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Abstract.

The aim of this thesis is to assess the concept of sustainability and apply it
in a practical sense to New Zealand agroforestry. Sustainable
management of natural resources is fast becoming recognised as
necessary for the long term survival of our species. The agricultural
communities prominence as the major user and steward of New
Zealand’s natural resources requires change in the values placed on
these resources by farmers, and the incorporation of the principle of
sustainable management at the farm level.

The concept of sustainability is broken into three component parts;
economic, environmental and social sustainability. Each of these
components is broken again info specific measurable principles. Through
literature research and a case study, the principles are applied to
agroforestry, and a conclusion reached.

It is found that given good management practices and normal business
risks, agroforestry had the potential to maintain the natural capital stock
and remain relatively profitable. Agroforestry is also found to have the
potential to maintain the life support systems and biodiversity of the
environment. Finally agroforestry is found to positively impact on rural
societies, and provide the necessities of life and is relatively robust to
political change. This thesis concluded that agroforestry as practiced in
New Zealand is a profitable enterprise which improves the environment
and increases the viability of many rural communities.

i1



iii

Acknowledgements.

Thank you to my supervisor Mr D. Williams, Senior Lecturer in the
Department of Planning, Massey University, for his academic guidance.
Thank you to Mr D. Hocking, who dllowed his life and land to be put both
under the microscope and on paper, and thank you to Mr H. Kidd, who
gave English support.

| would also like to extend my gratitude to Dr M. Roche, Dr M. Tuohy and
Mr S. Laghai for offering a wandering eye over my work.

Finally my thanks for the support of my parents, family and friends, who
listened patiently to the joys and woes of my research.



Table of Contents.

R GRS Y GO TYOTT I aumiaoniinsis wss  S A ET Re ii
T T T MBI om0 0095 35 0 TS AR RS Vil
List Of Abbreviations..........c.cccovevns . T . W N W S iX
Chaplter 1. IPIOCUCTION oo ormismismssimimm sy e a6 s s 1
1.1 BACKGIOUNG......uviiiiiiiiiiiiisiii i s 1
1.2 AIMNS AN CIBISCTTIVES v ivsi s e s e e 6
1.3 BRIy I I P I G anivncmrsemes s o s A RO P 6
Chapter2., AgitEsiVmarmasimir s SRR 7
2.1 Agroforestiry: The World PerspectiVe.......uivunsmimiai e 7
22 Agroforestry: New Zedland Perspective.........vvvimiiiiniin, 10
2.3 DefiNItIONS. .o 12
Chiapterd. OSUSTOIRGIEIIT s ammvmsmmesorenios s s s s smin s 16
Chapter4. Measures Of SUSTAINADIIITY. ..viiiiiarmaiiiimiim i 20
4.1 Econgmic SUstalnaBilily . uavimaias R — 20
4,1.1 Sustainable Yield Harvesting....c.c.oovvvveiiniinnninin 21
412 Sustainable Waste DISPOSAL........cciiviiineiinmieinnineeeniesnee e 22
4:1.3 Depletion Of Non-Renewdable ResoUrces............coiviiieiiinien. 24
414 SO RS T N sk s ons s R AR AN 25
4.2 Environmental SUstaiNABIlTY.......ccovvivvirininnnrien, 26
4.2.1 Conserving Life SUppOrt SYStEmMS.......iiciinininnminiemeerns 26
d4:2.1,) T T T Yoo o3 SR G A AN G5 ARG AR 26
4.2:1.2 NUTHENTS. ..coveiienneninesonensniessseseineeesesonssssssnesssnsesssssnnsassnsnsssonsnnns 27
42.1.3 A M EIIT o i e A R S e 29
4214 NV D NI oo atons w9 Ve R VAUV U SRR SRS R 30
4215 SOOI MEAIUM....vtiviiirerrrienie s srs b s be b s eassennes 30
422 BISEIVEISHNG v s i R L TR R T a0 31
4.3 Social SUSTEINOBIIY ... wiamamammasmnwsssass s a3
4.3.1 Respect, Care, And Equality Within The Community........... 34
43.1.1 Shiaring 1Of Benefits ANd Costs..iminaimanaamsmnnaiansasin 34
43.1.2 Adeguare: PErhicipalionsusmsssaseasmvesmansss s 34
4.3.2 QUAiTY OF Lif€..uuveiuiiiiiiiiiiiiiiiiies i s sse e sssenenss 34
4.3.3 Culluial SUStanoBItY s smarsmirinss i s 35

iv



434

Chapter 5.
5.1
8.1.]
5.1.2
513
514
5.1.4.1
5142
52
52.1
522
53
5:3.1
63.1.]
53.1.2
53.13
53.1.4
532
533
534
534.1
53.4.2

Chapter 6.
6.1
6.1.1
6.1.2.
6.1.2.1
6.1.2.2
6.1.3
6.2
6.2.1
622
6.2.3
6.3.
6.3.1
6.3.1.1

PoONCH SUSIARODBIY. - casmmimmmmomeminnsiysavisomsmssmme 35
Results Of Other STUAIES. ... eesnes 37
ECONOIMIE SUSTTINGDIIY. v imunminimmuimmishis s 37
Sustainable Yield Harvesting. ... 37
Sustainable Waste DiSposAl...........cviiieieiemimmmmmmiireeereecnes 39
Depletion Of Non-Renewable ResoUrces..........cciiiiinnnnn. 41
S O UG I cunn v vt g AT AR s S T AN TSN T 42
Factors Effecting Profit@bility......coooiimi .. 42
Agroforestry Economic Case StuAIes. ... 47
Erivironrmental Sustalin@bllly ..o 52
Conserving Life Support SYystems........ocimmin. 52
BloGVEIBIRE s s R T B G 68
SOGICL SUSTAINABIY o ivammasnuarnsii TR 72
Respect, Care And Equality Within The Community............ 72
Sharing Of Benefits And Costs Of Agroforestry...........cevevienne 72
Equitable Distribution Of RESOUICES......cccuviivinmivinmmiiiieinan. 76
Equal Access To Participate In Agroforestry.....ceen. 78
Adequate PartiCipation.........ovoiieri s, 78
Quality Of Life........ R R R i R e 80
COtharal SUSaINabIY. .. vuiunvsaiiissmssssesssivsiisiasmis 80
PO ST o iivs mommicsmmsiionsemneie e o soising 83
BN O GOVOITHTICINT o5 anssraointisiams it nxsmaniis sy s einyassaasrinsd 83
Local Government.....iin, . 87
Case Stuay. Rangiioro FErm, BUllS: iuwrirrsmsvimisrimiizatisses 89
MEIGAOIBONV. cusiimnvmasevisiismnmimmmyR AT 89
Economic Sustainability Methodology.........cociniinennne 89
Environmental Sustainability Methodology.........cccevvreeeerenen. Q0
Life Support Systems Methodology.......cuiimiiimmn. 91
Biodiversity Methodology....iusummmumssmsinnssssmsmasssaasses Q3
Social Sustainability Methodology......irvniiinn.. 93
RANGHOTO POMTTE, BRI, o i ssssmissaeimesains i e s s 94
IO simennentinnsram s s A R Y kR A HR 94
RGO BN o crunstsivsinsmancnimams s aams Soas R o FRAS o AV S XA RIS Q4
Thie FOUl DRINSS. anmavmimanisssssrania e minin 95
ot Shudly RESUNS. . nassismusamnisinsisiuivamissiai 101
Economic Sustain@bility.........cooimimiminin i, 101

Sustainable Waste DISDosaliiamiiniuiimsmmmiisi i 101



6.3.1.2 Depletion Of Non-Renewable Resources...........occvvviennnenn. 103
6.3.14 ECONOIMIC RO wuiaumninsiisnmimsiiassivssiemsisimn s 104
6.3.2 Environmental Sustainability..........ccccviviniviinininneneronen. 107
6.3.2.1 SON BTGOSO v s i B e D T S 107
6.3.2.2 NGOG VTG s soniinvnnovniisiumineies vorsanssusnansiiivs s ssassiisos sviiey v 110
6.32.3 PRVSICOE PrOROMIOR. ..cnsmimimmmssmmssiisicsmssisoamsisis 111
6.3.24 ChHEmMICO ARICHVEIS: vy s esrsrssssissstonnsesnumonsn i sassmomspeeasessaness 114
6.3.2.5 BoraniCAl CoMPOSTHON...civasimmamianmauammrmmmisimg 117
6.3.2.6 e B G TE o R e SR IS R SRR 118
6.3.3 Social SUSTAINADIlITY ......civvvriiiii i 121

6.3.3.1 Respect, Care And Equality Within The Community.......... 121

6.3.3.2 CRIOHTY OF LG iunivscisimsvassnsiiipinsssns s i S iy vinsesiss 124
6.3.3.3 Cultural Sustain@bIlity.......coov i, R T 127
6334 Polilical SUBTOINOIIIY «iiniinimin v imsimmomimmms s i 128
Chapter 7. Summary And CONCIUSION. .......coiivmirieiinininmiieesnsiiniee s 130
7.1 I s SRS AR B L D R T D T AT 130
kil B ONOIMIES s s W R I TSRS Vo s 130
212 DL g g, s, T R PO RE S 132
713 NGO s e B R T R R AT T I A P AR e 134
T2 a8 ] L 135
Appendix A: A.LE.M. INPUT DOTQL.uuiiiiiiiiiin i s s 138
Appendix B; PCSTANDPAC DatQ. i wmimimsmsismiitaassimiiisimmimisioms 144
Appendix ©: AEM. OUIpUF TOBISE. ey o 145
Appendix D: Environmental DAtQL....vinimmiimimii s 148
Abpanddt B Sotial DG s misasinniss i e i i 158
D T N e en syt P o R e R R T AT SN AT o T s isoni s asinsd 168

Vi



List of Figures.

Figure 1: Agroforesiry Nulhient Cyole. i umanmanimsinsimumainyiissi@i 83
Figiire 2480l Niroger Al TRIems.. . amammmssnnsramannsimssirmisvims 54
Figure: 8; Soll Phosphorus AT KIS, amammsanmamanmass oo 55
Figiuie 4: Soil Sulphur Al TKITEIS s sinmisisimnsimnamiimmmis i 56
Floguie 5 solliCaicium Al TRESIS . mnuamvsammmasrmmstmm v 56
Figure 6: Calcium Concentration Changes.......iuseesmomiomsessseesin T 5/
Figure 7: Soill Magnesium AT TIKIFGIE. . ... c.ussssmssiminmisissmmsisivisivaisinsssmnssssansmnnis 58
Figure 8: Magnesium Concentration Changes......iiiimmi i, 58
Figure: 950l Polassiarm Al TRITeI8. v nasarmmensimnsrscmmso aeswsass s o 59
Figure 10: Potassium Concentrafion Changes......cimiomimmmn, 60
Hgure 11: Soll Sodium AT TIKReIS cuusmnsanummsrmmiimaumusinsnusmess 60
Figure 12: Sodium Concentration Changes........awaiiismimimisasisens 61
Figure 13: Soil Minor Elements At TIKIFere......ovvimi . 61
Figure 14; Daily Wind Run AL TIKIere wssmnmimsauinimsmsawaimmm 63
Figure 15: Mean Annual Soil Moisture At INVerMaAy ... 64
Flgure: 16: Soll Organic Matter ..o o mmnssavsy o sessn 65
Figure 17 Trends In oH At TIKTGrS: s immiassmicasamimvain s amsimmaiisg 66
Figniig 18! Changes inidoll PH.uuwsmmunsaarmmmasvassaammasrssssaas 66
Figure 19: BIodIVErsity....ccccnimmmmmimmnmn W T W S W, W 68

Figuire20: Soll Fauna: Al TiKIHere, 1991 isnuiaanmmanaiiimimimasm i 71

Eigiuye2Y: Brangen Hall BRNE.ciuwmmmismisaiimnissnsisvinmmismeismisn 98
FIIrE 2 R el LR s s emimmmoon s e s s omm s s R SRS i 98

Figure 23: Rangitoto Farm, Bulls, New Zealand............cccccvvvnininiiiniiinininens 99
EGre 28 NG, T PURiBia s e s i s s 100
e 28 RGO DI i sixumiunion i nississts iistsoositasnivissmmsxior ins S i sduussanimnns 100
Figure 26: Farm Cashflow - Using Own LAbOouUr ..., 105
Figure 27: Net Present Value - Using Own LAbOUN ... 106
Figure 28: Slumping On Rangitikel DUN......umimimmniimmimsisnrssssm 108
Figure 29: Eastern Slope Of Rangitikei DUNe.........coviminimmnn . 108
Figtire 30; Gouging Caused By SKiddel...xiiiainiiiaimiaiamsiiiim 109
FIgairs 3 g anE COMENE .commenmmaimmmssmis s i sy G 110
Figure 32: Moisture DifferenCes. ... e 112
Eicgtire 33 BUE DISIRSHNG s isss e i nas s i s oy oami 113
BT 3 SOMIPIOHNOS, s cnmionssumnimnsnnnress o oy s asaies s e b s e s 114
Figure 35: SOl FErtlTY.....uviveiiimimiiiseissiniis s sese s e e 116
Figure 36; Companson Of DAl swaupmsinminmnmpnisomnimsammamam 117

Figure 37 Botanical Compositioni...camsuaarssssmmms s 118

vii



FEITeE 38 SO PN s isininiasans o vosanis i s s e BT s T 119
Figure 39: Four Different Mushroom Species At Rangitoto Dune................ 120
Figure 40: Moss’s, Lichens, Etc At Rangitikel DUNE........cc.coovviivineninnininnns 120
Table Al: Area Planted And Ared Felled........ovviiiiiiiicinne, 138
Tetaler oy e RAS DB o mosaraamman swmmssssis s o st B s s s RSB 139
Table A3: Labour Requirements ANA CoOSTS.......ooiviriiiiiiiiieriiiiieiininiereeses 139
Taible Adi SpreadsNos] VIAIUES vt mnmsiiseaissm s 140
Table Ab: LIVeSTOEK UNIS: .o mmmvnmmsmmiamns s oo s s i 141

Table Aé: Log Aggregation TADIE........ccviiiiiiniionmnne e 141

TABIE AT POl A COUNTES o s 5 i e s i s A B 142
Table B1: Parameters Used For Stand Growrh........cuiinin. 144
Table B2: Farm FOrestry REQIME........oviiiiiiiniiiiiisiiiseinisss e e snissssseens 144
Table C1: Net Present Value Of Marginal Investment..........cccceviviiiiinninn 145
TableC2: Total Famm SashloW anavausasnmsws asmsis PR ne—— SRR 146
Table €3, Intenycl Rote O REIY womawammenmmmmisisssoccsmamsssmsim 147
Table D12 Ol MOITEE .« rmsissmmesnsnssmprmanissmmiamsensmiumsstimnsinmmam e 148
Table D2: Statishics ForOmganic Maltel..uowmnssinsnnsnmassmsmmss 149
Table D3: Molstinre Contont. «ovamsammrasmorsvsisssm s 149
Table D4: Statistics For Moisture Content............... A SN S, 150
TablEB5: Pry BUllke DERSHV osrasmsissmim i v i s 150
Table: Doy Statistics, For BUlk DemBity. v avsimsiisssiamsisas i 151
Table D7: HUMUS CoNTeNT. ..o esnsssisssseesssnes e 151
Table D8: Stafistics FOr HUmMUs Content .ciuummanmisusismimaisvmssmnsin 162
Teble DY: Bloele SCe] e oo s s e bumsssosasss s mmaii 162
Table D10: Statistics FOr BIACk SANd........cccoiveiiririnm i i 153
Table D11 : SOl Ferfillty RESUNS L v uwm s e isava i 163
Table B2 Botarieol COrMBOsHOn s vuiiiiaiesimimive 154
Table D13: SOil FAUNQL....cieiiiiin e s ssnse e 156
Table D14: Historical Values For Foxton Sand Soil.....c..cuiimmismismsivim 157

Figiure'E1 Bulls Population 1981=199]c.cuaninssiimnssismsmcnasinmsasis 158

viii



X

List of Abbreviations.

AEM. =
CCA=
DSIR =
EEC =
EPA =
GATT =
GDP =
ICRAF =
LSU =
MAF=
MOWD =
NPK =
NZFS =
PCP =
ppm =
RMA =
SPH =

Agroforestry Estate Model

Copper-Chrome- Arsenic

Department of Scientific and Industrial Research
European Economic Community

Environmental Protection Agency

General Agreement on Trade and Tariffs

Gross Domestic Product

International Council for Research in Agroforestry
Live Stock Units.

Ministry of Agriculture and Fisheries

Ministry of Works and Development

Nitrogen Phosphate Potassium.

New Zealand Forest Service

Pentachlororphenol

Parts per Million

Resource Management Act 1991.

Stems Per Hectare





