FeITer 0-1 0 l' it 4 1 12 4 8 34 36.5 4 .2 OJ8 7.2 
l·e1Ter 20-32 26 9 2 6 18 40.2 2.4 0. 22 4. 1 
1:e1Ter 32-5 1 44 13 2 ' 8 336 () 5 0.05 () 9 .J 

1:e1Ter 51-93 52 12 I 4 17 34.0 () j 0.05 0.8 
h :ITer 93- 120 47 12 I 6 (,8 36.7 0 .4 003 07 
l Jmukuri 0- 10 Comp (..\ 2 II 9 (17 18.8 1.7 0 12 3.0 
l Jmuk u1i 0-10 l'i t (,5 2 12 9 (,8 12.1 2 () 0 14 3.5 
l Jmukwi 23-29 47 2 8 7 (, 2 204 07 0.05 1.2 
l Jmuk u1i 29-3(, 27 2 5 5 (, I 21.2 0.9 () ()(, 1.5 
l J m uk uri 3(,-(, I l<i I 2 3 ' ' 16.9 OJ 002 0.5 .J.) 

l Jmuku1i 6 1-78 17 2 I 4 12 151 04 0.02 ()(, 

l Jmukuri 78-1 01 12 I 2 3 12 7 0 o I 0 0 1 0.2 
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BASE SA TURA 710N CA LCUl .A TIONS: 

SAMPLE 

~~i,, aka 0 -1 0 Comp 
Ri m1ka 0 -1 0 l'i t 
R i,, aka 10-38 
Ri waka 38-70 
Riwaka 70-1 10 
Shen, 0- 10 Comp 
Shen, 0 - 10 l'i t 
Shem· I 0 -2(, 
Shem 2(,-47 
Shem 4 7-70 
Shem 70-92 
Shem 92-1 CX) 
1:eITer 0 - 10 Comp 
FeITer 0 - IO Pi t 
FeITer 20 -32 
l·eITer 32 -51 
FeITer 51 -93 
FeITer 93- 120 
l Jrnuku1i 0 -1 0 Comp 
l Jrnuku1i 0 -1 0 I 'it 
l Jmuku1i 23-29 
l Jmuku1i 29-3(, 
l Jmuku1i 3(i-(, I 
l Jmukuri (, 1-78 
lJmukuri 78-1 0 I 

,~~Ill 

.. , ,,,, .. ---•-·· 
Masser Atrlc■lture 

BASE 

SAT. K 

% % ofBS 
6 7 1.8 
73 23 
62 1.4 
54 OJ 
58 0 .4 
32 I. I 
37 I.I 
24 ().(, 

13 04 
21 1.5 
(, OJ 
(i 0 .4 
- - 3 .1 )) 

49 1.4 
36 06 
') -_) I. I 
35 OJ 
47 0 .2 
75 4 .:5 
77 4 .9 
69 4 .1 
C, I 23 
49 1.7 
- - ().(, )) 

(,[ 2.4 

Ca Mg Na Mg/K 
%of 
BS % ofBS % ofBS RATIO 
- - 9. 2 OJ 5 .2 :)) 

6 1 9.8 0 .2 4 ') -~ 
--, )_ 8 .2 0 .4 ( , () 

38 15 4 OJ 58 .0 
32 244 0 .5 58.9 
2(, 4 .2 () j 3 .9 
29 5.7 () j 54 
21 2 () () 6 4 .2 
10 1.5 04 3.(, 
15 2.9 14 2 0 
4 0 .5 1.0 1.5 
4 04 1.0 1.0 

44 7. 1 () 6 2J 
39 8 .0 0.7 5 (, 

30 4 .7 0.4 8 .1 
21 2.6 OJ 2J 
29 5.7 () j 17 0 
29 1(,.4 0 .8 77 .7 
51 18 .9 0 2 4 2 
53 19 .3 0 1 3.9 
44 20 (, () 2 5.1 
37 21.1 OJ 9.1 
31 ICiJ 0 I 9.7 
4(, 8. 1 0.4 14 4 
4(, 10.4 1.2 4 4 

So il mappin g, compila tion and land e, ·aluation o f Motueka, Riwaka and Mo utere Valleys 

Ca/Mg 

RATIO 
6 0 
6 .2 
64 
') -
~ .) 

lJ 
(, 2 
5 .1 
7.9 
(, 5 
- ') 
) _ 

8 .5 
IO I 
6.2 
48 
6 J 
8 .0 
5 .1 
1.8 
2.7 
2.8 
2.1 
1.8 
1.9 
5 .7 
4 5 
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A6 - Ranking Tables for Site Properties 

Climate 

Annual Rainfall Ratiniz 
(mm) Kiwifruit 8 -Currant,; I lops 
.:, (X)o ·' ·' ' 2500-:,000 2 2 2 
I250-25(X) I 1 I 
900-1250 2 2 2 

·.900 ' ·' :, 

Annual rainfall ratings (adaptedfi·om Kernohan, 1983) 

Mean Rating 
Temperature (°C) Ki" ·ifruit 13-CrnTant,:; I lop,; 
·- 1 (,. 5 -l -l -l 
I-1 .5-I (,-l 2 2 2 
I2 .5-1-1 .-l I 1 I 
I 0- 12 .-1 ' ' ·' 
· 10 5 5 5 

Annual temperature ratings (adap ted.fi-om Kemohan, 1983) 

Frost SeYeritY ( °C) Class Rating 
Kiwifru it 13-C\ !ffant,; I rop,; 

<-(, l,0 11 I I I 
-7 to -14 Mo<lcralc 2 2 2 
>-14 I li gh 3 3 \ 

Frost seventy and ratings (Webb and Wilson , 1995 ) 

Annual Ground Rating 
Frosts Ki 1-, ifruit B--Gunanh I lop,; 
O - 15 I 1 1 
15 - :,o 2 2 2 
:,o . <,o ·' ' ' (i() - I()() -l -l -l 
· 100 5 5 5 

Annual ground frost ratings (adap ted.fi-otn California Ki wifrui t Commission, 2000) 

AnnCial Air Raring 
F,rost,; Ki,, ifruit 13-Currant,; I lops 
0 -5 I I I 
5 - I 0 2 2 2 
10 - 20 3 3 3 
30 -40 4 4 4 
> 40 5 5 5 
Annual air fro st ratings (adapted from California Kiwifruit Commission, 2000) 
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Sunshine Hours (October - April) Rating 
Kiwifrui t 13-Cuirnnts I lops 

>1400 I I I 
13(Xl-1400 2 2 2 
1200-1300 3 3 ~ 

.l 

11 00-1200 4 4 4 
<11 00 5 5 5 

Annual sunshine hours ratings (Webb, and Wil son, 1995 ) 

Annual 1 [umi<lity ('%) Rating 
Kiwifruit 1:3-Cuirnnl:i I I lops 

> 90 I I I I 
75 - 90 2 2 2 I 

60 - 75 3 3 3 I 
< (,() 4 4 I 4 I 
Annual hum1d1ty ratings (adap1ed_li-·om Kemohan, 1983) 

Annual Da r · of Rating 
I !ail Kiwifru it 13 -CutTants [-lops 
0 -5 I I I 
5 - IO 2 2 2 
IO - 20 3 \ 3 
3() - 4() -I 4 4 
> --W 5 5 5 

Annual days of hail ratings (adap1ed_li-om Kemohan, 1983) 

Annual Davs f Rating 
Gail Winds Kiwifruit 1:3 -Currants I lops 
0 - 5 I I I 
5 - IO 2 I 2 
IO - 20 3 2 4 
30 - 40 4 3 5 
> 40 5 4 (, 

A1111ual days of/Jail !'Wings (adapted from Ker11oha11 , JYR3 & 5'ale, JYR5) 

Landscape 

Slope angle 
(degrees) 
0-3 
4-7 
8-11 
12-15 Moderately sloping lo strongly slop ing 
16-20 Strongly sloping 

26-35 Stee 

Kiwifruit 

2 
3 
4 
5 
6 
7 

Slope classes and ratings (Webb and W ilson, 1995) 

Rating 
13-CLin-ants 

2 
3 
4 
5 
6 
7 

I lops 
I 
2 
3 
4 
5 
6 
7 
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Soil Physical 

Drainage Class Rating 
Kiwifruit 13-CuITanh I lops 

Well drained I I I 
M(x.lerate 2 I I 
Imperfect 3 2 2 
lmper!'ect to poor 4 " 2 .l 

l'oor 5 4 3 
Ven· poor (1 5 4 

Drainage classes and ratings (adapted.fi·om Webb and Wilson , 1995 ) 

PRAW (mm) Cla:-,s Rating 
l Ki wifhtit 13-CuITanh I lop,; 

>100 Ver\" high I I I I 
(,7-1 tXl 1 ligh 2 2 2 
50-(,7 Moderate!\ high 3 3 3 
33-50 Moderate 4 4 4 
17-33 l,011 I 5 5 5 
<17 Ven· kl\\ I (1 (, (i 

Profile readil y available water (to 1 m) (adapted.fi•'Ofn Webb and Wilson , 1995 ) 

13ulk Densitv (Mg/nr') Rating 
Kiwifruit 13-Cun-anh I lops 

>0 .8 2 2 2 
() 8-1 ( I I I I 
1.0 -1 .2 I I I 
1-2-1.4 2 2 2 
I 4-1 (, 3 3 J 
> ! (1 5 5 5 

Highest bulk density rating (to 1 m) (adapted_fi·om \ fartin , 1998) 

S-aturated l h'tlraul ic Conduuti, il ,- (mmlh) Clas:; Rating 
Kiwifru it 8-CUITanh r lop:; 

<4 SIO\I 4 .1 .1 
4-72 Moderate 2 2 2 
>72 Rapid I I I 
Lowest saturated hydraulic conductivity (mm/h) (adapted.fi·om Webb and Wilson, 
1995) 

Stone Content Class ~-e "' l'<'.,"N""'·· 'flt ' Ratinl! 
L2ii,l (0-30 cm), Kiwifruit 13-CuITant:-, I Ions 
<5 Non-gra\"ell v to ,·en slightll· gra,·elll· I I I 
5-15 Slightll gra,elh· I 2 2 
15-.15 Moderately gravell y 2 .1 3 
35-70 Ven: grmell v .1 4 4 
>70 r::-;-tremelv gra\"elh· 4 5 5 
Stone content (0-30 cm) ratings and classes (adaptedfi•'Ofn Webb and Wilson , 1995) 
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Soil Chemical 

Soil pl I (0-60 cm) Rating 
Kiwifruit 13-Currants I-lop:; 

(i 9-GJ I I I 
7.2-6.9 & (d-6 0 2 2 2 
7.5-7.2 & <, 0-5 7 3 3 3 
7.8-7 .5 & 5.7-5.4 4 4 4 
8.1-7 .8 & 5.4-51 5 5 5 
>81 & <5.1 (i (i (i 

Soil pH (20-60 cm) ratings (adaptedjiwn \1artin, 1998) 

1 CEC top 0-GO om Cla:;s Rating 
(meq/ l0Og') Kiwi fruit 1:3-C ummt:; llops 
>40 Ven high I I I 
24-40 high 2 2 2 
12-25 medium 3 3 3 
(,-12 lm1 4 4 4 
<() Ven Io,, 5 5 5 
CEC classes and ra tings in top 60 cm (adap tedjimn Webb and W ilson, 1995) 

Potassium (mc·l OOg) Rating 
Kiwifruit 13-C ummt,; I lop,; 

.· () _(, , , , 
0/,-0 .X :2 2 :2 
O.X-1 0 I 1 1 
1.0 -1 .:2 :2 :2 :2 
·1.:2 -l -l -l 

Potassium ratings m top 20 cm (adaptedji-om Hill Laboratories, 2002) 

'. Calcium (me, 100g) Rating 
Kiwifruit 13-CrnTant;; I lops 

' /, ·' ·' 
, 

0(,-0X 2 2 :2 
OX- 1:2 1 1 1 

1:2 :2 2 2 

Calcium ratings in top 20 cm (adaptedjiw n Hil l Laboratories, 2002) 

S.~ ium me lOOg) i 11 Rating 
Ki,, ili·uit !~-Currant,; I lops 

0 .0-0 .-l 1 l 1 
O-l-0.8 :2 2 2 
: {J.X 3 3 3 

Sodium ratings in top 20 cm (adapted f iw n Hill Laboratories, 2002) 

Magnesium (mc· l <XJg) Rating 
Ki,,-ifruit 13-Currant,; I lops 

<1 3 2 2 
1-3 l 1 l 
3-5 2 2 2 
: -5 3 3 3 

Magnesium ratings in top 20 cm (adaptedji·om H ill Laboratories, 2002) 
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P retention within 0-20 cm (%) Class Ratin!l 
Kiwifrnit 13-Cummh I fops 

>85 Verv high I I I 
(i0 -85 high 2 2 2 
30-60 medium 3 3 3 
<] 0 lo\,- 4 4 4 

P retention classes and ratings in top 20 cm (adaptedfi ·om Webb and Wilson , 1995) 
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A 7 - Textural Summary for Soil Units 

0-35cm 35-70 70-105 105+ 

Tahunanuifixeddune sand fine sand line sand line sm1d line sand 
Riwaka silt loam silt loam silt loam sill loam si lt loam 
Ferrer silt loam silt loam silt loam sil t loam sand & gra\·el,; 
Umukuri medium sand~- loam sm1d\· loam ,;an<l/sm1d\' ,;ill loam silt loam 

loam 
Sher~· medium sand~- loam medium sand\· san<l/sm1d\' coarse sand coarse ,;and 

!mun loam - coar,;e 
sand 

Maori ~rm ell~- sand~- loam (ira\-el\· sand\· sand\' loam sm1d\' silt sm1d\· silt -
lomn \\·ith line, medium 
coarse sm1d & and coarse 
!ffa\·el sm1d 

Hau stony sand~- loam stom· sand\· slotw sand\' sand\' grm·eb sm1d\· !cffm·els 
loam lom11 

Motueka soils similar lo the -- ,_ , . 

I !au 
Braehurn sandy loam soil ,;m1d\ loam sil t loam elm· cla\' 
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