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''What now remains compared to what existed is like the skeleton of a sick 
man. all the fat and soft earth having wasted away. and only the bare 

framework of the land being left." 

P/aro descrihing effects of erosion in classical Greece felled 111 Clark er al. . / 985J. 



Abstract 
The influence of soil aggregate size and cultivation management on sediment flux of two Hawke's Bay 
soils was investigated. Hawke's Bay Regional Council initiated, and partially funded, the project after they 
identified wind erosion as a significant land management issue in their region. 

Wind erosion was simulated on Pakipaki sandy loam (Typic Sandy Recent Soil) and Takapau silt loam 
(Typic Orthic AJlophanic Soil) soil types using a portable wind tunnel. Three difTerent cultivation 
treatments were applied to research sites on each soil, with eight replicates of each treatment positioned via 
a split-plot, randomised block trial design. Treatments ~·ere designed to produce a range of soil aggregate 
size distributions. A minimum tillage treatment was also simulated. Al each plot, surface ( 10 mm depth) 
soil samples were collected for gravimetric moisture content, soi l aggregate size and aggregate stability 
tests. Surface roughness and vegetative cover were measured only on Takapau plots 

The Takapau silt loam plots were very susceptible to aggregate breakdown under cultivation, with only a 
quarter of soil aggregates over 0.85 mm in size after one pass with the cultivator. Two additional passes did 
not cause a significant change in aggregate size. Minimum tillage on the Takapau plots lead to markedly 
lower mean sediment flux rates (0.2 gm-1s- 1

) compared to one pass with a cultivator (3.4 gm-1
:,;"

1
) . 

The Pakipaki sandy loam exhibited higher resistance to aggregate breakdown compared to Takapau silt 
loam. After one pass of the cultivator 50 percent of aggregates measured were over 0.85 mm in size, 
reducing to 45 and 43 .3 percent after two and three passes respectively. Data collected from Pakipaki plots 
suggest decreasing soil aggregate size leads to increasing erosion rates. The relationship wa.;; not significant 
(P<0.05) prinrnrily due to a high variance in results within treatments. Minimum tillage on the Pakipaki 
sandy loam also resulted in considerably lower mean sediment tlux (0.03 gm·1s-1

) than the least cultivated 
plots ( 1.8 gm·1s-1

) 

The results highlighted some important implications for cultivation management in Ha~-ke's Bay. Use of 
conventional cultivation techniques on Takapau silt loam soils should be avoided due to the high risk of 
aggregate breakdo~11 and the subsequent wind erosion risk . Minimum or no-tillage with maximum 
retention of vegetative residue is the most appropriate for continued arable farming on such soib. Ln 
comparison, soil ' tructural characteristics of the Pakipaki sandy loan1 soil allo~ for greater manipulation 
of aggregate size through cultivation. However, the sediment flux measured off Pakipaki plots indicates 
other wind t::rosion control techniques, such as windbreaks and stuhhle retention. should be utilised in 
conjunction with maintenance of large aggregate size to adequately control soil~ ind erosion. 



ACKNOWLEDGEMENTS 

After two years it continues to ama.w me how many kilometres you can travel when researching 

the effect of some brccLe on some fluff}· soil in Hawke-s Bay! Endless trips from Palmy to 

Hastings_ trips to Christchurch_ even trips to Australia. Amongst such travels you inevitably meet 

some great people who arc only too happy to help you_ so I'd like to take this chance to thank 

those people. 

ln Hawke-s Bay rd like to profusely thank Dan Bloomer for his knowledge_ support amusing 

emails and ice-block delivery service_ and the H BRC for supporting this work. Moray Grant and 

Jonathan Wiltshire gave me land to work on_ and seemed to always be on hand when the tractor 

went dead or I needed advice. Stu Macintyre again stepped in to offer machinery_ advice and the 

occasional pcrsuasi\'e phonecall ! I owe Powertrac Hawke -s Bay thanks for use of their tractor. 

In Palmy. Mark Osbourne and Roger Levy were great in the PTC as I tried to apply my 3'J form 

metalwork skills to the tunnel. John Dando once again \\'Cnt out of his way to help. Thanks lo Alan 

Palmer for his guidance. and Stu Morriss for putting up " ·ith me popping in this year. Patrick Hesp 

\\"as a\\ csome with his ad,·ice and provision of contacts and equipment and is just basically a great 

guy to talk to. John Holland_ you are an inspiration to me as much on a personal level as an 

academic one. 

In Christchurch I thank Rick Deihl from Lincoln University for sending items up on demand. and 

Dr DaYid Painter and Dr Les Basher for ad\'icc. 

In Australia. John Leys has answered my frequent questions \\-ith a depth of kno" ledge and a level 

of detai l that I can only admire and aspire to. I thank him for hosting me for a week_ introducing 

me to Aussie \\ind erosion. and being a great tour guide across the Mallee Plains. 

My friends and family deserve my heartfelt thanks. I have sometimes read other thesis 

acknowledgements and scorned their attention to family and fi-iends. but now I see what they were 

on about! Sasha, my big sis. thanks so much for your drop-of-a-hat help with my fieldwork. 

Thanks also to Brooke (my little sis). Sean (recalled from Canada) and Amy for your help in the 

Bay. and Mum and Dad for support from home. The RM gang has remained just as important 

this year. Sal dmrn South. Paula and Bernie up orth. and Anita here in Palmy. I hope success 

continues lo follow you. 



TABLE OF CONTENTS 

EXECUTIVE SUMMARY ............................................................................................................................... i 

ACKNOWLEDGEMENTS ............................................................................................................................... iii 

TABLE OF CONTENTS .................... .. .... .......... .. ............ ................................................................................ I 

LIST OF FIGURES ... ... ........... ....... ............................................................................... .................................... -' 

LIST OF TABLES ............................ ................................................................................................................. -' 

1. INTRODUCTION .................................... ...................... ............ ............................................................. 5 

11 
1.2 
u 
14 

PROBLE\ I S T.\ TE\ IEC-:T 

0 13JECTJ \'ES .. .. 

l \ IPO RT.-\C-:CE O F RESE.-\RC l-1 

0LTLl'c OF THESIS ..... .......... . . . . . 

..... 6 

..... 6 
..... ... ...... . 7 

. ..... ......... .... .... .. 7 

2. LTTERA TURE REVIEW ....................................................................................................................... 8 

2.1 
2.2 

2.2. I 
2.2. 2 
2.2. 3 

2.3 
2. 3. I 
2.3. 2 
2.3.3 
2. 3.-1 

24 
2.4. I 
2.-1.2 

2.5 
2.6 

2.6. I 
2.6.2 
2. 6.3 
2.6.4 

2.7 

[C-: TRODL'CT IOC-: ............ ....... . ... . 

TI IE \\T<D EROS IOC-: ISSL c . . ........ ..... .. . 

Wind erosion global~v ....... ... ...... .... ... . 
/Find erosion in 1\ .ew Zealand. 
lf'ind erosion in Ha·wke 's Bay. 

W f:'D EROSIOC-: PROC ESSES ... ... .. ... ... . 

Transport modes ... .. ... ..... .. . 
Effect of field length 
Vertical distribution .. ........ .... . 
Factors influencing w1 lnerah ility 

L\J P.\ CTS OF \\'l:<D EROSIOC-: .. 

Phvsical .... .. ................ ... . 
Economic.... ... .. ... .. ... ....... .. . ........ .... ...... . 

CL l , Tl \'. \ T IOC-: .\..'-D \Y f'.\:D EROS IO C-: ......... . . .. . . 

... ..... .... .... ...... ..... ..... 8 
... .... .... .. .... .. .. .. ... .... 8 

···· ···· · .... . 8 
JO 

.. II 
······· ··· ······· ·· · ..... .. . 15 

·· ······· ···· ·· ··· ... 15 
... .. ... 17 

.. .. . 17 

.... . 17 
. ..... 23 

23 
..... 2-1 
...... 25 

W N D EROS IO C-: RESE. \RCH ................... . . ... ................. . .... ... . . ... . .. . . ... . . .. ... . . ..... 27 
Portable wind machines and wind erosion research .. 
Lincoln [ 1niversity portable wind machine ... 
Wind erosion sediment samp lers ............ . . 
1998 Research ............... .......... .. . 

S U, L\ 1.-\RY 

···· ·· ······ ··· ·· .... . 27 
..... ..... ... ..... . ... .... .... 29 

······· ····· ···· .. ... 3 1 
. .. . .... ····· ·· ········ ... .. 32 

...... .... ... .... . ............ .... ... .... 33 

3. RESEARCH METHODOLOGY ........................................................................................................ 34 

3.1 
3. 2 

hTRODL'CTIO C-: 

f JELDWO RJ.: PREP.-\ RATI ON 

Australian research trip . 
Wind machine calibration ...... . 
Sediment sampler construction ... ... .... .. .... ....... .. ... ...... ....... ..... ... . 
Selection of cultivation techniques ... .. .. .. ..... .. .... . 
Loss a/sediment source ... ...... .... .. ... .... .. ... ..... ... .. . 

.... 34 

.. .. 34 
. .... 34 

.. 34 
..... .. . 36 

. ... .. 37 
. ... 39 

3.2. I 
3.2.2 
3.2.3 
3.2.4 
3.2.5 
3.2. 6 Experimental sites ... .... .. ... .. .. ........... .... . .. ....... ... .. ···· ··· ······ ······· ··· · .. ...... ... ........ ..... ...... 40 

Win d erosion in Ha,,le·s BaY: the influ ence of cult i\·ation and soil aggregate size 



.n F.XPERI\ IF.:-.:T.\l DESIG:-.: ................................................ .. ...... .. ...................... . ....... . ......................... 42 
3.3. 1 
3.3.2 

3.4 

Randomised split-block design ..... .. ............ ................... .. ......................................................... 42 
Data collection procedure ............ .. ............................... .. ......................................................... 42 

J .. \IlOR.\l ORY .\.'\.\LYS!S ................................................................ ....... .......................................... 46 
3.-1.1 .-lggregate size ana~v.m ...................... .. .................................................................. ................... -16 
3.-1.2 ll 'et aggregate stability ........ ... .................................................................................................. -16 
3.-1.3 Soil surface moisture content ... ..................... ... ...... ................. .......................... .... ................... -17 
3 . ./.-/ I lass of sediment flux sampled ..................... .. ... ....... .. ...... .. .. .. .. ..... .................... .. ........... .......... 4 7 
3.-1.5 Sieving of eroded sediment ........................... .. .... ............. ... .. ..... ..................... .......................... -17 
3.-1.6 .\'11trient ww~vsis ... ............... ... .. .. .. ... ............... .......................................................................... -11> 

35 A".\l YSIS <H R.FSL'L l'S ...................... .............. .. ....... . . ................................... ... ............................ 4R 
3.5. I r alculation ofsedi111entjl11x rQJ ........................................................ ...................................... -I~ 
3.5.2 Calculation ofsediment jlur: at 35 kl11h·1 .................... ............ .... ........ ....... .......................... -18 
3 .5.3 ( a/culation ofn111rien1 losses ..................... ............ ......................... ............ ................... ......... ./9 

-t. RESULTS ....................................................... .................................... ................ ..................................... 50 

4. 1 f".TRODI 'C!"!O'\ ............ ............................................................................................ ... ...... ... ... 50 
4.2 Wr:-.:D\I.\CllIWl'SF ................................................... ................................................................ 51 

-I. 2. I t a/ihration ................................................................................................................................ 51 
4J 1-'.WFR!\IF".l .\l RESl'LTS ........................................ .. ............. .... ...... . .... .. ...................................... 51 

../.3. 1 

../.3.2 

../.3.3 
-I. 3. -I 
-1.3.5 
-1.3.6 
-1.3.7 
-1.3.8 
-I. 3. 9 
../.3. f () 

-1.3.11 
-1.3.12 

l.imited sediment .mpp~v investigation ............................. ..... .. ..................... ............................ 51 
Soil aggregate size ...................... ................. .. ......... .. ................................................................ 5 2 
Soil w r:face moisture content ......... .......... .. ....................................... .. ..................................... 55 
Wet aggregate stahility ..... .............................. ... ....................................................................... 55 
Surface roughness .... .. ... .................................................... ... .... ..... .... ............................. ..... ...... 56 
1 ·egeta1ion cover ............................ .. ..... .... .. ....... ................. .. .......... .. ... .......... ................. ........... 57 
.\'edimentjlur: ................................. .. .................................................... ..... ...................... ........... 5fi 
Sediment flux at 35 kmh-1 ........................................................................... .............................. 6() 
Percemage ofsoi/ aggregales ...- (). 5111m v ~ed1111ent flux fg111·1 ~· 1 ) al 35 k111H1 ..................... 62 

.\'utrtent lou m sedimenljlux .............................................................................................. 65 
.\ fim111 1u11 ii/loge............................ ... .. ..................................... ...................................... 66 
Regression ana~vsi ~ of all vanah/e ~ hy site .................................................................... .. 66 

5. DISCUSSION .............................................................................. ........................................................... 68 

5.1 Qt '.\ ,-, fl'.\Tl\T \\ 1:-.:0 ERosro:-.: O.\'I .\ ........................................................................................... 6R 
5.1. I !111rod11ctio11 ......................................................................................... ...................................... 68 

5.2 

5.3 

5.1.2 
5.1.3 
5.1.-1 

5.2. I 
5.2.2 
5.2.3 
5.2. -1 

5.3. I 
5.3.2 

5..l 

Research methodology. ............................................................................................................. 6fi 
Discmsion of resufls .......................... ....................................................................... .............. 7() 
Q11aliflca1ions to use ofres111l~Jro111 this them ........................... .. ... .. .. .. .............. .. ..... ............ 79 

Wr-.:n i:rwsro:--; ~ l.\ :--;. \G E:-- n·sr 1:-.: H .\\\'KF 's A.\ Y ......................................... .. ................... .. .. ........ 79 
Reducing wind velocity at the soil surface .................................... .. .. ...................... ..... ............ 8() 
Trapping soil particles .......................................... .......................... .......................................... 81 
l ncreasing the .size of.soil aggregate~ ...................... .... .... ..... ... ...... .......................................... 82 
S11111mary. ... .. .. ................................................................................................................. ........... 83 

P OSS!Hl.F POLICY 1:-.:!Tl.\Tl\T:S !·OR\\'(:--;() EROSIO;-.; \ ll :-.: I\ llSXl 10:--.; ............................................... 83 
Fae/Ors influencing uptake of management advice ................................................................. 83 
Policy approaches al regional council level .............................................................. .............. 8-1 

A('( l! E\ 10\CE:-.:-r m PROJECT OBJECT!\' ES ............................................................................. ........... 86 

6. CONCLUSIONS .................................................................................................................................... 88 

7. REFERENCES ....................................................................................................................................... 90 

7.1 PERSO:-.:.\L CO\L\ll':\ICATIO:-.:S ....................................................................... .. ......... .. ......... .. ......... 95 

Wind erosion in I la" ke' s ()a~·: the in lluencc or cu lti vation and M>il aggregate s ize 2 



APPENDICES ................................... .......................................................... ................................... .............. .... 96 

A- I 
A-2 

A-3 : 
.-\-4 
A-5 
.-\-6 

GLOSSAR Y ... . 

S OIL SL~FACE \ IOISTL~ CO:\:TE:\:T 

S EDl\IE:\:T FLL""X FOR T l , T2 , P l , .\o'\;D P2 

MINIMUM TILLAGE SEDl\IE:'-:T FLL""X ······· ·· · · ·· · 

NL"TRIE:'-:T CO'.<YERS!O>: F.-\CTORS 

EX.-\\U>LES OF SPSS .-\ :'-:.-\.L YSIS .............. . ... . 

Wind erosion in Hawke· s Ba\·: the in tluence of cultiva tion and soil aggregate size 

. .. 96 
..... 97 

....... 98 

..... 100 
. 102 

..... 102 

3 



LIST OF FIGURES 

Figure 2.2.I: 
Figure 2.3.1: 
Figure 2.3.2: 
Figure 2.6.1: 
Figure 2.6.2: 
Figure 2.6.3: 
Figure 3.2.1: 
Figure 3.3.l: 
Figure 4.2.1: 
Figure 4.3.1: 
Figure 4.3.2: 
Figure 4.3.3: 
Figure 4.3A: 
Figure 4.3.5: 
Figure 4.3.6: 
Figure 4.3.7: 
Figure 4.3.8: 
Figure 4.3.9: 
Figure 4.3.10: 
Figure A-2.1 : 
Figure A.3.1: 
Figure A-3.2: 
Figure A-3.3: 
Figure A-3.4: 
Figure A-4.I: 
Figure A-4.2: 
Figure A-6.2: 

Wind erosion potential in Hawke"s Bay 
Wind erosion transport modes. 
Australian \.\ind erosion assessment model. 
The Lincoln University Wind Tunnel (LUWT) set up on a Pakipa.ki plot 
Schematic of the Lincoln University \.\ind machine. 
The ickling sediment sampler used for the Hawke ·s Bay research 
The modified Great Plains com planter used for the minimum tillage treatment: 
Flow diagram of fieldwork procedure 
Wind machine calibration over a bare. cultivated soil surface. 
Soil aggregate size distribution ofTakapau treatments 
Soil aggregate s ize distribution of Pakipaki treatments 
Aggregate stability of Takapau and Pakipaki soil s. 
Sediment flux al a range of \\ind speeds under treatment T3 
Sediment flux at a range of \\ind speeds tmder treatment P3 
Method used to manually determine sediment flux at 35 km1f1

. 

Sediment Oux (g.m"1s"1
) <ti 35 kmh"1 v percentage ofTakapau soil aggregates >0.85mm 

Sediment Oux (gm-1s·1
) <t l 35 kmh·1 v percentage of Pakipaki soil agsiregatcs >0.85mm 

Mean aggregate size distribution ofTakapau sediment flux 
Mean aggregate size dis tribution of Pakipaki sediment flux 
Soil surface mo isture content of Takapau and Pakipaki plots 
Sediment flux at a range of \\i nd speeds under treatment T I 
Sediment flux at a range of \\i nd speeds under treatment T2 
Sediment flux at a range of \\ind speeds under treatment PI 
Sediment flux at a range of \\ind speeds under treatment P2 
Sediment flux at a range of \\ind speeds under minimum tillage on Pakipaki site 
Sediment flux al a range of \\ind speeds under minimum tillage on Takapau site 
One-way A OVA testing for significance between aggregate si1.c on plots. 

LIST OF TABLES 

Table 2.2.1: 
Table 4.3.1 : 
Table -t.3.2: 
Table 4.3.3 : 
Table 4.3A: 
Table 4.3.5: 
Table 4.3.6: 
Table 4.3.7: 
Table 5.1.1: 

Distribution of arid-region soils by continent (excluding Polar Regions) 
Sediment flux (gm ·1s·1) at 37 kmh·1 for three sequential nms 
Percentage of soil aggregates > 0 .85 mm 
Gravimetric moisture content of soil to 10 mm depth 
Descriptive statistics for mean surface roughness on Takapau treatments (%) 
Descriptive statistics for mean vegetation cover on Takapau treatments 
Descriptive statistics for treatment means of sediment flux (gm·1s·1) at 35 kmh·1 

Nutrient analysis of surface and eroded soil from Takapau and Pakipa.ki sites. 
Losses of available nutrients in I 00 tonnes of soil 

Wind erosion in H::ml-.c· s Ba~: the inllnencc ol" c11lti,·at10t1 and soil aggrc.:gatc si1c 4 



1. INTRODUCTION 

Wind erosion of soil is a natural event, which has influenced landscape fomrntion in many parts of the 

world and across the ages . Movement of soil by the v.ind, particularly during arid climate phases, has 

contributed not only to ' loss· of soil in sediment source areas but also to soil fomiation in more hwnid 

dov.nwind deposition zones (McTainsh & Leys, 1993 ). As \\ith other soil erosion forms , \\ind erosion 

rates and spatial distribution have been influenced by anthropogenic land use activities . This somewhat 

diffuse form ofland degradation is currently recognised as a major problem in the United States, Canada 

Australia. India, Africa and the fom1er USSR (Fryrear. 1990; Potter et al., 1998). 

Soil is an extremely important global resource, and effectively finite on a human time scale. Rates of soil 

fomrntion vary depending upon climate and geology in particular. and the rate of 0 .08mm/year 

constitutes rapid fomrntion (McTainsh & Leys. I 993) . When compared to v.ind erosion rates of up to 

I Orum/year in some areas (ibid ). the potential severity of wind erosion-induced land degradation is 

graphically illustrated. 

Although small in comparison v.ith arid areas of the world. v.ind erosion is a significant land degradation 

issue in specific regions of New Zealand. However, little research has been carried out on the topic in this 

country when compared to work into the rates. impacts. and control of water erosion. particularly in hill 

country pastoral systems. Previous investigations into \\ind erosion have primarily centred on the 

Canterbury Plains (Painter, 1977; Hunter & Lynn, I 988~ Cresswell ef al.. I 991 ). Hamish McGowan of 

Victoria University (pers. comm .. 1999) is currently undertaking work into natural sediment flux in 

Central Otago 

The relative lack of v.ind erosion investigations reflects the proportionally lower land area affected by 

accelerated v.ind erosion. However, the smaller land area belies the true economic cost of the 

degradation, v.ith predominantly high value arable areas being affected in Canterbury, Wairarapa and 

Hawke ·s Bay. In a review of v.ind erosion in New Zealand, Basher & Painter ( 1997) identified the need 

for research quantifying v.-ind erosion rates and impacts in this country, in addition to investigations in to 

the importance of resultant nutrient and productivity losses. 
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There is limited quantitative information concerning wind erosion in Hawke·s Bay. In order to implement 

effective \\ind erosion control methods a more detailed understanding of the processes involved is 

required. This is particularly pertinent for the Hawke's Bay Regional Council (HBRC) who. through 

their policy approaches. are responsible for promoting sustainable land management in the Hawke· s Bay 

region. Policy decisions are often based on imperfect knowledge of both societal and biophysical factors. 

and this holds trne for many regional authorities who lack the financial base to fund numerous. 

sometimes expensive. research initiatives. The H BRC has identified \\ind erosion as an issue. \\i1ich they 

require detailed scientific information on. While they haYe been. and still are. making policy decisions in 

this area. they have undertaken to improve the current level of infomrntion that exists on specific aspects 

of wi nd erosion in the region. 

The purpose of this research is to prO\·ide the HBRC ''ith sound scientific information on an aspect of 

''ind erosion in their region. to aid in the Counci l"s decision making and policy formulation process. TI1e 

importance of obtaining such infonnation ''ill be outlined in the follO\\ing literature review. While 

similar studies have been carried out internationally. the site specific nature of wind erosion means that 

results found in such previous reports arc not directly applicable to Hawke· s Bay. and therefore this 

project is extremely relevant and \\Orthwhilc. 

1.1 PROBLEM STATEMENT 

The Ha,,·ke "s Bay Regional Council lacks sound scientific data on which to base its recommendations for 

appropriate management of soils prone to \\ind erosion. 

1.2 OBJECTIVES 

Objective J: investigate the effect of different cultivation practices on ''i nd erodibility of selected 

Ha,,ke"s Bay soils. 

Objecti"e 2: Investigate the specific influence of soil aggregate size on sediment flux of 

cultivated soils. 
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Objective 3: Discuss implications for management of cultiYation to reduce \\ind erosion in 

Hawke·s Bay. 

1.3 IMPORTANCE OF RESEARCH 

The findings and implications of this project '~ill be of primary importance to the HBRC and to land 

users on fine-textured. low-density soi ls in Hawke"s Bay. The data \\i ll add to information held by the 

Council on the subject and therefore aid in the formu lation and implementation of sustainable land 

management policy and advice lo land users. Practical implications discussed in this thesis \\i ll be of 

direct relevance to specific land use practices of arable land users in the region. 

The recommendations dra"n from this research \\iJI also be useful in other \\ind erosion-prone areas of 

e" Zealand. and for the respectiYe Regional Councils responsible for sustainable land management in 

those areas. 

1.4 OUTLINE OF THESIS 

This thesis ''ill fo llow the a standard report \\Titing slniclure: 

I. Introduction - \\ill proYide the reader \\ith a background into the subject. defining the problem 

statement and research objectives. 

2. Literature review- building on the knowledge base of previous work on this subject by the author. 

the review \\ill outline why \\ind erosion is a concern. internationally. nationally and specifically in 

Hawke ·s Bay. The processes and impacts of "ind erosion \\ill be described. as " ill the importance 

of soil aggregate si1:e and cultivation management. A review of relevant prior research approaches in 

this topic '"ill explain the adoption of the methodology in the nex t section. Possible erosion control 

techniques. encountered via the li terature review process. '"ill be integrated into the later discussion 

section. 

3. Methodology- from the literature review. knowledge of available time. money and equipment. and 

requirements of the research objectives. the methods adopted \\ill be outlined. 

4. Results - the pertinent results from the research \\ill be presented. 

5. Discussion - results '"ill be discussed in relation to previous findings and their implications for 

land users in Hawke 's Bay. The effectiveness of the methods used \\ill also be discussed. 
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6. Conclusions - the main conclusions dra\\11 from the research \\ill be stated. 

2. LITERATURE REVIEW 

2.1 INTRODUCTION 

T he follo\\ing section outlines why the influence of soil aggregate size on wind erosion rates in Hawke ·s 

Bay is a topic worthy of a Masterate investigation. Initially. the importance of \\ind erosion 

internationally. nation ally. and in Hawke· s Bay itself is summarised. The possible impacts of this fom1 of 

erosion are identified and the physical processes involved are explained. The roles of cultivation and soil 

aggregate size are addressed and previous research approaches relevant to this work are specified. 

This project constitutes the furn! year of a two-year investigation. which began ,,;1h an Honours research 

project. Some of the infonnat ion addressed in this review is also discussed in the 1998 project. for 

example the processes involved in \\ind erosion. However. to ensure this thesis is a stand-alone 

document it has been summarised again to provide the reader ''i th the appropriate background 

kno' ' ledge lo be able lo understand the remainder of this section and the subsequent methodology 

adopted. As would be expected. this years work is in more detail and explores new aspects of the "ind 

erosion issue. for example the role o f cultivation. 

otc: (a) See glossary for explanation of technical tem1s. 

(b) Unless othcrnise stated. erosion refers to wind em .mm. 

2.2 THE WIND EROSION ISSUE 

2.2.1 Wind erosion globally 

The geomorphologic process of \\ind erosion affects the entire globe (Pietersma et al. . 1996: Lopez.. 

1998). It is a natural phenomenon which can greatly reduce the li fe-supporting capacity of sediment 

source areas, act to fom1 new landscapes, enhance aquatic life in the worlds ocean through deposition of 

nutrient-rich dust. and even influence global weather patterns (Fryrear. 1990). The sediment transport 

capacity of \\ind is less than that of v•ater, but the relentless movement of air over the earth · s surface and 

the potential ability of \\ind to erode soil on any slope highlight the degradation potential of \\ind 
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erosion . ln the United States, soil moved by wind erosion is approximately equivalent to one-quarter the 

annual sediment load of water erosion, but its impact on cropland is intensified because its impact on 

semiarid regions is proportionally more severe (Fryrear, 1984 ). 

Arid soils are most vulnerable to v,ind erosion. and comprise 31 .5 percent of earth ' s total land area 

(Fryrear, 1990) The distribution of the worlds arid regions is shmrn in Table 2.2. l. Australia has the 

highest percentage of arid soils by landmass, \\ith Europe having the least. Arid land is not exclusively 

affected by wind erosion, as high \\inds in humid regions can also cause soil movement. 

Table 2.2.l: Distribution of arid-region soils by continent (excluding Polar Regions) 

Continent 

Africa 

Asia 

Australia 

Europe 

North America 

South America 

Total 

Source: Dregne. 1976 (cited in Fn Tea r. 1990) 

Area in sq . km 

17,660 

14.405 

6.250 

644 

4.355 

2.835 

46.149 

Arid-region soils 

Percent of continent 

59 .2 

33 .0 

82 .1 

6.6 

18 .0 

16.2 

Wind erosion has been recognised as an issue for centuries In the I 790s Deane published the first 

accounts of the \\ind erosion problem in the United States (cited in Fryrear, 1990) Pioneering work into 

the actual wind erosion processes was carried out between the 1930s and 1950s, stimulated by the 

extensive wind erosion problems suffered on the Great Plains of the U.S. in the 1930s (Pietersma et al. . 

1996). The dramatic 'dust-bowl' conditions seen in the mid-West U.S . during this decade produced 

enduring inrnges of devastated crops, buried houses and ruined farms (ibid) . 

Early wind erosion research was concentrated on the movement of sand sized particles, and it wasn ' t 

until major drought conditions in the US and Canada in the 1970s induced significant \\ind erosion that 

the focus shifted to mechanics of suspended sediment transport (Nickling, 1978). 
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2.2.2 Wind erosion in New Zealand 

Wind erosion in Nev• Zealand might not be as dramatic and v.~despread as in arid-regions of the world, 

but it has played an important role in the fomrntion of soils and landscapes in this country (McLaren & 

Cameron. 1990). Prior to human deforestation, it predominantly took the form of loess derived from 

riverbeds and coastal plains (Basher & Painter. 1997). Human activities have induced accelerated erosion 

on dry pastoral land and arable areas . 

Wind erosion differs in form and significance throughout New Zealand. According to Eyles ( 1983) v.ind 

erosion is very localised in the North Island and occurs in three main areas: 

• Areas of dune sands (3 2 percent of wind erosion in the North Island): 

• Ash covered slopes over 700 metres above sea level; 

• Argillite hill and terrace country on the eastern side of southern Hawke·s Bay (including the 

Heretaunga Plains) and Wairarapa. 

In the South Island v.ind erosion is more v.idelv distributed in lower rainfall areas with dominant rock 

types ofloess. alluvium. schist and greywacke. Salter ( 1984: cited in Basher and Painter, 199 7) identified 

the follO\\ing areas commonly associated \\ith South Island \\ind erosion : 

• Alluvial plains in Canterbury, Marlborough and Southland - most vulnerable when cultivated: 

• Loess-covered Canterbury and North Otago dov.nlands - vulnerable when cultivated; 

• lnland loess-covered basins of Canterbury. Otago and Southland - exacerbated by poor vegetation 

cover due to sheep and rabbit grazing: 

• Mountain land, v.ith summer moisture deficiency. in Canterbury. Otago. and Marlborough - also 

exacerbated by low vegetation cover: 

• Shallow hill country soils v.ith severe moisture deficiencies in summer in North Canterbury; 

• Exposed rolling uplands of Otago after significant vegetation removal. 

Extreme v.ind erosion potential exists in the coastal sand dunes areas and the Rangipo Desert (;bid) . In 

total, the Land Resource Inventory worksheets identify approximately v.ind erosion to be present on 4.6 

percent of land in the North Island, compared to 19 percent in the South Island. 

Wind erosion on arable land occurs when a dry, disturbed soil surface coincides ~th strong v.~nds . 

Although most of New Zealand ' s cropping soils are susceptible in this condition (Basher & Painter, 
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1997) wind erosion is primarily s ignificant in two regions, Canterbury and Hawke 's Bay. Although 

occurring on significantly different soil types, the common thread between the two vuh1erable areas is the 

fact that cultivation techniques and whole-farm management is the key to reducing erosion rates . 

The Hawke 's Bay Regional Council (HBRC) have signalled their intent to address the issue in their 

region_ instigating a broad \\i nd erosion management progran1, of which this project fom1s a part. Jn 

Canterbury. the Regional Council have also undertaken to increase their knowledge, and therefore 

improYe their quality of advice provision. \\ith a commitment to research similar to this project in the 

commg year. 

2.2.3 Wind erosion in Hawke's Bay 

a) History 

Wind erosion has been recognised as a regionally significant issue for many decades . and is identified as 

a significant issue in the Hawke ·s Bay state of the environment report (HBRC. I 997). Incidences of 

accelerated erosion occurred soon after European settlement. however there are few historical records of 

v\i nd erosion events. \\ith knowledge predominantly held in the memory of local residents (Bayliss. 

1975: Hilson. 1976: Boyd_ 1984 ). 

The magnitude of the few recorded exan1plcs of \\i nd erosion in Hawke· s Bay provide a testan1ent to the 

vulnerability of some soil s in the region. Pohlen et al. . ( 194 7) observed \\ind erosion strip the topsoil 

from a bare, cultivated field in the WilJm,ford/Blowhard area. At this site wind and sheet erosion 

com bined to remove 90 cm of topsoil. dmm to the parent material. In the Esk Valley. Campbell ( 1948) 

recorded removal of up to 60 cm of sandy silt in a one-year period. Such mass of movement is verified by 

a local pedologist who estimates that wheat gro\\ing practices on the Ruataniwha Plains in the 1860s 

initiated the erosion of up to 60 cm of topsoil (Griffiths pers. comm __ 1998). The Takapau soils i11 that 

district, similar to those investigated in this study. can have as little as 30 cm regolith before the gravel 

base is uncovered (Griffiths, 1997). 

The alluvial sand, pumice, volcanic ash and peat-based soils have been classified as the most vulnerable 

to \\ind erosion in Hawke ·s Bay. They occur predominantly on the Heretaunga and Ruataniwha Plains, 

and in the foothills on the regions western boundary. Over I 12,000 ha of arable land in Hawke· s Bay is 

considered susceptible to erosion when cultivated (Figure 2 .2 . I). Current intensive land use practices on 
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the Heretaunga Plains have focussed attention on the potential for v.ind erosion. Soil characteristics on 

these Plains have been strongly influenced by the T utaekuri and Ngaruroro Rivers which used to flood 

regularly. depositing greywacke allu\'ium and redistributing volcanic materials (Molloy, 1988). The 

depth and fineness of alluvium deposited detennincs soil physical properties. and is consequently a factor 

dctcm1ining the erodibility of soils throughout the Plains. 

The Heretaunga Plains commonly experience strong \\inds during the spring equinoxal period of October 

to December. This timing coincides with the spring cultivation period. when bare soil surfaces are left 

exposed. often for a period of over 4 " ·eeks. Winds from the north to northwest arc the most erosive. 

because they arc hot and dry and have high evaporative energy to remove moisture from the soil surface 

(Faulknor. 1985 ). During the 1996 equinox. gales reached speeds of 125 kmh·1• causing widespread soil 

loss from recently cultivated land (Brennan pcrs. comm .. 1998 ). At apier airport. northeast of the 

Heretaunga Plains. gusts of 95 kmh·1 are recorded on average one day every two and a half years 

(Ministry of Works. 197 1 ). 

The crosivity of "ind n111 in the region has long been recognised. Seven separate ''ind erosion control 

schemes operated in the 1980s. focuss ing on shelterbclt plantings and administered by the fonner 

Hawke ·s Bay Catchment Board. A scheme in the Mangleton-Kereru area covered 18.000 ha. 

encompassing 30 properties and comprising O\'er 4 7 km of \\indbreaks. Prior to 1983 ·wind erosion 

hazard zones· were defined and assistance limited to these areas (Cairns et al .. 1983 ). The HBRC 

currently operates a ''indbreak-planting scheme. '' hich includes some financial assistance. The grant is 

up to 50 percent of total cost and must be on a soil identified as having severe or extreme risk of ''ind 

erosion under cultivation. and applies only to shclterbelt plantings (Bloomer pers . comm .. 2000) 

Land use change in the Heretaunga Plains has amp lified the risk of ''ind erosion. Vulnerable soils \•;ere 

predominantly in pastoral agriculture up to two decades ago. \\ith organic matter return and maintenance 

of a vegetati\'e cover minimising erosion rates. Recently. the combined pressures of urban expansion in 

Hastings and Havelock North, the grov,th of pennanent horticulture. and economic requirements for 

intensive land use have lead to increased arable production on the previously pastoral areas (Brennan 

pers. comm .. 1998). Economic factors have also affected crop rotation patterns. "ith land experiencing 

less time in a restorative pastoral phase. if in fact it occurs at all. 
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Figure 2.2. t: Wind erosion potential in I Jawkc · s Bay 
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b) Wind erosion management roles 

The impacts from \\ind erosion are of concern to not only individual landusers but also to the community 

as a whole. While the HBRC may have the statutory obligation to promote sustainable use of natural and 

physical resources in the region. organisations such as landuser associations and arable industries also 

have a role to play in researching and promoting \\ind erosion processes and control. 

The existence of a problem must be recognised by individual land users before \\i nd erosion control 

methods \\i ll be successfully implemented. A small study by East wood ( 1998) investigated the 

perceptions of Hawke ·s Bay land users toward \\ind erosion and found that although land users might 

admit lo \\ind erosion being an issue regionally. they did not consider it a problem on their O\rn 

properties. Such a dichotomy has been noted in international studies where landusers may not lo1ow or 

want to acknowledge that they have a problem. and that ·the other guy dO\rn the road has a problem. I 

don "( (Nowak. 1982: cited in Panninter. 1994 ). 

Increasing awareness of the issue requires a community-\\ide approach. A current community initiative. 

Land Wise. aims lo improve the sustainability of cropping in Hawke ·s Bay by addressing specific arable 

land management issues. including \\ind erosion. through facilitation of research and technology transfer. 

It encourages and facilitates links between growers. industry. government. researchers and other 

organisations. Participants currently include growers. food processors. researchers and the HBRC 

(Hort Net. 2000). While the initiative was primarily instigated by the HBRC. the Council intends to take 

a ·back seat· in the direction of the group. providing some financial and administrative support. 

The HBRC current!~ employs a non-regulatory approach to \\i nd erosion control. Ad\ i ce provision and 

information dissemination fonns the basis of this approach. \\ith field days and trials commonly utilised. 

Reliance on non-regulatory methods requires a sound knowledge of the specific processes involved \\ith 

\\ind erosion and its control as they pertain to the region. in addition to a favourable community attitude 

toward land management staff 
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2.3 WIND EROSION PROCESSES 

Given that land degradation on a large scale can occur due lo "ind erosion. what are the processes by 

·which it operates. and what are the factors that exacerbate its impact? Wind velocity and air turbulence 

provide the necessary energy to initiate and maintain movement of soil particles (Nickling. 1978). The 

amount of energy required to entrain the soil part icles "ill depend on the specific nalme of the soil-air 

interface. therefore entrainment \.\i ll begin when the force of the ''ind exceeds the combined effect of 

particle weight and cohesion between adjacent particles (Lancaster el al.. 1994). 

Wind erosion has important spatial and temporal characteristics. Spat ially. in an open field of similar soil 

characteristics. erosion increases in the direction of the \\ind. T his is predominantly caused by the 

cascading cff ect of saltating particles described in section 2.3 .2. Soil surface conditions aJso changeover 

time during a ''ind erosion event through processes such as abrasion and breakdom1 of surf ace crusts 

and aggregates. 

2.3. l Transport modes 

Soi l entrained by \\ind is moYed in one of three modes. creep. sallalion or suspension. depending upon 

particle s i?.c and density. In general the particle diameters of soil in each transport mode is 0.5 to 2mm 

for creep. 0.05 to 0.5 mm for saltation. and less than 0. 1 mm for suspension (Sterk & Raats . 1996: 

McTainsh & Leys. 1993 ). At the transi tion of two modes some particles may bcmo,·ed by both trru1sport 

forms. depending on the \\ind velocity and particle density (Sterk el al .. 1996 ). The overlap in si/.e range 

for saltation and suspension recognises that such a categorisation is only arbitrary because the vert ical 

distribution of eroded soil resembles a continuum. Supporting this statement. Scott ( 1995) suggests that 

there is no dis tinct saltation layer. and that saltation is not distinctly different from suspension. However. 

international literature predom inantly uses a particle size distinction as listed above. 
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Figure 2.3.1: Wind erosion transport modes. 

Source: http ://soils.ecn.purdue.edu/- wcpphtrnl/wepp/wepptut/jhtmlfo11dersn.html 

Salfaf10n is general I~ recognised as being the primary mode of soil moYement. accounting for 50 to 75 

percent of \\ind eroded mass (Ha~11es. 1995). Particles moYe ,;a this mode are lifted ,·erticaJly ( I 0 to 50 

cm height) by \\ind gusts. mO\i.ng horizontally up to one metre (Painter. 1978). Each saltating grain 

impacting the surf ace supplies enough energy to break cohesiYe forces between station~· particles on 

the surface. ejecting between three to ten additional grains or aggregates into the air (Shao et al .. 1993). 

A subsequent cascading cfTect is produced. \\ith erosion increasing across a field unt il the carrying 

capacity of the airflow is reached (Nicholas & Kemp. 1995). The bombardment of surface aggregates by 

saltating particles can also cause abrasion. where the impacting grains break off pieces of the surface 

aggregates increasing the proportion of fine. erodible particles in the surface layer. The importance of 

saltation as a component of wind erosion is acknowledged by Shao et al. ( 1993) who identify 

bombardment of the surface by saltating sand grains as the primary mechanism responsible for 

suspended sediment entrainment. 

Small particles moYe \ia suspension in the wind stream and can be carried for considerable distances 

(Wethey, 1984). This fonn of transport may account for approximately 15 percent of total wind erosion 

but can be of higher relative significance due to the high nutrient holding capacity of such small particles, 

and the fact that they are generally moYed off-site. There are three major sources of the suspended wind 

erosion component: direct emission of loose suspension-size material, abrasion from clods or surface 

crusts, and breakdO\\'n of saltating aggregates (Mirzamostafa, 1998). 
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Surface creep involves particles rolling or sliding across a surface, '"i th the potential to ·bum ' or bruise 

crop seedlings. This transport mode represents between 2 to 25 percent of total \\ind erosion (Haynes. 

1995: Nickling. 1978). 

2.3.2 Effect of field length 

There are two mechanisms that innucncc the development of erosion as '"ind moves across a field. The 

first is an aerodynamic f ccdback mechanism. where some of the \\ind energy is transferred to saltating 

particles (G illette et al. . 1988). This energy transfer lowers the " i nd velocity at the soil surface. also 

lowering the erosivity of the v.ind. The \\i nd velocity and eroding soil interact unt il at some point 

do\\1mind equilibrium is reached (ibid.) . The second mechanism was a lluded to above. where 

sandblasting by up\\ ind saltation acts to lower the erosion thresho ld r urther do"1mi nd by transfer of 

energy on impact (ibid.). 

2.3.3 Vertical distribution 

Ste rk et al. ( 1996) found that the horizontal mass nu x of \\ind eroded soil decreases strongly\\ith height. 

From grotmd level to 0. 15 m height saltation is the dominant sediment transport mode. from 0. 15 to 0.85 

m saltation and suspension both play a significant role. and from 0.85 to I m suspension is dominant 

(ibid.) . 0 Ycrall. the majority of sediment flux occurs re lati vely close to the soil surf ace. below 0.3 metre 

Fryrear et al. ( 199 1 ). 

2.3A Factors influencing rnlncrabilit~' 

Climatic. soil physical. topographical. and managerial factors a ll innuencc \\ind erosion vulnerability of 

soil. A good understanding of these aspects is integral in a iding development and adoption ofon-fann 

erosion control techniques. Wind is the major climatic factor to consider but the bombarding e ffect of 

rain upon an exposed soil surface also plays a role. as does freeze-thaw and wet-dry cycles in some 

regions. Important soi l properties include aggregate s ize distribution and aggregate stability. surface 

roughness. and soil moisture content. Land management can act to exacerbate or dimin ish the risk of 

\\ind erosion. through manipulation of the cl imatic and soil physical aspects. 
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Leys & Raupach ( 199 1) summarised the key factors in the follov.ing general relationship: 

Wind erosion= spatial location (erosion. transport, or deposition zone)+ preYious management 

+climatic and erosion processes. 

Shao et al. ( 1994) also stunmed up the processes involved in \\ind erosion in a" ind erosion assessment 

model. It shows the influences that soil. climate and vegetation ha\'e over erosion. When combined " ith 

GIS, and input or sufficiently detailed data. the model allows for quantitatiYe and spatially detailed 

assessment or \\ind erosion. 

Figure 2.3.2: Australian \\ind erosion assessment model. 
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a) Wind flow characteristics 

Wind is obviously a primary contributing factor in the \\ind erosion process_ providing the energy to 

move soil particles. Velocity and turbulence of the \\ind now across a soil surface act to define the 

critical point at which entrainment begins . Frictional interactions at the soil surface/air interface modify 

the v.ind speed and turbulent structure in a dynamic fashion_ changing throughout the erosion event 

(McTainsh & Leys. 1993). "Friction velocity· is a measure of the drag produced as wind passes over the 

soil surface (ibid.). Both \\ind speed and surface roughness innuence friction Yeloci ty. for example as 

surface roughness increases there is also an increase in the friction velocity . 

Painter ( 1978) calculated the erosiYity values for regions throughout ew Zealand. Hawke ·s Bay \\as not 

coYcred due to lack of appropriate recording s ites. A vcragc crosiYity was significantly higher than Yalues 

calculated for the U.S. . However. \\ind erosion is less significant in scale and frequency in this country. 

This is due to the greater innuence of soil moisture in Ne" Zealand· s temperate climate (Basher & 

Painter. 1997). The evaporatiYe energy supply of the wind is therefore important because it acts to 

remove the surf ace moisture from the soil. Northwesterly fochn \\inds. common in Canterbury and 

Hawke ·s Bay. have high evaporative potential and can rapidly change a so il from a moist erosion­

res istant state to a vulnerable dry surface. 

When ai r mO\·es over a rough surface. a turbulent no" is created. The surface creates a frictional drag. 

slo"ing the wind speed moving across it. forn1ing what is tenned the boundary layer. Where the drag 

effects ''ith the surface become negligible and velocity is constant \\i th height it is termed the freestream 

(Nickling. 1995 ). Once erosion begins. the entrained particles ex tract momentum from the airnow. 

transferring it to the surface on impact. This significantly alters the ''ind profile near the soil surface. 

s fo,,ing the wind velocity and influencing boundary layer development. The subsequent effect on\\ ind 

tunnel operation is discussed in section 2.6.1 belo,,-_ 

b) Threshold velocity 

The energy required to initiate and maintain soil movement is greatly influenced by soil physical 

characteristics and land management practices. which combine to produce specific soi l surfaces. Soil 

entrainment begins when the drag and lift forces of the \\ind exceed the gravity and cohesion forces at the 

soil surface. knO\\TI as the threshold velocity (McTainsh & Leys. 1993). icholas & Kemp ( 1995) 

identify the threshold for erodible soils to be from 19.3 to 24.1 kn1h·1 (5.4 - 6.7 ms-1) _ In contTast 

McLaren & Cameron (I 990) state that velocities must exceed 30 kmh·1 (8.3 ms-1) forparticlemovement 
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to begin. Threshold velocity is soil and site specific. with many factors able to innuence the actual point 

of entrainment and therefore no single \\ind velocity can be quoted as a definitive threshold for all soil 

types. Achieving a detailed knowledge of \\ind erosion in any region. including Hawke· s Bay requires 

adaptation of previous research fmdings to integrate the specific characteristics of the region. 

c) Soil moisture 

Soil moisture levels of the erodible layer have a large effect on the susceptib ility of a soil to \\ind erosion 

(Saleh & Fryrear. 1995 ). Generally. as soil water content increases there is an associated decrease in 

erosion potential (ibid.). This is because when a film of water surrounds soil particles. the cohesive 

forces between particles arc strengthened and more energy is required to begin entrainment (Cresswell. 

1990). A ·critical water content" exists above which erosion is very m1likely to occur. similar in theory to 

the critical particle size discussed bclo" . This critical Yalue is determined by the specific characteristics 

of an area. Such dependence on site specific factors has meant that little definitirnresearch is available to 

determine the actual water content at \\hich soils ,,;11 not erode. GraYimetric moisture contents of 

approximately 0.6 percent can more than double the threshold velocity of medium sized sand grains 

''hen compared the dry state (Lancaster er al.. 199.+ ). At moisture contents exceeding five percent such 

sand grains become \'Cry resistant to erosion by most natural \\inds (ihid. ). It is not possible to 

extrapolate such findings to aggregated mmeral soils such as in Hawke"s Bay. Although \\ind tunnel 

experiments on agricultural soils have indicated an exponential relationship bet\\een increases in 

moisture content and threshold velocity (A/.i1.ov. 1977: cited in Lancaster et al .. 199.+) research is still 

required in this area before specific values can be stated . 

The moisture content of the erodible layer. less than 30 mm depth. is of primary importance for wind 

erosion. The ability to measure the moisture content of this layer \vould be very useful for classification 

of real-time erosion vulnerability. Ho~ever. due to the shallow depth. rapid soil moisture measurement 

using Time Delay Renectometry or neutron probe methods is not applicable and more time-consuming 

gravimetric and volumetric sampling is required (Scotter pers. comm .. 1998: ickling. 1978). 

Subsequently. using moisture content as an indicator to guide "ind erosion management techniques. for 

example when lo safely cultivate. is largely impractical ~ith current technology. 

Rain often carries some of the fine particles dO\mward. leaving coarse particles at the top (Hagen et al.. 

1988). However. small rain showers can accelerate erosion rates by smoothing the soil surf ace and 

loosening some of the aggregates making the field more vulnerable when it dries again (ibid.) . Dust 
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stom1 frequencies increase "ith decreasing rainfaJI to about 200111111/year then decrease below that 

because those areas have already been stripped of their sediment supply. however alluvial areas such as 

on the Heretaunga Plains do not follow this rule because their sediment supply is replenished (McTainsh 

& Leys. 1993). 

rl) Soil aggregate size 

The influence of soil aggregate size on \\ind erosion rates has been the focus of many international 

studies (Chepil 1950. 1951 : Leys & Raupach. 199 1 ). Soil structure is probably one of the most 

important influences on soil erodibility (Leys & Raupach. 199 1: Lamey & Bullock. 199.+ ). Logically. 

increasing aggregate si1.c and mass relates to an increasing energy requirement to move individual 

aggregates. Researchers have identified a critical particle diameter of 0.84 mm. greater than which 

aggregates are generally considered non-erodible by "ind (Chepil. 1950: Zobeck. 199 1 ). The usefulness 

of such a threshold occurs at a field scale. rather than in relation to individual particles. Depending upon 

specific soil characteristics. the proportion of aggregates greater than the threshold size can provide a 

guide to a fields crodibility. For exan1ple Davies & Pa~11e ( 1988: cited in Ha~11es. 1995) suggest that 

soils \\ith >60 percent of particles in the 0.1 to 0.5 mm diameter range are very susceptible to ''ind 

erosion. while those'' ith <.+O percent of particles in the same range do not erode easily. 

The Jo,, density of the volcanic soils most vulnerable to \\ind erosion in Hawke· s Bay influences the 

critical aggregate size. The erosion threshold velocity ,,;11 be lower on such soils when compared to 

mineral soils of similar stmcture. or alternatively, aggregates need to be comparatively larger in size to 

have the same resistance to entrainment. Many cw Zealand soils have a low proportion of aggregates 

larger than 0.8.+ mm. due to low clay content and weak soil structure (Basher & Painter. 1997). 

Soi l aggregation can be influenced by many factors . Soil texture. CaC03 content. and organic matter 

content have an effect on aggregate si1:e distribution (Zobeck et al., 1990). Although not directly 

applicable to Ha,,ke·s Bay. weather-related phenomena such as frec7jng and tha,,ing and snow depth 

can lead to temporal variations in aggregate sizes (ibid.). Cultivation can also have a significant effect on 

soil aggregation levels. as discussed in section 2.5. 

Aggregate size distribution of the soil surface is pertinent when discussing the influence that aggregate 

size has on wind erosion rates. because it is the immediate topsoil that interacts "ith the \\ind flow. 
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Therefore. when attempting to relate sediment flux to aggregate size the top I 0 lo 25 mm is the relevant 

depth to sample (Nickling. 1978: Lopez er al., 1997: Mirzamostafa . 1998). 

e) Vegetation 

The presence of roughness elements. such as vegetation and crop residues. acts to absorb some of the 

force of the wind and slow its velocity over a soil surface. in addition to acting to bind soil aggregates 

(McTainsh & Leys. 1993). On a larger scale. \\ind breaks and barriers can obstruct the path of the \\ind 

llo\\ reducing the erosive energy of the \\i nd through frictional losses (ibid) . Wind erosion control 

through use of vegetation can therefore take the fom1 of \\ind breaks. stubble mulches and surface 

res idues. or strip crops (Nicholas & Kemp. 1995 ). 

f) Additional factors 

Stability of soil aggregates influences their resistance to structural brcakdo"n through abrasion and 

crushing. Soils with weak aggregates are generally most susceptible to wind erosion because the 

aggregates frachtre easil_ and break into small sizes (Hagen er al. . 1988 ). Rainfall or irrigation can act to 

break d0\\11 weak aggregates near the soil surface. sometimes resulting in the fomiation of a cmst. This is 

importan t in Hawke ·s Bay where the peat. pumice and ash-based soil types of the Heretaunga Plains arc 

of low strnchiral strength (Eastwood. 1999). Soi l stab ili~ is derived from both cohesive strength and 

internal fri ction (McLaren & Cameron. 1990). Soils fonned in volcanic ash. such as the Takapau silt 

loam have lower cohesion than soils \\ith predominantly crystalline clay. leading lo a greater 

susceptib il i~ to aggregate breakdo\\11 through inappropriate tillage techniques . Saltating particles 

bouncing along a soil surf ace during erosion can cause abrasion of other aggregates. leading to a 

cumu lative increase in erosion rates across a field (Painter. 1972: Zobcck. 1991 ). 

Soi l texture can also be an important factor determining \\ind erod ibili ty. For example. Chepil ( 1955 : 

cited in Skidmore & Layton. 1992) found that soils containing 20 to 35 percent clay were least erodible. 

and that erosion rates increased in soils \\ilh clay content higher and lower than this range. Soil densi~· 

also effects erodibility. but varies between soils less than factors such as aggregate stability and size 

distribution (ibid.). 

Surface roughness as a component of \\ind erosion vulnerabi lity presents a double-edged sword situation. 

The smoother the surface is, the less turbulence v.iU be created, reducing erosion potential. However, the 

smoother the surface is. the less resistance the wind travelling near the surface faces due to lower fric tion 
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therefore maintains a higher velocity and relative erosivity. Roughening the surface by tillage will usually 

reduce soil eros ion (Saleh. 1994 ). Roughness is influenced by the sire of soil aggregates. the presence of 

vegetation. the presence of other friction-creating elements - all of ,,-hich can be innuence by 

management techniques . 

2.4 IMPACTS OF WIND EROSION 

2A.1 Physical 

Wind erosion can have ''ide-ranging and irreversible effects on the soil resource. and therefore on soil 

productivity. depending on the size and frequency of events. As previously discussed. \\i nd erosion can 

cause global impacts but the most significant effects arc on a more localised scale. Remova l of the 

immediate topsoil carries away the more fert ile soil fraction (McTainsh & Leys. 1993). The soil 

remaining also has depleted nutrient content. infiltration rates. aggregate structure. water holding 

capacity. and potent ial rooting depth. Crops can be damaged through saltating particles in particular and 

suspended particles can be adverse to htmrnn and animal health . pcnneating buildings and machinery and 

also potentially can:i ng pesticides for long distances (Nanney el al. . 1993 ). 

In comparison to '' atcr erosion. the ' 'ind erosion process is more ·particle selective· and causes a 

\\innO\\i ng effect. primarily removing fine particles and organic matter (Cresswell. 1990). Miles & 

McTainsh ( 1994) showed that the particle sizes of wind eroded sediments are finer than the source soil. 

Therefore. if \\ind erosion continues to occur on that site the soi l ''i ll become increasingly sandier. ''i th a 

related reduction in water and nutrient holding capacity. Water-eroded sediments do not show this trend. 

\\ith similar particle sizes in the eroded sediment and source soil. 

utrient loss from'' ind erosion is predominantly attributed to losses through suspension of line particles 

(Zobeck & Fryrear. 1986: Leys & McTainsh. 199-L Sterk el al.. 1996). Suspension carries the soil 

beyond property boundaries resulting in a net loss. also removing relatively high concentrations of 

nutrients since the nutrients are preferentially attached to fine particles (approximately <I 00 µm 

diameter) (Young el al. , 1985 ; Shao el al. , 1994). Similarly. "ind erosion preferentially removes the 

nutrient-rich organic matter and clay due to their low particle density and small particle size respectively 

(Lal. 1988). 
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In a sandy. si licious Nigerian soil, Sterk et al. ( 1996) observed differences in the total element contents 

(KC. N. and P) of vertically distributed "ind-blow11 particles . Soil trapped 0.05 m above the surface 

had a nutrient content similar to that of the topsoil, whereas at 0.50 m the nutrient content was three 

times richer. Sediment deposited at 2 m height was found to be I 7 times richer. In tcnns of total mass 

flux. the amount of nutrients moved in the saltation layer was an order of magnitude greater than that of 

the suspended flux measured. The suspension layer extends to greater heights, and while saltation only 

results in a local redistribution of soil (often against a fence or \\ind break!) suspended dust can moYe 

thousands of kilometres. resulting in a regional. or in cw Zealand· s case national. nutrient loss (1bid.). 

An illustration of such movement is the example quoted by Knight et al. ( 1995 )where traces of soil from 

an Australian dust stonn was deposited on the Southern Alps in ew Zealand! 

2A.2 Economic 

Wind erosion creates two types of costs: on-si te and off-site. On-site costs primarily concern inipacts on 

soil and crop produeti,·ity (Piper. 1989). Particulate-related damages constitute the ofT-site component. 

and include increased cleaning and maintenance costs for dO\m\\i.nd businesses and households. damages 

to 11011-fann machinery. and adverse health impacts (1h1d. ). The ofT-sitc damages are larger than on-site 

in the United States. ho\\C\'Cr this may not be the case in C\\ Zealand ,,·here dust clouds arc smaller in 

si7.e and arc often isolated to indiYidual paddocks. 

Many of the impacts from \\ind eros ion arc of a long-tem1 nature and invoh·e complicated non-market 

values. for example the loss of actual soil volume. that are difficult to assign a monetary value to. In 

contemporary society justification for implementing \\ind erosion mitigation techniques is primarily 

required in monet~ tcnns. rarely undertaken in ie,, Zealand (Basher & Painter. 1997). The most 

common valuat ion approach used to measure the damage resulting from ''ind erosion is to simply yaJue 

the loss of nutrients in the eroded fraction. Shearer ( 1982: cited in Cresswell. I 990) provided the value of 

nutrients moved in I 00 tonnes of eroded soil. based on Hakataramca Valley (South Island. Z) soil 

t: p es. The cost of restoring the nutrient loss was estimated lo be in excess of $11 00 per hectare. in 1990 

tenns. 

ln ew Zealand there is limited infomrntion on \\ind erosion rates. Painter (1978) measured actual 

erosion rates from a cultivated paddock in Canterbury, NZ, '~ith mast-mmmted traps. Background losses 

amounted to 200 kgha·1yr·1 
_ \\ith up to 40 kgha·1min·1 being lost in single events. Hunter and Lynn 
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( 1988: cited in Basher & Painter. 1997) measured sediment deposited on a paddock edge after an erosion 

event. At least 70 tha·1 was lost during a two-day period where a fine tilth and low soil moishire 

combined v.ith strong winds . Similar conditions existed during a 1945 \\ind erosion event. where \\ind 

gusted to over 144 kmh·1 
( 40ms·1) (ibid.) . The average depth Jost from a 6.1 ha paddock analysed was 25 

cm. equivalent to 3 125 tha·1 of soi l eroded. Caesium-1 3 7 has been utilised in several studies to provide 

indirect estimates of historical erosion rates (ibid.). 

2.5 CULTIVATION AND WIND EROSION 

Intensive cultivation can induce degradation of physical soil characteristics. causing associated land 

management problems. including increased \Yind erosion potential. Ln a Canterbury. Ne\' Zealand. study 

on a silt loam susceptible to \\ind erosion. Cresswell ( 199 1) found that multiple pass tillage operations 

can s ignificantly affect soil aggregate si7.c dis tribution. aggregate stabi lity index. random surface 

roughness and dry bulk density. When dry soil conditions coincide \\ith erosive winds most of New 

Zealand 's arable soi ls arc susceptible to \\ind erosion (Basher & Painter. 1997). 

Tillage operations that remove vegetati\'C cover can ha\'e an immediate impact on the \\ind erosion 

potential by exposing soil aggregates to \\ind and rain. Agricultural soils are largely imnnme to erosion 

by \\ind \Yhen adequate vegetative cover exis ts. Additionally. rainfall tends to decrease the mean 

aggregate s ize of the surface soil. potent ially increasing erosion risk upon drying (Zobeck & Popham. 

1990). 

Cultivation management practices adopted by a land user a.re a key factor in detem1ining the aggregate 

size distribution of the seedbed produced. For any particular soil. the water content at the time of tillage. 

soi l density. and the tillage characteristics of the machinery used arc major influences on the outcome of 

the cultivation with respect to soil aggregation (Zobeck & Popham. 1990). lntensive cultivation produces 

a greater proportion of fine particles. while also weakening aggregate strength (McLaren & Cameron. 

1990). Soil \\ith unstable aggregates have less res istance to bombardment by raindrops. and therefore are 

more likely to form a crust (ibid). Structural degradation can also lead to a greater proportion of 

micropores, decreasing infiltration and hydraulic conductivity rates. 

Conventional cultivation of pastoral land can result in the rapid decline of soil organic matter (Haynes. 

1995: Gupta et al., 1988). Continuous cultivation acts to reduce the organic matter levels from between 
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3 to 4 percent organic carbon to a lower equilibrium of I to 2 percent in many New Zealand soils 

(Haynes_ 1995 ). The decline is due to lower root biomass under arable crops. removal of organic matter 

at harvesting. and exposure of previously inaccessible organic matter to microbial attack - hastening 

decomposition (ihid.) . Organic matter has two important functions in a productive soil system. it aids 

aggregate stability through binding and cementing individual particles together through production of 

organic glues_ and it is also an important sink for soil nutrients (McLaren & Cameron. 1990). Organic 

matter decline can lead lo nutrient loss in two forms. decomposition of organic matter re lated to 

mechanical disturbance_ and/or Yia transportation of organic matter through \\ind erosion. in the fom1 of 

suspension (Lorentz. 1996 ). 

Timing of cultivation is vital because soil aggregate size is innucnced by soil moisture_ implement 

choice_ speed and depth of operation (Fryrear_ 1984 ). Ti 1 lage conducted when the soil moisture content is 

near the plastic limit produces aggregates that are less stable than fom1ed at lower moisture contents 

(Cresswell el al .. 1991 ). 

Emergency tillage is often used in North America and Canada to produce a rough soil surface. more 

resistant lo erosion (Lamey el a/ __ 1994 ). HO\\CYcr. suitable soil conditions for production of non­

crodible aggregates must exist at the time of culti\'ation_ and the optimum condition \\ill rnry \\ith soil 

tcxtme and implement used (Lyles. 1982 ). Intense tillage can actually act to produce a smoother soil 

surface. therefore increasing susceptibility of the soil to wind erosion (Cresswell el al. . 199 1 ). Under 

good management. culti\'ation techniques can be used to decrease the risk of wind erosion. Some tillage 

operations can result in soi l clod and aggregate production. creating a random roughness . other methods 

tillage arc directly aimed at producing soil ridges (Saleh. 1994 ). Both methods act lo trap saltating 

particles. and thus prevent increase of erosion across a paddock due lo the a\·alanching effect. 

Cultivation can innucnce the stability of soil aggregates through the increased decomposition of organic 

matter. Long-tem1 arable soils exhibit aggregates \\ith lower organic matter. and lower stability than 

those under long-term pasture. Arabic aggregates. partly because of their low organic matter content. are 

weakly bound together and drying causes small fracture faults lo develop (Haynes & S'Aift. 1990). 

During re-wetting after rain. energy release from rapid rehydration can cause slaking effects along the 

faults. In comparison. pastoral soil aggregates are more strongly held together by organic compoUJlds. 

f me plant roots and associated fungal hyphae (all of which are rapidly broken do'A11 after cultivation). 

Additionally. the partial hydrophobic properties of the organic component of pastoral aggregates resist 
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rapid rehydration, and less slaking occurs because the energy release is spread over a longer time period 

(;bid.). 

Soils v,ith unstable aggregates have less resistance to bombardment by raindrops, and therefore are more 

likely to fonn a crnst (ibid) Strnctural degradation can also lead to a greater proportion of micropores , 

decreasing infiltration and hydraulic conductivity rates . 

The cultivation technique adopted is detem1ined primarily by seedbed requirements of the crop to be 

sm\n. Cereals establish satisfactorily in a moderately coarse tilth. as do peas. field beans and squash 

(McLaren & Can1eron, 1990). Grass. clover and root crops such as carrots. parsnips and swedes all 

require a fine seedbed (Haynes , 1995). The optimum tilth for seed gem1ination may therefore conflict 

v.ith a goal of preparing a erosion-resistant soil surface. 

Traditional cultivation involves using a mouldboard plough to tum over the soiL followed by use of 

discs , harrows and rollers to work the soil into a suitable tilth (Haynes. 1995) 

2.6 WIND EROSION RESEARCH 

2.6.l Portable wind machines and wind erosion research 

Wind erosion research on agricultural soils has been predominantly carried out using portable wind 

hmnel, \\ith one of the first models used in 1939 (Fryrear et al.. 1991 ; Nickling. 1995: Lopez. 1998) 

Wind tunnels allow for in sih1 testing of the relationship between v.ind velocity and sediment flux , in 

relation to site specific characteristics such as soil texture and aggregate size distribution. They provide a 

more controlled environment \\ith increased repeatability of experiments than possible in open field 

trials , and the ability to sinmlate a variety of v.ind speeds (Lopez, 1998). Direct field observations allow 

assessment of natural erosive processes for example equilibrium saltation. but are time consuming and 

rely upon suitable climate conditions to obtain useful data . However, portable v.ind hmnels can incur 

significant aerodynamic constraints . The ability of a tunnel to accurately model natural v.ind mechanics 

and erosion is directly related to its design and size, as discussed below. 
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Fixed laboratory \\i nd tunnels can create the most controlled conditions for \\ind erosion research. but 

require soil samples lo be collected and moved to the tunnel often resulting in structural or textural 

differences between the tested samples and soils they arc intended to replicate (Nicl<ling. 1995 ). Portable 

\.\ind tunnels have several advantages over fixed laboratory tunnels (ibid.): 

• They enable the rapid collection of \.\i nd erosion data. on a \.\ide range of soil types. 

• Trials can be undertaken fairly independent of climatic conditions. in comparison to open field trials 

which require natural \\ind to initiate soil particle movement. 

• There can be minimal disturbance to the soil surface. 

• Surface soil conditions. for example crusting. moisture content. and yegetation. can be specifically 

eYaluated in relation to erosion rates. 

In order to represent erosion processes under natural conditions. the flo\Y characteristics in the tunnel 

must correspond to the natural atmospheric boundary layer. Edge effects occur along the sides of the 

tunnel \.\here \\ind velocity is slowed by friction. Where the frictional effects cease to influence the flow 

in the tunnel is tcm1cd the free stream. Size and shape of a tunnel ,,;11 detcnninc ho,,· large the free 

stream zone is. or whether it is developed al all. Short" ind tunnels ''ith small cross sections may not 

deYelop suitable boundary layers (section 2.3.5 ). or an atmospheric boundary layer that mirrors natural 

flow (N ickling. 1995 ). Natural boundary layers can be from a few meters to seYeral hundred meters high. 

while the boundary layer in a portable \\ind tunnel is usually relatiYely thin and depends on the length. 

height and \\idth of the tunnel (ibid.). 

Successful modelling of the erosion process relics heavily on tunnel design and the flow characteristics in 

the working section. The short working section in most portable \\ind machines does not allO\\ the 

erosive mechanisms to fully develop and cannot account for soil and vegetative variability across a field 

(Lopez, 1998 ). Additionally. the relatively short time period that a machine operates on any one plot. for 

example one minute. does not allO\\ for full development of aggregate abrasion and saltation avalanching 

effects (ihid.). Raupach & Leys (1990) identified the most important aspects of a well-designed wind 

tunnel: 

1. Produces a flow of k"Tl0\.\11 and steady characteristics. 

2. The \\ind speed can be varied easily and accurately. 

3. It is durable and safe. 

4 . Large enough to enable representative sampling of the soil surface. 
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5. Easily portable for quick sampling of adjacent plots . 

6. Easily transportable in a disassembled fonn. 

2.6.2 Lincoln University j)Ortable wind machine 

The wind machine used for this research project is described fully in Eastwood ( l 998). A brief 

swnmation of the important hurnel feahi.res is outlined below (Figure 2 .6. 1 ). 

Figure 2.6.1: The Lincoln UniYersity Wind Tunnel (LUWT) set up on a Pakipaki plot 

The Lincoln University portable wi nd machine (LUWM) was built in 1990 and has since been used 

primarily for demonstration purposes. No detailed calibration or investigation of flow characteristics had 

been completed on the twrnel prior to its use in this project. It is similar in design to the twmel used by 

Raupach & Leys ( 1990) for erosion research in Australia. Mounted to the three-point linkage of a tractor, 

the LUWM is powered through the power-take-off (PTO) (Figure 2.6 .1 , 2.6.2). Wind velocity in the 

working section is manipulated by adjusting the tractor rev s per minute (rpm), or by altering the pitch on 

the fan blades . The fan forces air through a flexible transition funne~ which accommodates the difference 

in height between the fan assembly and the ground. The tunnel section consists of a series of five, l .2 m 

rectangular sub-twmels able to be transported separately and connected in the field. The first sub-section 

contains conditioning elements designed to straighten the axial wind flow produced by the rotating fan 

blades. Air passes from the transition section, through anti-swirl vanes, then passing through honeycomb 
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sections constructed v.ith 300 mm long, 60 mm diameter PVC pipes . The flow then moves over a I m 

board with a 40 mm high tripping fence. 

PTO 

Flo" · 
cond it ioning 

Workin g section (3 .5 m) 

Figure 2.6.2: Schematic of the Lincoln University v.ind machine. 
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2.6.3 Wind erosion sediment samplers 

There are many different methods employed to measure sediment flux in wind erosion studies 

internationally. Vertically integrating sediment samplers are most commonly used, \\ith rectangular inlets 

ranging in size from 10 to 20 mm \\idth and I 00 to 300 mm height (Nickling, 1995 ). Samplers can be 

either active or passive in design. The fom1er are equipped \\ith pumping devices that actively maintain a 

flow through the intake similar to the ambient \\ind velocity, and are generally more accurate than 

passive samplers, which rely on the ambient \\ind to maintain internal flow (Shao el al., 1993) 

The backs of most passive traps are covered \\ith a fine mesh. to allow airflow through the trap while 

also preventing sediment from exiting To allow sufficient airflow through passive samplers the mesh 

must be coarser (>40 µm) than that used in active samplers (<2 µm ) ( ibid.). Despite their lower 

collection efficiency, passive traps are used most frequently because they are relatively inexpensive and 

portable. and do not require an electric pump. 

The desired design criteria of an accurate and versatile san1pler are identified by Nickling et al. (1 997): 

1. Samplers should be isokinetic (where the \\ind flo·w through the san1pler intake is equal to the wind 

flow in the surrounding environment. A non-isokinetic san1pler \\ill deflect some of the airflow 

around the trap. carrying finer particles away from the inlet. 

2 . The efficiency of the trap should remain constant over a \\ide range of incident \\ind angles . 

3. The san1pler should be compact and streamlined to cause the least dishrrbance to an1bient \\ind flow. 

4 . Scouring should be inhibited around the base of the trap . 

5. The trap should be inexpensive and portable. 

Nick ling el al. ( 1997) designed a vertically integrating aeolian sediment trap, constmcted of thin sheet 

aluminium with a wedge shape (32° frontal angle). It is a passive trap \\ith a 20 by 500 mm sampling 

orifice extending 40 mm beyond the wedge form (Figure 2 .6.3) The back of the trap is covered \\ith 62.5 

µm stainless steel mesh, allowing for efficient wind flow, and collecting creep, saltation, and some 

suspended particles . A hole in the base allows trapped sediment to fall into a 60 mm diameter pipe fixed 

below. A plastic bag slipped over the pipe collects sediment samples . More detailed specifications are 

described in the paper by Nickling et al. (l 997). The sampler had near isokinetic flow characteristics 

with a sampling efficiency of at least 90 percent over a wide range of wind speeds. 
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Leys & Raupach ( 199 1) obserYed that most of the airborne material in their \\ind tunnel-based 

experiments occurred below a height of 0.5m. Therefore a trap of 500 nun height. such as the Nick.ling 

model, should sample the majority of the erosion cloud. The particles possibly lost \\ill be those in 

suspension. and potentially negligible in relatiYe mass . 

Figure 2.6 .3 : The Nickling sediment sampler used for the Hawke·s Bay research 
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2.6A 1998 Research 

The project carried out by East\Yood ( 1999) identified se,·eral opportunities for improvement. These 

included: 

• Installation of a tripping board to preYent scouring at the top of the working section and to 

improYe wind flow characteristics in the tturnel. 

• Using a ,·ertically integrating sediment sampler suitable for use in a \\ind tunnel. 

• Implementing a field trial design that allows for a high leYel of control over timing and t)pe of 

cuJfrrntion. 

• Introducing replicates to improve statistical significance of results. 
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2.7 SUMMARY 

This literature review has outlined the issue of v.i nd eros ion both internationally and in ew Zealand and 

exhibited the need for research into the specific characteristics of erosion in the Ha"ke · s Bay region. 

Information presented in the literature review. surrotmding the processes of,,ind erosion and possible 

research approaches. ,,;11 be dram1 upon to formu late the methodology adopted for this Masterate 

investigation. as outlined in the next section. 
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3. RESEARCH METHODOLOGY 

3.1 INTRODUCTION 

Development of a sensible. robust. scientifically sound. and yet simple method of fu lfi ll ing the stated 

research objccti\'CS is the key to successfu l research. Issues and options identified in the literature review 

process are dra\\11 upon in th is development process . The methods used to fulfil the stated project 

objecti\'es are also based on previous \\Ork completed by the author in 1998. and through consultation 

\\i th \\ind erosion experts in Australia and the United States. This section outlines the methods adopted 

to fulfil the research objectives. 

3.2 FIELDWORK PREPARATION 

3.2.1 Australian resea rch trip 

An integra l part of the experimental design in\'olvcd a week spent \\·ith Jolm Leys in Adelaide. Australia 

during September of 1999. The trip \\ as undertaken to observe the ew South Wales Department of 

Land and Water portable " i nd tunne l. and to discuss the Masters objectives and methods \\i th a "idely­

published v.i nd erosion researcher. It proved to be extremely worthwhile. not only for the new ideas that 

came from the trip. but also through confirmation of methodology already developed at the time. 

3 .2.2 Wind machine cali bration 

Eastwood ( 1999) carried out the only kn0\\11 investigation of the Lincoln University Wind T unnel 

(LUWT) \~ind flow characteristics v.ith small cup anemometers. Proportionally large edge effects were 

found. and are probably due to the re lat ively small size of the tlmnel. Such edge effects are found in 

tunnels used internationally (Raupach & Leys. 1990: ickling. 1995) and are to be expected in a tu nnel 

of this size. The analysis also showed that obtaining a general re lationship between fan speed and 

subsequent wind speed in the tunnel is hindered by variability in cross-sectional and long axis velocities. 

The lack of highly accurate anemometers also prevented the formulation of a stTong relationship. 

ickling ( 1995) states that a \\ind machine should be fully calibrated prior to use in a research capacity 

to ensure its flow characteristics are representative of the natural boundary layer. Without equipment 
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such as pi tot tubes this could not be completed. Therefore, relatively little is kno\\n about the wind flov< 

characteristics of the Luwr. FollO\.,ing advice from John Leys (pers. comm.. 1999) a visual assessment 

of flow characteristics was carried out by spreading sand on a smooth surface and running the \\ind 

machine at a set speed over the sand. Thi s exercise didn "t appear to show any major deficiencies in the 

tunnel aerodynamics. although there was one area that preferenti ally scoured near the front of the tunnel. 

This scouring may indicate a continuance of axial flow after the air has exited the conditioning sections. 

The experimenta l object ives require the wind speed in the tunnel during each run to be J..-nO\\n. lt was not 

poss ible to fit the cup anemometer and sediment sampler in the tunnel at the same time. '"ithout 

interfering "ith either the "'ind flow around the trap or anemometer. or placing one of the items out of 

the freestream zone. Therefore. the ' "ind velocity in the hmnel was calibrated to the speed of the axial fan 

on the wind machine. A range of velocities were measured eYery second. averaged over one minute. \\ith 

a data-logging cup anemometer. Wind velocity was measured al 0.25 m height. equidis tant from each 

side wall of the tunnel. and 0.5 m from the exhaust of the tunne l. assumed to be in the free stream after 

last years calibrations. T his position also corresponds "ith the sampler position. and at half its total 

height of 0.5 m. 

International \\i nd tunnel studies conYert the measured ''i nd Yelocity in the tunnel to a velocity at I 0 m 

height (Leys & Raupach. 1991: Leys el al . 1996). This is in o rder to allow comparison between soil 

types. sh1dies of s imilar design. and lo relate the tunnel simulation to " i nd velocities at a height often 

used by meteorological services. The conversion requires detailed information on tunnel \\ind velocities 

during each run in order to calculate friction Yelocity (u•) and surface roughness leng th (/,,) Appropriate 

equipment was not avai lable for this project to enable such infonnation to be collected. Although surf ace 

roughness has a very s ite-specific effect on the velocity profile. it is possible to estimate surface 

rouglmess length from values found in previous studies on similar surfaces. Pye (1987) reconunended 711 

values of 0.0003 m for flat sand and 0.(J4 to 0.1 m for grass 0.25 m tall. Leys (pers comm .. 2000) found 

that soils cultivated \\ith a rotary hoe had 711 values ranging between 0.000 I m for sandy soils to 0.004 m 

for soils \\ith high clay contents. Surface roughness leng th is used to carry out the velocity conversion 

through use of the following equation: 

(Eqn. 3.1) 
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Ui/U: equals the ratio of \\ind speed at 0.25 min the tunnel (z: ) to I 0 m height (z1). If an estimated value 

for zo of 0.025 mm for the cultivated treatments is used (Leys pers comm. , 2000). U1/U: equals 1.40. 

Therefore. if the velocity measured in the tunnel is 35 kmh-1• extrapolated to I 0 m height the velocity 

would be approximately 50 kmh-1. 

The use of an estimated / 11 introduces a potential source of error and therefore the velocity conversion 

factor ,,;11 only be utilised to place the tunnel speeds in context . not to make direct comparison \\ith other 

studies. 

There arc some limitations in the basic LUWT design. as discussed in section 2.6.5. Through 

consultation ''ith John Leys (pers . comm .. 1999) it was decided that the current now conditioning 

sections may be ineffective due to their diameter-length ratio. and that axial flow may still occur in the 

working section. In an attempt to address this problem. the 60 mm internal diameter. 300 mm length 

PVC pipes in one now conditioning section were replaced \\ith 5 111111 diameter straws of the same length. 

The modification was not successful and the reasons are discussed further in section 5. 1.2. 

One of the recommendations dra\rn from pre,·ious work b~ East\\Ood ( 1999) ''ith the LU\VT ' 'as that 

the hmnel would bene fit from the addition of a -tripping board ·. Several international studies using ''ind 

tunnels included such a dc\'icc. often a thin. roughened board ''ith a vertical ·fence· to encourage rapid 

bmmdary layer development (Pietersma et al.. 1996: Leys & Raupach. 199 1: Leys et al.. 1996 ). 

Pictcrsma et al. used a 0.25 m long roughened plywood board. while the tunnel used by Leys has a 2 m 

long board with a tripping fence 0.5 m from the up,,ind edge. The tripping board was positioned 

do\\lrnind of the flo \\ conditioning section. which included an anti-S\\irl , ·ane section and a honeycomb 

pipe section. 

The length of a tunnel is also important for boundary layer development. as discussed in section 2.6. 1. 

The addition of the tripping board acted to reduce the length of the working section in the LUWT by 

approximately 0. 75 m . To rectify this , an additional 2.4 m section of the tunnel was requested from 

Lincoln University . However. it was not delivered before trials began on the first site and a decision was 

made not to use the equipment once it arrived due to the effect this would have on results. 

3.2.3 Sediment sampler construction 
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A passive, vertically integrating, s lot samp ler. based upon designs specified in Nickling et al. (1997) 

(section 2.6.3 ), was used to collect eroding soil. The trap was selected due to its ease of construction and 

low cost. high sampling efficiency and ability to operate in a variety of \\ind speeds. It was constructed of 

light industrial steel. \\ith stainless steel 63-micron mesh. Modifications of the trap were required to 

prevent ·wobble· during simulated \\ind events and involved attaching a plate to the base of the sampler 

and pegging the plate to the ground during each nm. The Oow characteristics of the sampler were not 

investigated due to lack of appropriate equipment. however the design closely follows that described by 

ickling et al. ( 1997) and therefore its characteristics and sampling efficiency is assumed to be similar. 

o adjustment has been made to sediment flux measurements to account for sampling losses. 

Prior to placement in the tunne l. a plastic bag was placed over the pipe section attached to the base of the 

trap. and sealed \\ith a mbber band . A short length of stainless steel pipe. \\ith a larger internal diameter 

than the external diameter of the trap-mounted pipe and bag combined. " as pushed into the soil flush 

approximately I Omm below the surface. T he use of this larger pipe sect ion reduces the time taken at each 

plot as it el iminates the need to dig a hole every tim e the Imp is installed for the five \\ind speeds 

( ickling et al .. 1997). During experimental nm s the san1pler intake was posit ioned 0.4 m up\\ ind of the 

tunnel exit. to aYoid the aerod~11amic effects as air is exhausted from the tunnel. and equidistant from the 

sidewalls to minimise edge effects. 

3.2..t Selection of cultivation techniques 

The goal'' hen selecting cultiYation teclmiqucs to use in the trial was to mirror practices currently used in 

the region. This had to be balanced against the need to adopt methods practical for a split-block trial. and 

to fulfil the objective of detenni.ning the role of aggregate size distribution. Another factor was a 

requirement to work \\ithin the cultivation management on the Pakipaki site. which was ploughed and 

tine-cultivated prior to research taking place. The follo \\ing criteria were used for selection of treatments~ 

• Simplicit)' of im1>lcmentation - The treatments needed to be simple yet effective. Their 

implementation must be efficient in tenns of time and effort . 

• Manageability within the trial design - the treatments needed to fit \\ith the split-block design. 

therefore multiple passes "ith wide and/or difficult-to-manoeuvre equipment v;ere somewhat 

impractical . 

• Based on landuser practices in Hawkc's Ba)· - the treatments selected must be relevant to the 

region, and therefore should mirror practices used there. 

Wind .::rosion in I Im\ ke · s r3a\ : 1hc in llucn cc of cult i \'ation and soil aggn.:ga1c si/i;: 37 



• Achievement of research objectives - the treatments needed to produce a range of aggregate size 

distributions . 

Prominent landusers representing the arable industry in the LandWise group were canvassed for their 

opinion. as were HBRC land management staff The follov.i.ng four treatments were decided upon : 

• Plough and roll . Fallow for one month then complete one pass v.ith a spring-tine cultivaton\ith rear 

crumbier followed by: 

I . One-pass with cultivator (denoted as TI or PI , according to the T akapau or Pakipaki site); 

2. Two-passes \\ith cultivator (denoted as T2 or P2): 

3. Three-passes \\ith cultivator (denoted as T3 or P3) 

• Minimum-tillage simulation (denoted as TM or PM) \\ith a modified com planter v.ith a series of 

discs and spreaders in front of the coulter, designed to create a rough, thin seedbed and chop up 

vegetative matter (F igure 3.2.1 ). 

The cu ltivation treatments were primarily designed to produce a range of soil aggregate sizes. in 

accordance v.ith Objective 2 of this project, while also satisfying Objective I . The minimum tillage 

treahnent was undertaken to provide a very different cultivation practice to be used to support the 

fulfilment of Objective I . as well as providing data to support possible recommendations made in 

accordance \\i.th Objective 3. 
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Figure 3.2.1: The modified Great Plains com planter used for the minimum tillage treatment: 
left - preparing trial plot; right - the front set of discs on the planter. 

3.2.5 Loss of sediment source 

a) Identification of the issue 

The wind erosion simulation process used for this experiment, involving numing five velocities on each 

plot, creates a potential for Limited sediment supply as the most erodible particles are preferentially 

transported in the first few nms . Lopez ( l 998) identified a drop in sediment fltL'< -with an increase in 

windspeed at the end of the experimental period in a natural erosion study. The observed reduction in soil 

erodibility with time might have been due to variations in the aggregate size distribution and the limited 

supply of erodible particles on the soil surface (ibid.) and there is the potential for this to also occur in 

wind turmel-based studies (Leys & Raupach, 199 1 ). Th.is issue was discussed with several scientists and 

statistical advisors and several options \vere debated, these included: 

• Moving the tunnel to a different plot for each speed. Such an approach would require 40 plots to 

complete the eight replications of each treatment, and moving between plots may introduce 

significant variability through changes i.n aggregate size distribution and other influencing factors . 

• Running all five speeds on one plot, but in a random order. Th.is approach was discounted because it 

would also require many replicates and stripping might occur if the highest speed was run first. 
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• Running all five speeds on one plot, in order of increasing flow velocity. This minimises the 

potential for a limited source, as each nm applies more energy to the soil surface, and was considered 

the best available methodology. 

b) Addressing the issue 

Sediment supply limitation was therefore identified as a possible issue, and the next step was to develop 

a methodology to test if it was a significant problem . The follo'"ing hypothesis was proposed: 

H0 : That the supply of erodible soil particles is not limited at any of the five wind 

velocities simulated on each plot. 

To test the hypothesis. five additional plots on the Takapau site were cultivated '~ith the T2 treatment. 

The plots ·were positioned side by side to minimise variability in soil physical factors . Three runs using 

the '"ind machine were completed on each plot, at a standard above-threshold '"ind speed The '"ind 

speed used was 35 kmh-1, chosen because it was above the threshold velocity and it was equal '"ith the 

speed used for use in sediment flux /soil aggregation comparisons. potentially adding more data points. 

Sediment flux , aggregate size, and moisture content were estimated using the same methods as outlined 

in section 3 .3 .2. 

3.2.6 Experimental sites 

Through consultation '"ith Hawke ' s Bay arable landusers and HBRC land management staff, two soil 

types were identified as being vulnerable to erosion and of greatest regional significance. While there are 

several other soil types also vulnerable to wind erosion in the region. time constraints meant that the 

research was focussed on the Pakipaki silt loam and Takapau silt loam soil types . 

a) Pakipaki site 

i) Soil characteristics 

The Pakipaki soils are formed in alluvium from Taupo pumice deposited by the Ngaruroro River and lie 

at the southern end of the Heretaunga Plains extending from a few kilometres north of Bridge Pa to 

Pakipaki and near to Havelock North. They are susceptible to '"ind erosion if cultivated partly because 

the clay percentage is so low that it provides little binding matter for the sand particles (DSIR, 1939) and 

the rhyolite pumice has low particle density_ The soils have very low fertility, are low in phosphate and 

exhibit a cobalt deficiency. It is suitable for pasture, and '~ith good shelter, asparagus , berry fruit, and 
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stonefruit (Griffiths , 1997). Pohlen ( 1971) mapped approximately 4160 ha of Pakipaki and Esk soil 

types collectively in Hawke· s Bay. 

Observations by Palmer (pers. comm., 1998) identified that some soils mapped as Turamoe peat, another 

extremely vulnerable soil type on the Heretaunga Plains, now resemble the physical characteristics of 

Pakipaki soil types . It is possible that the Turamoe. which is only distinguished from the Pakipaki by 

peat in the topsoil, has experienced oxidisation of the peat layer through drainage and cultivation or 

removal via wind erosion. The progression of the T uramoe soil to a Pakipaki variant further justifies the 

importance of research on the Pakipaki soil type. 

ii) History of site 

The Pakipaki site is located on Moray and Sandy Grants property. five minutes south of Hastings. The 

paddock is currently utilised as a minimum tillage trial in conjunction \\ith the LandWise initiative set up 

in 1999 . The Grants purchased the property three years ago, and have gro\\n two seasons of squash prior 

to this trial \\ith conventional cultivation methods . 

b) Takapau site 

i) Soil characteristics 

The Takapau soil series is formed in alluvium from greywacke and volcanic ashes and is the soil most at 

risk from \~ind erosion in the Hawke ' s Bay. It is a well drained. fine textured soil which. \\ith its 

tendency to dry out severely in summer. makes its topsoil susceptible to '~ind erosion when cultivated. 

This is more so for the silt loam than the sandy loam. The soils are situated on flat or gently sloping 

terraces. and are located chiefly on the Ruataniwha Plains but also occur adjacent to the middle reaches 

of the Ngaruroro, Tutaekuri and Esk rivers and to minor strean1s in the western foothills (Pohlen et al , 

194 7) Allophane contributes to low particle density of the Takapau soil , making it even more vulnerable 

to erosion but the presence of allophanic clays can assist in the maintenance of good soil structure and 

are also a factor in the high phosphate retention of the soil. The natural fertility is medium to low and a 

good response to phosphate fertiliser suggests low plant available phosphate (Pohlen, 1971 ). Griffiths 

(1997) lists potential uses of these soils on the Heretaunga Plains as asparagus , berry fruit, grapes, 

pasture, pipfruit, and stonefruit. Over 31 ,800 ha of T akapau soil is mapped in Hawke· s Bay (Pohlen, 

1971). 
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ii) History of site 

The area used for this research used to be utilised for arable cropping on a rotational basis , however it 

has not been cultivated since the property was purchased by Jonathan and Kate Wiltshire in 1989. Since 

then perennial pasture has been the only crop grown. 

3.3 EXPERIMENT AL DESIGN 

3.3.l Randomised split-block design 

The experiment was designed as a split-plot, randomised block trial. which encompassed Tl-T3 and Pl­

P3 . The site was broken into four blocks, and in each block two replications of each tillage treatment 

were randomly allocated . The minimum tillage experiment was conducted in its O\rn block due to the 

impracticality of including randomised minimum tilled strips in between ploughed plots . 

Randomised split-plots were used in several studies v.ith similar objectives. ln a trial investigating tillage 

effects Cresswell el al. ( 199 l ) used a randomised split-plot design. as did Lamey el al. (1994) in a 

comparable experiment Leys el al. ( 1996) used the same approach and suggested that eight replicates 

were required to characterise a 400 m2 area, which is approximately the size of the trial sites adopted in 

this project. Therefore. eight replicates were used to characterise each treatment in this experiment. 

The block design was adopted due to possible changes in soil physical characteristics across each of the 

sites. Visual assessment showed there to be indications of a difference in particle si7~ distribution at the 

Pakipaki site. where some areas had a higher amount of pumice on the surface after ploughing. At the 

T akapau site the topsoil depth changed across the experimental area, becoming shallower towards one 

comer v.ith a noticeable increase in gravels mixed in the surface soil. Particle size analysis of the sites 

may have shO\rn if there was a significant difference but time and budget constraints prevented th.is . A 

split-block design was used to minimise the impact of any variation might have on results . 

3.3.2 Data collection procedure 

a) Fieldwork procedure 
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A summary of the fieldwork procedure is presented in Figure 3.3. 1. 

The pre-tillage treatment at both sites was carried out over one month prior to the tine-cultivation 

treatments being applied. At each site four blocks. all containing six plots. were measured out taking into 

accmmt the " ·id th of the cultivation equipment. 

Treatments were applied to plots the day prior to measurements being carried out in order to allow 

evaporation of moisture. The inherent risk involved ''ith cult ivating the day before is that an erosiYe 

event or rainfall might occur prior to experiments taking place.affecting the soil surface properties and 

erosion characteristics. This risk was balanced against the need to reduce soil moisture levels and 

knowledge of the medium-tem1 " ·eather forecast. 

b) Wind erosion simulations 

The \\i nd machine was set up on each plot. taking care not to disturb the soil surface in the working 

section. Five ''ind speeds were simulated on each trial plot. from under the erosion threshold at 

approximately 15 kmh·1 (0.25 m height ). up to 50 kmh·1 (0.25 m height). This number of speeds was 

used to provide se\'eral data points \\ith which to graph eros ion rates on each plot. Eight difTerent \\ind 

speeds were simulated on each plot in research by Scott ( 199-l ) and Leys el al. ( 1996 ). and Leys & 

Raupach ( 199 1) ran six speeds on each plot. A lo\\ er number of simulated \\i nd velocities was chosen 

for this project to minimise the potential for error through sediment supply limitations. 

Prior calibration established approximate tractor re\'s per minute (rpm) that corresponded \\i th the 

desired fan rpm. " hich in tum were calibrated to wind Yelocities at a speci fied point in the tunnel (section 

3 .2.1 ). Therefore tractor rpm was manipulated to produce the des ired speeds. and during each run the fan 

speed was measured \\ith a digital tachometer. 

The LUWf \\as run at each speed for one minute. based on similar work \\ith "ind tunnels by Leys & 

Raupach ( 199 1 ). Scott ( 1994 ). Leys et al. ( 1996 ). Homing et al .. ( 1998 ). Leys & Eldridge ( 1998). Both 

time constraints and the possibility of removal of sediment source (section 3 .2 .4) detennined the length 

of the runs. 
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The sediment sampler was placed in position prior to each run, and after the minute it ' ;vas removed and 

the plastic bag removed, labelled and sealed. Any sediment left in the sampler after a run was tipped into 

the bag also . 

c) Soil sample collection 

Soil samples were collected on each plot in an undisturbed strip beside the tunnel that was representative 

of the soil surface in the working section. Samples were collected for aggregate size distribution/stability 

and stored in an ice crean1 container prior to air drying (section 3.4. 1 ). Soil moisture samples were 

collected, placed in a sealed plastic bag and stored in at 4°C prior to oven drying (section 3.4.3). 

d) Surface roughness 

Surface roughness was measured by the chain method outlined by Saleh ( 1994). A 1.42 m long chain (LI 

= 1.42 m), comprised of 25 mm links , ·was laid out on the surface after experiments had been conducted 

on each plot. A sliding rod was used to read the linear distance covered by the chain (L2) and this value 

was used to calculate the surface roughness (R) via the follO\\ing equation : 

(Eqn . 3 .2) R = ( I - L2/L I ) I 00 

The limitations of this method are discussed in section 5. 1 2 

e) Surface vegetation cover 

Vegetative cover was measured by counting the number of ·hits· at each plot. A pole. marked \\ith 20 

points between 0 and 0.6 m. was laid across the working section of the tunnel after each run. A hit was 

counted if vegetation (including roots larger than I mm diameter) was touching a mark on the pole. The 

horizontal measurements were completed six tin1es at standard distances dom1 the working section. 

Vegetative cover is presented as a percentage of ach1al hits per 120 possible. 
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Figure 3.3.1: Flow diagram of fie ldwork procedure 
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3.4 LABO RA TORY ANALYSIS 

3.4.1 Aggregate size analysis 

At each research plot an ice-cream container full sample was collected of the soil surface. According to 

the aggregate sampling method used in similar international studies (section 2.3.5). the top I 0 to I 5 mm 

of soil was sampled with a small flat-bottomed shovel. Care was taken not to disturb the aggregate 

sample site while setting up the wind machine. The sample taken was collected from alongside the 

tunnel, considered to be best representative of the aggregate size distribution in the working section. 

Samples of the soil surface were not taken were not taken prior to cultivation due logistical difficulties . 

Surface soil samples were air dried and then mechanically sieved at I mm amplitude for three minutes 

each. Sieve sizes of 2, I, 0.85 , 0.5, 0.25 , and 0.09 mm were used. with the I and 0.25 mm sieves acting 

as separators to prevent the other sieves being clogged v.ith soil (Dando pers. comm ., 2000) . The 

remaining sieves represent the size classes for suspended, saltating and creep transport modes (section 

23 .2) and the internationally recognised dry aggregation particle size. 0.85mm (Chepil. 1951 : Leys er 

al. , 1996). Percentage mass dry aggregation >0.85 was found by Leys et al. ( 1996) to be a good 

predictor of sediment flux rates, and accounted for other factors such as past management. 

The sieving procedure used was specifically designed drav.ing on experience from previous work with 

similar soil types (Eastwood, 1999) It was found that standard mechanical sieving processes to be too 

vigorous for the fragile volcanic soils tested, producing ske\rness to smaller particle sizes . 

3.4.2 Wet aggregate stability 

The influence of aggregate stability on v.ind erosion was outlined in the literature review, and due to its 

important role, measurement of stability was included in the fieldwork. Dry aggregate stability shows the 

resistance of soil aggregates to breakdov.n from abrasion during the erosion process . Wet-aggregate 

sieving provides an indication of the aggregate stability of different soils , and their resistance to 

breakdov.n under stress while wet, such as raindrop impact. Wet sieving is a common test of soil 

aggregate stability (McLaren & Can1eron, 1990) and gives a longer term indication of structural 

stability, able to take into account the effects of past management practices (Cresswell, 1990). Wet 

aggregate stability was assessed for this project due to availability of equipment. Soil aggregates from 

tv.:o to four mm in diameter were collected in the aggregate-size sieving process and used for wet 
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aggregate stability. Analysis was carried out in the Landcare Research building at Massey University' s 

Turitea campus. The analysis followed the 'NZ Soil Bureau ' procedure outlined by Gradwell ( 1972). 

3.4.3 Soil surface moisture content 

Nickling (1978) found that standard ceramic soil moisture blocks and Soil Test soil moisture modules 

were of little use for soil moisture measurement because the instruments could not be placed close 

enough to the soil surface to give representative measurements . Instead, soil surface samples of the upper 

millimetre were collected \\ith a sharpened spatula and soil moisture content measured gravimetrically. 

Nick ling used this approach on a virtually flat and smooth sediment surface. which made collection of 

samples to one millimetre depth possible. Use of this exact technique is not appropriate for this study 

due to the higher aggregation levels and surface roughness. Samples were therefore collected from the 

top I 0 mm soil surface. 

Painter ( 1976) stated that there are few alternatives to thermo-gravimetric san1pling for near-surface soil 

moisture measurement and Scatter (pers. comm .. 1998) confim1ed that this is still the case currently. 

Therefore. 0.6 to 1 kg soil surface samples were collected at each plot. pre-weighed then oven dried at 

I 05°C for 48 hours and reweighed . Soil moisture content is given as a percentage of the dry weight. 

using the measured weight loss. 

3.4.4 Mass of sediment flux sampled 

The eroded soil collected during each run was weighed in grams to four decimal places . The weight was 

converted to a sediment flux rate of grams per metre per second by using the equation listed in section 

3.5 .1 below. 

3.4.5 Sieving of eroded sediment 

The eroded soil collected and weighed for each run on a plot was bulked to give one sample per plot. 

This sample was hand-sieved for one minute though a stack of sieves 2mm, 0.5 mm and 0.09 mm in size. 

These sizes represent the transport modes of creep (0.5 to 2mm), saltation (0.09 to 0.5 mm), and 

suspension (<0.09 mm) identified in section 2 .3.2. The mass of soil remaining on each sieve, including 

the mass in the bottom collection pan, was weighed and recorded. 
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3..t.6 Nutrient analysis 

Eroded soil <0.09 mm size collected from each plot \·ms bulked across the whole site and analysed to 

represent the suspended fraction carried off-site. as discussed in section 2.4.1. Soil surface samples 

representative of each site ·were also analysed to provide a base against which the suspended samples 

could be compared. The Fertiliser and Lime Research Centre conducted nutrient analyses. providing data 

on pH. Olsen P. S0.1. K. Ca. Mg. Na. and CEC. and conYersion to MAF quick test values . 

3.5 ANALYSIS OF RESULTS 

3.5.1 Calculation of sediment tlux (Q) 

The eroded soil collected in the sampler has temporal and spatial dimensions as it represents a onc­

minutc sampling period. oYer a 3 .5 m \\Orking section. In previous studies '"ith similar methods (Leys & 

Raupach. 199 1: Leys el a/. _ 1996: Horning el al .. 1998: Leys & Eldridge. 1998), sediment flux (Q) is 

calculated as mass moved (m) per second (T)_ over a I m \\idc area perpendicular to the ''i nd flow (Y). 

''ith a infinite height. Soil flux Q is therefore presented in g mis The assumptions inherent ,,; th this 

calculation un it arc discussed in section 5. 

(Eqn. 3.3) Q = m/YT 

The international studies listed aboYe also corrected the sediment flux rate for saltation overshoot. where 

the saltation component of erosion in the working section of the tunnel is actually higher than the 

equilibrium level for the same site under natural erosion conditions . However, a ·scaling flux · value is 

required to carry out the correction and this was not available for the specific soils tested. 

3.5.2 Calculation of sediment flux at 35 kmh·1 

In their investigation into dry aggregation and erosion rates. Leys el al. ( 1996) compared between nine 

soils by detennining the sediment flux at 65 kmlf1
• This specific velocity was chosen by Leys et al. 

because it followed similar international studies. it was above the v.ind erosion threshold. and it was 

typical of< I% of \~ind velocities in the region. The velocity represents a conversion from the velocity at 

0.2 m height in the tunnel to the equivalent v.ind velocity at 10 m height, well above the atmospheric 
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boundary layer and free from frictional effects of the soil surface. To complete this calculation, the 

friction velocity and surf ace roughness length is required to be measured in the tunnel v.~th Pitot static 

tubes , which were unobtainable for the Hawke 's Bay research. 

Sediment flux in this project was detennined at 35 kmh-1
. It is above the threshold velocity of all plots, 

but below where some plots exhibited decreasing erosion rates . Due to the lack of appropriate equipment 

discussed in section 3.2 . L the value represents velocity at 0.2 m above the soil surface but is 

approxinrntely equivalent to 50 kmh-1 at I 0 m height. It is acknowledged that this introduces potential 

error because it is below the atmospheric boundary layer, however it still allows for inter-plot 

comparison, ifnot comparison v.ith international fmdings . The sediment flux at 35 kmh-1 was manually 

detem1ined by reading the appropriate point off a graph. as done by Leys et al. ( 1996). 

3.5.3 Calculation of nutrient losses 

An attempt to value the nutrient losses was undertaken by estimating the cost of replacing the nutrients 

using common fertilisers as done by Raupach et al. ( 1994) Particles less than 90 µm in size were 

identified as representing the portion of soil lost to the paddock and the nutrient va lues for this fraction 

was used for the calculation (Leys et al.. 1994 ). The values derived were very small. and thjs is discussed 

in the chapter 5. 
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4. RESULTS 

4.1 INTRODUCTION 

This section presents the results or the Hawke· s Bay \\ind erosion research conducted in 1999. 

-t.1 .1 Experimental sites 

A randomised block design was folly implemented at the Takapau site. with a 20 m by 40 m area split 

into quadrants. The Pakipaki site was s tnictured slightly different due to less control over original 

cultivation and concerns \\ith perceived soil textural changes across the paddock. T he four blocks were 

not positioned in one area. and were spread between I 0 m to 20 111 apart according to soil texture and 

surf ace roughness. 

The plo ts haYc been labelled according to the applicable block and treatment. Treatments I . 2 and 3 on 

the T akapau site (T) and the Pakipaki s ite (P) ha\'e been termed TI. T2. T3 and P I . P2. P3 respccti\'cl~ . 

Blocks were label led I. 2. 3 and -L \\i th the first replicate or each treatment run in a block labelled as ·A· 

and the second labelled ·B". For example the first replicate or Treatment 2 run in block three on the 

Takapau site is denoted as ·JA-T2". 

The experiments run on the Takapau silt loam and Pakipaki sandy loan1 soils arc referred to as the 

Takapau ·site· and Pakipaki ·site· respectively throughout the result section. This is to pre\'ent the 

findings from being interpreted by readers as being indicative or each soil t~pc. Results uncovered du.ring 

the experimental portion of this thesis are only indicative or specific physical. spatial and temporal 

characteristics. For example they indicate eros ion rates on a tunnel scale. in paddocks "ith specific 

management histories. on soils \\ith specific physical characteristics. Any extrapolation or the data to 

similar soils in the region. or in other regions. must recognise its site-specific nature . 
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4.2 WIND MACHINE USE 

-t.2.1 Calibration 

A ,;sual assessment of the fan speed ,·ersus wind velocity (0.25m height) showed a near linear 

relationship and therefore a linear regress ion analysis was conducted in SPSS in order to fit an equation 

to the relationship . The resulting equation. \\ith an R~ of 0.957 was: 

(Eqn. 4.1) Wind speed= (0.04129 x fan rernlutions per minute) - 5.386 

Figure -t.2. 1 presents the calibration data and shows the linear regression trendline. The regression 

equation and R~ rnlue are also included on the graph. 

60 

50 
.c 
E 40 ~ 

~ 
30 ·g 

"ii 
20 > 

"C 
c: 

~ 10 

0 

Wind machine calibration over a standard soil 
surface 

0 500 1000 

Machine fan rpm 

Figure -t.2.1: Wind machine calibration O\·er a bare. cultivated soil surface. 

4.3 EXPERIMENT AL RESULTS 

4.3.1 Limited sediment supply in vestigation 

a) Sediment flu x 

1500 

The results of the investigation into possible sediment supply limitation are presented in Table 4.3. 1. 

Five plots \Vere used, each cu.ltiYated via the method described for Treatment 2, and wind velocities of 
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approximately 37 kmh-1 were simulated in three consecutive runs on each plot. Results were averaged 

across the five plots. There was a significant difference (P <0.05) in sediment nux between the first nm 

on each plot and the second and third runs. There was no significant difference (P <0.05) beh,·een the 

second and third ''ind simulations. 

Table 4.3. I: Sediment flux (gm-1s-1) at 3 7 kmh·1 for three sequential nms 

Run I Run 2 Run 3 
Mean 8.19" 2. 19b I.I i' 
Min 2.88 0.53 0.29 
Max l-U4 4.23 1.92 
St De" 5.54 1.62 0.79 
S.E. Mean 2A8 0. 72 0.35 
'1 1\h::111 ~ \\llh lhc "11l1C lcncr arc not s1gn 11i..:an1I' d1lfon:n1 a l P (l.05. 

The additional variables measured did not show major differences between the five plots. Gra,•imetric 

moisture contents ranged from 6.2 percent to 9.2 percent and percentage of aggregates >0.85 mm ranged 

from 23.8 percent to 27.8 percent. There was no significant difference between plots for roughness and 

\'egetation. 

There \\as a significant difference (P = 0.032) in surface roughness bet\\·een plots I and 5 at the 95 

percent confidence le\'eL and plots 5 and 4 \\ere also quite different (P=0.080). but not statistically 

significant at the 95 percent level. 

Due to the variable nature of the tractor rpm. and its influence on ''ind speed in the tunnel. simulated 

velocities in the hmnel varied slightly around 3 7 kmlf1
• A standard speed of 35 l,.,nlf1 ,,.·as originally 

targeted. arbitrarily chosen because it was above the threshold velocity and equated to the speed used for 

sediment flux detem1ination. A one-sample t-tcst showed that 37 kmh·1 was the most representative 

value of the 15 runs. This analysis showed no statistically significant difference (P<0.05) between the 

measured velocities and a test value of 3 7 kmh·1
. 

-'.3.2 Soil aggregate si7,e 

The soi l aggregate sieving process separated the aggregates into three main categories, corresponding to 

the approximate size ranges of soil transported via suspension, saltation or creep, as shov.11 in Figures 
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4.3 .2 and 4.3 .3. During the same sieving process aggregates \Vere also categorised into greater or less 

than 0.85 mm, the results of which are included in Table 4.3.1. 

a) Aggregate size distribution 

i) Takapau site 

Figure 4.3.1 presents the size distribution of soil aggregates in the top 10-20 mm ofTakapau plots. The 

primary aggregate size (approximately 4 7 percent) lies between 0.09 mm and 0.5 mm. Creep-sized 

aggregates make up the next largest category (35 percent) in the erodible layer of soil on the Takapau 

site. Aggregates < 0.09 111111 accow1ted for 15 percent of the total soil sampled for plots in each treatment. 

One-way ANOVA tests highlighted no significant differences between aggregate sizes produced any of 

the three cultivation treatments w-ithin each of the three sediment transport categories . 

Figure ~.3 .1: Soil aggregate size distribution ofTakapau treatments 
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There was a visible decrease in the percentage of large aggregates (>0.5) w-ith an increase in tillage 

intensity on the Pakipaki soil (Figure 4.3.2). The percentage of suspension-sized aggregates remains 

constant across the three treatments, and the drop in large aggregates is negatively related to an increase 

in the middle size range, 0.09 mm to 0.05 mm. 
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Figure 4.3.2: Soil aggregate size distribution of Pakipaki treatments 
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b) Dry aggregation> 0.85 mm 

The trend shovm in the aggregate size distribution graphs for the Takapau site also holds true for the 

percentage of aggregates that exceeded 0.85 mm in size (Table 4.3.2). Different cultirntion treatments 

had no significant impact on the proportion of aggregates above the threshold size. At the Pak.ipak.i site 

treatment P3 produced significantly less (P~O 05) aggregates over 0.85 mm in size, when compared to 

PI and P2 . Between sites, aggregates > 0.85 mm tmder PI and P2 were sig11ificantly greater than those 

under any of the T akapau treatments were. P3 was not fow1d to be different than the three T akapau 

treatments , at the 95 percent confidence level. 

Table 4.3.2: Percentage of soil aggregates > 0.85 111111 

Tl T2 T3 Pl P2 P3 
Mean(%) 26 .5a 26.9" 26 .2a 50.1 6 45.1 6 43Ja 

Min(%) 23.9 22.9 23.3 27.3 27.4 16.4 
Max(%) 33.5 33.1 28.9 68 .8 62 62.5 
StDev 2.9 3.3 l.8 13.8 11.6 14.4 
S.E. Means l.O l.2 0.6 4.87 4.12 5.1 
•Means with the same letter are not significantly different at P !>Cl.05. 
1
Means wi th the same superscript number are not significantly different at P 50 .0 5. 
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-t.3.3 Soil surface moisture content 

Gravimetric moisture content of the surface soil in the Takapau and Pakipaki plots is presented in Table 

4 .3 .3 . Treatment means all occur in a close range of 4.6 to 8.5 percent moisture. and on each site there is 

no difference (P~0.05) between the treatments. Between sites there is a significant difference in moisture 

content. and this may have a bearing on the relative erosion rates between the sites. The possible causes 

of the higher moisture content on Takapau plots is discussed in the next chapter. 

Table -t.3.3: Gravimetric moisture content of soil to I 0 mm depth 

Tl T2 T3 Pl P2 P3 T-Site P-Site 
Mean 7.9 8.3 8.5 5.0 4.6 5.1 8.21 -i§ 
Min 5.7 6.7 6 .9 3.4 2.3 3.9 5.7 2.3 
Max 12.2 11.6 10.7 6.9 7.0 6.3 12.2 7.0 
StDeY 2.0 1.9 IA I . 0 1.-J 0.7 I. 7 I. I 
S.E. Means 0.7 0.7 0.5 0.3 {)j 0.3 0.3 0.2 
1 Mean-. nnh 1111: '>alll.: >llJK'r'•npl number :m : nol sign iticanth dift<:r..:111 at P S0 .0 5. 

-t .3.-t Wet aggregate stability 

The wet aggregate stability of aggregates under each of the treatments on both sites is shO\rn in Figure 

-J .3 .3. Stability is indicated by the percentage of aggregates that remain on the 2 mm. I mm. and 0.5 mm 

sieves. In Figure 4.3.3 the difference between the cumul ative percentage of the mass remaining on the 

three sieves and the I 00 percent mark indicates the proportion of particles smaller than 0.5 mm that were 

washed through the bottom sie\·e in the wet sieving procedure. Aggregates initially placed on the sie\·e 

arc bet\Yeen 2 and -J mm in diameter. The higher the percentage of aggregates remaining on the 2mm 

sieve after the procedure. the higher the stability of the soil tested. 

The results indicate that aggregates on the Takapau plots were more stable in comparison to Pakipaki 

plots. Takapau plots a\'eragcd over 73 percent aggregates > 2 mm. while the highest percentage of 

aggregates remaining on the 2nun sieve in the Pakipaki treatments was 66 percent w1der PI . There was a 

significant difference (P~0 .05 ) between the combined results at each site. There was no statistical 

difference (P~0 .05) between treatments \\ithin each site. 
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Figure ~.3.3: Aggregate stability ofTakapau and Pakipaki soils . 

~.3.5 Surface roughness 

Surface roughness data are presented in Table 4.3.4 , and constitute a percentage as detennined by the 

equation outlined in section 3.3.2. The lower the surface roughness coefficient the greater the surface 

rouglmess. Surf ace roughness was only measured on T akapau plots, due to concern over the irregularity 

of the initial plough and roll on the site. Subsequent cultivation with the tine-cultivator failed to 

completely remove tmdulations and surface roughness measurements were used to investigate the 

significance of the surface rouglmess. No such concerns were held for the surface roughness of the 

Pakipaki site and no measurements were carried out there. 

The mean surface roughness of each treatment at the Takapau site lies in a close range between 98 .5 

percent and 98.91 percent. The greatest range of values measured on plots in one treatment group is from 

92.6 percent to 99.6 percent for Tl. The larger range of roughness is reflected in a higher S.E. mean 

value. One-way ANOVA statistics illustrated no significant difference (P::;0.05) between plots . The 

results from surface roughness measurements suggest that roughness was not a contributing variable for 

rates of erosion. This is discussed further in the next chapter. 
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Table 4.3.4: Descriptive statistics for mean surface roughness on Takapau treatments(%) 

Tl T2 T3 
Mean(%) 98 .5 98 .86 98 .91 
Max(%) 99.65 99.65 99 .93 
Min(% ) 92 .61 97.89 96 .83 
St Dev 146 0.56 0.80 
S.E Mean 0 30 0. I I 0.16 

4.3.6 Vegetation cover 

The extent of vegetation on the Takapau site is presented as mean percentages for each treatment in 

Table 4.3 .5 . The data presented represents the percentage of ·hits · measured via the method described in 

section 3.3 .2. There is a large range in values in each of the three plots . '~ith one standard deviation close 

to the size of the mean in each case. No significant difference was found when the means were compared 

via a one-way ANOY A at the 95 percent level of significance 

Vegetation measurements were taken on the Takapau site for the san1e reasons used to justify 

measurement of surface roughness at the site. Ploughing produced a surf ace that still included many tufts 

of non-buried grass. After the tine-cultivator treatments were applied vegetation was still apparent This 

method was adopted to examine the significance of the residual vegetative matter on erosion rates . The 

Pakipaki site was predominately clear of vegetation and no measurement was conducted on this site. 

Table 4.3.5: Descriptive statistics for mean vegetation cover on Takapau treatments 

Tl T2 T3 
Mean(%) 2.65 2.81 2.88 
Max(%) 10 0 1 LO 13 .0 
Min(%) 0 0 0 
St Dev 2.27 2.62 2.71 
S.E. Mean 0.33 0.40 0.39 
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4.3.7 Sediment flu x 

a) Takapau 

The results of sediment flux measurements on Takapau plots are presented in treatment groups.TI and 

T2 are included in Appendi.'< A-3 , and the results from treatment T3 are show11 in Figure 4.3.4 below. 

Combination all 24 plots on one graph was w1dertaken to exhibit any increase in erosion rates behveen 

treatments , but the resulting graph only acted to highlight the Yariable erosion rates and did not show any 

strong differences and it has not been included. Sediment flux data are very variable in all tluee 

treatments , for example in T3 plots la and lb exhibit the more ' classical" increase in erosion rates as 

wind speed increases, v .. ith sediment flm rates of 27 to 28 g/ms-1 at approximately 50 kmh-1 (0.25 m 

height) . The threshold velocity of these plots appears to be between 35 and 40 kmh-1
• In comparison, 

plots 3a and 3b show much lower erosion rates and threshold velocity does not appear to be reached 

before the last wind speed simulated (45 kmh-1
). The remaining plots to which treatment 3 \Vas applied 

show a highly variable relationship behveen sediment flux and wind velocity. In plots 2a, 2b, 4a, and 4b 

there is a sediment fllL'< decrease exhibited between the forth and fifth \\ind speed simulated. This drop­

off in erosion rates is mirrored in many of the TI and T2 treatments (Appendix A-3 .1, A-3 .2) and the 

implications of this are discussed in the next chapter. 
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ln general peak rates of erosion increased as cultivation intensity increased, with 17.5 gm·1s·1 for Tl , 26 

gm-1s·1 for T2 , and 28 grn·1s·1 for T3 . It is difficult to detennine if there is a definite increase in average 

sediment flux \\ith increase in cultivation intensity. The best way to undertake a more quantified 

assessment would be to find an average trendline for each treatment and then to compare between TI , 

T2. and T3 . This would be achievable if each of the five \\ind speeds simulated were the same between 

all 24 plots, or \\ithin a tight range. The methodology adopted where velocity in the tunnel was primarily 

detem1ined through adjustment of the tractor rpm lead to a wide range of actual velocities simulated at 

each of the five graduations. Statistical advice was sought on the possibility of combining individual 

plots \\ith such variable velocities. and no satisfactory solution could be found . Therefore. no 

aggregation of plots or statistical comparison of possible relationships was w1dertaken for this fom1 of 

data The difference between sediment flux rates at 35 kmh·1 was investigated statistically, as outlined in 

section 4.3.8 

b) Pakipaki 

The relationship between sediment flux rate on the Pakipaki site and \\ind velocity at 0.25 m height is 

presented in Figure 4.3 .5 (P3) and in Appendix A-3 .3, A-3.4 (Pl and P2) Sediment flux on P3 plots 

exhibited the most consistent increase \\ith \\ind velocity increased out of all the treatments on both sites. 

Plot 2a stands out in Figure 4.3 5. \\ith a dramatic increase in erosion betv;een 42 and 48 kmh-1 to a peak 

of 57 gm·1s·1
. This is not indicative of the remainder of P3 plots, which are closely grouped in 

comparison with plots under other treatments. and have a much lower sediment flux peak (2 - 19 gm·1s· 

1 
) . The decrease in sediment flux at the fourth and fifth wind velocity. exhibited in plots under other 

treatments, is not apparent in P3 plots. There is a high degree of variability in sediment flux \\ithin P 1 

and P2 plots. Decreases in erosion rates at the higher \\ind velocities is also exhibited in several of the 

plots in each of these treatments (PI - la. 2b, 4a, 4b; P2 - 3a). 

A visual comparison between sediment flux graphs of P 1. P2 , and P3 shows no consistent trend between 

increasing cultivation intensity and relative erosion rates . Sediment fluxes in PI plots are predominantly 

below 3 gm·1s·1 at the highest velocity simulated. P2 plots predominately group around a similar 

sediment flux rate, but with plots 2b, 4a, and 4b exfobiting higher rates (7 to 35 gm·1s-1) above35 kmh-1. 
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There is no clear indication of the threshold Yelocity of either of the soil types. or the effect that 

increas ing cultirntion may haYe had on the threshold. Visual assessment of Figures -l.3.-l. 4.3.5. and 

Appendix A-3 suggest that the point at which \\ind erosion occurs lies between 25 to 35 k'lnh 1
• but this 

is highly ,·ariable \\ithin and between treatments. 

-l.3.8 Sediment flux at 35 kmh·1 

A single point sediment fltL'< rate was detennined by manually reading the flm (gm·1s-1) corresponding to 

a wind ,·elocity of 35 kmh-1, as shO\m in Figure 4.3.6. In each plot any decrease in erosion rates between 

the fourth and fifth wind velocity occurred over 35 kmlf 1
, and therefore any sediment supply in the twmel 

working section should not haYe greatly effected the s ingle-po int fltL'< rate. This \\ind Yelocity also 

constituted a point aboYe the erosion threshold in all plots. 
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Sediment flux of plot T1-18 
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Figure -t.3.6: Method used to manually determine sediment flux at 35 kmlf 1
. 

The treatment means and descripti ,-e statistics for each site are presented in Table -L3.G. Mean sediment 

flux rates forTakapau plots were3 .-+ g111·1s 1 (T l). 5.7 gm 1s·1 (T2). and -U gm-1s·1 (T3 ). Pakipaki plots 

had s lightly lo\\·er flux rates, ''i th 1.8 gm 1s·1 (P I). --kO gnf 1s 1 (P2). and 4.1 gm·1s·1 (P3 ). One-way 

ANOVA tests for significant difference (P:::;0.05) between treatments and between sites fow1d no 

statistical differences. Visual assessment of the infonnation listed in Table 4.3.G suggests that there is a 

difference between the means of PI and P2. and an independent-samples T -test shomxi that although not 

significant at the 95 percent confidence leYel. the means had a P=0.08. All plots showed high rnriance in 

sediment flux. \\ith standard deYiations almost as large (or larger in the case of T I and P2) as the mean. 

This may account for the lack of significant differences. 

Table -t.3.6: Descripti\·e statistics for treatment means of sediment flux (gm-1s" 1
) at 35 kmh·1 

T l T2 T3 Pl P2 P3 
Mean (gm·1s-1) 3.4 5.7 4.5 1.8 4.0 4. 1 
Min (gm-1s-1) 0.2 0.9 0.6 0.2 0.4 0.4 
Ma.'< (gm-1s·1) 11.6 10.0 10.G 5.0 12.0 13.0 
StDeY 3.7 3.4 3.2 1.4 4 .3 4.1 
S.E. Means 1.3 1.2 I.I 0.5 l.5 1.4 
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.t.3.9 Percentage of soil aggregates >0.85mm v sediment flux (gm-1s-1
) at 35 kmh-1 

a) Takapau s ite 

The relationship between sediment flll"< at 35 kmh-1 (0.25 m height) and the percentage of soil aggregates 

greater than 0.85 mm in diameter for Takapau plots is presented in Figure 4.3. 7. The three treatments are 

grouped in indi,idual series . The data collected indicates no relationship between aggregation and 

sediment flm on the T akapau soil type. Results from treatments T L T2, and T3 do not show any 

separate groupings_ "ith the data points spread quite eYenly. Possible implications of these results are 

discussed in the next chapter. 

Figure .t.3.7: Sediment flux (gm.1s 1) at 35 kmh.1 \. percentage of Takapau 'oil aggregates >0.85rnm 
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The results presented in Fig ure 4.3 .8 appear to reYeal a relationship between sediment flux and soil 

aggregate size on the Pakipaki soil type. Linear regression was conducted in MS Excel and a negati\·e 

relationship was observed, but dry aggregation >0.85 mm only explained 26 percent of the rnriance the 

(R2=0.26 I 8) and therefore no confidence was placed in the regress ion equation produced. The two 

outliers seen at the top of the Figure 4.3.8 were examined in terms of additional rnriables possibly 

contributing to the high sediment flux. No reason was found for exclusion of these vari ables from the 

regress ion equation. 
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In comparison with the Takapau data (Figure 4 .3. 7 above) the Pakipaki site shows greater percentage 

aggregation, in addition to a ' "ider spread of data points . It might be expected that the three treatments 

would be loosely grouped, with different aggregation leYels arising from illcreases in cultivation. This is 

not exhibited in Figure 4.3. 8, and in similarity to the Takapau site treatments Pl , P2 , and P3 are 

distributed evenly as one macro-group. 

Figure 4.3.8: Sediment flm (gm·1s-1
) at 35 kmh·1 v percentage of Pakipaki soil aggregates >0.85mm 
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4.3.l 0 Aggregate size distribution of eroded soil 

The eroded sediment collected from each plot was bulked and sieved into the fractions outllled ill 

section. Results of this sieving are presented in Figures 4.3 .9 and4 .3. 10. Both sites exhibit very similar 

trends , ''~th saltation-sized aggregates contributing the predominant mass of sampled soil 

(approximately 65 percent). Aggregates less than 0.09 mm moved in suspension were the next most 

significant tramport mode in the Takapau plots, accounting for over 15 percent of total flux . In the 

Pakipaki plots sampled aggregates larger than 0.5 mm is the second highest grouping in terms of total 

eroding soil, with greater than 19 percent on total mass occurri11g inn this fraction. At both sites creep ( 

>0.5 mm) and suspension (<0 .09 mm) constitute similar percentages of the total soil caught in the 

erosion sampler. 
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Figure 4.3.9: Mean aggregate size distribution of Takapau sediment flux 
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Increasing tillage intensity induced similar trends in mode of transport at both sites . Creep-sized 

aggregates made up a greater percentage of the total sediment sampled as tillage intensity increased, 

while there '>Vas a decrease in saltation, although very slight in Takapau plots , and suspension-sized 

material. The differences in transport mode behveen treatments were not significant wi1en analysed at the 

95 percent level of confidence, but the difference in suspended sediment captured in treatment PI and P3 

has the highest significance le\·el (P=0.093). 
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Figure 4.3.t 0: Mean aggregate size distribution of Pakipaki sediment flu,'\'. 
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4.3.10 Nutrient lo ss in sediment flux 

The nutrient status of the surface soi l and suspended sediment at the Takapau and Pakipaki sites are 

li sted in Table 4.3 .7. The suspension-sized material (<0.09 µm ) from Takapau plots had higher 

proportions of Potassium (K), Sulphur (S04), Calcium (Ca) and Magnesiwn (Mg) than the soi l surface 

sampled. The suspended fraction of eroded soil collected from Pakipaki plots was higher in Olsen P, 

S04, and K than the soil surface from which it was blown. 

Table 4.3.7: Nutrient analysis of surface and eroded soil from Takapau and Pakipaki sites. 

Soil Sample Olsen P S04 K Ca Mg Na C EC 
µ gig µgS/g me/IOOg me/ l OOg me/ l OOg me/ l OOg MellOOg 

Takapau Soil surface 13.0 23 .5 0.24 9.3 0.90 0.85 2 1 
Suspended flux 8.8 33 .5 0.44 13.9 1.18 0.52 27 

Pakipaki Soil surface 18.5 19.0 0.15 12.6 l.43 0. 79 21 
Suspended flux 22.7 22.3 0.20 10.7 l.25 0.62 17 
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The results from the nutrient analyses are compared to other soil surface analyses completed on Ha"'ke · s 

Bay soils by Lorentz ( 1996) The values listed above were converted to nutrient (kg) per l 00 tonnes of 

soil eroded (approximately 1 cm of topsoil per ha), using conversion factors supplied by the Soil Science 

Department of Massey University. The conversion factors are listed in Appendix A-5 . 

4.3.1 J Minimum tillage 

There was low sediment flux rates under the mininrnm tillage treatment (Appendix A.4). On the Pakipaki 

site the peak flux was 0.24 gm-1s·1 at 48 kmh-1
, and rates were primarily below 0.1 gm·1s·1 at velocities of 

up to 50 kmh-1. Slight increases in erosion occurred at approxinrntely 35 kmh-1 but then reduce again 

between the fourth and fifth "ind speeds. The gravimetric moisture content of dishtrbed topsoil at this 

site was 4.4 percent, comparable to the mean moisture contents of the cultivated treatments at the same 

site. 

The implement used for the minimum tillage trial at the Pakipaki site was not available for use at the 

T akapau site. The tine-cultivator used for cultivation experiments was adapted to produce a soil surface 

\\ith similar roughness and vegetative matter as the previously used direct drill. Adaptation involved 

removal of some of the tines , leaving enough tines to disturb a similar soil \\idth as the Pakipaki 

treatment. Additionally. only four replicates were completed over the strips , due to time constraints on 

the day of experimentation . This low number of replicates should not influence the validity of results as 

the site showed similar erosion rates to the comparable Pakipaki trial. 

The results from the Takapau site are presented in Appendix A-4 .2. The maximum sedin1ent flux rate is 

0.35 gm·1s-1 "ith most of the sediment flux less than 0.2 gni"1s-1. Surface soil moisture content was 6.3 

percent. 

4.3.12 Regression analysis of all variables by site 

a) Takapau 

A step"~se linear regression was carried out using the sediment flux on Takapau plots at 35 kmh-1 as a 

dependant variable, "ith independent variables of dry aggregation (>0.85 mm), soil moisture, vegetation 

cover, surface roughness, and aggregate stability. Pearson correlation ' s showed that soil moisture and 

surface roughness were most important in explaining the variance in sediment flux . The regression was 
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carried out using these tv•o variables, and together they explained 41 .2 percent of the variation in 

sediment flux at 35 kmh-1
. Moisture as a single independent variable explained 26.1 percent of the 

variance in erosion rates at the standard velocity. 

b) Pakipaki 

Sediment flux was entered into a step,~ise linear regression as the dependant variable_ \\ith dry 

aggregation (>O .85 mm)_ moisture content and aggregate stability as dependant variables (Appendix A-

61) Using all three independent variables explained 26.6 percent of the variation. and leaving only dry 

aggregation as an independent variable explained 26.2 percent of the variation in sediment flux at 35 

kmh-1. 
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5. DISCUSSION 

The results gathered in the fieldwork component of this thesis raise some interesting questions and 

discussion points that \\ill be covered in this chapter Quantitative \\ind erosion data is initially 

discussed, followed by the implications of the results for \\ind erosion management in Hawke 's Bay and 

possible regional policy initiatives. Where possible. results and discussion are compared \\ith applicable 

national and international work. 

5.1 QUANTITATIVE WIND EROSION DATA 

5.J .1 Introduction 

The fieldwork component of this research produced a significant volume of data. The "'ind tunnel was 

used to simulate \\ind velocities on over 50 cu ltivated plots and 16 minimum tillage plots. At each plot 

five velocities were simulated and sediment samples collected, weighed and sieved. Several additional 

site-specific measurements " ·ere also taken. As the result section indicated. many interesting issues were 

uncovered through analysis of the data, and those issues are discussed further in this section . 

5.1.2 Research methodology 

The research methodology used for this project took into account the lessons learnt from last year. from 

additional literature revie"ing. and from the trip to Australia. The main inlprovement surrounded the 

implementation of a trial design \\ith a higher rigour than last year, achieved by maintaining greater 

control over cultivation technjques and timing at both sites . Some changes were also made to the wind 

tunnel in an attempt to improve its flow characteristics . Measurements of other variables that might have 

influenced sediment flux were also taken at the T akapau site due to concerns over the poor quality of pre­

trial tillage. 

The modifications made to the wind tunnel included strengthening of the tunnel sections to prevent joints 

breaking during fieldwork. This was very successful and made moving the tunnel around much easier and 

efficient. After the trip to Australia concern was expressed over the effectiveness of the PVC pipe 
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straightening sections. To address this , the pipes in one of the sections were replaced with drinking 

straws, as used by Leys & Raupach ( 1991) in the NSW tunnel. This did not prove to be successful 

because inserting this modified section in the tunnel create a large pressure drop for the airflow to 

attempt to move across. The in1pact of this was that the air moved out of the base of the tunnel prior to 

new section, entraining dust and lowering hmnel velocities. This section was not used during the 

experimental treatments for the project. 

The Australian tunnel , observed during the 1999 fieldtrip , has the straightening section sealed inside the 

tunnel. The \\i.nd was forced to move through the straws by the air continuously forced do\\n the tunnel 

by the fan The LUWT has an open base. out of which air \\ill preferentially flow if faced \\ith a 

impedance to flow. Improved straightening of the flow is required if the tunnel is to be used for similar 

work in the fuh1re, and the best way to achieve this might be to permanently seal the conditioning 

sections into the first tunnel section . The practical problem faced with doing this is that \\ith all 

conditioning elements included. the section \\i.ll be very heavy, in fact almost too much to lift. This could 

be overcome by use of a manual \\inch or hydraulic boom attached to the fan section. which can be used 

to move the conditioning section on and off a trailer and around a research site. 

Using a tripping board in the tunnel proved beneficial in two ways . It aided the development of boundary 

layer flow in the tunnel. although the full impact was not tested. but it also helped to prevent scouring 

occurring after the straightening sections . The board might have worked better if it were longer (up to 2 

m) , but this would have severely diminished the working section length . Ln future research using the 

LUWT it is suggested that the additional Perspex section that arrived too late to be used for this project 

be used to add length to the working section and allow a longer tripping board. 

Experience gained through using the tunnel for this project and the 1998 Honours project suggests that 

the LUWT is best suited to comparing erosion rates between soils and the relative influence of soil 

environmental factors on erosion rates . The most appropriate method adopted '~ith the tunnel in New 

Zealand's arable soils is use of a single run per plot. due to the effects of sediment supply limitations. 

The LUWT is not appropriate for definitive measurements of erosion rates , although most portable 

tunnels have similar aerodynamic constraints as experienced in the LUWT 
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The Nick ling vertica lly-integrating sediment sampler used for this research was a large improvement on 

the triple-sampler technique used by Eastwood ( 1999). Using one sampler. instead of three. saved time in 

the field and in the lab. and the ickling sampler is stated as haYing significantly higher sampling 

efficiency than the Leathennan style traps used last year ( ickling et al., 1997). The achial collection 

efficiency of the sampler is not kt10\\n. but the trap design closely fol lowed that described by Nickling et 

al. ( 1997) and similar efficiencies are expected (over 90 percent). 

A problem encountered \\ith the sampler was the difficulty in getting the base of d1e intake flush \\lth the 

soil surface when the ground was uneven. This may have induced an under-sampling of particles mo\'ing 

via the creep transport mode. ickling et al. ( 1997) suggest overcoming this through addition of a lip 

onto the base of the intake. which is pressed into the soil surface. allO\,ing creeping aggregates to enter 

the trap . In design of the trap used for this research the additional time involved in using a lip-device was 

weighed against the expected low significance of the issue and the lip \ms not added. After observing the 

trap perfonnance over relatively rough cultivated surfaces it is recommended that a lip be added to the 

trap if similar research is carried out again. 

The sediment transport rate used in this thesis uses the assumption that the trap is catching eve~thing 

moving past the intake slot and that the height of the erosion cloud in the tunnel is less than 0.5m. 

Erosion is expressed as the total eroding material passing through a one-metre \\ide " ·indo" of 

dimensionless height (Leys & Raupach. 1990). It is ambitious to assume that the passive sampler used 

for this proj ect is complete ly isokinetic. Also. there might be some soil moving in suspension orsaltation 

above the height of the sampler. but th is is expected to be minimal. It is therefore expected that the trap 

s lightly under-samples the trne rate of erosion in the tunnel 

5.1.3 Discussion of results 

a) Soil aggregate size 

The partitioning of soil aggregate s ize into size ranges representative of creep. saltation. and suspension 

modes produced some of the most interesting and potentially useful results in this project. The t\Yo sites 

showed quite different trends. Pakipaki plots showed a decreasing proportion of large (>0.5 mm ) 

aggregates ''ith increasing intensity of tillage and there was a corresponding increase in the saltation 

sized aggregates (0.09 to 0.5 mm). These results indicate that on a soil \\ith physical characteristics 
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similar to the Pakipaki sandy loam. there is a link between cultivation intensity and aggregation levels. In 

tenm of \\ind erosion, increasing cultivation intensity produces a higher fraction of easily erodible soi l. 

in addition to a lower threshold velocity and raising potential sediment flux rates . Interestingly there was 

no difference in the finer aggregate fraction (<0.09 mm) of Pakipaki plots. The possible reason for this is 

unclear. but an influencing factor could be the type of implement used. Some tine-cultivators are 

des igned to bring clods to the surface and bury the finer particles. It is not certain if the cultivator used 

for this experiment was designed to act in this maimer. 

The link between cultiYation treatment and aggregate si/.C on the Pakipaki plots follo\\·s a fai rly logical 

pattem. the more a soil is worked \\ith an implement the greater the breakdO\m of aggregates. This 

logical trend was not observed in T akapau plots under the san1e treatments. TI1ere is no evident change in 

the three measured fractions v.ith increasing cultiYation intensity. This is also supported by the data for 

percentage of aggregates greater than 0.85 mm in si/.c. Landuscr feedback during the 1998 research 

(Eastwood. 1999) indicated that Takapau silt loam soils are very strncturally fragile. This is not 

supported by the wet aggregate stability results. which showed Takapau silt loam soil to have 

significantly higher wet aggregate stability than the Pakipaki sandy loam. This anomaly is discussed 

f urthcr bclO\\ . The aggregate size distribution of T akapau plots. presented in Figure 4.3. 1. suggests that 

the soil aggregates are very sensitiYe to cultiYation and one pass ''ith the tine-cultivator acts to break 

do\\11 most of the fragile aggregates. The ·damage· is done \\ith the first pass. and subsequent tillage 

does not cause further breakd0\\11. 

Comparison of aggregate size distribution between the l\\O sites suggests the more fragile nahtre of the 

Takapau silt loam soil. After Treatment 3 over 50 percent of surface soil on the Pakipaki plots is still 

comprised of aggregates over 0.5 mm in size. With s imilar tillage intensity Takapau plots are made up of 

approximately 35 percent of aggregates in the same size range. Further. after one pass (Treatment 1) 

over 45 percent ofTakapau aggregates are between 0.09 and 0.5 mm in size. compared lo 30 percent in 

the same size range in P 1 plots. 

The infonnation suggests that landusers arc able lo manipulate aggregate size to some extent on soils 

such as the Pakipaki sandy loam. Cultivation management can be used as a v.ind erosion control 

technique avoids large-scale tillage or land management changes, for example undertaking minimum 

tillage or stopping cultivation altogether. On fragile soils like the Takapau silt loan1. any fom1 of tillage 

Wind erosion in I la\\ kc· s Ba~·: the in lluence of cu lti\'ation and soil aggregate size 71 



that places pressure on the soil aggregates v.ill result in significant aggregate breakdov.11 in the plough 

layer. Landusers therefore have little opportunity to manipulate aggregate size to minimise erosion risk. 

h) Soil aggregate stabilit~· 

The wet aggregate stability results are surprising and difficult to explain . Anecdotal evidence from land 

managers in Hawke ·s Bay. and from \York by Eastwood ( 1999) indicates that the Takapau silt loam soil 

is more fragile than the Pakipaki sandy loam. Visual assessment of the two sites supports this view. Wet 

aggregate stability tests showed that the T akapau plots were statistically more stable under wet sieYing 

than the Pakipaki plots. This surprising result mirrors findings in last year ·s work by Eastwood where a 

seemingly more fragile soil exhibited higher aggregate stability under the wet sieving technique. 

A potential reason for the disparit: bet\\ cen visual observations and measured stabi lity is that the weak 

aggregates broke dO\rn during transportation. This is unlikely due to the care taken to protect the 

aggregates prior to dry sieving for size distribution. Significant abrasion and aggregate breakdo"n would 

be most likely to occur during the dry sieving procedure. The same treatment '"'as app lied to all samples 

and therefore if the weakest aggregates broke do\\11 in T akapau samples then the same should apply to 

Pakipaki plots. 

Given the results of v. ct aggregate stability tests it is concluded they are not useful for expl aining the 

innuence of aggregate strength on "ind erosion rates. 

c) Soil moisture content 

Gravimetric soil moisture contents were significantly different bct\\ ccn sites but not between treatments 

"ithin each site. The moisture content on Takapau plots appears to have had an effect on the supply of 

erodible particles as discussed below. It is not certain what the threshold is before surface soil moisture 

,,; 11 begin to have a large bearing on erosion rates. Visual assessment during the fieldwork suggests that 

the Pakipaki plots were very dry and that moistme was not a factor. Significant concerns were held over 

the moisture content ofTakapau plots. to the point '"'·here cultivated strips were left longer than usual 

before experiments were conducted in an attempt to lower moisture levels. The mean moisture contents 

of both sites were 7.7 percent and 4.7 percent for Takapau and Pakipaki respectively. The question is 

apparent: is 3 percentage points more in moisture content enough to have a significant difference on 

erosion rates? It is hard to tell. because we are discussing two very different soils v.i th different 

characteristics that confound the influence of moisture. It does appear that surf ace moisture contents ( I 0 
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mm depth) of 7 to 8 percent begin to influence erosion rates . This is an important finding in te1111s ofland 

management on Takapau soils , because it highlights the need to maintain high moisture for as long as 

possible. 

d) Surface roughness and vegetation measurements 

It is uncertain how useful the surface roughness measurement was in describing the variation in sedin1ent 

flux . Concern has been expressed by some authors that the chain method would give the same 

measurement for a surface with many small roughness elements as for one '"'ith a smaller number of 

larger roughness elements (Merrill et al., I 998) . An additional point is measurements were collected on 

plots after the five wind tunnel nms so as not to disturb the soil surface prior to erosion simulations and 

some smoothing of the surface had already occurred. The tern poral characteristics of '"ind erosion mean 

that flattening of the soil surface occurs during the erosion process. and to be fully representative of the 

roughness during each speed simulation. roughness measurements would be required after each one 

minute run. This is impractical because it would require the tunnel to be lifted of the plot after each run, 

measurements taken, and then re-installed ''ithout dishirbing the soil surface. 

There was no significant difference found between the mean surface roughness measured for the three 

Takapau treatments. suggesting that roughness was not different across the plots on that site. The 

regression using surface roughness as one of the variables to explain the variance in sediment flux 

identified it as the second most important explanatory factor. When modelled '"ith moisture content 

surface roughness explained 4 1.2 percent of the variance in sediment flux on T akapau plots . 

e) Sediment flux 

The observed decrease in sediment flux after the fourth '"ind speed was particularly pronounced on the 

Takapau plots There could be many reasons for this, but a major influencing factor is likely to be the 

higher moisture content of the surface soil measured at the Takapau site in comparison to the Pakipaki 

site. This is supported by the regression performed on all measured variables on Takapau plots , where 

moisture content was found to explain 26 . I percent of the variance in sediment flux, the highest R: of all 

the variables entered. At the time of wind tunnel testing on the plots, it was noted that the dry layer of 

topsoil was removed between the threshold velocity and approximately 40 kmh-1 (0.25 m height) . This 

also is linked to the sediment supply limitations found in section 4 .3. I. All possible actions were taken to 

dry the topsoil out to a state where moisture would not be a determining factor in erosion rates, including 
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cultivating plots over a day in advance- in tum running the risk of losing the erodible fraction if a strong 

"'ind event occurred. Rain. and lack ofwann temperatures to dry out the soil surface. dismpted the trials 

on the Takapau site. The 24 Pakipaki plots were sampled over a l 0 day period. but completion of all the 

Takapau took over a month and a half due to high soil moishire levels. The frequent rain and higher 

mois ture contents might were probably a major influence on the limited supply effects on Takapau plots. 

T here are some implications of the limited supply on T akapau plots for landusers. The results suggest 

that the erodible fraction of a soil "ith moist subsoil (below I 0 mm depth) "ill be stripped in winds less 

than 40-45 kmh-1 (5 7 - 64 kmh ·1 at I 0 m height). In medium strength "inds of easterly or southerly 

direction. the sub surface moisture may prevent continued \\ind erosion. In nort herly or north-westerly 

\\inds. which haYe relatively higher evaporative energy potential . the moisture may be dra"n out of the 

surface soil layer ver: quick!~ and the protection it offers \\ill not be long-lasting . 

There are also implications for the extrapolation of the data collected in this project The tai l-off in 

erosion rates occurred after a cumulative erosion period of four minutes. at speeds not exceeding .t5 kmh· 

1 at 0.25 m height (approximately 6-t k:mh 1 at I 0 m height). If considered on a whole paddock scale this 

information suggests that erosion rates may be limited during a hig h "ind event after a little as four or 

five minutes. This would be trne if the lim iting factor were moisture content. although \\ind "ith high 

evaporatiYe potential can rapidly remove moisture from the soil surface as discussed above. lf the 

limiting factor in tunnel-related erosion is due a soil physical characteristic such as cmsting. the supply 

may actually become less limited over time in a natural event as saltation bombardment breaks do"n the 

crnst. T his emphasises the limitations of extrapolating \\ind tunnel-based data temporally or spatially. 

and highlights the care required when quot ing such data. 

f) Soil aggregate distribution v sed iment flux at 35 kmh·1 

The relationship between the percentage of soil aggregates over 0.85 mm and sed iment flu:x at 35 

kmh·1 form s a large part of this project. It is specifically designed to address Objective 2. identified 

earlier in this thesis. Follo,,ing on from the trends discussed above. the T akapau site showed markedly 

different results compared to the Pakipaki s ite. Increasing tillage intensity did not produce sigruficantly 

different levels of aggregates >0.85 mm (dry aggregation). and all of the p lots had dry aggregation levels 

between 22 .9 and 33 .5 percent. a very narrow range. Consequently. no relationship v•as exhibited 

between erosion rate and dry aggregation. This is not to say that the proportion oflargc aggregates would 

not play a role in the T akapau s ilt loam soi l type. more that the cultivation methods used failed to achieve 
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a '~ide enough range of aggregate sizes to allow a relationship to be found. The possible reasons for the 

narrow range of aggregate sizes are discussed above. 

The Pakipaki plots produced a larger range of dry aggregation values , from 16.4 to 68 .8 percent. 

Increasing cultivation intensity did not correlate ~ith decreasing number of large soil aggregates. but 

nevertheless a '~ide range of values was produced. This range enabled a trend to develop between 

aggregate size and sediment flux , as sho~n in Figure 4.3 .8. The relationship between dry aggregation 

and sediment flux did not prove to be statistically significant, due to the high variance in results . The 

variability highlights the difficulty in isolating one variable in wind erosion research because there is a 

myriad of factors involved and to quantify each one accurately is very difficult. 1.n addition, the 

equipment used may introduce variance through the '~ind flow characteristics of the tunnel and sampling 

errors. 

Dry aggregation versus sediment flux in the Pakipaki plots shows some sin1ilarities with international 

findings . Leys el al ( 1996) found that on soil ~ith greater than 40 percent dry aggregation erosion 

reduces to negligible levels. Although by no means conclusive. the Pakipaki plots exhibit a tail off in 

erosion rates above 40 percent aggregation Wind erosion still occurred at greater than 60 percent dry 

aggregation (under 2 gm·1s·1 
) , however this may be due to the lower particle density of the pumice-based 

soil in comparison to clay soils in the Australian study. 

g) Size of aggregates in eroded materia l 

The results of sieving collected sediment samples into creep. saltation, and suspension categories 

highlights the importance of saltating material in erosion . The approximate proportions of 10- I 5 percent 

creep. 65 -70 percent saltation, and I 0-20 percent suspension mirrors international studies on the size 

distribution of eroded soil (Sterk & Raats , 1996: McTainsh & Leys , 1993). These results provide some 

indication of the collection perfom1ance of the sediment sampler used, and suggest that it is sampling al.I 

forms of erosion movement. The proportion of material moving in suspension is also inlportant for the 

estimation of nutrient losses from Takapau silt loam and Pakipaki sandy loam soils . 

The increase in proportion of creep-size aggregates from both sites ~ith an increase in tillage intensity is 

an interesting finding, especially on the Pakipaki site where soi l surface aggregate size analysis showed a 

decrease in the same sized material. It is possible that increased cultivation acts to 'fluff up ' the soil 
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surface and decrease bonding between aggregates, therefore freeing larger particles to roll along the 

surface. 

h) Nutrient analysis 

The nutrient analysis of the suspended fraction of the Pakipaki and Takapau sites aimed to provide an 

insight into an economic cost of los ing topsoil during a "ind erosion event. Shearer ( 1982: cited in 

Cresswell. 1990) indicated I 00 tonnes of topsoil eroded from the Hakataramea Valley \\Ou Id contain 

approximately 85 kgolTotal P_ 55 kg of Total S. and 10 15 kg of total P. Cress,, ell ( 1990) placed a cost 

on such a loss_ quoting $ 1100 ha·1 in 1990 terms. utrient analyses carried out for this project provided 

plant available nutrient losses. rather than total N_ P and K. This is more realistic if the aim of the 

exercise is to shO\\ immediate losses of nutrients because the suspended soil lost from the paddock ''ill 

carry a higher proportion of plant aYailable nutrients than surface soils (Zobeck & Fryrear_ 1986: Leys & 

McTainsh_ 199-k Sterk et al .. 1996). 

Lorentz_ 1996 indicated losses of avai lable nutrients in I 00 tonnes of a typical Hawke· s Bay topsoil. as 

sho\\TI in Table 5 I. I. Also sho\\11 in Tab le 5. 1.1 are the comparable losses that \\Ou ld occur from 100 

tonnes of suspended soil measured in this project. 

Table 5.1.1: Losses of available nutrients in 100 to1mes of soil 

Nutrient Lorcnl:t., Takllpau Pakjpakj 

1996 suspension suspension 

Phosphorus 3 0.88 2 27 

Ni trogen 2.5 n/a n/a 

Cakium 200 5.57 -U9 

Potassi um 30 0.34 0 16 

Magnesium 1.5 0.29 0 30 

Sulphur 3.35 2.23 

Nitrogen is one of the principal losses from \\ind erosion_ but plant available forms arc very volatile and 

were not measured for this project. 
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Comparing the results of this project to those of Lorentz ( 1996) raises some issues. The measured losses 

of Potassium and Calcium are orders of magnitude lower than those quoted by Lorentz. suggesting a 

possible calculation error. Recalculation of the figures did not give a different answer. 

Using plant available nutrients to calculate the monetary value of nutrient losses produced fi f,'Ures that 

only came to several dollars lost nutrient per I 00 tonnes of suspended sediment lost. These figures have 

therefore not been quoted in this report. The difference bet\\CCn the losses found in this thesis and those 

quoted by Cress, ,cl l centre around the use of Total nutrients for calculations. Also. it is likely that the 

I 00 tonnes of soi I used related to total soi I nux. not just the suspended fraction . To movc I 00 tonnes of 

suspended soil. at 15 percent of total nux. would mean a total soil movement in the order of 6(> 7 tonnes. 

Th is is a large mass of soil to be moved . and would only apply to regional losses during an erosive event. 

or paddock-scale losses over a decade. Calculations of nutrient losses require many assumptions 

concerning loss rates and actual nutrient losses in the soil moved. 

i) I nvcstigation of limited supply 

The investigation into the possibility that the methodology adopted for this project. namely five 

sequential runs on each plot. proYed the stated H,, to be false. The alternatiYe hypothesis. ''hich states: 

Ha: lhal the s11pp~v of erodible soil particles is li1n11ed al any of the .five wind 

velocilies simulmed on each plot. 

is therefore accepted This finding could have ob\'ious implications for this research and the use of the 

LUWT in general. The results revealed that. with a standard aboYe-threshold \\ind speed and soi l surface 

characteristics. the first run of the ''ind machine has the potential to erode a much higher proportion of 

soil than subsequent runs. 

It was noted in the methodology section that the approach adopted had possible limitations in this area. 

and that it constituted the "lesser of two evils" . The recognition of the issue was why this sub-experiment 

was designed and carried out. 

Limited supply of erodible material should not affect the crux of the research. to investigate any 

relationship bel\•;een soil aggregate size and erosion rates. The problem should be constant over the 
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whole experiment. so the results ,,;11 still be relevant proportionally. The results that do require 

qualifications are the erosion threshold point and ach1al sediment nux rates. International \\ind tunnel 

sh.Jdies presented in the literah.Jre review of this thesis often quote the danger involved ''ith e:-..'trapolating 

field tunnel-scale data. to a per hectare scale. or relating it to natural rates of erosion. The limited 

sediment supply issue illustrating in this report reinforces that assertion. 

It is possible that the ''ind velocity used (35 kmh.1
) may have a more pronounced effect on the leYel of 

stripping than when velocities are started at below threshold level and incrementall~ increased. An 

interesting approach to assess the significance of limited supply in this project is to compare the 

sediment nux at 35 kmh·1 on T2 plots \\ith the limited supply plots. which " ·ere treated in the same 

fashion . Mean flux for T2 plots was 5. 7 gnf1s·1• and for limited supply plots it amounted to 8.19 gnf1s·1. 

This illustrates that at 35 kmh 1 there may be a significant impact due to lack of sediment source. 

Therefore the erosion rates stated in the results section are probably underestimates of actual erosion 

rates on a freshly cu ltivated surface. This probable underestimation is compounded by humel airflow 

mechanics because erosion rates in humel simulations may also be underestimated due to the short 

working length preventing full expression of abrasion and effects (L~'s et al. . 1990 ). 

It \\Ou Id have been interesting to analyse the eroded soil captured after each run in the limited supply trial 

for the proportion of particles transported in the suspension. saltation. or creep fraction. For example. it 

is possible that the first run on each plot predominantly removed suspended particles . This infomrntion 

might haYe gi, en a clearer indication of the processes behind the limited supply of erodible particles. 

During weighing of eroded samples. soil from the three runs completed at each plot \\ CTC bulked into one 

bag. pre\'cnting individual sieYing of aggregates being undertaken. 

j) Minimum tillage 

The results fow1d in the minimum tillage simulations were striking. Erosion rates under minimum tillage 

were almost non-existent and appeared to be limited after the fourth ''ind speed was sinrnlated. 

Compared to mean sediment flux at 35 kmlf1 from the lowest tillage intensity in the other treatments. 3.4 

gm·1s·1 and 1.8 gnf 1s·1 for TI and PI respectively, the minimum tillage plots exhibited dramatically lower 

erosion. not surpassing 0.25 gm·1s·1 even at the highest velocity of 50 kmh-1. 
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It should be noted that the ·wind tunnel was placed perpendicular to the slot direction . and therefore any 

saltating aggregates would probably have been trapped in the vegetation between strips or by the clods in 

dov.1mind slots. Erosion rates might be higher if the \\ind runs parallel to slot direction. The tunnel was 

placed over the minimum tilled strips in this fashion for two reasons. the first being that nnming the 

tunnel parallel would cause bias depending on where the sampler \Yas placed. for example if it were 

placed on top of the dishirbed strip erosion rates may be significantly higher than if it were placed on the 

undisturbed surface. The second reason was that the HBRC advises land managers to plant crops parallel 

to the prevailing "ind. (usually north-westerly) and running the trial in this fashion gives some fim1 data 

to reinforce such adYice. 

5.1 A Qualifications to use ofrcsults from this thesis 

The results outlined in this thesis indicate erosion rates "ithin the limits of a portable \\ind humeL 

Extrapolation of the results temporally or spatially. for example to a per-hectare scale. is inadvisable due 

to differences bet\\een tunnel erosion processes and those in a whole field context. The differences arise 

from the short working section (3 .5 111 ) where erosion has not yet reached an equilibrium rate because 

saltation m alanching. am1ouri ng. and abrasion ha\'e had little time to deYclop (Leys et al . 1996 ). 

Additionally. there are possible flow constraints in the tunnel. for C'-'.ample axial flow may still be present 

and full hirbulent stmcture is not s imulated Cumul ati,·e "ind simulations on each plot also introduce 

bias due to limited supply of erodible aggregates for each separate speed. The results should also be 

viewed as only representative of the two soil types investigated "'ith specific soil physical characteristics. 

and caution used "hen attempting to estimate erosion rates on other soils in the region using these data. 

It should also be noted that. unless othernisc stated. the "ind velocities quoted in this thesis relate to 

speeds at a certain point in the tunnel. equating to where the erosion sampler was placed. Wind speed 

quoted by meteorological services is commonly measured at I 0 m above the ground . In relation to the 

speed at 0.25 m height in the tunnel. the ·equivalent· I 0 m "ind speed ,,;11 be greater. due to lower 

frictional forces. Therefore any erosion thresholds discussed in this thesis "ii.I actually be slightly higher 

if they are related to meteorological data. 

5.2 WIND EROSION MANAGEMENT IN HAWKE'S BAY 

The tme usefulness of data and scientific infonnation lies in its practical application . In the case of this 

project. it is the implications for the management of "ind erosion in Ha'"-ke·s Bav. This research is 
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extremely useful for land managers and the HBRC, because it forms the first quantified assessment of 

\\ind erosion rates in the region, and investigates the possible influences on these rates. The main 

outcomes discussed above surround the fact that there are soil types in Hawke ·s Bay that are very 

vulnerable to wind erosion. This vulnerability is influenced by soil aggregate size, which in turn is 

influenced by cultivation intensity. The main implications of this project in respect to \\ind erosion 

management therefore relate to these factors. 

There are many possible approaches to wind erosion management on arable land. including: 

1. Reducing the wind velocity at the soil surface. 

2. Trapping soil particles. 

3. Increasing size ofsoil aggregates 

Nicholas et al.. ( 1995) produced a literature review on the possible methods of \\ind erosion control for 

Hawke ·s Bay landusers , therefore in this section the three approaches ''ill be discussed \\ith respect to 

the information gathered through the literahrre review and fieldwork components of this project. 

5.2.1 Reducing wind velocity at the soil surface 

The use of \\indbreaks. maintenance of crop residues. surface roughness. and strip cropping are all 

possible methods of using friction to slow \\ind velocities near the soil surface. They are also all very 

pertinent for use \\ithin the environmental and farm management paran1eters specific to Hawke ·s Bay. 

A major result from this project was the quantification of just how little erosion can occur under a 

minimum-tillage system . Such a system integrates aln10st total maintenance of crop residues \\ith 

development of surface roughness through planting perpendicular to the prevailing erosive \\inds. 

Anecdotal evidence collected through discussions through land users in the region suggests that uptake of 

such a system is still hindered by the mindset that minimum-tillage is a higher risk system than 

conventional cultivation. and likely to result in lower yields. The Land Wise initiative discussed in section 

2.2.3 includes a field trial designed to illustrate that gro\\ing sweetcorn \\ith minimal tillage can be 

financially equivalent to conventional cultivation. Seeing the results in person will be the best way to 

convince landusers of the benefits of converting to such a system. 

The reduction of \\ind velocity over the soil surface is relevant to the results of this project. The fragile 

nature of the Takapau silt loam soil illustrated a high susceptibility to aggregate breakdown \\ith even 
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minimal tillage. Therefore if a seedbed is required that needs the soil to be worked, for example the crop 

cannot be planted by direct drilling or minimum tillage techniques , the aggregates on soils such as the 

Takapau are very likely to be broken do\m to an erodible state. Consequently, the threshold velocity will 

be lowered and the land manager must look for methods of slov-.ing the surface v-.ind velocity. 

Surface roughness is applicable in soils that have a high enough aggregate stability that they can be 

cultivated and retain large aggregates. and resist abrasion of these aggregates under bombardment by 

rainfall or other soil particles . Of the two soils investigated in this sh1dy, the T akapau does not suit '"ind 

erosion management through surface roughness alone, while the more stable Pakipaki soils may suit this 

method . 

The most applicable techniques for both soil types are those that involve vegetation . Windbreaks, 

maintenance of crop residue, and the use of strip crops are all used in Hawke ·s Bay, but to varying 

degrees . It is important that landusers are aware of these techniques as options \\ithin their current 

cultivation management systems . and are able to apply the most appropriate technique to their individual 

situation . 

There are often gaps between knowledge of v-.ind erosion management techniques and uptake of these 

practices . The reasons for this can be many and varied, but often they are based on economics. 

International research has found that although many landusers know about shelterbelt benefits. most do 

not carry through v-.ith planting or maintaining shelterbelts . The main barrier to uptake is economic as 

many landusers consider the costs of shelterbelt establishment and maintenance to exceed the benefits 

received by them (Cable & Cook. 1997) This is also applicable to Hawke ·s Bay. as indicated in a small 

survey of arable fam1ers by Eastwood ( 1999). The H BRC has recognised the problem and is attempting 

to address it \\ith grants for erosion-related plantings. but the major uptake gains will come though 

convincing land users that the benefits from shelterbelts are more than just the timber they provide. There 

needs to be a wider consciousness of the non-market and diffuse costs of v-.ind erosion . This issue is 

discussed further in the next section. 

5.2.2 Trapping soil particles 

Ridging or roughening the soil surface are common methods used in the United States to trap moving soil 

particles. Ridging the soil through cultivation has minimal application to Hawke 's Bay due to the crops 
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gro"n there and their seedbed and harvesting requirements. Maintaining surface roughness was 

discussed in section 5.3 .2, and is a viable option only on soils \\ith stable aggregates and where a crop 

can genninate in a relatively rough seedbed. It probably is less applicable to Ha\\-ke ' s Bay than other 

methods of erosion control using vegetation and minimum tillage techniques. 

Strip crops and surface vegetation can also act to trap soil particles, in addition to their ability to reduce 

surface \\ind velocity. These methods are discussed in section 5.3.2 and in Nicholas & Kemp (1995) 

5.2.3 Increasing the size of soil aggregates 

Soil aggregate size is an important aspect in \\ind erosion management. and the emphasis on aggregate 

size in this thesis is an acknowledgement of that fact. It is this area of \\ind erosion management that the 

results from this thesis can be applied. A strong relationship between soil aggregate size and rates of 

erosion may not have been discovered through the fieldwork in Hawke· s Bay. but the weight of 

international literahire quantifying the relationship, discussed in the literahire review section. has proven 

the link . 

Maintaining or increasing the size of soil aggregates can be achieved through organic matter retention 

and minimising physical impacts that might cause aggregate breakdO\m. for exan1ple stock trampling. 

Organic matter levels are increased through crop rotations that include grasses and legumes and rehuning 

crop residues to the soil. The most effective method of increasing organic matter levels can be through 

not cultivating the soil at all and using direct drilling or minimmn tillage techniques instead. 

In tem1s of cultivation techniques to maintain erosion-resistant aggregates , the focus needs to be placed 

on minimising tillage wherever possible. The choice of cultivation method must take into account the 

sensitivity of the specific soil to aggregate breakdO\rn. The T akapau soil, for example, is very sensitive 

to aggregate degradation and this should be a primary factor influencing cultivation management. 

Soil moisture retention is another important erosion control option identified by this project. It is more 

spatially and temporally variable than many of the other methods discussed above, but it can be 

applicable in some situations. Chemical fallo\\ing instead of ploughing and rolling can help retain 

moisture, and such a system can be appropriate on fine-textured soils such as the Takapau silt loan1 

where little cultivation is required to produce the required seedbed. In some system irrigation can also be 
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used as a temporary wind erosion control technique, but in most cases it is impractical due to the time 

and volume of water required to cover whole paddocks, and the rapid removal of moisture by "~nd \\ith 

high evaporative energy. 

5.2.4 Summary 

Each of the \\ind erosion management techniques listed above might have some level of effectiveness if 

applied individually, but the real control of erosion is achieved through integration of several methods. 

Adoption of an erosion control paradigm in respect to whole fam1 management is essential. for example 

including possible erosion control methods in the next seasons crop rotation planning_ and budgeting for 

investment in shelterbelts. 

5.3 POSSIBLE POLICY INITIATIVES FOR WIND EROSION MINIMISATION 

5.3. I Factors influencing uptake of management advice 

In order to discuss possible policy initiatives uncovered from this research_ it is first useful to distinguish 

that there will be barriers to policy implementation and uptake_ and outline what some of these barriers 

may be in regard to \\ind erosion . There are many possible factors influencing uptake of \\ind erosion 

management techniques and these \\ill affect any the design and implementation of any policy initiatives 

As discussed previously economic barriers. real or perceived_ are often significant impediments to 

adoption of new techniques (Cab le & Cook. 1997) A study in Sahel also found that although protection 

against \\ind erosion by \\ind breaks was a promising measure_ farmers were reluctant to iniplement them 

due to uncertainty about their benefits (Michels_ 1994: cited in Sterk. 1997). 

The identification of economic benefits surrounding a management option does not lead to instant uptake 

by landusers . A survey of landusers in Canterbury found that practical experience, soil conditions, and 

types of crop to be gro\\n, rather than cost efficiencies influenced the choice of cultivation method 

(McGuigan, 1989). Erosion control was considered the least important factor. The survey identified a 

shift from conventional to reduced cu ltivation in Canterbury but the decision to change was driven more 

by cost effectiveness, maintenance of soil structure and moving to an easier system than erosion control 

(ibid.) . Changes in cultivation practices are also influenced by the type and age of equipment O\\ned by 
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the landuser. The landuser will obviously be reluctant to buy new equipment required to undertake 

minimum tillage if they have a plough, discs, and cultivator that '"ill return them little if sold. 

There is also an overall need for awareness of '~ind erosion as a serious issue in Hawke ·s Bay before any 

initiatives '"ill be successful. 

5.3.2 Policy approaches at regional council level 

The Regional Council is very focussed on reducing the incidence of accelerated '"ind erosion through 

non-regulatory methods . Land management officers are very proactive on the issue, facilitating research. 

organising field days and demonstrations , collecting information for dissemination to arable land users. 

and providing one-on-one advice were required. The Council has a well-rounded repertoire of policy 

approaches as just mentioned, but the impetus for increased erosion control needs to be transferred to 

landusers themselves. and the current Land Wise initiative is aimed at doing this (section 2 .2.3 ). 

The dissemination of infonnation is a very important facet of the non-regulatory approach adopted by the 

HBRC. Uptake of the infomrntion requires '~ind erosion being accepted as an issue by landusers . The 

issue therefore needs to be highlighted. and emphasised to the '"ider community. Frequent articles in 

local papers on the subject currently aim to achieve this goal. but there are other possible approaches . 

McTainsh & Leys (1993) discussed a climatic index of potential erosion. The index utilises \\ind 

erosivity and soil moist1ire infomrntion to predict '~ind erosion risk . A similar index might be of use to 

the HBRC to increase awareness of wind erosion risk in the region on a weekly basis . Using basic 

infomrntion supplied by this project on \\ind erosion thresholds and rates for two erosion-vulnerable soils 

in the region. and using meteorological data, the Council could tum a long-range weather forecast into a 

''ind erosion risk scale. A scale could be devised which states the potential erosion risk for certain areas 

of the region as either ·extreme· , ·high·. or ·moderate· . when vulnerable soils are cultivated. 

The scale would be very general in application, and would operate in much the same fashion as the · Fire 

Risk· scales that are used throughout New Zealand. Adjustable signs could be erected in the most 

erosion-prone areas , and a erosion-risk scale could be included in the local newspaper during periods of 

high erosivity, for example in a weekly farming supplement. 
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The limitations of such a scale would occur due to the varied nature of weather and soils across the 

region. and trying to produce a standard ·erodible· condition against v;hich the climatic conditions could 

be compared. Having a low risk day or week may lead to problems if it docs blow because a false sense 

of security may be created. Any such initiative would have to be carefully constructed as a guide only. 

and so as not to open the HBRC to criticism or even litigation. 

An alternative approach is to undertake site specific "ind erosion risk assessment. using the information 

uncovered by this thesis. Individual properties could be assessed for their erosion risk. in line \\ith the 

fam1 management plans produced by the council. The relative risk would be based on the soil types 

present. current managen1ent techniques. presence of shelterbelts. and potential \\ind run . Some general 

management techniques to reduce this risk could also be suggested. This approach may not be feasible as 

a stand-alone assessment due to the cost of staff input. but could be included in an ornrall erosion 

assessment - or as a prerequisite to grants for shelterbclt establi shment. 

Whatever approach adopted by the HBRC to address the issue of wind erosion in the future. it needs to 

take into account the physical processes of "ind erosion . the social and economic constraints faced by 

landusers. and the capabilities of the coUl1cil itself. 
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5.4 ACHIEVEMENT OF PROJECT OBJECTIVES 

The focus of a research project is lo fulfil the original study objectives . It is useful to look back at the 

obj ectives slated in the introduction and briefly discuss how they \\"ere achieved. or if they weren't 

achieved. what the major reasons were. 

Objective 1: 

Investigate the effect of different cultivation practices on wind erodibi lit~· of selected 

Hawkc's Ba~· soils. 

Several diff crcnt cultivation practices were simulated for this project. all indicative of pract ices used in 

Ha" ke · s Bay. The results discussed above proved very interesting and not completely in line ''ith what 

may ha,·e been expected. The actual effects of increasing cultivation intensity were not statistically 

s ignificant. but the low erosion rates under mini.mum tillage is a graphic example of the potential for 

\\ind erosion contro l through cultivation management. 

ObjectiYe 2: 

lnYestigatc the influence of soil aggregate size on sediment flux of cultiYated soils. 

A significant relationship between soi l aggregate s ize and sediment flu x was not determined in this 

project. This is not a result of poor selection of cultivation methods. rather a result of the intricate factors 

involYed in ''ind erosion. A range of soil aggregate s izes was not produced on the T akapau site. probably 

due to the extreme ly fragi le nature of aggregates in that soil. Culti \'ation on the Pakipaki plots produced a 

''ide range of aggregate sizes but although there is an indication of a relationship. it ' '"as not statistically 

significant. The objective of inves tigating the influence of soil aggregate size on erosion rates was 

achieved through the methodology adopted. but no fim1 conclusions can be made on the nature of the 

relationship. 

Objective 3: 
Discuss implications for management of cultivation to reduce wind erosion in Hawke's 
Bay. 

The results uncovered in this project highlight some interesting v.ind erosion-related issues. As discussed 

above. the aggregate structure results on the T akapau trial plots show that cultivation should be avoided 
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on soils with similar characteristics due to the high risk of aggregate breakdo'"n a subsequent wind 

erosion risk. On such soils the use of minimum tillage, and preferably no-tillage, techniques are the most 

appropriate for continued arable farming. While results indicated that soil aggregate size can be 

manipulated on Pakipaki sandy loam soils , the wind erosion risk is still high and this means a whole-farm 

approach to wind erosion control is required. Such an approach would involve techniques such as sh1bble 

retention. mininrnm tillage, careful tillage timing and establishment of shelterbelts. 
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6. CONCLUSIONS 

Two soils types were used for the investigation, a T akapau silt loam and Pakipaki sandy loam. The local 

Regional Council identified these soils as vulnerable to \\ind erosion. A portable \\ind tunnel was used to 

simulate erosion on these soils. 

Increasing in cultivation intensity did not produce a significant impact on the erodibility of the Takapau 

silt loam and Pakipaki sandy loan1 soils investigated . Results indicated that there was an increase in 

relative erosion rates on the Pakipaki soil. but this was not statistically significant at the 95 percent 

confidence level. 

Erosion rates w1der a minimum tillage system were almost negligible. and over a magnitude lower than 

erosion rates on an equivalent soil dishtrbed by cultivation. 

Increasing tillage intensity did not produce statistically significant differences in soil aggregate size on 

the T akapau soil Statistical differences ( P:::;O. 05) identified that increasing tillage intensity produces a 

seedbed \\ith decreasing levels of soil aggregation 

A narrow range of soil aggregate size > 0.85 mm in the cultivated Takapau soil prevented any 

relationship being identified between soil aggregate size and sediment flux rates . Visual assessment of 

the results suggested a negative relationship between percentage of aggregates over 0.85 mm and 

sedin1ent flux rates on the Pakipaki soil. Regression analysis did not support the relationship at the 95 

percent confidence level. 

Surface soil moishtre was a significant limiting factor on erosion rates at the Takapau site. Moishtre 

levels in the top I 0-15 mm of soil averaged over 7 percent and some exceeded I 0 percent, causing a 

limited sediment supply for the \\ind tunnel research . 

Wind erosion management on soils such as those investigated requires an integrated approach . The 

results of this project indicate that reliance upon erosion control through maintenance of large soil 

aggregates \\ill not prevent significant erosion from occurring, due weak aggregate stability, especially 

on T akapau silt loam soils. Management techniques that act to slow the \\ind surface \\ind velocity \\ill 
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be most effective on these soils. Such techniques include shelterbelt planting, maintenance of surface 

residues, and strip cropping. The most effective method of reducing wind erosion on arable land is use of 

minimum tillage techniques. 

The methodology used for this project encountered several limitations . Use of cumulative v.ind erosion 

simulations on individual plots introduced supply limitations of erodible material. This was exacerbated 

by high surface moisture contents in Takapau plots. It is recommended that if the portable \~ind hmnel 

used for this project is used for similar scientific assessment of wind erosion in the future, its use be 

concentrated on examining relative differences in erosion rates between soil types, and between 

cultivation management options . lnformation derived from experiments v.ith this v.ind ttmnel is not 

appropriate for estimation of actual erosion rates. 
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APPENDICES 

A-1 GLOSSARY 

Aeolian processes: 
Wind crosi\·ity: 
Threshold friction velocity (u• ): 
Boundary layer: 

Surface roughness (z) 
Erodibility 

Site 
Block 
Plot 

another name for ''ind erosion processes. 
the capacity of the wind to erode. 
the friction velocity value at which entrainment starts . 
depth of the air now above a surface \\here the now is 
affected by the friction c ITccts of the boundary or surf acc. 
roughness of the soil surface. 
the susceptibility of soil particles to detachment and 
transport by an erosive agent. 
One of the two soil types investigated. 
A collection of six plots. Four blocks at each site. 
Individual replicate of a treatment. 
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A-2 SOIL SURFACE MOISTURE CONTENT 

Figure A-2.1 : Soil surface moisture conten t of Takapau and Pakipaki plots 
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A-3: SEDIMENT FLUX FOR T1, T2, P1, AND P2 

Figure A.3 .1: Sediment flux at a range of \\ind speeds w1der treatment Tl 

Sediment flux of T1 treatment 
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Figure A-3.2: Sediment fltL'"< at a range of ' "'-ind speeds w1der treatment T2 
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Figure A-3.3 : Sediment flm at a range of wind speeds tmder treatment PI 
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Figure A-3 A: Sediment fltL'< at a range of \\ind speeds under treatment P2 
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A-4 MINIMUM TILLAGE SEDIMENT FLUX 

Figure A-U : Sediment fltL'< at a range of ''ind speeds tmder minimwn tillage on Pakipaki site 
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Figure A-'.2: Sediment fltL'< at a range of ''ind speeds w1der minimwn tillage on Takapau site 
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A-5 NUTRIENT CONVERSION FACTORS 

To convert me/ I OOg to ppm: 

(K I 1.278) x I 0 
(Ca /2 .495)x 10 
(Na / 2.175) x JO 
(Mg / 4. 113)x 10 

To convert ppm (µg/g) to kg/I OOt soil 

ppm I 10 

A-6 EXAMPLES OF SPSS ANALYSIS 

A-6. t: Regression analysis on innucncc of aggregation. moisture and aggregate stability on 
sediment nux. 

Descriptive Statistics 

Std. 
Mean Deviation N 

FLUX 3.3188 3.5251 24 
DRYAGG 46.1930 13.0632 24 
MOIST 4.6863 .9734 24 
AGGSTABB 4 .5341 .4622 24 

Correlations 

FLUX DRYAGG MOIST AGGSTABB 
Pearson Correlation FLUX 1.000 -.512 -.064 oz 

DRYAGG -.512 1.000 .240 - 06S 
MOIST -.064 .240 1.000 .171 
AGGSTABB .023 -.069 171 1 00( 

Sig. (1-tailed) FLUX .005 .383 .45E 
DRYAGG .005 .129 .37!: 

MOIST .383 .129 .21:! 
AGGSTABB .458 .375 .212 

N FLUX 24 24 24 2L 
DRYAGG 24 24 24 2L 
MOIST 24 24 24 2L 
AGGSTABB 24 24 24 2L 
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Model Summary 

Std. Error Chanqe Statistics 

!\dj usted R of the R Square 
Mode R R Square Square Estimate Chanqe - Chanqe df1 df2 
1 .516a .266 .156 3.2385 .266 2.417 3 20 

a.Predictors: (Constant), AGGSTABB, DRYAGG. MOIST 

Figure A-6.2: One-way A NOVA testing for significance bel~ ecn aggregates size on plots. 

I = T l 
2 =T2 
3= T3 
4=PI 
5=P2 
6=P3 

VAR00002 

Between Groups 

W ithin Groups 

Total 

Sum of 
Squares 
7251.433 

1482.843 

8734.276 

ANOVA 

Mean 
df Square 

5 1450.287 

42 35.306 

47 

Wind erosion in I la\\ i..c· ~ Ba~ : the inlluenct: of c:u ltiwtion and soil aggregate &i7c 

F Siq. 
41.078 .000 

Sig. F 
Chanq' 

.09 
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Dependent Variable: VAR00002 

Bonferroni 
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Multiple Comparisons 

Mean 
Difference 

(1-J) Std. Error 
-.3750 2.971 

.2938 2.971 

-27.4788* 2.971 

-26 .6488* 2.971 

-4 .9750 2.971 

.3750 2.971 

.6688 2.971 

-27.1037* 2.971 

-26.2737* 2.971 

-4.6000 2.971 

-.2938 2.971 

-.6688 2.971 

-27 .7725* 2.971 

-26 .9425* 2.971 

-5.2688 2.971 

27.4788* 2.971 

27.1037* 2.971 

27.7725* 2.971 

.8300 2.971 

22.5037* 2.971 

26.6488* 2.971 

26.2737* 2.971 

26.9425* 2.971 

-.8300 2.971 

21.6737* 2.971 

4.9750 2.971 

4.6000 2.971 

5.2688 2.971 

-22.5037* 2.971 

-21 .6737* 2.971 
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95% Confidence Interval 

Lower Upper 
Sig. Bound Bound 

1.000 -9.6218 8.8711 

1.000 -8.9531 9.540E 

.000 -36 .7256 -1 8.231~ 

.000 -35 .8956 -17 . 401~ 

1.000 -1 4.2218 4.2711 

1.000 -8 .8718 9.6211 

1.000 -8.5781 9.915E 

.000 -36 .3506 -1 7.856~ 

.000 -35.5206 -17 . 026~ 

1.000 -13 .8468 4.6461 

1.000 -9.5406 8.953 ' 

1.000 -9.9156 8.578 ' 

.000 -37.0193 -18 .525; 

.000 -36 .1893 -17 .695; 

1.000 -1 4.5156 3.978 ' 

.000 18.2319 36.725E 

.000 17.8569 36.350E 

.000 18.5257 37.019'. 

1.000 -8.4168 10.0761 

.000 13.2569 31.750E 

.000 17.4019 35.895E 
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