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Executive Summary

A focus on adaptation encourages a shift towardstipe thinking and actions in
relation to climate change. The results of thislgf founded on engagement with key
kiwifruit growers, strongly reinforce this view. his study has built on a foundation of
work that has focused on climate change and kiwjfas well as previous adaptation
work with farmers and kiwifruit growers. The kiwifit industry is currently well
placed to adopt a planned, proactive, approactdéptation. The timing is right for
such an approach. This and previous work has gedvome valuable momentum with
a core group of growers engaged, a number of wharkeen to contribute to next
steps. There are key areas that need attentemadst important ones being:

» Communication and education throughout the industryclimate change and
adaptation with a focus towards practical solutiand actions.

* Long-term strategic research aimed at making thstrbthe climate resource
in the future and minimising risks and costs. @fhdamental importance is
breeding of new varieties that require less wirdkilling and produce high
quality fruit. Pest and disease issues, waterthacevolution of management
and post-harvest systems will all require somentitte as well.

» The identification and realisation of marketing ogpnities. There is an
opportunity for the kiwifruit industry to profile gsitive stories in relation to
climate change and adaptation.

» Water allocation issues need to be resolved fofuhee. Environment Bay of
Plenty is currently working on a Water Sustainapibtrategy for the western
Bay of Plenty. It is hoped that the opportunityrésolve relevant issues will be
taken in the development of this strategy.

The wider relevance of this work is in the groumgdof current scientific knowledge
with practical, forward thinking people. A two waljalogue emerges from such an
approach. On the one hand people on the grounchare informed about the science
and able to make it relevant and real in what #reydoing and in their future planning.
On the other hand the information and thinking etlaby people on the ground
provides insight and direction that is very reldvdar the policy and science
communities. It provides the opportunity to beatgtgic, practical, efficient and
effective with our resources.

Key findings from Parts 1 and 2 of this report presented below.



Part 1 — The current state of knowledge

Climate variability and change

As with other New Zealand regions, the changeaiieate of the Bay of Plenty
is a result of natural variability and chaos alawith influences from observed
phenomena.

Observed phenomena include variations as a re$uheo El Nifio-Southern
Oscillation (ENSO) and the Interdecadal Pacific ilg@on (IPO) and an
underlying warming trend (0.1°C per decade overléise 100 years) which is
consistent with human-induced climate change.

Current scenarios of climate change show a mideamgrming in all kiwifruit
growing regions of about 1°C by the 2040s and 3P@b 2090s. The scenarios
indicate drier winter and spring conditions in eastNorth Island growing
regions including the Bay of Plenty with slightlyetter summer and autumn
conditions in the Bay of Plenty, Gisborne, Hawkg&y and Nelson/Tasman.

There will be changes in extreme weather eventalinregions with the
possibility of increased westerly winds in winteidaspring, decreased frost risk,
increased incidence of high temperatures in suminergased frequency of
extreme daily rainfalls, and a possible increassriong winds.

Impacts on kiwifruit

All published impact studies to-date have focusadtle Green (‘Hayward’)
variety. Since the first published assessmeninpfaicts in New Zealand (MfE,
1990), winter chilling has been recognised as aikdicator of sensitivity to
climate change of kiwifruit.

Research completed in the 1990s as part of the GRAEITS research

programme showed that a warmer climate would leaddter budbreak, a drop
in flower numbers, and a southward shift in regiarth the best temperature
conditions for Green kiwifruit. It was concludduht production of Green in the
Bay of Plenty would become uneconomic by the middléhis century without

HC or a suitable substitute.

Overview of adaptation

Adaptation involves measures to either reduce vability or increase
resilience in response to changes in climate ttet loe experienced or
anticipated.

In the first published assessment of impacts in Mealand (MfE, 1990) it was
suggested that relocation of the kiwifruit industould be required.

In a more recent review (Kenny, 2001) a phasedtatiap response was
recommended with a focus towards breeding of neveties and maintenance
of production of high quality fruit in the Bay ofe®ty.

Initial consultations on adaptation were held vgtbwers and others in the Bay
of Plenty in 2006. Key messages from this workewer



» Climate change is clearly an issue that the inglusteds to take a lot more
seriously, but there is a need to go beyond théntl

» Use existing growers as role models. There amngber who are already
doing relevant things.

» The water situation needs to be sorted out withilenment Bay of Plenty
taking the lead on this.

» Coordination between the different parties is ndedeensure consistent
messages are being given out.

In order to go beyond the talking the key advice veafocus in more depth on
innovative growers who have potential to providediership on adaptation.

Part 2 — In-depth consultations on adaptation

Current climate challenges

There is a general consensus that over the lastyf@ars the seasons have
notably changed towards warmer winters, less rgligpring conditions with
increased frost risk, and warmer autumns.

Such changes are generally consistent with seas@mals identified by NIWA
and are consistent with current scenarios of cknediange. It should be noted
that there is an observed trend towards warmemgpconditions and an
expectation that frost incidence will decrease lieqfiency over time with
climate change. This does not exclude the poggilmf damaging events as
experienced with greater frequency in recent years.

Main concerns and challenges are related to losgraér chilling with warmer
winters, increased risk of late spring frost, effeaf warmer autumns. There is
also some concern with a possible increased fregueh hail and of insect
pests.

There are on-going challenges with strong windsitiqudarly with Gold
kiwifruit in the period from November through torgaJanuary.

Current management tools/systems

Kiwifruit growers are faced with a significant cledge to deal with the inherent
variability of climate, changes in climate and atlgsues, and to consistently
produce high volumes of a quality crop for the ne&rk

There are a relatively small number of growers ahe actively meeting this
challenge. These growers are providing leaderahibare actively involved in
experimentation and innovation.

The majority of growers and managers are apparsirlggling, as reflected in
low average returns in recent years.

The current adaptive capacity, in terms of avadlablanagement tools and
systems, is high. There is a wide array of managentools and systems
available to growers including traditional toolsckuas HC, increased



sophistication with microclimate and canopy manag@mn and emerging
interest in biological soil management.

Key factors in innovation are a willingness to gatside the square and push
boundaries, as apparent with the development daérantal cropping system for
Gold, and taking time to interact with and leamnfrother growers.

Warmer autumns in recent years have led to charigepost-harvest
management.

Climate change

There is increased awareness of climate change.

The greatest concern is with the potential for éased frequency of extreme
weather events. There is also concern with thectffof warmer winters and
autumns, effects on rainfall patterns and changgests and diseases.

Warmer spring and summer conditions will be bermefic

Adaptations to future climate change

A planned, proactive, approach to climate changeaalaptation is required.

There is confidence that growers and the indusirg avhole have the capacity
to adapt to a progressive warming of the climat€here is some concern
regarding potential for increased frequency ofexxe weather events.

There are a lot of adaptation options with curtents and practices, there is on-
going innovation and experimentation and a few gmaware actively taking
account of climate change in the things they amegio

Over time there will be changes in variety (moreld>dess Green, new
varieties), location (sites with cooler winters)datand use (different crops,
subdivision).

There is no clear alternative to HC, which is meffective with some winter
chilling. A general trend towards more organiceyppproaches, driven by
market requirements, will reinforce the need fownarieties that require less
winter chilling.

There are developments happening that are of hajbvance to future
adaptation. Important developments include the rb&rcropping system that
has been developed for Gold, experimentation witbva canopy and sub-
canopy shelter, and biological soil management.

In most cases there is sufficient rainfall in thayBof Plenty and projected
rainfall changes are unlikely to be detrimentakbc@®ity of supply is becoming
an issue for many growers. Some growers have dirdaveloped dams to
capture and store runoff. Water allocation issnesd to be resolved for the
future.



Post-harvest operations are already adapting tamermrautumns and will
continue to adapt with a focus on issues relategetooval of field heat, fruit
curing prior to storage, and improved insulatiod arcreased energy efficiency
of coolstores.

There will be on-going changes in ownership stmecin the industry, with the
possibility of more corporate ownership and fewevwner operators. It is
difficult to gauge how such changes will affect ptilee capacity over time.
Regardless of the ownership structure the industifystill need innovators and
risk takers to provide leadership.

Industry responses to support adaptation

Confidence in adaptability of the industry is balat with a recognition that a
planned, proactive, approach to adaptation is requio minimise risks and
maximise opportunities.

Communication and education are the key to engagiiagrers and others more
widely in actively thinking about, planning for aratting on adaptation to
climate change.

ZESPRI has a key role to play in supporting a pdahrmproactive approach to
adaptation. Integration of adaptation, alongsidgprapriate mitigation
responses, into an emergent focus on sustainalidita sensible and cost
effective way to operate.

An important next step is to bring together keyveggos who have already been
engaged with to focus on priority issues and a feayard. It is very important
that this steps beyond the foundation work on ategt completed in 2006 and
what has been achieved through this current project

Relevant information needs to be collated for wililssemination. Immediate
outcomes from this work include an article for &ieifruit grower magazine
and a Kiwitech bulletin (a technical informatiorries developed by ZESPRI)
on climate change and adaptation. Other suggesitiafude:
» Develop a whole information package for ZESPRIfstafl growers.
» Develop a comprehensive inventory of adaptatiorist@nd a system for
documenting what growers are doing.
» Produce a series of short articles to go out imtbathly Kiwi Flier newsletter.
* Provide a condensed summary of climate change alaghtation for the
ZESPRI grower services team.
» Provide a full copy of this report to the ZESPRiréiry so that growers who
want the detail can access it.
» Explore the marketing opportunities with this infation.

Disseminate relevant information through field dayet are focused on
adaptation to climate change.

Support relevant underpinning research, focusiraiicular on plant breeding,
crop protection and water. A proactive approaclessential as it cannot be
assumed, for example, that new varieties with Idvill cequirements will
emerge by default.



e A positive, proactive, approach to adaptation whechtegrated within a wider
sustainability focus could provide marketing oppaities.

Role of regional and central government

* Both regional and central government have impontalets to play in supporting
the adaptive capacity of the kiwifruit industry.

< At regional level there needs to be active engagerhetween the kiwifruit
industry and regional government to resolve corgeragarding water
allocation.

< At national level it is important that necessarppart is provided to enable the
kiwifruit industry to adapt to climate change etieely and in a coordinated
manner. Key areas for support include long-tematsgic research and strict
biosecurity controls.



Introduction

Internationally and nationally there is how cleacagnition that adaptation to climate
change is a necessity along with a continued facumitigation. This increased focus
on adaptation is leading to a shift in the scieand policy dialogue towards action.
There are as yet few examples internationally ghagor industry group adopting a
planned, proactive, and action-focused approacidaptation. Many people are still
struggling with the ‘how to’. Within New Zealandha kiwifruit industry has the
potential to provide leadership in this regard. Adaptation case study provides
valuable insight and direction in support of thatgntial, not just for the industry itself
but more widely to other industry groups, to theesce and policy communities and to
wider communities of interest.

The kiwifruit industry is an ideal case study ofpthtion and adaptive capacity for two
main reasons:

» First there is the name, kiwifruit. There is sonireg iconic about kiwifruit for
New Zealand and New Zealanders. The name of thi i& abbreviated
overseas to ‘kiwi’, a word that is also used tcergb a New Zealand flightless
bird, New Zealand nationals, and the New Zealantfado Through these
associations kiwifruit have become strongly coneéctith our national
identity.

» Second there is the story of the kiwifruit industrlg is an industry founded on
innovation, has experienced and responded positieed time of crisis, and is
experiencing on-going challenges and change.

These attributes are all very relevant when comgigexdaptation to climate change.

The kiwifruit industry was originally founded on ewariety, ‘Hayward’. The export of
‘Hayward’ plants led to rapid development of conitieat and the near demise of the
industry in the early 1990s. Major changes occlrnterough the 1990s with the
development and implementation of the KiwiGreengpamme and the commercial
release of the ‘Hortl6A’ variety. Alongside thedevelopments there has been a
restructuring of the industry and increased somaiibn of growing, post-harvest
handling and marketing. These industry changee baen accompanied by increased
challenges with the climate, economic conditiomgutatory requirements, labour and
effects of urbanisation. Against this backgroukiekifruit growers increasingly have
the challenge of producing a consistent high gualiigh volume product to meet
market requirements and make a living. More rdgernhe food miles issue has
sparked an industry focus on its carbon footprimd a rapidly evolving focus on the
wider picture of sustainability. This has beencapanied by an increased awareness
of climate change, experienced directly by growhreugh effects of late spring frosts
and warmer winters in recent years.

The experience and knowledge of growers is criticadleveloping effective responses
to climate change within the context of the manglieimnges being faced. There is much
that they are already doing that is potentiallyevaht to adaptation. This adaptation
study, therefore, is focused on bringing togethbatis known scientifically with the
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experience and knowledge of kiwifruit growers. Theaccess of the KiwiGreen
programme was founded on such an approach.

Following this example there are two main composéatthis report, which emerged
from an initial adaptation study completed in 2@0®I through subsequent discussions
with ZESPRI and NZKGl:

1) A review of relevant research on climate chandelyiimpacts on kiwifruit and
an overview of adaptation, which forms the firsttpd this report;

2) The outcomes of in-depth consultations with kiwitfrgrowers to identify more
clearly the current adaptive capacity in the industind what is required to
support and enhance this in a proactive mannewugfrdoth extension and
research. This forms the second part of this tepgth the overview presented
in Part 2 and the grower interviews presented ipeiyulix 1.

The information and insights presented provide gpodunity, and some clear
direction, for actively addressing the ‘how to’ aflaptation. There are elements that
involve both individual and collective responsityili This report demonstrates that as
much as climate change provides a significant ehgk to us all there is much to be
optimistic about. In this sense there is a lob#olearned from the growers who have
contributed to this work. Ultimately adaptationabout making a choice to act and
getting the timing right. The challenge and oppwitly is to make the most of what
growers have shared.

11



Part 1 — The current state of knowledge

This section includes information on climate chaage variability, a brief review of
impacts research on kiwifruit, and an overview déptation. The climate variability
sub-section is focused mainly on the Bay of PlentRelevant climate change
information is provided for all relevant regionsthvimore detail for the Bay of Plenty.

Climate variability and change

Key points — Climate variability and change

» As with other New Zealand regions, the changealieate of the Bay of
Plenty is a result of natural variability and chabeng with influences from
observed phenomena.

e Observed phenomena include variations as a rekthieoEl Nifio-Southern
Oscillation (ENSO) and the Interdecadal Pacific ilg@n (IPO) and an
underlying warming trend (0.1°C per decade ovetabel00 years) which is
consistent with human-induced climate change.

* Current scenarios of climate change show a mideangrming in all
kiwifruit growing regions of about 1°C by the 204&sd 2°C by the 2090s.
The scenarios indicate drier winter and spring @@r in eastern North
Island growing regions including the Bay of Plemtjth slightly wetter
summer and autumn conditions in the Bay of Ple@tgborne, Hawke’s Bay
and Nelson/Tasman.

» There will be changes in extreme weather eventallimegions with the
possibility of increased westerly winds in winterdaspring, decreased frost
risk, increased incidence of high temperatures umraer, increased
frequency of extreme daily rainfalls, and a possibtrease in strong winds.

Climate variability refers to the inter-seasonal gear to year variations in the climate,
such as the higher than normal summer temperatigegear in Bay of Plenty. Rainfall
is also highly variable from year to year. Takingeples from the last 20 years, Te
Puke annual rainfall was 20 percent above normabBBO and almost 30 percent below
normal in 2002.

Climate change looks at the underlying trends imale, in a sense a ‘smoothing out’
of the shorter term variability to identify the lger term changes. Recent studies show
that New Zealand is already experiencing changéseiclimate:

- Average air temperatures have risen by about Ob@t@een 1908 and 2006;
« Frost frequency has reduced over much of the cguntr

« South Island glaciers and snowlines are retreating;

« There is reduced alpine snow mass;

- The sea level is estimated to have risen by 16uningithe 26! century.

12



Climate change may not create new risks, but islfiko change the frequency and
intensity of existing risks and hazards, such amvheaainfall events, storm surges,
drought, windiness, and very high air temperatutdten extreme events like this have
the greatest impact and require the most carefildigned measures for adaptation.

PR ‘{ Formatted: Bullets and

Past and current climate variability and change in Bay of Plenty Numbering

As elsewhere in New Zealand, much of Bay of Plenghangeable climate is due

simply to natural variability and chaos in the vemtprocess. However, other changes
are associated with shifting hemispheric or globehle climate patterns over the

Southern Hemisphere and the Pacific Ocean. Twockeate phenomena that operate
over time scales of several years or multi-decadeghe El Nifio-Southern Oscillation

(ENSO) and the Interdecadal Pacific OscillatiorQ)Pespectively.

During La Nifia periods of ENSO, both the tempemimd rainfall are generally above
normal for the Bay of Plenty region, while they aath generally below normal during
El Nifio periods. The relationships are weakestuimraer (Dec-Jan-Feb) and strongest
in spring (Sep-Oct-Nov). However, these linkages ot always reliable, and so the
ENSO phase does not always help explain what'sédxapg with the climate.

A change in phase of the IPO in the late 1970sacierised by an increase in westerly
airflow over Bay of Plenty in the 1980s and 199@stive to earlier decades, has been
linked to a decreased in rainfall over much of B&ylenty since 1951. More recently
the IPO appears to have switched back to a neggligsse, which may result in more
frequent La Nifia events, higher temperatures, weaksterlies and increased rainfall
for the Bay of Plenty over the next two to threeates. These changes could be
modified by the longer term climate change trends.

A study conducted for Environment Bay of Plenty2003 (Griffithset al), and other
work, have shown the following main changes anddsen Bay of Plenty climate:

< In the last 30 to 40 years the Bay of Plenty haobme generally drier (Figure
A1), with fewer and less intense extreme rainfall@wiver, this has not
resulted in an increase in the dry spell duratenoss the region.

« There has been a rising trend in mean annual mipgeature across the Bay of
Plenty of approximately 0.1°C per decade over #s¢ 100 years (Figure A2).
The 1990s were the warmest decade on record baeikbnally and globally.
Coastal areas of the region have experienced aeased rate of warming over
the last 50 years, with inland sites showing litti&rming or even slight cooling
in some seasons. Very high temperatures were redatl Tauranga (the best
temperature record in the region) in the 1990s.

e The number of frosts has decreased significantihéregion (Figure A3) and
the frequency of hot days has increased in areels as Tauranga and Waihi
(Figure A4). This analysis did not explore risklafe frosts which have been
experienced with greater frequency in recent years.

Recent seasons

Average seasonal temperatures in Bay of Plenty theepast three decades have been
highly variable, but overall, at least in some seas have shown a trend consistent with
or slightly larger than the observed gain of 0.3*&€ decade noted above. While site
changes and periods of missing data at Bay of Pkdithate stations make a definitive
analysis difficult (see caption, Figure 2a), aututeymperature data for Te Puke (Figure

! Figures Al to A13 are in Appendix 2
13



2a) suggest a temperature rise of more then 0.8irf&@ 1973. This is consistent with
growers’ perceptions of recent autumn weather beiggner than in the past.

It is important to note that seasonal averages some hide variability in monthly
averages that could have important impacts on kntiforoduction. In the current
autumn, March and April were both warmer than ndrmaBay of Plenty, but May,
with an average temperature of 11.8 °C at Te Puias, the coldest May since 1992
(10.2 °C).
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Figure 2a: Average temperature for autumn (March to May) for Te Puke, 1973 to 2008.
Note that the Te Puke climate station was shifted t  wice during this period.
Overlapping periods of data showed the shifts were to cooler sites, and the
data were scaled to account for this as follows: fo r data from 1990, after the
first site change, 0.24 € was added to maximum tem  peratures and no
adjustment made to minimum temperatures; for data from 1996, after the
second site change, a further 0.1 C was added to m  aximum temperatures,
and 0.2 € was added to minimum temperatures.

Spring temperatures at Te Puke have shown a sitndad (Figure 2b), although the
variability in the data should be noted, particiylahe significant cooling influence of

the El Nifio years of the early 1990s. The obsepaaling during this period was also
related to the global cooling of the Earth’s atnfwse following the eruption of Mt

Pinatubo in 1991. This cooling affected air tempees for several years. It should
also be noted that these seasonal averages doovatgany indication of the increased
risk of late spring frosts that has been experigrniceecent years.
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Figure 2b: Average temperature for spring (Septembe  r to October) for Te Puke, 1973 to
2008. See cautionary note in Figure 2a caption rega rding these data.
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The average Te Puke air temperature data for thedp@dune—July, an important period
for winter chilling, have also risen (Figure 2d)ggesting a decreasing potential during
the period to fulfil kiwifruit chilling requiremest

12
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Figure 2c: Average temperature for June—July for Te Puke, 1973 to 2008. See cautionary
note in Figure 2a caption regarding these data.

The future: Climate change scenarios for kiwifruit regions < {

Climate change scenarios describe the most likedynges in the future climate of New
Zealand. The scenarios take into account scientifiderstanding of the impact of
various greenhouse gas emission levels, as weplassible social, economic and
technological developments. It is important to remher that the use of scenarios
recognises the uncertainties in future climate, ahduld be used as informative
guidance on the range of outcomes for the fututeerghan firm predictions.

For New Zealand as a whole, the scenarios showainaemperatures are likely to
increase by about 1°C by about 2040, and 2°C buyta?@00. However, there is a wide
range of uncertainty due to the different emissemenarios and model climate
sensitivities.

Increased westerly winds are likely in winter apdrsy, along with more rainfall in the

west of both islands and drier conditions in thst eand north. Conversely, in summer
and autumn, westerly conditions may decrease, avitdr conditions in the west of the

North Island and possible rainfall increases inbGise and Hawke's Bay.

Other changes expected are: decreased frost nmkeased incidence of high
temperatures, increased frequency of extreme dailyfalls, a possible increase in
strong winds, and decreases in average snow cover.

The tables below show climate change scenariosr démperature, and seasonal and
annual precipitation, for New Zealand’s major kiwif growing regions (MFE 2008).
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Table 3.1:

Projected changes in seasonal and annual

mean temperature (in

1990 to 2040, for kiwifruit growing areas. Changes
with the lower and upper limits in brackets.

°C) from

shown are the average,

Summer Autumn Winter Spring Annual
Northland 1.1[0.3,2.7] 1.0[0.2,2.9] 0.9[0.1,2.4] 0.8[0.1,2.2] 0.9[0.2, 2.6]
Waikato 1.1[0.2,2.5] 1.0[0.3,2.7] 0.9[0.2,2.2] 0.8[0.0, 2.0] 0.9[0.2,2.4]
Bay of Plenty 1.0[0.3,2.5] 1.0[0.3,2.7] 0.9[0.1,2.2] 0.8[0.0,2.1] 0.9[0.2,2.4]
Hawkes Bay 1.0[0.2,2.5] 1.0[0.3,2.6] 0.9[0.1,2.2] 0.8[0.0, 2.0] 0.9[0.2,2.3]
Gisborne 1.0[0.2,2.6] 1.0[0.3,2.7] 0.9[0.1,2.2] 0.8[0.0,2.1] 0.9[0.2,2.4]
Tasman-Nelson 1.0[0.2,2.2] 1.0[0.2,2.3] 0.9[0.2,2.0] 0.7[0.1, 1.8] 0.9[0.2,2.0]

Note 1: This table covers the period from 1990 (1980-1999) to 2040 (2030-2049), based on downscaled temperature
changes for 12 global climate models, re-scaled to match the IPCC (IPCC 2007) global warming range for 6
illustrative emission scenarios (B1, A1T, B2, A1B, A2, and A1FI). Corresponding maps (Figures 2.3, 2.4) should be
used to clarify sub-regional spatial gradients.

Note 2: If the seasonal ranges are averaged, the resulting range is larger than the range shown in the annual column,
because of cancellation effects when summing over the year.

Note 3: Projected changes for the regions shown were the result of the statistical downscaling over mainland New
Zealand.

Table 3.2: Projected changes in seasonal and annual mean temperature (in °C) from
1990 to 2090, for kiwifruit growing areas. Changes shown are the average, with the lower
and upper limits in brackets.

Summer Autumn Winter Spring Annual
Northland 2.3[08,6.6] |21[0.6,6.0] 2.0[05,5.5] 1.9[0.4,5.5] 2.1[0.6,5.9]
Waikato 2.3[0.9,6.3] 2.2[0.6, 5.6] 2.1[05,5.2] 1.8[0.3,5.1] | 2.1[0.6, 5.6]
Bay of Plenty 2.2[0.8,6.2] 2.2[0.6, 5.6] 2.0[05,5.2] 1.8[0.3,5.1] 2.1[0.6,5.5]
Hawkes Bay 2.1[0.8,6.0] 2.1[0.6,5.3] 2.1[05,5.1] 1.9[0.3,5.1] 2.1[0.6,5.4]
Gisborne 2.2[0.8,6.2] 2.2[0.6, 5.6] 2.0[05,5.2] 1.9[0.3,5.2] 2.1[0.6,5.5]
Tasman-Nelson 2.2[0.9,5.6] 2.1[0.6,5.1] 2.0[0.5,4.9] 1.7[0.3,4.6] 2.0[0.6,5.0]

Note: This table covers the period from 1990 (1980-1999) to 2090 (2080-2099), based on downscaled temperature
changes for 12 global climate models, re-scaled to match the IPCC global warming range for 6 illustrative emission
scenarios. Corresponding maps (Figures 2.3, 2.5) should be used to clarify sub-regional spatial gradients.
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Table 3.3:  Projected changes for selected stations within major kiwifruit growing areas
in seasonal and annual precipitation (in %) from 19 90 to 2040. Lower and
upper limits in scenario outcomes are shown in brac kets.

Region: Location Summer Autumn Winter Spring Annual
Northland: Kaitaia 1[-15, 20] -0 [-14, 16] -5[-23, 1] | -6[-18, 4] -3[-13, 5]
Whangarei 1[-14, 23] 1[-15, 33] 9[-38,-1] | -9[25, 3] -4 [-16, 7]
Waikato: Ruakura 1[-18, 19] 2[-13, 10] 1[-4, 8] -2 [-10, 13] 0[-6, 6]
Bay of Plenty: Tauranga 2 [-16, 25] 3[-12, 25] -4 [-16, 2] -5 [-18, 7] -1[-10, 8]
Hawkes Bay: Napier 41[-33, 38] 51[-14, 42] -13[-34,-1] | -7[-17, 3] -3[-14, 14]
Gisborne: Gisborne 3[-26, 33] 41[-18, 46] -11[-30,-2] | -9[-21, 3] -4 [-15, 14]
Tasman-Nelson:  Nelson 4 [-14, 27] 5[-2,19] 1[-4, 9] 0[-8, 9] 2[-3, 9]

Note: This table covers the period from 1990 (1980-1999) to 2040 (2030-2049), based on downscaled precipitation
changes for 12 global climate models, re-scaled to match the IPCC global warming range for 6 indicative emission

scenarios.

Table 3.4: Projected changes for selected stations
in seasonal and annual precipitation (in %) from 19

within major kiwifruit growing areas
90 to 2090. Lower and

upper limits in scenario outcomes are shown in brac kets.

Region: Location Summer Autumn Winter Spring Annual
Northland: Kaitaia -1[-26, 21] -3[-22,11] -8[-32,2] | -11[33, 8 | -6[-22, 5]

Whangarei 0[-20, 19] 1[-27,26] | -12[-45,-0] | -16[-45, 1] | -7[-28, 2]
Waikato: Ruakura -1[-34, 18] -1[-24, 10] 3[-7,15] | -4[-23,16] | -1[11,11]

Taupo 4[-19, 30] 1[-16, 9] 3[-8,15] | -5[-23,13] | 1[-7,10]
Bay of Plenty: Tauranga 2 [-20, 23] 2 [-15, 16] -3[-16, 8] -9 [-32, 12] -2 [-12, 5]
Hawkes Bay: Napier 9 [-46, 52] 5[-14, 25] -16 [-45,-1] | -13[-38, 9] | -4[-20, 11]
Gisborne: Gisborne 5[-38, 41] 4[-25, 27] -13[41, 1] | -16[-42, 7] | -5[-22, 8]
Tasman-Nelson:  Nelson 6 [-13, 30] 5[-4, 18] 6[-2,19] -1[-20, 19] 41-3,14]

Note: This table covers the period from 1990 (1980-1999) to 2090 (2080-2099), based on downscaled precipitation
changes for 12 global climate models, re-scaled to match the IPCC global warming range for 6 indicative emission

scenarios.
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Climate change in Bay of Plenty

Tables 3.1 to 3.4 in the previous section indichi@nges that are likely in the climate of
Bay of Plenty and the other important kiwifruit giog areas over the next 70 to 100
years. Air temperatures are expected to increaseverage by between 0.5 and 3.8°C.
Precipitation changes are less certain, but ombalg¢here is more likely to be a trend
towards a decrease in average annual rainfall, wittaverage, 9 percent less rainfall in
spring, particularly near the coast. Converselynmgr and autumn may become
slightly wetter (2—3 percent).

The key changes in climate and hydrology taken fthenscenarios of future climate
that will have most impact on kiwifruit in the Bay Plenty include:

« Warmer winters (Tables 3.1 and 3.2), reduced frequ®f frost inland and at
higher elevations.

e Higher summer temperatures (Tables 3.1 and 3.2)

e Lower spring rainfall (Tables 3.3 and 3.4), whiclaynbecome important if
irrigation and frost control water use demand iasBs.

e Later in the century, in spite of the predictechtreo lower annual rainfalls,
there may be an increase in the frequency of esreainfall events. The
consequence of this could be increased risk ofiftapand erosion.

« Ex-tropical cyclones might be slightly less likatyreach New Zealand over the
next 50 years, but if they do their impact mightgoeater.

* Westerly winds are likely to increase over New Zedl in winter and spring,
and may decrease in summer and autumn. An incihedlse number of extreme
wind speeds could also occur.

Changes in autumn, winter and spring temperaturidisalt be of importance to
kiwifruit growing in the Bay of Plenty. These chyas are shown in Figures A5 to A13
and signal the potential for significant changéoral climates within the region.

Bay of Plenty and Kerikeri temperatures

Projected climate change for Bay of Plenty by tB805 is likely to create a temperature
regime similar to that of Kerikeri today. Kerikeair temperatures are more than 1°C
higher than Tauranga temperatures during May ty, it average, and the winter
climate in Kerikeri is not cool enough to meet ‘Mayrd’ chilling requirements.

18



15
14
13
12
11

OFrRr NWMOOOON

May

Jun

Jul

o TAU
B KER

Aug

Figure 4a: Comparison of average Tauranga Airport a
temperatures 1981 to 2008, for May to August.

nd Kerikeri Airport monthly air

19



Impacts on kiwifruit

Key points — Impacts on Kiwifruit

» All published impact studies to-date have focusedhe Green (‘Hayward’)
variety. Since the first published assessmentmgfacts in New Zealand
(MfE, 1990), winter chilling has been recognised aakey indicator of
sensitivity to climate change of kiwifruit.

¢ Research completed in the 1990s as part of the GAGTS research
programme showed that a warmer climate would |eatater budbreak, a
drop in flower numbers, and a southward shift igioes with the best
temperature conditions for Green kiwifruit. It wasncluded that production
of Green in the Bay of Plenty would become unecandrg the middle of
this century without HC or a suitable substitute.

Research on the impacts of climate change on kiwifras primarily focused on the
likely effects of higher temperatures on Green fiwii’>. Winter chilling, in particular,
was seen as a key indicator of sensitivity to cdlenzhange. In the earliest assessment
of impacts of climate change in New Zealand (Minyisbr the Environment, 1990) it
was concluded that Green kiwifruit production woulelase in Northland and would
become uneconomic in the Bay of Plenty over timearfM et al, 1990). These
responses were based on expert opinion that wawmgers would reduce winter
chilling and reduce the effectiveness of Hydroggmainide (HC) in both Northland
and the Bay of Plenty.

Quantitative assessment of impacts became pogkiiolegh increased understanding of
the effects of temperature on the physiology arehplogy of kiwifruit (see Halét al,
1996; Hall and McPherson, 1997a, 1997b; McPheesoal, 1992; Salingeet al,
1993). The development of the CLIMPACTS systene (§ennyet al, 2001) enabled
mapping of areas suitable for Green kiwifruit ungegsent and future climate (Salinger
and Kenny, 1995; Kenngt al.2000). A detailed spatial analysis carried outlie Bay

of Plenty region (Kennt al. 2000) indicated that beyond about 2040 there wbeld
potential for significant decline in the total larmdea suitable for Green. A more
detailed analysis of changes in phenology (tealal, 2001) reinforced these findings
with key effects identified as follows:

1. The timing of phenological events may change sicguiitly in warmer
regions.
» Budbreak is likely to occur later.
» Effects on dates of flowering and maturity are lesar.

2. The most important effect will be a drop in flowmrmbers in warmer regions.
Because of this we can expect that by around 2050:
* Production may become uneconomic in Northland, evieen HC is applied.

2 There are currently two commercial varieties efikiuit; Actinidia deliciosa ‘Hayward’ and Actinidia
chinensis ‘Hortl6A’ These are referred to as Green and Gold by kiiwvigrowers and for consistency
these terms are used throughout this report.
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e Production in the Bay of Plenty without dormancediing agents will be
uneconomic.

3. In cooler regions, problems with low dry matter dieecool summers will
become less important over the next 50 years.

A review by Kenny (2001) reiterated suggestions @ieen could become uneconomic
in the Bay of Plenty by 2050 under a high-end ctanghange scenario. It was further
suggested that conditions could improve in HawBgy and Nelson with fewer, or less
severe, late frosts and warmer summers. Furthek was undertaken in a study on
biotic effects of climate change in the Bay of ByefKenny and Shaw, 2006) using the
winter chilling threshold developed by Salingsral. (1993) along with more recent
climate change scenarios (Ministry for the Enviremty 2004). This analysis, with a
mid-range scenario, further reinforced previouailtes showing that higher average
winter temperatures could lead to relocation ofé@réo cooler sites in the Bay of
Plenty by the middle of this century and displacetrfeom the region towards the end
of the century.

Overview of adaptation

Key points — Overview of adaptation

» Adaptation involves measures to either reduce vabikty or increase
resilience in response to changes in climate ttzt lne experienced or
anticipated.

* In the first published assessment of impacts in Mealand (MfE, 1990) it
was suggested that relocation of the kiwifruit isily could be required.

« In a more recent review (Kenny, 2001) a phasedtatiap response was
recommended with a focus towards breeding of neveties and
maintenance of production of high quality fruittire Bay of Plenty.

< Initial consultations on adaptation were held vgtbwers and others in the
Bay of Plenty in 2006. Key messages from this woeke:

« Climate change is clearly an issue that the ingluseds to take a lot more
seriously, but there is a need to go beyond ttkéntl

e Use existing growers as role models. There arg@ber who are already
doing relevant things.

» The water situation needs to be sorted out withenment Bay of Plenty
taking the lead on this.

» Coordination between the different parties is ndedesnsure consistent
messages are being given out.

* In order to go beyond the talking the key advice ¥eafocus in more depth

on innovative growers who have potential to proveership on
adaptation.
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After two decades of impacts research (a usefuthmmark is the landmark IIASA
study completed by Parmt al, 1988) there is an increasing focus on adaptatisn,
reflected in the most recent IPCC assessment (sigerAt al, 2007). Adaptation
involves measures to either reduce vulnerabilitynarease resilience in response to
changes in climate that may be experienced oripated. These measures can be
either reactive or proactive and can occur in mamys, involving changes in human
behaviour, perceptions of risk, management prasticel investment decisions among
other things. Adaptation can occur through indiad initiative, community or
corporate action, and through planning and poligmeworks. As the science of
climate change has progressed there has been amsed understanding of the
complexity of adaptation. This has been accomphbig increased realisation that
adaptation to climate change is not independentresponses that individuals,
communities and societies are implementing and iwipplement in relation to many
different drivers of change.

Relevant research on kiwifruit has spanned thettestdecades and provides a valuable
case study of the evolution of understanding ofepitil adaptation responses. The
earliest impacts work in New Zealand took, whandsv, a rather simplistic view that
higher winter temperatures would lead to a cessatb kiwifruit production in
Northland and the Bay of Plenty. This work wasrded on the assumption that the
industry would remain dependent on Green kiwifriihe principal adaptation response
was considered to be a southward relocation of Hathifruit production and
accompanying infrastructure (Martét al, 1990). It was expected that this would be a
consequence of decreased effectiveness of HC védtimer winters and/or its eventual
banning because of public health concerns. A megent report (Kenny, 2001)
suggested a need for proactive adaptation withasgah response that involves: short-
term adjustments using existing management toold amasures; medium-term
planning that is focused on breeding varieties Mot chill requirements; long-term
planning that could see greater plantings in HawkBay and Nelson (strongly
dependent on water availability and other land dseisions), development of new
varieties and maintaining production of high quafiitiit in the Bay of Plenty.

There have been significant changes in the kiwifndustry since the early 1990s with
a current situation that is much more complex thasumed in earlier impact and
adaptation assessments. The development of théGkéen programniein the early
1990s and the emergence of Gold as a viable conmhegasiety in the late 1990s are
two notable changes. While developed primarilyiferquality characteristics, it soon
became evident that Gold kiwifruit could remain gwotive with less winter chilling.
This alone is a significant development in termadptive capacity of the industry.

3 Seehttp://www.martech.co.nz/images/02kiwi.pidf a copy of “Zespri's KiwiGreen programme —
world firsts in this vital crop management systerthis report was produced by Martech Consulting
Group Limited as part of a Growing Futures casdysgeries.
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A note on Adaptive Capacity

Adaptive capacity is defined in the Millenium Ecem Assessment a$ the general ability of
institutions, systems, and individuals to adjust gotential damage, to take advantage of
opportunities, or to cope with the consequencegéseehttp://www.millenniumassessment.prgA
useful summary can be found on the Resilience Adka  website
(http://www.resalliance.org/565.phwith definitions provided for ecological and salcisystems.
There is a strong inter-relationship between aseptiapacity and resilience as identified in the
following quote.“Systems with high adaptive capacity are able éeconfigure themselves without
significant declines in crucial functions in relati to primary productivity, hydrological cycles,
social relations and economic prosperity. A conseme of a loss of resilience, and therefore of
adaptive capacity, is loss of opportunity, consteal options during periods of re-organisation and
renewal, an inability of the system to do differémngs. And the effect of this is for the social-
ecological system to emerge from such a period guloan undesirable trajectory.”
(Sourcehttp://www.resalliance.org/565.phpriginal source Folket al, 2002)

Despite the various impact and adaptation stuthieetwas not any active engagement
regarding climate change with the kiwifruit indystantil recently. Thus it isn’t
possible to gauge how thinking on adaptation mighte evolved within the industry
over the last two decades. However, given the ntliaylenges and changes that have
occurred it would be reasonable to assume thaisitbecome a lot more sophisticated in
terms of its adaptive capacity. Evidence of thigater sophistication, and growing
awareness of climate change, was apparent in sa@medétion adaptation work
supported by Environment Bay of Plenty (Kenny, 200Bhis work involved:

1) Initial consultation with ZESPRI Innovation staksulting in identification of
key industry people for wider consultation.

2) Processing of these wider consultations into a alolk plan for engagement
with key growers.

3) Identification of key growers, with ZESPRI and NZK&upport, and invitations
to participate in brief (1¥2 hour) adaptation wordqgs.

4) A final, half day, workshop to review outcomes adentify more clearly steps
required to develop and implement an action plarattaptation in the kiwifruit
industry.

This initial engagement with kiwifruit growers awthers in the industry provided an
overview of issues and needs relating to climatngk and adaptation.

The main issues identified related to:
e Increased volatility of weather
< Impacts of ‘average’ climate changes
» People pressures
e Markets

The main needs identified related to:
« Management of natural resources
e Managing change
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The general view shared through this initial adtgawork was that there is a lot of
innovative capacity and know-how within the indystr Alongside this was a
recognition that a planned, proactive, approaddtptation is required.

At the conclusion of the final, half day, workshibye following actions were identified
as important next steps:

» Climate change is clearly an issue that the inglustreds to take a lot more
seriously, but there is a need to go beyond thkintaland ensure that the
momentum established through this process isrtt los

» Use existing growers as role models. There ararmaber who are already doing
relevant things.

» The water situation needs to be sorted out withif@nment Bay of Plenty taking
the lead on this.

» Coordination between the different parties is ndedeensure consistent messages
are being given out.

Advice from the beginning of the initial adaptatievork in 2006 was to focus on
growers who were more innovative and/or more likety be ‘climate change
champions’. The focus on implementing change thinckey growers is an integral part
of ZESPRI's innovation and grower extension programand is founded on the
success of such an approach with the KiwiGreenrprome in the mid 1990s. This
approach is also consistent with that taken in iptesvadaptation work with pastoral
farmers (see Kenny 2005). Early consultation viatimers in this latter work identified
the need to share success stories and to fostitivpasle models for other farmers to
learn from. This was considered essential in tewhsdeveloping a practical
understanding of climate change and the developroénesilience as a proactive
adaptation response. ZESPRI have recently (in 2@@mmissioned Colmar Brunton to
develop a better understanding of kiwifruit grower€olmar Brunton has identified
four grower groupings: Entrepreneurs, Passionatdogists, Astute Business People,
Traditionalists. Those in the former two groupe &entified as more likely to be
progressive and innovative. The majority of groeswatho have participated in past and
recent adaptation work have tended to be representaf these two groups. The
challenge with adaptation is the same that is atlgrevith the kiwifruit industry, which
is to identify positive ways to engage and empowbrgrowers in change and
innovation. Thus, the focus is not simply on eregagnt with the innovators and
champions, but on how best to use their collectiveking, knowledge and skills to
engage others more widely.
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Part 2 — In-depth consultations on adaptation

This section draws together the collective thinkorgadaptation of 19 Bay of Plenty
kiwifruit growers who were interviewed in the peatifrom 17 March to 18 April 2008.
The full interviews with 18 of these growers areyded in Appendix 1. This work
focused on the Bay of Plenty because it is thecpp@l region of kiwifruit production
and because of time and logistical constraintgsamge of locations, growing conditions
and management systems were covered (Appendid s material needs to be read
with the understanding that there are known diffees in regional and within region
climate and soil, every orchard is a microclimateery grower is unique in their
approach, and no single solution will work for all.

The main rationale for conducting in-depth condgidtes with identified kiwifruit
growers was to develop a more comprehensive urahelisly of the adaptive capacity
of the kiwifruit industry. This clearer understamgl of adaptive capacity can then be
put alongside what is known about potential impé&cm previous research and current
knowledge of climate change as a means of identifgteps and measures required to
develop a planned, proactive, approach to adaptatihis is of high relevance to the
kiwifruit industry. It also serves as an importar@se study on adaptation for other
primary industry groups, to local and central goweent and more widely to
communities around New Zealand.

Given the short timeframe of this work there wasedrepidation with implementing a
consultation process at the beginning of the hargeason. Such concerns were
quickly dispelled. Growers were identified withethssistance of ZESPRI Innovation
and Grower Services staff. Interviews coincidedhvthe beginning of the harvest
season. The fact that growers agreed to be ieteed at such a busy time is clear
evidence that climate change has become an isscenoern. It proved fortuitous to
interview growers when they were preparing to hsiradéter a very dry summer. In the
last week of field work the results of grower iniews to-date were summarised and
used to stimulate feedback from ZESPRI staff inrfeeparate sessions and from a
session with HortResearch scientists at Te Pukeedlfack from these sessions is
incorporated in the sub-section on industry respsns

This section follows the format of the grower imews, which were focused on:
e Current climate challenges
« Management tools/systems in place to address d¢ulierate challenges
< Primary concerns/issues with climate change
< Adaptation responses required to address climategsh

e Support or steps required from industry, regionadl &entral government to
implement and support adaptation in the kiwifradustry
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Current climate challenges

“It seems to be getting harder each year to marthgeclimate”

“There is no winter now”

“There has been more fruit loss in the last 5 yethemn in the preceding 10”

The ideal climate conditions for kiwifruit are catsred to be: cool conditions in June
and July for winter chilling, high temperatureseaftoudburst and throughout the
summer, cool nights in autumn to harden the frod atop them growing. Long-term
growers hold this as a historical ideal and cosestty talk about changes towards
warmer winters, less reliable spring conditionshwiiicreased frost risk, and warmer
autumns. Such changes have been experiencednerttasing frequency over the last

Key points — Current climate challenges

There is a general consensus that over the lastyidars the seasons have
notably changed towards warmer winters, less religpring conditions with
increased frost risk, and warmer autumns.

Such changes are generally consistent with seadoeradis identified by
NIWA and are consistent with current scenariosliofiate change. It should
be noted that there is an observed trend towardmevaspring conditions
and an expectation that frost incidence will deseem frequency over time

with climate change. This does not exclude thesipdigy of damaging
events as experienced with greater frequency ientegears.

« Main concerns and challenges are related to loswinter chilling with

warmer winters, increased risk of late spring frostfects of warmer
autumns. There is also some concern with a pesiibteased frequency of
hail and of insect pests.

e There are on-going challenges with strong windstiqdarly with Gold

kiwifruit in the period from November through toraJanuary.

decade, most notably in the last five years asetdtl in the following comments:
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“The weather used to be extremely predictable. Jémsons seem to have
slid with colder springs and warmer autumns.”

“The whole climate is getting a bit later. The winseason has shifted and
the harvest season is warmer than in the past fsitlh growth continuing
later in the season than it used to.”

“Autumns are now warmer for longer, winter is la@nd springs are more
variable and are subject to later frost.” This cige has become more
noticeable since 2000, particularly over the lash §ears. In the 80s there
were much more clearly defined seasons.

“The seasonal temperature pattern has shifted byuala month. We don't
get the good winter chilling in July and August.e’®¥ not getting good



summer weather now until after Christmas. Warnmrditions in autumn
mean that the fruit is taking longer to cool dowiteaharvest.”

“Fundamentally things are happening when they stiottl It is supposed
to be cold in winter and warm in spring. Increaginthey’re having mild
winters with cool spring periods. There has beagereral trend in the last
decade, but things have been more marked in thebla®ars. Kiwifruit

need winter chilling to break dormancy. If theyndayet enough chill the
plants are confused. Cold weather in spring furtdelays budburst and
growth.”

“We used to look out the window and say ‘it's faiftost free down there,
that's good’. You wouldn't do that today. Youayshey, | hope you got
enough frost to get winter chill'. Climate, do ythink it has changed over
the last 20 years? In my observation, yes. Themoiwinter now.”

One grower commented that there are cycles of tdineemd that some of what is
happening now has been experienced in the pasdthAncommented that he doesn’t
see any major climate changes happening.

The observed change in seasons has been accomg@niad experience of more
random weather events. For a number of growaesstlite unknowns and unpredictable
things that are the biggest concern.

“There have been more isolated, random, weathentsvgarticularly in the
spring and early summer. We can't honestly sayengafe from frost until
mid November and from hail who knows.”

The main concerns and challenges associated vetie tthanges are:

e The loss of winter chilling. A lack of chilling é&ls to lower flower numbers
and a much wider spread of flowering and subseqpeobblems with fruit
sizing. This is of greatest concern for organiodarction and with Green
Kiwifruit.

e Increased frost risk in spring. Good air drainageund the Te Puke area means
less frost risk than down on the flats in Paengar@pld is more susceptible
because of earlier flowering (4-6 weeks earlierd ahis has heightened
awareness of frost risk in recent years. Frostdeg®m more erratic and common
since 1994 when there was a major event. Howesgimg frosts have been
more frequent in the last ten years with three i@t frost events in the
August-November period over the last five yearsher€ has been more fruit
loss to frost in the last five years than the pdaugten.

« The effects of warmer autumns. There are othetofac including the
introduction of Gold and modified fruit harvestteria, but it is being observed
that the fruit are definitely growing further intthe autumn and are not
hardening off the same. This is providing challEngp post-harvest operators.
“The last two years for Green have been the waxstirsy years ever.” “Field
heat was a problem two seasons ago (2006) with kegly fruit loss. This
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resulted from a combination of a lot of crop, warntemperatures and wet
weather leading to high humidity.”

There are also challenges associated with windlahdiin some situations with lack of
rainfall at critical times.

“Wind is the great enemy of kiwifruit plants.Gold kiwifruit are susceptible to wind

damage in the period from November through to eddwuary, particularly from

westerly to nor'westerly winds. One grower comneenthat they can lose 10-20
percent of the Gold crop in a matter of hours withds of 70-100 kph during this time.
Another grower can have 30 percent rejects in ayead

More frequent hail events have been observed inlakefew years. One grower
experienced his first ever hail damage on 1 Jarr 20@ says he can afford this sort of
event maybe once every 12-13 years.

In most parts of the Bay of Plenty there is suéfitirainfall for mature kiwifruit vines.
Issues with water arise in some areas around Katika lighter soils (eg, Pongokawa)
and also on soils with high water tables as expeeé near Edgecumbe. One grower
commented that they have been dealing with mordaihivariability in the past few
seasons, with very dry spells and very wet sphlisugh the growing season. This is
providing management challenges. For the majahibpugh there is sufficient rainfall
and if they have a dry period at some stage theyanfident that there will be a catch
up with rainfall at another time.

A couple of growers also commented that slightlymer summers bring more pest
issues and that there have been changes in pessent years. Related to this is the
increased pressure from markets for both fewersp@struit and less chemical sprays.
“We're living in a world where the markets want fewests on the fruit and less

chemical sprays. This is a huge challenge to grevaad climate has a strong role to

play with these issues.”
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Management tools/systems to address current climate challenges
“If you don't try things you don't know”

Key points — Current management tools/systems

e Kiwifruit growers are faced with a significant cledge to deal with the
inherent variability of climate, changes in climated other issues, and to
consistently produce high volumes of a quality dimpthe market.

e There are a relatively small number of growers ah®actively meeting this
challenge.

e These growers are providing leadership and arevedgtiinvolved in
experimentation and innovation.

« The majority of growers and managers are apparstrilggling, as reflected
in low average returns in recent years.

» The current adaptive capacity, in terms of avadamlanagement tools and
systems, is high.

e There is a wide array of management tools and syste/ailable to growers
including traditional tools such as HC, increasemplsstication with
microclimate and canopy management, and emergirggest in biological
soil management.

» Water allocation is becoming a major issue for grsy Environment Bay of
Plenty is currently working on a Water Sustain&pilStrategy for the
Western Bay of Plenty.

e Key factors in innovation are a willingness to gdside the square and push
boundaries, as apparent with the development éérnlal cropping system
for Gold, and taking time to interact with and leémom other growers.

e Warmer autumns in recent years have led to chargepost-harvest
management.

To achieve good returns kiwifruit growers need ® donsistently producing high
volumes of large fruit with high dry matter contenThis is a significant challenge
given that they are dealing with the inherent \@lity of the climate and observed
changes in the climate, along with a difficult egonic situation, increasing challenges
with labour, and increased compliance costs.

The majority of growers are struggling to meet tthiallenge, as shown in low average
returns in the industry. The relatively small nwerdof growers who are performing
well are doing so as a result of factors includipgrsonal motivation to be in the top
five to ten percent, long-term experience as grewaependency on kiwifruit for their

livelihood. These growers are working on a ranfiéechnologies and strategies to
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reduce the impacts of climate variability and m#ke most of the climate resource to
increase and maintain production of high qualitytfr

“The big focus is on dry matter production. We'rgihg to use technology
to overcome some of the limiting factors. For tigeabout heat and light.”
“It's easy to grow large numbers of small fruit botuch harder to grow
large numbers of large fruit with high dry matter.”

In general this is requiring more investment, whgdme are reluctant or unable to
make.

“With production levels in the industry getting higr it is increasingly
challenging to sustain production off a difficultesand microclimate. You
come to a point where technology can't help you moye. The benefits to
small growers pulling out of kiwifruit are increagjly outweighing the
costs, with significant costs now for:

« water for frost protection and irrigation

e wind protection

* intensive management

e good labour

« reflective mulches

e compliance
With a re-evaluation of a small orchard (in a margi location) it is more
realistic to consider a shift to an alternative prd

Others have enough income diversity to be philomgphabout the challenges of
climate and aré&arming pretty much to what we're given.”

Growers have adopted a range of management todlpractices some of which have
wider uptake than others. These have been casegoimto microclimate, vine and
orchard, people and post-harvest.

Microclimate management

The ideal site for kiwifruit growing is one with oler winters, warm spring/summer
conditions and access to water. Some growers h@ade decisions to relocate or
purchase additional properties that they believavide the best conditions possible.
For the majority it is a matter of making the mokexisting sites.

e -
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Growersare doing alot of experimentation with above and below canopy shelter

30



Shelter

A lot of shelter was planted in the early daysh# kiwifruit industry, possibly to the
point of over-sheltering. Subsequently a lot hesrbremoved to increased canopy area
and give more light."We've probably reached the limits of that now dandgome cases
some blocks are too open.The trade-off with increased canopy area and riging is
less warmth and greater wind exposure. ldeallyvgre want a lot of shelter in spring
to help heat the orchard up and minimum shelteéhénsummer to give more light and
air movement. Spring and early summer sheltetsig eritical to minimise wind rub
damage to Gold. Growers are now using a lot madiical shelter both above and
below the canopy, including trialling of overheatieker. There is on-going
experimentation as growers strive to manage airem@nt, temperature and light to
best advantage.

Frost protection

The most effective (also the most expensive) ptmeagainst frost is with overhead
sprinklers. Growers in more vulnerable locatiosséhgone to sprinklers, installing
systems that can be used for both frost protediwh for irrigation if and when it is
needed. Those in areas of lower risk are usingt fems/machines. These are effective
so long as there is a temperature inversion to waxkmer air down into the canopy.
Management of shelter and placement of the frasidavery important to facilitate air
movement through the orchard.

5 gn - e~ : £ ‘ é
ual purpose sprinkler systems are being used for both frost protection and irrigation. The
sprinklers are readily moved above or below the canopy.

Irrigation and water storage

“The jury is out as to whether irrigation is reqei for mature vines."Good soil types,
such as in Te Puke, will support mature vines withihe need for irrigation. In the
Katikati area the soils are older ash, shallowet tiere has been some (badly done)
contouring. As a result irrigation is more critioadry periods. Dealing with water is a
critical issue in areas such as the RangitaikinBlawith orchards suffering seasonal
fluctuations in the water table. Orchards in #itsation require drainage in the winter
and irrigation in the summer. The high water talleans that the vines aren’t deep
rooted as they are in the prime growing areas.d @oparticular don't like wet feet.

In the most recent (2007/2008) season there haae diéferent responses to a very dry
summer period. At one orchatgou’d expect fruit quality and size to be the main
casualties of a dry year and yet they have justdrael of the driest summers on record
and the biggest fruit profile he can ever remenibe®n the lighter Paengaroa soils a
grower has irrigation in his orchards but has hdlweater use since switching from
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computerised to manual monitoring. On a Katikathard the oldest vines are 25-30
years old but, with a lot of feeder roots near sheface, water makes a difference to
production. There is a view that if you are watgrit's best to be a bit under and to
avoid over watering at all costs. The experierfca mumber of growers is that irrigated
fruit can have lower dry matter.

Water storage is happening or is being considenetijding contouring of land to store
runoff. Because of the uncertainties with wateitlie Paengaroa area a grower has
invested a lot in water storage on their two newpprties to create buffering for times
of shortage. Similarly, a Katikati grower has teghwater storage lakes to give storage
for frost protection and possibly for irrigationtime future.

Fad
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Some growers are creating water storage lakes

Water allocation is becoming an important issue ragnkiwifruit growers, not just the

amount of water but the application rates that allewed at any given time.

Environment Bay of Plenty is presently working okVater Sustainability Strategy for
the Western Bay of Plenty, which will eventually ieased for discussion with key
stakeholders, including relevant industry bodies lacal councils.

Orchard and vine management

Innovative growers are actively working on orchardi vine management. They are
continually experimenting and in some cases arggueel to take risks and push
boundaries to better understand the limits of tlaatpand what is possible. Growers
with 20 to 30 years experience with kiwifruit sémat they are still learning about Green
kiwifruit and are working with the challenge of teang what is possible with Gold.

Varieties (fruiting, male pollinators, rootstocks)

With an active breeding programme growers are ésmeng increased choice of
rootstocks, male pollinators and fruiting varietieehe greatest development has come
with the commercial release of Gold kiwifruit irettate 1990s. While taste has been a
significant factor in the breeding and subsequembroercial success of Gold it was
quickly apparent that it could cope with warmer t®ns than Green. This has given
growers a significant tool to work with over time.The major constraints on more
extensive plantings of Gold at present are thestrgidimits on area grown and the cost
of obtaining a licence.
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Hydrogen Cyanamide (HCY

HC has long been used on kiwifruit to break dornyampecomote flower numbers and
give a compact flowering period. Its use has ai@ant impact on fruit production,
with good organic Green orchards achieving appraiéty 70 percent of the production
of conventional orchards. Best results from HC csme with some winter chilling.
One grower believes that winter chilling is an oexated issue and that it would be
possible to get by without HC. Others are veractbat its removal without a suitable
replacement would have a major impact on the imgusdrganic growers have recently
completed a Sustainable Farming Fund (SFF) projeoich explored possible
alternatives to HC but with no clear solutions.

Canopy management

Good canopy management is of fundamental importanideere is an industry trend
towards lower vigour canes with higher vigour camese susceptible to wind damage.
Some are putting fruit canes (particularly with @Golbon strings with the aim of
increasing fruit buds and reducing labour costeubh easier canopy management. In
an organic system things have to be managed vegjudg to get the flower numbers.

Trunk girdling

Both trunk and cane girdling are being experimentét to increase fruit size and dry
matter. Spring girdling is principally done foruitr size and summer girdling is
principally done for higher dry matter. There amncerns about the sustainability of
trunk girdling, with some holding a view that it @mly a short-term solution to help
meet the size and quality standards of ZESPRhadtbeen observed that this practice is
having some impact on the vines leading to lessrsempruning and a thinner canopy.
In this particular case, there will be some blottkat are rested from trunk girdling next
year. Advice from an experienced orchard managty be selective with this practice
and watch the plants carefully.

Biennial cropping

A biennial cropping system has been developed fidd @roduction. With this system
they have alternate fruiting rows and alternatesréiat are rested from production to
grow replacement canes for the next season. ®tedr@ines are cut back to the trunk
after harvest to reinvigorate the plants. Und&oemal vine management system the
replacement canes are competing with the develdpingfor available energy. With
the biennial system the vines that are fruiting langer have the added work of
producing replacement canes and can concentrdiigig énergy on the fruit The
exciting thing from a climate point of view is thiatis believed that they can operate
successfully under this system without HC.  Thiergreater risk of wind and hail
damage with this system, with a thinner canopyroitihg vines and smaller leaves.
Overhead protection is being trialled becauseisf th

* There was a review of Hydrogen Cyanamide by ERK&G06 because of its toxicity and concerns
with spray drift (see http://www.ermanz.govt.nz/isegwents/focus/ch2n2.html). This review recognised
the importance of HC to the kiwifruit industry witto substitute available.
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Biological management

There is emergent interest in soil biological maragnt. The main proponents of this
are quick to point out that this is not organic wireg, with allowance made for
conventional inputs. The approach is founded enwork of William Albrecht, an
American soil scientist, with a focus on tryingget the ideal balance of nutrition in the
soil to get the desired responses from the plarte system involves use of targeted
inputs to get the desired nutrient levels, alwaith & focus on feeding the soil biology.
It isn’t a high input system, with inputs on welarmaged biological orchards now lower
than in a conventional orchard. In this systemuhderpinning approach is that good
nutrition management, in combination with good srednd canopy management, is the
key to producing a consistent high quality cropheTview is that a well managed
biological system will buffer against climatic vations such as warmer winters and
extremes of wet and dry.

Biodiversity

Biodiversity is not strictly a production issue hititis something that markets are
looking for and there can be benefits to the omtteard wider environment. There is
growing awareness of this with plantings of natsgecies around ponds and along
riparian areas occurring on some orchards.

People management

“Most of our greatest innovations have come oubwfbiggest disasters.”

There are clearly many challenges but also mangmpavailable to kiwifruit growers.
The face of the industry has changed enormously treeyears with a high percentage
(close to 50 percent) of orchards in corporate a@ship, a lower skill base and
challenges with finding good, reliable labour inmso situations. How individual
growers think and choose to work is a critical eliénce between those who are doing
well and those who are struggling with these andemotchallenges. The higher
performing growers and managers take time, botmdtly and informally, to see what
others are doing. This is often a key to genematid ideas and adoption and
dissemination of innovative practices. As an examjhe approach of one grower is to
continually work outside the square and be strategi his thinking. He uses a
management group to do most of the day to day ngnof the orchard. In some ways
he sees it as his good fortune to be able to affuied On the other hand he has the
attitude that he cannot afford to do the pruning #rings like that. Similarly in early
February 2008 another grower and his managers wenhto visit the six highest
performing growers that they know of in this regiorA further example of the
innovation of this grower has been allowing theichmrd managers to buy into the
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business. This has given them a much greater sémsenership and has improved the
whole operation.

Postharvest

“After harvest you can do some things such as thg w which you cure the fruit and
how long you do it for.” Post harvest starts in the field and carriesutjinato the pack-
house. How the fruit are handled and stored &t rmdifit stages is very important and is
increasingly so with the earlier harvest and araggqt trend towards warmer autumns.
A number of strategies are being employed to dethl increases in field heat of the
fruit, including:

< Covered storage areas in the orchard to manageirhbats immediately post
harvest

e Curing areas at post-harvest facilities

< Improved design of new coolstores with better iagah

* Increased energy input to cool the crop to stotageerature and an increasing
focus on ways to save power without compromisirgdtop

Climate change
“I saw Al Gore’s movie and it was life changing foe.”

Key points — Climate change
e There is increased awareness of climate change.

e The greatest concern is with the potential foreéased frequency of extreme
weather events. There is also concern with treceffof warmer winters and
autumns, effects on rainfall patterns and changyeests and diseases.

» Warmer spring and summer conditions will be berefic

The experience of increased frost risk, warmer evgitand warmer autumns is
contributing to heightened awareness of climatengha There are concerns from some
growers with these changes, in particular the piateior a greater frequency of

extreme weather events.

“If climate change brings more wind and storms tltileat is going to be our
biggest challenge because Gold is very vulnerable.”

“In the past people have taken an event like CyelBola as a one-off. |
think we have to learn to prepare ourselves fosthsorts of events coming
a lot more regularly.”

“The biggest concern is with extreme events, paldidy hail and wind.

Most growers would see warmer temperatures as dtipmsaside from
winter temperature increases. Water is a signifta@oncern.”
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“It would be a concern if there is an increasedduency of storm events
and north-easterly weather events. Big challengegh warmer
temperatures would be lack of winter chill and atwest time.”

The potential changes of greatest concern to growe:

» More extreme weather events, including wind, hadl atorm events.

* Less winter chill would increase reliance on budeaing chemicals,
particularly with Green. HC is less effective witkarmer winters.

Warmer autumns will create more challenges at Isareed post-harvest in
terms of fruit hardening, curing, field heat andrage.

* Any increase in rainfall variability will heightethe need to protect water.

» Existing and/or new pests and diseases could ariSech possibilities are
considered to be unpredictable.

» There will be increased risk of salt water intrusiwith coastal bores.
On the positive side there are potential benefits:
* A warmer climate with increased atmospheric,@@uld give higher yields.

» Warmer spring and summer conditions (as experieirtdte current season)
would be good for dry matter content.
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Adaptation to future climate change

Key points — Adaptation to future climate change
* A planned, proactive, approach to climate changkaaiaptation is required.

e There is confidence that growers and the indusgryaawhole have the
capacity to adapt to a progressive warming of ireate. There is some
concern regarding potential for increased frequentyextreme weather
events.

« There are a lot of adaptation options with curteots and practices, there is
on-going innovation and experimentation and a fewwgrs are actively
taking account of climate change in the things theydoing.

e Over time there will be changes in variety (moreld>dess Green, new
varieties), location (sites with cooler winters)dadand use (different crops,
subdivision).

e There is no clear alternative to HC at presentgeAeral trend towards more
organic-type approaches, driven by market requirgspewill reinforce the
need for new varieties that require less wintelinkyi

* There are developments happening that are of hiddwvance to future
adaptation. Important developments include therb#&rcropping system that
has been developed for Gold, experimentation whibva canopy and sub-
canopy shelter, and biological soil management.

e In most cases there is sufficient rainfall in thayBof Plenty and projected
rainfall changes are unlikely to be detrimental.ec@®ity of supply is
becoming an issue for many growers. Some growears hlready developed
dams to capture and store runoff. Water allocatenes need to be resolved
for the future.

e Post-harvest operations are already adapting tonermautumns and will
continue to adapt with a focus on issues relategnmval of field heat, fruit
curing prior to storage, and improved insulationd ancreased energy
efficiency of coolstores.

» There will be on-going changes in ownership stnecin the industry, with
the possibility of more corporate ownership and €ewowner operators.
Regardless of the ownership structure the indusillystill need innovators
and risk takers to provide leadership.

There is a lot of confidence that it will be podsito adapt to a progressive warming of
the climate using a combination of existing tecbgas and new innovations that will
arise over time. A few growers are already weillvddhe track with their thinking and
with what they are doing. One very proactive amtbvative grower sees adaptation as
being wholly consistent with his business philogo@nd has commented that the
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discussions around adaptation to climate change the last couple of years has
sharpened his focus on what they are doing witir hrehard developments. He and
others see climate change as an opportunity tcsfegan more on innovations that they
are experimenting with and introducing to their e management. The biggest
concerns regarding adaptive capacity are the uigtade changes that may arise, most
notably with extreme weather events and to a ledegree with changes in pest and
disease risk, and current uncertainties relatingeter allocation.

“If winters were consistently warmer we would deyeways of dealing
with it. It's the unexpected weather events thdtte you out.”

“With gradual warming it would be possible to adapio what we can with
the technology that we've got and if that's notwglowe’ll have to change
variety.”

“What happens in the orchard, how growers respomd adapt and the
returns to growers are fundamentally important tbetpack-house
operation.”

“The biggest challenge will be dealing with any reases/changes in
extreme weather events.”

“Too many growers are focused on tradition rathieat how we can create
the future.”

“There are some alternatives to HC that look modelsapromising and we
can take some lead from organic growers.”

“As things get tougher we just have to get smartiefis not going to come
on us in one day. It's going to come on slowly.e Wéed to do more
investigating about alternatives and keep a vergromind to it getting
warmer. What are we going to do? It's not goinghe tomorrow that it's
all changed. The industry needs to be proactitleamthan reactive.”

“Farming and growing is about the need to be adébd
“It is important to be open to change, to be opestiggestions.”

“I think we'll be alright in the short term. Watés the big one. Wind we
can mitigate with shelter. With temperature wb#él OK.”

“We will survive as we are for many years with aogressive warming.
Does it give me confidence to plant and developefhdXo, it diminishes my
confidence to do that.”

Kiwifruit growing already involves a strong focua ways to reduce and/or spread risk
and this is strongly reflected in potential addptat identified by growers.

Varieties, location, land use

Growers have choice as to what they do on the lamdmperatures that are 1-2°C
warmer in the Bay of Plenty will be comparable tesent Kerikeri conditions and
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shouldn’t be an issue for Gold. In fact warmerrage conditions may well be
beneficial to Gold “You can be a blind man and see that Gold paadigthas a better
commercial future than Green.” With an active breeding programme that is firigll
potential varieties in different locations therealiso optimism that new varieties will be
developed over time.

Another option, already being adopted by some) imtest in sites with cooler winter
temperatures and potential to modify microclimdtespring and summer warmth.

There is also the potential for changes in land-with conversion to different crops or
subdivision for urban development in some locationkis is already happening, with a
grower in a marginal microclimate who has alreadgdenthe decision to switch to
another crop, in his case to olive growing. Intheo case, a grower is on the urban
fringe of Te Puke and could be in a position tosider subdivision in ten years time.
Their orchard is on prime kiwifruit growing land éit is likely that factors other than
climate would drive any such future changes.

Winter chilling

“By not using HC you're increasing the variabiligf your orchard. Here we have
ZESPRI saying we want less variability, we want ttrap to be as level as we can.
We're faced with a major problem if we don’t hav€ Hr a suitable substitute.” Like
other chemical tools available to growers HC isamgressure with markets wanting
fewer and fewer sprays. Along with these pressitrés also evident that HC will
become less effective over time with warmer wintevgh some degree of chilling
required for best results. There is no obviousratdttive to HC at present and if it is not
available as a management tool in the future thy adaptation growers see long-term
is to switch to other varieties over time or moeeat cooler location. Those who
advocate the biological soil management approabéveethat chilling is not an issue if
you get the nutrients right. This view is countel®y others who see some benefits
from biological management but don't believe it eahieve what HC does. A manager
of both conventional and organic orchards has ieemesults of removing HC from a
conventional production system. A number of thevemtional growers interviewed
believe that the industry has to inevitably mowwands a more organic type approach
over time. Organic growers are more philosophataut working with year to year
fluctuations in production that are inevitable with use of HC. The underlying
approach is to farm to the weather. An organievgran Opotiki was the beneficiary of
this approach a few years ago when all of his neighs were hit by a late frost. His
orchard was unscathed because his vines had niddyetred.

Orchard and vine management

There is a lot of on-going experimentation in ordsaand sharing of ideas between
growers. Potential adaptation benefits exist wiith biennial cropping system. The
developer of this system believes it has the piatietat be productive without the use of
HC. The experimental work of others with sub-ganshelter and reflective mulches
provides opportunities to modify and manage thehamt microclimate to best
advantage. Canopy shelter may become more widsbpgaarticularly if there is
increased incidence of extreme weather events twer. Equally important is the
biological management work with a belief tHaitcomes back to soil balances and soll
biology. If we've got those things right then hlant will function fine.” There are
guestion marks over the long-term sustainabilitypedctices such as trunk girdling
aimed at increasing dry matter and fruit sizethis regard warmer temperatures during

39



spring and summer are likely to be beneficial diree. The on-going work of organic

growers is very important with conventional groweften benchmarking themselves
against organic orchards. Some have the viewttiee will be a general shift to

organic-type approaches, driven more by market ireoquents than climate change.
Any such shift will provide challenges in terms wianaging warmer winters and
emergent pest and disease issues. With a mordioatad focus on climate change it is
also likely that Bay of Plenty growers will look tearmer sites in their region as well as
to Northland to benchmark their adaptations. A#oee for time to do strategic

development work and thinking will likely becomeciaasingly critical as challenges to
production increase over time.

Water

In most parts of the Bay of Plenty there is suffiti buffering capacity with the current
rainfall amount. The most recent warm, dry seaa@ports the view that mature vines
on good soils can survive and produce well undeh siwonditions. Indications are for
no significant average rainfall changes in theagegbut changes in distribution could
have implications in more marginal areas whereethgralready some dependency on
irrigation. Those growers who have invested irindgber irrigation systems have done
so for the dual benefits of frost protection andyation when they require it. A critical
issue in many growers’ minds is not so much changesinfall but availability of
surface or ground water for frost protection amdyation. Security of water supply for
the future is seen as a key issue by approximdtalfy of the growers interviewed.
There is a clear need for water allocation issoebet resolved involving all relevant
parties. Proactive growers are ensuring greateure by investing in on orchard
water storage where possible.

Post-harvest

There will be on-going changes and refinementsast-parvest operations. Changes
have already been introduced as a result of regarm autumns, particularly aimed at
curing and removal of field heat prior to storagk.is likely that further changes to
post-harvest handling and management of fruit bélrequired with warmer conditions.
Warmer autumns will increase the potential fortftaibe growing later into the season
with no clear cooling signal to harden off. Thautd affect storage life of fruit. With
cool stores ranging in age from two months to twemetars old there are differing levels
of insulation. Higher energy demands and highetscof energy will likely drive post-
harvest operators to installation of better insatatas well as continue to work on
improved energy efficiency in all parts of theirepgtion without compromising fruit
storage.

Changes in ownership

The challenges to the industry are already sigifi@nd it is likely that concurrent with
climate change there will be changes in the owmegrstructure. There is already a
trend away from small growers with approximatefyyfpercent corporate ownership at
present. With an average grower age in the mid 8@s high cost of productive
orchards and a skill gap that the industry is pegjinning to address, there are likely to
be significant changes over the coming decade.teBs like the biennial cropping
system are being developed with declining skillelevin mind. Such a system is
considered a ‘paint by numbers’ approach with saingtlike a fifty percent reduction
in labour costs. It is highly likely that there Iwstill be room for smaller-scale
operators, but they will likely need to be veryllgkl and both strategic and adaptable in
their approach.
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Industry responses to support adaptation
Key points — Industry responses to support adaptabin

» Confidence in adaptability of the industry is baled with a recognition that
a planned, proactive, approach to adaptation igimed to minimise risks and
maximise opportunities.

* Communication and education are the key to engaginwers and others
more widely in actively thinking about, planning fand acting on adaptation
to climate change.

* ZESPRI has a key role to play in supporting a pahiproactive approach to
adaptation. Integration of adaptation, alongsiggrapriate mitigation
responses, into an emergent focus on sustainalsligy sensible and cost
effective way to operate.

e An important next step is to bring together keywgos who have already
been engaged with to focus on priority issues amayaforward. It is very
important that this steps beyond the foundation kwain adaptation
completed in 2006 and what has been achieved thrthis) current project.

» Relevant information needs to be collated for wddssemination. Immediate
outcomes from this work include an article for Kiifruit grower magazine
and a Kiwitech bulletin (a technical informationrise developed by
ZESPRI) on climate change and adaptation. Ottggestions include:

« Develop a whole information package for ZESPRIfstatl growers.

¢ Develop a comprehensive inventory of adaptationstamd a system for
documenting what growers are doing.

¢ Produce a series of short articles to go out in riwnthly Kiwi Flier
newsletter.

¢ Provide a condensed summary of climate change dagtaion for the
ZESPRI grower services team.

* Provide a full copy of this report to the ZESPR¥éiry so that growers who
want the detail can access it.

e Explore the marketing opportunities with this infation.

« Disseminate relevant information through field dagat are focused on
adaptation to climate change.

e Support relevant underpinning research, focusingpamticular on plant
breeding, crop protection and water. A proactigpraach is essential as it
cannot be assumed, for example, that new varietgh low chill
requirements will emerge by default.

* A positive, proactive, approach to adaptation whghintegrated within a
wider sustainability focus could provide marketoygportunities.
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“ZESPRI should have more focus groups where yothgetls on growers together to
talk about what they're seeing and what's happeniith our crops. We need to be
investigating things like HC alternatives, diffetestyles of doing your canopy and
looking at results like that. Make sure the infation is well publicised and everyone
knows what is going on. We need to push the laoigsd We need to bring the
science of climate change down and focus it on velxactly it means for kiwifruit,
where it is taking us and what we have to do.”

The quote at the beginning of this section is acsensummary from one grower of the
collective thinking of many of the people (growawrsd ZESPRI staff) who have been
consulted through this project. There is confident the innovative capacity of the
industry and a generally optimistic view that tleeyn adapt to climate change and make
the most of opportunities. However, at the samme tit is recognised that a proactive
and united industry approach is required to ensluae potential negative effects are
minimised and opportunities maximisetiWe need as much information as we can to
be both proactive and able to defend ourselves wieerssary. We need to be in front
of things, and proactive.” Such an approach involves a number of key roles and
responses which are summarised below.

Communication and educationneeds to be the primary focus with a responsikiitity
ensure that the whole industry (which includesegions where kiwifruit are grown) is
well informed.

ZESPRI has a key role to play

Many growers are presently struggling to keep theiads above water as things are.
With this situation there is a need for ZESPRI to groviding some leadership on
climate change and adaptation. The advice fptib together a coherent picture from
growers and then take it to ZESPRI to look at raskd opportunitiesand to develop a
plan to mitigate risks and maximise opportunitieZESPRI staff who have been
consulted through this project clearly recogniseriked for a more proactive approach.
Questions from overseas markets relating to caftbatprints in the industry have led to
an emergent focus on wider sustainability issu€kis wider focus is recognition that
climate change is one of a multitude of changet dha taking place in the world that
will impact on their industry. There are clearigited resources to respond to these
multiple issues and the smart approach is to wddptation responses in with existing
activities as much as possible. Such responsed teebe easy for people to
comprehend as well as being practical and affoedatost people will need to see
both financial implications and benefits to undanst and begin to respond.

Work through the innovators

“People follow leaders. The followers have just gmbe shown by example. It's the
only way you’ll get through.”

“The greatest response has always come from thergwpntation of growers, which

needs to be supported.”

The general approach of ZESPRI Innovation is tau$oon the leading, innovative,

growers. The success of the KiwiGreen programme faanded on such an approach
and serves as a benchmark for kiwifruit and otlréngry industries. The innovative

growers themselves recognise the value and impmtaf sharing ideas relating to

climate change and adaptation. The view from a key growers and the ZESPRI

Grower Services team is to get the interviewed grswogether to share the overall
picture from them all and work to get their collgetinput to next steps, with the aim of
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getting more growers to be proactive. It is reésguh that the majority of people need
to see things working before they will consider ingk something on board.

Concurrently there needs to be ongoing recordirjdissemination of relevant grower
experimentation. One grower recognised the rote\atue of ZESPRI in carrying the

bigger picture but reflected that it is impossifle them to be on the ground with every
grower and know everything that is going on. Instlcontext some means of
formalising and documenting grower experimentattoneeded.

Collate information for dissemination

A number of suggestions have been made in termsudhble information and
mechanisms for dissemination. Immediate suggestimnbe completed as part of this
project are for:

e An article in the grower magazine.

< A Kiwitech bulletin on climate change and adaptatio

Other suggestions include:

« Develop a whole information package for ZESPRIfstafl growers.

e Develop a comprehensive inventory of adaptationlstoand system for
documenting what growers are doing.

* Produce a series of short articles to go out imtbeathly Kiwi Flier.

< Provide a condensed summary of the science andrafmn from this project
for the Grower Services team to work with.

< Provide a full copy of this report to the ZESPRiréiry so that growers who
want the detail can access it.

e Explore the marketing opportunities with this infation. For example,
develop and integrate grower stories on adaptatienpart of the wider
sustainability focus.

Disseminate information through focused field days

In the short term there is a recommendation thgathering of growers interviewed
through this project be combined with a field da$uch an event would provide the
opportunity to share and discuss results and peoaiplatform for further developments
and dissemination over time. Ongoing discussions ammptation and wider
dissemination could take place through ZESPRI fitdgs. These are considered a
logical forum for engaging people more widely. ZAE8 already has five focus
orchards spread from Paengaroa to Katikati. Theydedicated sessions at these field
days and are beginning to get more growers, notgaslers. There is more awareness
of changes in the climate. This year (2008) imadgtime to engage more widely with
growers because of recent warm winters. The kigtls to make things relevant to
their orchard operations and what they are experngn If you can make the
connection with winter chill for example that prdes the opening.

Research

The successful KiwiGreen programme was founded®20lyears of research by the
former DSIR and subsequently HortResearch. Thee fieeling from some growers
that the industry has become too focused on short-tesearch rather than the sort of
long-term research that underpinned the KiwiGresmg@mamme. Within the context of
climate change key areas of concern are with gieegding, crop protection and water.
These areas of concern have been recognised by gomers, ZESPRI staff and
HortResearch scientists based at Te Puke. Thexecafidence from some growers
that the solutions to potential challenges andsrasésociated with climate change will
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be found by someone. The reality, as experiend#d KiwiGreen, is that change can
come quickly if there is a solid foundation of radh to work from. To enable the
industry to effectively and proactively adapt torete change such a foundation needs
to be developed. Reflecting on the KiwiGreen eiqrare it may take a concerted effort
and investment over the next 15-20 years to enthae risks are minimised and
opportunities are maximised.

A proactive approach to research is needed. Hee&teh scientists at Te Puke were
presented with a summary of issues identified ywgrs and asked to respond with
their thoughts on research needs (see AppendixTBey have identified a range of
research opportunities relating to the key areaplaft breeding, crop protection and
water. These are potentially of critical importarto the future of the kiwifruit industry
and need wider discussion between the scientisisjegs and ZESPRI.

A key priority is the breeding of new varieties lwibw chilling requirements. While
existing trials are taking place at a range of fioce it cannot be assumed that low
chilling varieties will emerge by default from aeleding programme that currently has
fruit quality as its primary focus. Specific resdaneeds for development of varieties
with low chilling requirements include:
1) Screening the large germplasm collection in Kerikand evaluating this
material for low chilling requirement.
2) Prioritising introductions from warmer areas in @i
3) Increase and measure response for low chilling ireqents on hybrid
populations.
4) Development of new varieties for different growisgstems which involves
studying/modifying plant and orchard architecture.
5) Addressing the impact of changes to flowering plagoon pollination.
6) Development of alternatives to HC.

Comparable research needs/opportunities have loleerified for the other key areas
mentioned (Appendix 3).

Marketing opportunities

The kiwifruit industry has a demonstrated abilitydacapacity to be innovative and
change quickly when needed. It has the poterdiéktproactive, to provide leadership
and use such an approach to full advantage. Thelajament of a stronger
environmental focus, which takes an integrative amst effective approach to
adaptation, has the potential to have significaautketing potential.
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Role of regional and central government

Key points — Role of Regional and Central Governmen

* Both regional and central government have importaés to play in
supporting the adaptive capacity of the kiwifrmdustry.

< At regional level there needs to be active engagérnetween the kiwifruit
industry and regional government to resolve corgemegarding water
allocation. The Water Sustainability Strategy that currently being
formulated by Environment Bay of Plenty for the \t¢es Bay of Plenty is an
ideal opportunity to address and resolve thesesssu

< At national level it is important that necessarppart is provided to enable
the Kkiwifruit industry to adapt to climate changéeetively and in a
coordinated manner. Key areas for support incliaiey-term strategic
research and strict biosecurity controls.

While there is clearly a strong adaptive capacitiw the kiwifruit industry there are
some key areas where input and support from rebanhcentral government are
required.

At the regional level the key issue of concern ithwvater allocation and in general
with protection of valuable soil and water resosrc&rowers are universally concerned
about water quality and water availability. Thegsures from rapid population growth
in the western Bay of Plenty are significant. Wasenow being drawn from aquifers in
rural areas to support the urban population. Coeatly there has been a growth in
demand for water, mainly for frost protection blgoafor irrigation when and where it
is needed. There are clearly growers who are enadeabout the current situation and
the lack of guaranteed access to water in someegladhis is an issue that clearly
requires some active engagement between the régioumcil, ZESPRI and key
growers who are in the most affected areas. TheeM&ustainability Strategy that is
currently being formulated by Environment Bay ol for the Western Bay of Plenty
is an ideal opportunity to address and resolvectiesies.

At national level it is important that necessanport is provided to enable the
kiwifruit industry to adapt to climate change etfeely and in a coordinated manner.
Key areas for support include long-term strategégsearch and strict biosecurity
controls. There is recognition thdtew Zealand has a great opportunity because we
have this loose tag of a clean green image. WImt dee make ourselves such that we
can use it.”
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Discussion and conclusions

There is a tendency with climate change to focugshenbad news. Climate change
impacts research developed in response to a nekeltter understand what the worst
effects might be, who might be worst affected, amt the costs of adaptation might
be. This provided a background to the strong faousnitigation that emerged through

the 1990s. With understanding of what the wordeat$ might be the case for

mitigation was strengthened. More recently, agd@wie of climate change has begun
to emerge, there has been increased attentionagradibn.

A focus on adaptation encourages a shift towardgtipe thinking and actions. Rather

than perceiving climate as a source of risk, threatlisaster there is an opportunity to

identify climate as a resource. In New Zealandhaee, for the most part, made good
use of our climate resource albeit with some mesakade along the way that have
increased our vulnerability to climate. Climatenge provides both a challenge and an
opportunity. Most of all it is requiring us to nakhoices, in the face of considerable
uncertainty, which will determine the extent to etifuture opportunities are realised

and future costs are incurred.

This current study has built on a foundation of kvitrat has focused on climate change
and kiwifruit, as well as previous adaptation wevih farmers and kiwifruit growers.
The brief review of previous impacts and adaptatiesearch highlights a transition
from a focus on the bad news for kiwifruit to a m@omprehensive focus on challenges
and opportunities that may arise with climate cleangPrevious engagement with
farmers and growers on the subject of adaptatisrchasiderably enriched thinking and
added depth to the relatively confined, but stdluable, understanding provided by
impacts research. Most of all the contributionpefbple on the ground, particularly
those who tend to be proactive, innovative, anwéod thinking, is a strong focus on
opportunities and what needs to be done to enkatdhese are realised.

The in-depth consultations with kiwifruit growershich form the bulk of this report,
have strongly reinforced the value of such a fodusegagement. It is apparent that
there are considerable challenges being facedvijriit growers and the industry as a
whole. Climate variability and change is one afumber of issues being faced. They
are already dealing with an inherently variablenalie and more recent changes in
climate that are, for the most part, consistenhiitture scenarios of climate change.
Adaptation, innovation and resilience are all pesitittributes of the kiwifruit industry.
These qualities are all evident in the informatitrared by growers, both in summary
form in Part 2 of this report and through the indiial interviews that are documented
in Appendix 1. There is a considerable amountnmiovation and experimentation
being undertaken by growers and good systems amirie available for sharing and
dissemination of information for those who choas¢ake advantage of it. In this sense
it can be concluded that the adaptive capacity h&f kiwifruit industry is high.
However, it is also apparent that it should notabsumed that adaptation will happen
simply because the capacity or potential is there.

The kiwifruit industry is currently well placed #dopt a planned, proactive, approach
to adaptation. The timing is right for such anrapgh. This and previous work has
provided some valuable momentum with a core grdugramwvers engaged, a number of
whom are keen to contribute to next steps. Theistig is currently developing a
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sustainability strategy, which has emerged fromstjaes relating to its carbon

footprint. With limited resources and a numberimter-related issues to address it
clearly makes sense for adaptation to be an intpgra of this emerging sustainability

strategy. There are key areas that need atteitiermost important ones being:

¢ Communication and education throughout the industryclimate change and
adaptation with a focus towards practical solutiand actions.

* Long-term strategic research aimed at making thstmbthe climate resource
in the future and minimising risks and costs. Q@hdamental importance is
breeding of new varieties that require less wirdieilling and produce high
quality fruit. Pest and disease issues, waterthadcevolution of management
and post-harvest systems will all require somentitie as well.

* The identification and realisation of marketing oppnities. There is an
opportunity for the kiwifruit industry to profile gsitive stories in relation to
climate change and adaptation.

e Water allocation issues need to be resolved fofuhege. Environment Bay of
Plenty is currently working on a Water Sustainapibtrategy for the western
Bay of Plenty. It is hoped that the opportunityrégolve relevant issues will be
taken in the development of this strategy.

What is the wider relevance of this work? Adaptatinnovation and resilience are not
only positive attributes of the kiwifruit industryThey can be found throughout New
Zealand. This is reflected in the statement frofaavke’s Bay hill country farmer a
few years ago who commented, at the end of an afilaptworkshop, that he didn’t
realise how many options they actually had. Theewrelevance of this work is in the
grounding of current scientific knowledge with peal, forward thinking people. A
two way dialogue emerges from such an approach. th®rone hand people on the
ground are more informed about the science and tableake it relevant and real in
what they are doing and in their future planni@n the other hand the information and
thinking shared by people on the ground providessght and direction that is very
relevant for the policy and science communities. prbvides the opportunity to be
strategic, practical, efficient and effective withr resources.

As stated in the introduction, adaptation is ultiehaabout making a choice to act and

getting the timing right. The challenge and theartunity is to make the most of what
growers have shared through this study.
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Appendix 1 — Grower case studies

The growers interviewed are geographically spreach fKatikati to Opotiki, with the
majority from the core production areas of Te PBkehgaroa and Katikati. They
include a mix of Gold and Green growers engagectanventional, organic and
biological production. Most are owners with vaxyidegrees of hands-on involvement
in their orchards. Two of the interviewees areoimed in family businesses that have
evolved from fruit growing to medium sized packhewperations. Three are involved
in orchard management.

Grower Location Variety Management system Management role
Gold (Go) Conventional (Con), Owner (O), Manager
Green (Gr) Organic (Org), (M), Packhouse
Biological (Bio) operator (P)

1 Te Puke Go Con 0o

2 Te Puke Go Org 0]

3 Te Puke Go, Gr Org o,P

4 Te Puke Go, Gr Org (0]

5 Paengaroa | Gr Con M

6 Paengaroa | Go, Gr Con ®)

7 Paengaroa | Go Con o

8 Paengaroa | Gr Con O, M

9 Tauranga Go, Gr Con, Org ®)

10 Katikati Go, Gr Con O,P

11 Katikati Gr Con 0o

12 Katikati Gr Bio 0]

13 Katikati Gr Con, Bio (0]

14 Katikati Go, Gr Con, Org M

15 Katikati Gr Con, Bio 0o

16 Katikati Go, Gr Con, Org 0]

17 Whakatane | Gr Con 0o

18 Opotiki Go, Gr Org (®)

A qualitative assessment was used involving senméb interviews and orchard walks.
All interviews were recorded on a digital voiceoeter. Growers were asked to share
information on:

» Current climate challenges

* Management tools/systems in place to address dwlierate challenges
» Primary concerns/issues with climate change

» Adaptation responses required to address climategeh

e Support or steps required from industry, regionad @entral government to
implement and support adaptation in the kiwifradustry
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Grower 1: Don Heslop, Te Puke

Background

Don has been in the kiwifruit industry since 19784ost of that time was spent
managing orchards. He and his wife now own and tmm orchards. The home
orchard on No. 3 Road is 1.5 canopy ha and the ot ha block, is on Old Coach Rd
(OCR). They have owned the home orchard since.1995

Both orchards are conventionally grown Gold, allp@rgola. The home orchard was
one of the first commercial plantings of Gold, certed in 1997 by cutting the tops off
the Green and stump grafting. This meant one gaaiof production. It has been a
high yielding block.

They bought the OCR block three years ago. It plasted in 2000 but hadn’t been
well managed.

The home block is on rich volcanic soil with plemtyblack topsoil. The OCR block is
very light pumice soil. They're managed quite eliéintly as a result.

Current climate challenges and responses

Don thinks we're going through cycles of climatelhey’re having a really good
summer this year. He grew up on No. 3 Road ane\Ved they used to have good
summers like this one in the past.

Home block

Temperature is generally not a problem. The biggeallenge is warm temperatures in
June/July and not enough winter chilling. Howev@aold is better suited to warmer
winters and doesn’'t seem to suffer as much. Tl &h Gold wasn't because of
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warmer winters, more because of needing a changevanting a new challenge but
Don is more aware now of the potential benefits.

They are very lucky as they are basically frost fagith very good air drainage. They
tend not to worry about the spring frosts. Thesm'aa problem so long as he keeps
the orchard well mowed and the bottom of the shelear.

Water has never been an issue since they've been Rainfall is not a problem at the
home block and is much higher than at the OCR bl@dten it is raining at the home

block and not raining at OCR. They had a dry yedr997 and it didn’t hold the vines

back even though all the grass died off. The tooksis from the early 1970s and so is
very deep rooted.

The orchard is well sheltered. There is an odd Iprab with wind in
November/December. The nor'westers are the worst.

They are below the area that tends to be more gmhail. Last year (New Years day)
they had their first hail ever.

Don’s focus is on nutrition management to get cstegit production of good quality
fruit. Half of the home orchard is strip mown, fhlads a biennial cropping set up. He
has been quite happy with the results from this ianstructuring the vines totally.
The orchard is single planted, using old rootstockke crop volume is down with the
biennial system but he is working to get it badkis system is easier to manage with
very little summer work. Dry matter has increaskghtly.

Old Coach Road block

Because of the temperature characteristics ofldhbagtion it is likely to be less affected

than the home block if HC is taken away. Therehagber day temperatures and cooler
nights at this site with about a 5°C temperaturféeidince with night temperatures

(between home and OCR blocks). The higher sumempératures at the OCR block
are generally beneficial for dry matter and fruibgth.

There is water for irrigation and overhead frosttection on this block. Don has
upgraded an existing system which was put in byptlegious owner after being hit by
frost in the first year when he was due to harva@s$te reasons that the vines didn’t take
off after they were first planted was because ok laf water. The water is from a
surface take which is part of a bigger water schéangart of Old Coach Road. This
area is a challenge in some ways but also benkfisithey can turn the water on when
they want to. They can manage the water and aglasxly good dry matter. A bit of
water stress is good at certain times of the year.

Wind is probably the biggest challenge. One offitst things he did was to put in quite
a lot of overhead shelter. He is now in the prscesputting in under-vine shelter
which will hopefully help reduce reject rates.idtalso used to improve light. He’s not
using the reflective cloth that Alan Luckman (Grawsg is using.

At present he isn’t using the biennial system aRdf@cause of the age of the vines and
the way they were poorly managed to begin with.
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Climate change and adaptation

“If climate change brings more wind and storms thbat is going to be our biggest
challenge because Gold is very vulnerable.”

Warmer spring and summer conditions would be godtie current trend in the Te
Puke region seems to be toward a cooler spring/eamnmer and warmer summer.
The perception of “normal” conditions is a cool finand warm spring/summer. They
have not been experiencing this over the last ebaplyears although this last season
wasn’t too bad. A trend towards higher temperatweuld require continued use of
HC to make sure of flower numberél’m not sure what we could do to minimise the
risk (without HC) apart from moving to another ldioa that is cooler.” The purchase
of the OCR block was made with climate change a@ditdmind. They are spreading
their risk with two orchards in different locations

More wind and storms would be the biggest challeiighey are a consequence of
climate change. It is very hard to protect the boonchard from nor'westers, so it
would be a problem if they became more prevalérite main issue with wind is skin
blemish, which is only cosmetic and has no effent taste or keeping quality.
Consumers don't want blemished fruit.

The downfall of the sub-canopy shelter is the latkair movement at night time.
Nov/Dec is the time when winds can be a problem asel of shelter at this time is
beneficial to daytime temperatures. The challeoigenanaging under-vine shelter is
that you want to stop air movement to prevent fddamage and increase light and
warmth, but can block air movement at night tim&/armth during the day will
hopefully increase canopy cover and help protexstib-canopy.

If there were more frequent hail storms it wouldduéte devastating. At present their
home property is below the area that is more suiédepo hail. Don may look at
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overhead shelter at OCR if necessary, but would teeveigh the benefits against the
costs. He can afford to lose half a crop to hail3 years as they have experienced and
would look at things seriously if they suffered Blasses with greater frequency.

He is already putting systems in place to spread ribk, is looking at different
production systems and is still experimenting withys of getting a more consistent
crop. An option for the future is to move the OBIBck into biennial bearing. Don is
still learning with this system and trying diffetethings. He is noticing buds further
apart with canes grown up the strings. You canaget more fruit per cane with buds
closer together. He uses BENEFIT (an Italian potdior sizing of the Gold fruit. The
product limits the natural processes in the vinergases the cell division of fruit and
takes the vigour out of the vine which means fngjtbuds are much closer together.

There are issues with field heat. They are nowkipicin much warmer temperatures,
as early as March, when historically the harvesbfen began on 1 May. HC is being
used to create an artificially early harvest. ®dhehard location (microclimate etc) and
date of application of HC determine harvest time.

Don does what needs to be done to manage the draledir “One thing that | try and
make sure | have plenty of is worms in the soil.”

Industry issues and responses

If the climate is getting warmer then removal of MGuld be a big one. It would be
great if the scientists could come up with an aléve.

Some practical advice is needed on what can be tohelp prevent climate change.
The industry needs to be sensible about C footprintt has to be practical and
affordable. Globally, we ought to focus our enesgbn restoring areas in desert, rather
than be caught up with C as such.

Don agrees with a wider sustainability focus buteieds to be done sensibly. He shared
the example of removal of willows on a neighboutigarian area with subsequent
erosion problems after a high rainfall event. Tdeas that come from people in offices
aren’t necessarily practical.
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Grower 2: Graeme Crawshaw, Te Puke

Background
The property was bought by the family as an orchard979, which Graeme has
managed since 1986 and owned since 1992.

He and his wife Jill have 7.5 canopy ha of orgabatd kiwifruit. Jill has a pollination
business. They have a half share in a 5 canopyrdenic Gold orchard at the top of
No. 3road. Atthe home orchard they also run migfee range chickens.

They first moved into organic production in 199Rroduction is about 7000 trays/ha
which is close to the industry average.

The soil is a very free draining volcanic soil. ¥fais from a spring in the gully that is
on the property and this hasn’t stopped flowinglirthe time they've had the property.
This includes the last summer which has been pdatiy dry.

The land provides sufficient moisture for the matwines and to his knowledge it
hasn’t been a limitation to production, so theradsuse of irrigation.

Apparently HortResearch have done some work indhigeral area which shows you
might get an economic benefit from a water contidruonce every 10 years for mature
vines. The conclusion was that investment in wiat&t necessary.
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Current climate challenges and responses

Temperature in this locality is limiting for growgnorganic Green. If they were

growing Green they might be limited for flower nuenb in years with mild winters or

with a cold snap in the spring. With Gold they é@aever had problems getting the
flower numbers under their organic management. sHif to Gold was partly because
of temperature, but more strongly driven by théetad the fruit and perceived market
demand.

There is a higher frost risk with Gold, with budréiuup to 6 weeks earlier than Green.
There have been years with lots of frost but theyall been after Gold budburst.
Graeme believes that frost events have been m@gceaind common since about 1994,
Frost control is a “must have” for Gold because gogater susceptibility. They
converted to Gold in 1997 and used helicopterdrfist control for the first five years,
with significant frost damage in two of those yeai&hey then put in a wind machine
which they've now had for 5 years. They have oriedwmachine for the property
which is proving to be very effective. They haweng areas with natural air drainage
and so the one machine is sufficient for the 7 eaommendation is one machine per
6ha). They will use it from 2-10 times per year.

They've changed quite a lot of shelter to faciétatr flows from the wind machine.
They use a combination of natural and artificiatldr. He has been putting in some
under-vine shelter for the last 2 years. It is asteffective as high shelter but is far
more affordable. Shelter management and improveimem-going.

Their neighbour has invested heavily in overheauhklers for frost protection.

There is no feeling of water limitation or potehfiar damage from high rainfall events
at present. There have been some intense ragviafits in the area but this has never
caused a problem on their property. A dry yeaexgerienced this season, slows down
the young vines but there are no major problerfishel bottom line is to keep the vines
alive then they will apply water. However theirilpBophy is to encourage the vines to
establish their root system with minimal irrigatimput. The root system will stay near
the surface if you irrigate constantly, but it withase the water if you don’t put too
much water on.

The Gold vines are more susceptible to wind danthge Green. This year has been
good with a really low wind run and minimal windordamage to fruit. In the past they
have experienced up to 25 percent losses at thépase with wind rub and that has
been after thinning off about 10 percent of thedwmmb fruit in the orchard. Tight
quality standards are very important to maintai phemium position of ZESPRI fruit
in the market place, with their fruit getting up tisice the price of fruit from other
countries. This is a big advantage of the singlskd If there was one more group
selling kiwifruit from NZ you would immediately seeratcheting down of prices to the
NZ grower.

Climate change and adaptation

Graeme is comfortable to leave longer-term assestsafechanges to the expertsl
saw Al Gore’s movie and it was life changing for"méle hasn’'t seen anyone who has
refuted the arguments and this is a benchmark faeGe.
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If it becomes up to 2°C hotter that's not suchgissue for Gold. Kerikeri is presently
good for growing Gold which is a fair indicator ftre future in the Bay of Plenty. A
main concern for the future would be the possibiit more wind.

Changes in rainfall are not an issue yet. Veryydigrs are presently not an issue and in
warmer years they tend to do better in terms oh it size and dry matter. With
organic Gold growers consistently have higher datter than conventional growers.
They may need to think about investing in irrigatibconditions become drier, or there
are more dry years, over time. They wouldn’t woatyout water unless there was
significant drying over time “I think we've got quite a lot of leeway with quiebit of
buffering in the system.They used to have a water right for the propedyifa nearby
stream, until about 1990, but allowed this to lapB&s water right was sufficient to
irrigate the orchard but they gave it up becauséheffinancial situation at the time.
When they inquired about water in about 2003 thieas no longer water available from
this stream. Their neighbours have put down boe$rost control and now have the
water available for irrigation as well. There i® thossibility of storing water sourced
from the neighbour if they needed it. Graeme féladd it is probably a good time to
research the water situation a bit more in pamictd be clear that it is not limiting vine
growth and fruit production at present.

Wind damage can be a significant cost with Goldhia present climate. This is the
only really big issue of concern in terms of vadatof production from one year to the
next. If there was more wind or more extreme wénents they would need to invest
more in shelter.

Fruit size is the challenge with organic Gold. Teeghbour across the road is getting
90,000 trays off 5ha, which is higher than the Btduaverage but isn't uncommon. In
one year they took their No. 3 Road property oubrgfanic production and they went
from 5000 trays/ha to 11000 trays/ha with the agpion of BENEFIT PZ (made from

a plant extract and used to increase fruit siz8hey converted back to organic
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management two years ago and they’re now back@6 #ays/ha, which is close to the
industry average for organic production.

“A more erratic climate at both ends [of the grogiseason] will eventually be a
problem.”

58



Grower 3: James Trevelyan, Te Puke

Background

James is involved in a family business on a prgpewned by his mother. The
property covers 20 ha and houses a packhouse ee®l dhchard blocks, all adjoining.
The land was formerly a dairy farm that was sulaéidi and over time they've bought
the separate blocks. The family bought the origiack of land 43 years ago. They
bought the second block ten years ago and thetthodyears ago.

They have 1.1 ha of organic Gold, 2.3 ha of orgdBieen and 2.5 ha of Green in
conversion to organic. The packhouse includes @flstores which are capable of
storing five million trays of kiwifruit. They areurrently packing seven million trays of
kiwifruit.

They are located on good Te Puke soils with 2003#8®f topsoil and 3.5 to 4 metres
down to a very wet pumice layer. The vine rootglgwn to 6-7 metres and so pick up
the moisture.

T IBENEEE TRREEEE]
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They have recently developed a camping ground wbésh presently site 64 people.
This has been developed primarily to provide acconation for their seasonal staff.
They employ about 700 people with a growing praparbf overseas people. Three
years ago they had a small amount of overseas #affyear 40 percent were from
overseas, this year 60-70 percent are from overséasommodating these people is
increasingly an issue which is why they have deydbthe camping ground. They
tried to expand this year and ended up with adbi$160,000 for development impact
fees. James sees this situation as the ‘creakgraads’ of a council adjusting to a new
activity, with the rapid increase of overseas seakstaff.
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Current climate challenges and responses

The weather used to be extremely predictable. Sé@sons seem to have slid with
colder springs and warmer autumns. They haverdttha late spring frost problems
experienced elsewhere. This land is pretty muaktfiree. As a result they don’t need
sprinklers for frost protection. The packhouse rapjen probably provides some
benefit with a localised heat island effect inte tirchard.

Being organic they don't use HC and so they arg eenscious of the need for winter
chilling. So far they have been OK without usinG.HAs long as you do the work at
the right time you're alright. If you don’t get ypsummer work done or your winter
work done and have the canopy well lit and the wwell exposed to the sun then with
a warmish winter you'll have lack of buds. Goocdhapy management is critical, with
the aim of achieving nice dappled light on the archfloor with grass growing
throughout the year.

When you get slightly warmer summers you have higlest issues. So long as you
know what's going on you can pretty much fight theitle. They're tending to push
things harder with pre-blossom sprays and theyaenbable to control the pests to date.
But there is a lesser and lesser margin for errgrowing. If you miss a spray or two
you have pest issues.

They have ample rainfall and the moist subsoil.e Tiature vines tend to be okay on
this soil whereas young vines will struggle.

High winds can be a problem at times. They werdubh a period of removing a lot of
internal tree shelter which cooled the orchard.isTWwas removed to provide more
canopy area. Now they're putting in under-vineltgndgo get the warmth of the blocks
up again.

They shifted to organics because the conventigrsaés of growing didn’t make sense.
The more that they backed out the more sensibMad to be organic. They became
aware of the imbalance that conventional managerreated and the impact this had
through to the storage quality of fruit. They h@m@viously used HC about twice. To
get more bud numbers in an organic system you twmtie down more wood. Itis a
financial struggle growing Gold organically. Withe Green they're not too far behind.

The 5-year average production from their Greenlkbls@bout 8000 trays/ha, and from
their Gold it is about 8500-9000 trays/ha. Youddw be passionate to do the latter
organically.

They have no trouble achieving high dry matterob@bly the best tasting Gold fruit is
organic. Conventional growers are catching uptavith trunk girdling and using less
BENEFIT than they did initially. James take foghér dry matter is a warm spring,
coolish summer, warm autumn.

James’ view is that organics has helped providalaniing influence to conventional
production. It has helped balance off some of idsies that are challenging the
conventional guys. The trend is definitely towaads organic approach. There is no
doubt that the market do not want to consume chamic
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“The big climate challenge for the packhouse isttttee fruit is coming in warmer,
especially at the start of the season. Our refagjen plant is having to work harder.”

More energy input is being required to cool thetfruJames is questioning in some
cases whether the insulation is thick enough indlder coolstores. Their coolstores
vary in age from two months to twenty years old.hatthey spend on power is a
significant cost. Increasing power costs and dehsne impacting on their business.
They are doing extensive monitoring of their powsage and have been looking at
ways to save power and reduce costs, but not &xdbense of the fruit. So far this year
things haven’t been too bad. The fruit temperatfiit flesh temperature in the bins)
are about 7°C higher compared to what they will igethe main harvest period (in

May). Last year in some cases there was a 12-H¥f&ence.

Climate change and adaptation

If late spring and early summer became windier éheould be more reject fruit,
especially with Gold, and increased shelter cosisy increase in spring rainfall would
create more fungal disease problems. With waremapératures there may need to be a
change of rootstocks, for example to the Kaimaitstmeck which promotes more
flowers. At present they are alright with wintemperatures.

With the packhouse there would be issues relatingsulation. The plant will be
working harder with a warmer climate. It is alrgado warm for the workers in their
packhouses and they're going to have to spend soomey to cool it down as itis. In
terms of retrofitting coolstores with better ingida James see this as quite a challenge.
The only adaptation options for coolstores arengtall better insulation which is a big
expense. He has to look at the balance betweenasteof better insulation and the
power saving from doing this.
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What happens in the orchard, how growers respodadapt and the returns to growers
are fundamentally important to their packhouse afi@n. Their packhouse operation is
dependent on their client base (growers). Thechase needs to be making money to
support the packhouse operation. What makes fferatice? They have to be above
average to keep the growers coming to their packo®o they have a strong focus on
fruit handling. James puts a lot of effort intaifrhandling, developing a history of the
fruit from the different orchards that supply themd watching them in the coolstore.
Fruit from different orchards will have differentpry dates. It is for them to sort out
and put a date on it.

They are developing a broad environmental sustdityaiocus with their business. Key
issues are:

1) Waste management

2) Energy efficiency

3) Considering water capture

There are dollar drivers to be more environmenial dames also has underlying
concerns that motivate him.
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Grower 4: Noeline Aimond, Te Puke

Background

Their property is in the kiwifruit “dress circle"They bought the orchard in 1990. The
total area is just over 4 ha, with just under 3oggnha. The first plantings were made
in 1961. The rest was mixed orchard that was gifdall converted to kiwifruit by
1986.

In 1997 they converted roughly half to Gold andf halTomua and shortly after also
began conversion to organic production. They Haeen certified organic since 2000.
At that stage ZESPRI required removal of all Tonaral vines were re-grafted to
Green.

They now have 1.7ha of Gold and 1.25ha of Gredmralpergola structures and are
now beginning to use strings. Production last yeas about 8000 trays/ha and about
7500 trays/ha for Gold and Green respectively.s Weiar is looking good and could be
one of their better seasons.

Noeline has been the orchard manager since 199éawdhave a settled labour pool of
Sikh people who do all of the major pruning workignicking. She and her husband do
all of the other bits and pieces, including tragniof new canes, mowing and other
orchard work.

All organic Gold dry matter is higher than averaggventional Gold. Fruit size is

becoming more comparable to conventional. Theytceme BENEFIT. There is a lot

more focus in the industry on harvesting solar gynevith canopy management to get
higher dry matter. Overuse of BENEFIT and prunijgds were leading to lower dry

matter in conventional orchards. The short-tertatam is to use trunk girdling. They

don’t do any trunk girdling, but do cane girdling.

63



The soil is a Te Puke pumaceous sandy loam sdily &iconsistent organic matter
content of about 10 percent.

Current climate challenges and responses

Over the years that they've been there they haveact any noticeable trends in the
climate aside from frosts, which have moved witsslat the beginning of winter and
more at the end of winter and in spring. They tlbave any need for frost protection.
They rarely get more than the tips of leaves burnt.

They're using a biodynamic preparation called Thamax but it's not clear if they are
getting benefits from this. They use this on tr@d@ecause budbreak is quite early.
They had one year when leaves hadn’t greened upggchave used Thermomax to try
and get the plants moving more quickly.

So far they've usually had enough winter chill. efdawas some recent work by COKA
(Certified Organic Kiwifruit Association) on manag winter chill, funded by SFF.
There are some things that seem to be increasitigy &ak.

It seems like it has changed with rainfall butdfuywent through the records you would
probably find comparable years in the past. They'tdsuffer from long dry periods
because of the good deep soil and the fact thavittes are well established. When
they plant young vines they try to plant them ieldred areas. They don't irrigate the
young vines. If young plants are struggling thewdn a 20 litre container and drip it
down to the plant.

They've installed a 22,500 litre water tank for\esting rain water off the shed roof,
which they use for their orchard sprays. Thishis only water that they need for the
orchard. It hasn't run out in the five years tthety've had it.

Wind can be a problem. Some years it is a prol@dathsome years it isn’t. Wind is at
its worst in terms of potential to do damage in &lmber, with more prevalent westerly
to south-westerly winds.

They're thinking about using white cloth not so dor wind but to raise under-vine
temperatures to get increased growth and dry mattére fruit. They'll try it in the
Green and maybe Gold blocks.

She is putting Gold up on strings, aiming for sapimternodes and more buds per cane.
The main problem until now has been sizing fruthea than the number of buds. A
main advantage of this system it to simplify thédar input with future labour
shortages in mind. Any additional benefits will &@ositive. They've been looking at
other orchards.

Noeline is dubious about whether the biennial Imgpsystem (see Grower 7) would
work in an organic system. Organic vines are sotigorous as conventional and she is
concerned as to whether they would withstand tdeahpruning that is being used in
the biennial system. Noeline is interested towkether this system would work for
organics but is not keen to do it herself.
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In their present system they use a lot of old caaeticularly if they don't get better
replacement canes. It is simpler for them to na@&ntheir current orchard set up and
refine that with using the strings to grow replaeatcanes.

At present they're cane girdling on the Gold andehgirdled half of the Green. Cane
girdling feeds carbohydrate to the fruit but alloves for root feeding to replacement
canes. They had a lot of effects just with cameligig. Noeline read one research
paper that said root carbohydrate was 50 percentdéier a couple of years of trunk
girdling and does wonder how sustainable this prags.

There is a lot of experimentation going on in thaustry.

Climate change and adaptation

Noeline has no idea how much warmer they could cefib. “If winters were
consistently warmer [with climate change] we wodklelop ways of dealing with it.
It's the unexpected weather events that catch yau olf it's consistently warmer you
can change things to accommodate it. It's the regteeme fluctuations that catch you
out. With gradual warming it would be possibleattapt. The organic budbreak work
has focused on the use of mineral oil, but moreonilorganic orchards may not be a
good move in this regard:We've got to be careful about oil because of tharkets
opinion of the use of oil.”

So far they're okay with water but it is going te bne of the major issues. Over a
longer time it could become more of an issue ifditons became drier over time. At
present they rely on the ground water held in thmipe subsoil but if that dries out
they’'ll have a problem.

They could look at changing the crop they grow,clihivas an option they had planned
when they first bought the property. Another optibat they could consider would be
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the possibility of subdividing, which could be pitds in another ten years. This would
be a shame because it is a prime horticultural area

At present they're getting better profit from Grdewifruit. Gold is more expensive to
manage but gives higher returns initially. Greenhieaper and easier to manage. Their
Gold yield is about half of the conventional optmmuwhich (8000 trays/ha compared
with 15,000 trays/ha) and is marginally economierewith the organic premium. With
their Green production they are matching conventiawerage production levels. They
had one year with 20 percent fewer flower numbetis the Gold, but still had the same
yield due to increased size. In the absence ofirH&n organic system their primary
focus is getting flowers on the vine to fruit imys. The orchard covers its costs and
returns some income. The change in canopy managemght to reduce labour costs
which will make things better. However the pressig definitely off with another
income. There are other options they could beagiul. Trunk girdling is a big one
but there are other options that could be expléiretl One thing the industry has been
doing is trialling a new male polleniser, whichnisw released for use in the industry.
The new polleniser is very well coordinated witte tfemale. Noeline won't be
replacing the existing male varieties completely.

The demands from ZESPRI and markets are gettingteggrewith increases in costs.
There is a heck of a lot more paper work now thathe past. Noeline spent much
more time doing paper work over recent seasondindgeaith ZESPRI, BIOGRO and

GlobalGap, accounting and tax requirements. THierdnt auditing systems don’t
change what they do on the orchard but they havedotdhe reporting to meet the
requirements.

They had a wake up call a few years ago with alprotwith the water line down No. 2

Road. They had no household water for six weemmeone had plugged in an
irrigation system without telling anybody. It wadit of wakeup to say well we're not

independent. We're totally reliant on the courscWater supply. They had an old
water tank that fell down and they didn’t replateso when the council came around
with the water tanker they didn’t have any storagpability. Since then they've been
thinking that it would be nice to be more indepearndeSo they're looking at wind and

solar power.

Industry issues and responses
Noeline thinks the research community is aheaduofesothers. Making future options
more available and more visible to people wouldhé&ipful.

“We need readily available models and need to nthkeys easy for people. For the

general community things need to be put in fronp@dple and made easy. Until it
becomes simple to do people won't do it.”
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Grower 5: Allan Luckman, Paengaroa

Background

Allan is the manager of three properties owned bynfa Corporation (the majority are
Auckland business investors). All three properées within a 3 km radius of each
other. The business is self sufficient aside fmme early set up investment. Allan
has been in the industry for nearly 30 years. &g fart shares in a block and had to
learn fast, then the kiwifruit crash happened aedas been managing this ever since.
Allan likes innovation and thinking outside the acgi

The orchards are all Green kiwifruit on pergolat be's looking over his shoulder at
Gold. They've purchased the right to transfer 4ch&old, but have shelved this for the
time being because of fruit losses over the laspof years.

The business began with a 16 canopy ha block (DiomiRark), which has been in

production for 20-21 years. Five years ago theyghouhe Longwood block as bare
land, which is 11.5 canopy ha and is now havingstheond full crop. The first crop

from this gave 1000 trays/ha, last year they predut2,000 trays from 11.5 ha and this
year they're hoping for about 100,000 trays. Thiedtproperty (Greenwood) is on

Gullivers Road, 5 ha, which was bought in 2007ully fnature vines (20-30 years old).

It is highly productive land that was doing 12,a@8ys/ha when bought and they got
that last year.

The orchards are on light sandy soils. Longwoodk Fathe most different. The flat
areas are the same as the other two blocks, blbwes areas were Kahikatea swamp.
They have put drainage in and planted it in kiwtfhecause it is much easier to run the
block with full rows. At the worst they will usbé swamp area to create more canopy
space.
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Current climate challenges and responses

Frost is the biggest challenge with the climatelmre. Spring frosts have been getting
more frequent in the last ten years. Dominion Azl been running 20 years and
never needed frost fans until the last three c(oududing the current one). They were
hit once by a major frost and lost about 20,009straver all. They have always been
on the fringe with frost, but have noticed frosttiggg more frequent and they're getting

nearer to the fringe. The cost of helicopteros uch so they now use frost fans at
Dominion Park. It was a cost decision to use faffhey are much cheaper than
overhead sprinklers which are better but much nesqgensive. The year they put in

fans was the year there was another big hit, santhestment was justified. Fans are
placed on the shelter line. They are less uskthkre is too much shelter, so they have
four large blocks with two fans covering about 6eaah (the recommendation is for 1
fan per 4 ha). They are using natural air flowd you need big open blocks to do this.

They usually get enough winter chilling here, mthran a lot of people because of their
location. Down on the plains it appears that egplyng temperatures are lower through
the night and early mornings.

Their big focus is on dry matter production andytlaee doing a lot with temperature
management at Dominion ParkWe're trying to use technology to overcome some of
the limiting factors. For me it's about heat anght.”

You need good spring temperatures for dry mattedyction. In the big block with no
shelter they struggle with spring temperature duidsts or effects of wind. The main
struggles on the plains around Paengaroa are duastaand wind.

You don't always get rainfall when you want it. éyhdon’t get as much rain as up in
the hills around Te Puke. Too much rain can crpadblems with bud rot and also rain
around pollination can be detrimental.

The Longwood block has overhead sprinklers, fogation and frost protection. They
needed irrigation for the young plants and so dmtith beef up the system for frost
protection as well. The neighbour has a flow awl200 cu m per hour. They putin a
12in bore and got 390 cu m per hour, hitting ansuially big flow of water. With this
flow they can do the whole property in one go. iNally you would use valves and
apply the water by blocks.

They used existing information on application rdtesthe water right at the Longwood

block. Soil moisture is monitored by Fruition Houlture, using a computerised

system and they apply water to their recommendsitidBxisting information was that

they needed 3-3.5 mm/day. By monitoring they fotimat they needed more so they
got an extension to their consent. Their consdowva 5 mm/day/ha over a 6 day
period. This wasn't quite enough during the readmught. The normal allocation

allows for 10 hours per week and they needed 153shpar week (3 days at 5 hour
waterings) according to Fruition. However thisuation didn't appear to give any

problems. The water consent allows for 12 hourgaier application per day for frost

protection, which theoretically should be enough.

They don't use irrigation on the two mature block$he jury is out as to whether
irrigation is required for mature vines. The inglyshasn’'t been able to prove that
kiwifruit need irrigation. At Dominion Park theyan irrigate about 4 ha out of 16 ha,
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and have no difference in fruit quality if they d@here is a trial running at present to
look at whether there is an economic benefit frorigation. Maybe it won't be so
dramatic if conditions get drier, because of thepdeoting of mature vines. One year
it went very dry and they did have a lot of lead ack. Kiwifruit vines have a lot of
surface feeder roots so the theory is that you meeubist soil for nutrient flows to the
vine. However, extremes of wetting and drying bardetrimental, as they've observed
in the former swamp area.

The conventional approach to managing wind and ésatpre is with traditional shelter
belts, but they have removed shelter so they camenazir around with frost fans.
Traditional shelter gives problems with shading sad can'’t use frost fans effectively.
Every second row has artificial shelter.

They are doing a lot of work with sub-canopy shetiethe Dominion Park orchard
where they get their best crop. The cloth theyusiag is called EXTENDAY® a
white cloth that was developed for use in orgamchards. It was not designed as
shelter and it doesn't let air flow through. THéeet they're getting is that with the air
unable to move underneath the vines it tends toeflected upwards. As well as using
it as a vertical sub-canopy shelter they are layingn the ground where it acts as a
mulch and reflects light back into the canopy eaides the air temperature. The overall
effect is a warmer microclimate. They lay the grdwover out in September and then
roll it up in March. This cloth gives a lot to plawith in terms of managing
temperature. It was cheaper to put up but Allamoissure how long it is going to work
for. They are also using traditional sub-canopgegr shelter around the ends of the
rows which has virtually sealed the block and hé&kgsp it warmer.

There is an industry trend towards lower vigouresawith higher vigour canes more
susceptible to wind damage. They have moved te@dosgour canes through pruning

5 See http://www.extenday.com/index.html
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management (removing any canes that have vigoit),arfocus on producing as many
good quality fruit as possible.

Allan is always evaluating performance of theirtengds. He looks at what went wrong
in the previous year and what they need to do franwe things. It is easy to grow large
numbers of small fruit but it gets harder to grange numbers of big fruit.

Climate change and adaptation

“As we go to warmer temperatures you will startifms winter chill which Green
definitely need.”

Warmer temperatures will mean a loss of winterlchihich is important for Green.
There is talk of banning HC. Green may become sajide to grow without HC and
with a warmer climate. Allan would possibly look @bld as an adaptation, but the
amount that can be planted at present is cappéuaebindustry (ZESPRI).

“We’'ll do what we can with the technology that weyot and if that's not enough we'll
have to change variety.”

EXTENDAY® is an example of a tool that can help doterm. It was originally
developed for organic orchards to increase flowanipers. They have one orchard
heavily into this and could extend its use to thigentwo. They are monitoring the
costs and benefits and it isn’t clear yet that they having an economic benefit from
using this. But it could be a tool to help as dbods become warmer.

More or stronger spring winds could be a problem.

Increased disease problems would also be a concdfar example “Fat Trunk
Syndrome” has become more noticeable in the |d€t $ears. Alan is more concerned
about diseases than pests at present.

“It seems to be that each year it is getting hardenéamage the climate.{frost, water,
wind). This year was a strange one with not asmwiad.

Allan’s approach is to keep monitoring what theydng and to keep doing what they
can. Usually someone in the industry will find shing that works. They do a lot of
things differently and share the information arountle interacts with other smart
growers, formally and informally by going to fiedthys and visiting other growers.

There are two ways of looking at it. One is that gtay open and share information and
usually that gives you more ideas to bounce aroundhe other way is to work
diligently on your own and when you find a breaktigh you hold on to it and make
the most of it. You are more likely to make moredkthroughs when you're sharing
information. Allan is not averse to sharing infation. He is inclined towards sharing
information rather than keeping things to himseffis belief is that the best ideas come
from sharing.

Industry issues and responses

The industry needs to be sharing more informatiorclanate change. Most growers
are struggling to get their heads above waterias it
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There need to be more field days on how to dedl withanging climate. Use a small
cluster of growers to keep chipping away at thiagd people will start taking it on
board.

To give an example, one problem the industry hgsregent is with labour. Allan is
looking at ways of rewarding good pickers by introthg a single bin picking system.
Each picker is assigned to a row. They found féwster pickers picked 17 bins in a day,
slow pickers picked 8 bins. In the first year weeifl in a second year a couple of others
do it and after a few years maybe ten percentfvgrs are doing it.

The majority of people need to see things working the resultant benefits before they
will consider changing what they do.
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Grower 6: Greg Sommerville, Paengaroa

Background

Greg was a dairy farmer for 18 years in the Wailaid has been a kiwifruit grower
since 2002.

He and his wife own two adjoining kiwifruit blocksd Greg manages a third. He also
runs a picking gang. They have a 7.5 ha block ofdGwhich was one of the first
blocks ever converted to Gold, and an 8.2 ha btddkreen. The latter was purchased
four years ago. He also manages an 8.5ha Goldcegyojn relatively new plantings
which is across the road from their own properties.

They've had challenges with the Gold block, givédrattit was one of the first
conversions, because the older the vines get therlghe taste levels get and
consequently the lower their income gets. So theyeen through radical changes in
the management of this block. They have doubled@Gheen production since buying
this property, which was previous run organicalljney have planted an additional 1 ha
of Green.

Current climate challenges and responses

Their properties slope towards the Kaituna Rivet #rey have unique microclimates
associated with this. There are problems withtfeosl also some insect pest problems
from a neighbouring organic property. Extreme Wweatvents are his greatest concern
at present. Frost can be monitored and managedh Wwnds through December to
early January are the biggest concern, particulsitly Gold. Even a leaf rubbing on a
fruit will cause surface damage to Gold.

They don't get the sea breezes where they areighddmperatures can arise. Over the
current summer he recorded 10 days with tempesatatr87°C outside the house. His
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understanding is that kiwifruit stop producing aarpdrates at 30°C. He thinks this
might be a factor in the lower fruit size from timanaged orchard.

Frost is managed with wind machines. Greg hasrmpah extra machine, so they now
have three. He's had to prune the shelter belgraind level to assist wind flows
through the orchard. The challenge is to get ithiet balance between wind protection
and air movement for frost protection.

Ninety five percent of his properties are in matroetstocks which go down to about
20m. They don't have an issue with the need igate with the mature vines. They
priced out irrigation for their young vines, busiead he made a deal with his wife to
irrigate with the tractor.

He has invested $40,000 in artificial shelter fug Green orchard, for added protection
against westerly winds, which knocked a lot of prettbn in the previous year. He
believes this has paid for itself in the first yeafhe reject rates are much lower this
year because of less wind, so wind is a signifidaator. Westerly winds are the big
problem with Gold in late spring and early summe@rotection from wind is on-going
and he will probably look at more artificial shelteGreg is looking to convert some of
the Green to Gold which probably means more intensielter. The idea of converting
is to go alternate row cropping so he still gethisancome from the remaining Green.
The main reason is financial, because he can gbehreturns from young Gold fruit.

Generally they can manage the climate but it isutilenowns and unpredictable things
that are the issue.

Climate change and adaptation

There were two main things that Greg got from tdepgation workshops run in late
2006
1) More weather extremes, such as cyclones, windstsfand droughts.
2) The need to protect the rights to use undergrouatkn If you have a water
consent you go by the letter of the law to maintaiar water right.

“We've already seen a situation where two growessfgosted as a direct consequence
of the District Council installing two bores to ®kvater from the Pongokawa area for
urban expansion in Te Puke.The council bores were deeper than those of iveays
and so they found there was no water when they teestcess it for frost protection.

With situations like this he believes that the siayof water will be critical for the
future. He's personally not concerned with waterl@tg as you have mature vines
which are deep rooted. At the present he carstifjuthe expense of putting in
irrigation based on the value of the orchard.

There is a huge difference between growers who ltzeie eye on the ball and those
who do it for lifestyle. The top orchardists amdtgng about $80,000 per ha whereas the
industry average last year was about $22,000 perWiah costs of about $20,000/ha
the returns are not good if you're at the average.

® See Kenny (2006)
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More summer days with extreme high temperaturesafgr than 30°C) are a concern
for the future. An adaptation would be to try tinly the crop forward, which they're
already doing to get Early Start fruit. He is louk to use black weed mat to raise
ground temperatures from the end of winter prunmthe end of the first frost period.
Trials done so far indicate that this can promaevést date by three to four weeks.
He's still waiting for the result on effects on $tong. There should be less frosting with
more heat radiated from the ground at night tirkie’s going to try this in the Green
before the Gold.

Greg came into the industry with a clean sheetrantistorical knowledge of growing
kiwifruit and no pre-conceived ideas. He seesdkian advantage. He was able to learn
and listen. Having no preconceptions he believenakes it a lot easier for him to
make decisions. His focus is to be in the uppartija of producers.

“The upper quartile is going to come through, th@dhe ones will struggle and the
bottom ones will go out ... if current payouts comdiri

“A lot of people, 90 percent, are going to put thbead in the sand with climate
change.”

Fluctuations in the economic climate and orchandopmance will strongly influence
the capacity to adapt.

Industry issues and responses

He’s only been in the industry for six years and thst spring with what they’re doing
they were having 25-30 people a week coming orgmtlkhard.

“People follow leaders. The followers have just gpbe shown by example. It's the
only way you'll get through. There have to be fiicial implications for people to
understand.”

Greg doesn’t see himself as a leader, but as samebo will try something new. If
you want to change anyone’s opinions, ideas or gemant systems you hit them in
the wallet. There is probably a bigger divide Wistindustry than any other primary
industry between those who plod and take the stptosyear in year out and those who
are always looking to improve.

“In the past people have taken an event like CyelBnla as a one-off. | think we have
to learn to prepare ourselves for those sorts efney coming a lot more regularly.”
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Grower 7: Murray McBride, Paengaroa

Background

Murray has been involved in kiwifruit growing fo0280 years. He has had several
orchards and has been involved in ownership forebfs.

There are three main properties in Murray’s operatand all are Gold kiwifruit
orchards. They are all conversion of pasture kmdiall are within a few kilometres of
each other. The home property covers 26 ha, tteelCRd property is 43 canopy ha
and there is a new development called La VignaeyTiave planted 22 canopy ha here
and they will have 57 canopy ha when they've fiagsiplanting.

The soil in the Paengaroa area is volcanic ashcdlp with about 30cm of good
topsoil then 2-3m of sandy clay and then 2-6m of pamice. It is great, free draining
country. The pumaceous subsoil is dry, raw punaicd doesn’t have the moisture
holding capability of the pumice soils around T&&u

They currently average 13,500 trays/ha.

N E.

Murray's business is orchard development. His fdsu® be smart with location and
Gold kiwifruit. He has explored developments ihetplaces, in Gisborne for example.
This was partly driven by early fruit and spreadgepgraphic risk but he decided not to
because of personnel reasons. They did develapla $ignificant orchard at Te Teko
and learnt about a different climate and the chgks of managing the distance.
Murray believes that their current location is thiemate for growing Gold kiwifruit.
His first 15-20 years in the industry was inlanonfrthe present site, at about 130-200m
above sea level, with twice the rainfall and lowammer temperatures. This site was
only about 12kms away but very different. They evachieving about 20 percent less
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yield because of the lower energy available in semmrhey have chosen what they
believe is the best location. Future developmargamore likely to happen in this area.

Current climate challenges and responses

The climate is fantastic for living and for whatkefre trying to do. It is ideal for
kiwifruit production. They have cooler winters, bp to 5°C, than the surrounding hills
and thus more winter chilling. This is the resaflttheir greater exposure and cool air
drainage from the hills. They have been experienaonore weather extremes in recent
years. In the last five years they have experiéwoeto three 1 in 100 yr frost events in
the August to November period. More hail has bagserved in the last few years.

They have automated systems to monitor rainfall tangpberature in all three orchards.
Relatively small local climate changes can haveni@ant effects on productivity.
Murray believes that ideally they need warm sprig®| summers, and warm autumns
for high taste fruit. Warmer spring and autumnsildde beneficial

Water

Current rainfall is about 1200 to 1500mm. Periofidow rainfall are not a problem
now with irrigation in all of the orchards. Theg'using sprinklers that can be moved
above the canopy for frost and below the canopyirfigation and believe that their
system is efficient. Using the sprinklers undee tbanopy for irrigation gives
widespread coverage with water on ground and igetbé&r plant productivity. The
plants love a humid environment under the canophey have used a computerised
system in the past to monitor water but now useaaual system through the growing
season from September to March/April. In the la@stsen they have halved their water
use with their manual system, even with a very sliynmer. This system involves
observation of key plants in the orchard and algmidg to 600-700mm, which is
where the feeder roots are. They grab a handfsbibfand squeeze it, if it maintains
shape it's okay. The water demand of kiwifruitasnchange as they mature. They're
still learning the requirements of the Gold plantthis regard.

While they can offset water shortages or avoidtfdasnage with their irrigation system
there is a big concern with current and future ssde ground water in this area. Their
core business is developing properties and keygshame land and water availability. It
is getting more difficult to develop new propertiascause of water allocation issues.
At present they have a ten year consent on the hpomerty but no consent on the
other two properties. This creates a lot of uraiety. At the same time there is now
tension with urban use of the ground water in thial area. The District Council have
put in two large bores for town supply to Te Pukd apamoa. Murray has questions
and concerns about the decision making processhenohformation that is been used
by the regional council. There doesn’t seem t@ leéear understanding of the balance
between what is being taken out and what is goakn through irrigation and frost
control, nor of the groundwater resource itselhei® is a review underway at present
by the Regional Council but Murray has experienfredtration and delays with this
proces& He would like to be more engaged with the coluacdl has offered to share
information that they have gathered from their Baxad others from up to 5km away.
From their own monitoring they are becoming more mrore confident about the water

" According to Environment Bay of Plenty there hesently been work done, by GNS, on the
groundwater resource in the Paengaroa area. THifieréport is currently being peer reviewed, bus it
not clear when this report will be publicly availeb
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that is there. Murray’s concern is that we havs fhntastic resource and wants to
make best use of it, but not to impact negatively.

Because of the uncertainties with water they havested a lot in water storage on their
two new properties and thus are doing what theytoatreate buffering for times of
water shortage. In both cases the land has bednwed to capture at least 90 percent
of the runoff into large storage ponds. On CoadhtRy have put in two 12 inch bores
and two storage ponds. They are capturing 5-10dic metres of water in both
ponds. On the new property they will have abou0Q8 cubic metres of storage
capacity. These pond systems are all designecbfttinual delivery of water in a frost
event. The surrounds of the ponds have been plamteatives with a goal of creating
an aesthetically pleasing environment for peopleetas providing water security.

Temperature

Temperature is a big deal for them. They needohwimter to set the crop and a warm
growing season to develop the crop. There is dlemo with HC use, given its
unpopularity. HC is very important for breakingrohancy to get flowers and also for
the concentration of flowering to get a consisterg of fruit. It is also important in
terms of the timing for beehives for pollinatiokVith HC a really good tight flowering
would be spread over about five days, whereas garocs flowering can spread over
three weeks. A greater spread of flowering crepteblems with fruit sizing, with the
fruit from late flowers struggling to compete wittose from early ones.

The industry focus on late frost has been enhambgethe presence of Gold, which
breaks bud about six weeks earlier than Green.y Titeoduced overhead sprinklers
after the first hard frost and have moved from bsipg to a continual delivery system.
They need about 30,000 litres of water per ha par to fight frost.
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With the Gold harvest beginning in March, with héghtemperatures, they are at risk
from post harvest heating of fruit in bins. Astpaf their risk management they are
using round hay barns, on concrete pads, whicla grerfect place to store fruit out of
sun and rain.

Wind

This is a big climatic challenge as well. They dase 10-20 percent of the crop in a
matter of hours with winds of 70-100km/hr in thedmber to January period. Given
their hairless skin and tendency for fruit to clustogether, Gold kiwifruit are much

more prone to wind damage than Green. The windisutnly surface damage but
consumers’ link surface blemish to internal rotheTprinciple management tool for
wind is shelter.

They are presently running a small trial with arinead shelter system. A number of
growers are now using this. Itis a permanentcsire. The overhead shelter reduces
radiation by about ten percent, which doesn’t appeaave an economic impact on the
crop. They thought they were marginal with sunshiours but are okay. There is
some debate about the effect of white cloth ontligality. HortResearch did some
work in the past using black cloth which wasn'tsecessful. Growers are trialling
different colour cloths (yellows and reds). Thalitns are much further ahead,
managing vast areas with overhead shelter maimljpdd protection. Locally overhead
shelter provides wind, hail and bird protection.

Management

They have covered most bases in terms of manadintate risks with available

management tools. Murray has become more philésalphbout the bad things that
have happened “Most of our greatest innovations have come outoof biggest

disasters.” They lost 60,000 trays with a big frost but gréa@hgs came out of it.

Everything is being managed towards consistent yotiah of a high value product
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from one year to next. The challenge is to prodimssistency in the face of variability.
You only really get paid for Class 1 trays with miems attached. For a large
operation like theirs it helps to be growing onheovariety.

They endeavour to run a conservative model witk m&nagement on debt. Property
values and interest rates are a challenge. Mamwyeays have come out of other sectors.
You can't drive cash flow like a dairy farm. Wikiwifruit you can lose 20 percent of
your crop in one night and need to be preparedtich possibilities. Frost insurance
has been wiped from the industry. Three to fousryeago growers voted against
retaining frost insurance, driven partly by inciehgpremiums. Instead they chose to
invest the money into frost fighting. There isoa# in-house focus on hail with a fund
managed through ZESPRI.

Biennial cropping

They have made some very significant changes wlir tmanagement practices, in
particular through the development and triallingaobiennial cropping system. This
change has come about from a desire to meet ZE§&AR of taste and also to reduce
labour costs. They are driving almost 50 percentabour costs (normally about
$7000/ha) out of the management system. At theesdme they are achieving high
yields of higher tasting and high grade fruit. S’hasn’t been done primarily because of
climate change but Murray believes it will haverspff benefits. The idea came from a
frost disaster in about 2002. With this system tlaeg doubling up the number of
female vines, planting to 1080 plants per hectarehey have achieved this by going
away from the ribbon male system (alternative rofimales and females) and planting
the male rows with female vines. They now haveenwvahes planted across the rows
with the same balance of canopy cover (90 peranale, 10 percent male). With this
system they have alternate fruiting rows and adtiErnrows that are rested from
production to grow replacement canes for the neassn. The rested vines are cut back
to the trunk after harvest to reinvigorate the fdasimilar to what is done with grape
vines. Under a normal vine management systemepl@gement canes are competing
with the developing fruit for available energy. tWihe biennial system the vines that
are fruiting no longer have the added work of pawgy replacement canes and can
concentrate their energy on the fruit. Murray déadis it is a hugely exciting system.
They trialled the system for about three years@erted all of the orchard two years
ago. Murray believes in time this system will ritimnise growing on large orchards.
He calls this ‘paint by numbers’ growing. By segdarg fruit and replacement canes,
plant and workers only have to think about one ghin The exciting thing from a
climate point of view is that he believes that tteeyn operate successfully under this
system without HC. It is on the agenda for thetrseason to trial a block without HC
application. Because the plants energy on theviess is focused only on canopy
development then they are ready to go for fruidpiaion in the following season. The
canes are very fruitful. There is greater riskvirid and hail damage with this system,
with a thinning canopy on fruiting vines and smalleaves. They are looking at
overhead protection because of this.

Staff

Their orchard managers are constantly triallingesys. In the last season one manager
has run about six trials with different managenajtistments. Their focus on quality
translates to people. Part of their strategy ko invite their managers to invest in
the business. Murray believes that they can gwdal better personally and the
business will succeed more with the managers beimgaged in this way. This
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approach was initiated about three years ago,ypdriven by one of the managers
wanting a stake in the business and partly by Misraesire to see young guys
succeed. Murray likes to think he is flexible adthptable. He wants managers to be
empowered from a strategic point of view to effeltange in their system$They will
drive more change if they are engaged and exciiddwhat they are doing."Plenty of

his contemporaries have challenged Murray on thipr@ach. There are some
challenges with giving the managers a stake inhthginess but it certainly has an
upside. He could see an immediate change in tiehit das taken a lot of the load off
Murray.

Climate change and adaptation

Murray is certainly concerned with what might angigh climate change in the future.
He has been focused for 5-6 years on the posgiltilit they will be faced with more
extremes in future and this has affected theirimss. A key thing that Murray got from
the previous discussion days on adaptation (Nove®®evorkshopy was that he was
really impressed with the fact that they could hawdiscussion on adaptation and that it
inspired them to think a lot more about ItPreviously we were thinking about those
aspects, but bogged down with all of the negatikasthe sky is falling and the whole
focus and emphasis on managing carbon. We needmthtévation to focus on
adaptation.” He can get his head around adaptation, can seepih@tunities more
clearly and the fact that other bright people hneking about it with them.

e

-

His biggest concern is with changes in extreme ®vefhey have already experienced
more extremes and are expecting to see more cfatme. Hail and wind are the major
concerns for the future. Late hail is very ranet tan break the skin and rot the fruit.
Hail events are more likely to be early in sprinigen the fruit can heal.

8 See Kenny (2006)
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In terms of the expectation that temperatures nsgy most growers see it as a positive
apart from winter. It would be nice to think theveuld be less frost risk. He believes
that his biennial system will work with a warmeinate.

Water is a significant concern. They have beentloerte with developments and have
been criticised for taking undue risk but haverargj desire to grow and develop. The
last farm they took over had been in one family 96ryears. Water is one of those
things they have to deal with and are presentlyggiing to move things forward
because of the current moratorium. At present #reyin a vulnerable situation with no
long-term guarantee of access to groundwater. &unrould like to see Environment
Bay of Plenty complete their review and set somekalole ground rules. There needs
to be a clear understanding of the aquifers.

He is a bit concerned about the potential for @xgspests becoming more of an issue,
or for new pests to emerge.

For wind protection they are mainly using artificéelter and can make it closer or
taller if there is more wind. Their new developrseare moving to larger blocks with
artificial shelter with structures in place thatllwnerge with an overhead canopy
system if they move into that.

They are taking the potential for sea-level risgosisly and are conscious of staying
away from coastal sites with the potential for sadter intrusion. Their current location
is 10km from the coast. They have had orchardsattead-5m above sea level.

Industry issues and responses

“Too many growers are focused on tradition rathiean how we can create the future.”
It would be healthy to get growers together andnlieg from each other about how we
can adapt.

Murray and his staff see HortResearch people qeigrlarly. His managers are in
contact with someone from HortResearch almost ereekly basis. He values local
scientists, who visit their orchard at least twécgear. Murray also recognises the need
for growers to engage with each other. He beli@gvesharing and learning from others.
However, if they had another significant idea twegthem an edge they probably
wouldn’t share it widely. They shared the bienragstem and Murray found a lot of
conservative responses. Since then he has déébestood back, trying to lower their
profile a bit. The classic scenario is that ZESRRYs it wants something for the
market, they or other innovative growers develdptgms on their orchard, then others
jump in and the premium disappears. He is happyet@ompletely open with other
innovative growers.

How do we make positive use of Murray’s leadershigfings happen from interacting
with people. The biggest thing that impacts ontngoswers is their lack of getting out.
In early February he and his managers went outidih the six highest performing

growers that they know of in this region. Nineiyef percent of growers are stuck
within their orchards and constrain themselves.dbkesn’t know how to change that.
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He believes that the kiwifruit industry has theusture to manage adaptation.
“Adaptation at the end of the day is more likelyo®a voluntary situation ... unless the
economic connection is madeThe C footprint is likely to be more regulated.
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Grower 8: Paul Jones, Tauranga/Paengaroa

Background

Paul has been involved in the kiwifruit industryr feearly 20 years as a grower and
manager. Currently he is both a grower and a paitmDirect Management Services
(DMS). As a grower Paul and his wife run a tota6& canopy ha of Green on two
properties at Paengaroa and have interests in atubrards as well. DMS is an
integrated company that is involved in orchard ng@maent and also runs a post-harvest
operation for kiwifruit and avocados. He is opienaé manager in DMS and is in
charge of the orchard management division runnbmaua350 ha of orchards which are
a mix of Green and Gold. The company also runsost-parvest operation with
packhouses on four sites in the Bay of Plenty. yTheseeking to pack 6-6.5 million
trays of kiwifruit in 2008.

Current climate challenges and responses

As growers they have seen the climate change tieeydars. They're not getting the
winter chill that they used to. Last year asideytte getting more spring frosts. The
whole climate is getting a bit later. The winteason has shifted and the harvest season
is warmer than in the past with fruit growth confing later in the season than it used
to. He has been told that the average temperaiulday in Te Puke is now 59C
warmer than in the 1980s when some of the coolkstarere first built. The design
specifications of these early coolstores are netjadte to cope with current conditions.
They won'’t cool as many pallets per day as theyeweeiginally designed for because of
the higher field heat in the fruit.

° There may be a decimal error in this statementmohe realistic figure would be a 0.5°C increase,
which is more consistent with the observed chapgesented in Part 1 of the main report.
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The increase in spring frost risk is another bignge. They have experienced more
fruit loss to frost in the last five years thartlwe preceding ten years.

The fruit are definitely growing further into theitamn and its not hardening off the
same which affects fruit storage. With more fibkht from harvest you have to exert
more energy to get the fruit down to 0°C. It'big difference if the fruit start at 17°C
as against 14°C.

Not all of the changes are negative. Ideally yaaniva warm spring and a warm
December. They're not seeing a warmer Decembeyeas Ideal conditions for
kiwifruit are: plenty of winter chill, high tempetaes post budburst, summer can be as
hot as it likes, cold nights in autumn to hardea fhuit and stop them growing. Some
of these things we're getting and some we’re not.

HC is the primary management tool to deal with warimters and low chilling. There
are environmental reasons why you'd prefer notaeehto use it. In terms of spring
temperatures it's all about shelter and how you stp the cold winds blowing
through. In summer there’s not a lot you can ddey don't irrigate vines much and
they don’t seem to need it. Even in the most redey season most orchards have
coped very well without irrigation. There are somiees on shallower soils that are
suffering from the combination of hotter weatherd aless rainfall this summer
(2007/08), but the majority are not. Most affecte the sandy pumice soils of
Pongakawa and further east. Paengaroa, centf@uKe and Tauranga are all fine. In
fact the trial work that has been done hasn't bedgle to find a positive impact from
applying irrigation to mature vines. If you're aklishing a young orchard it definitely
needs water in the early years. They're not anater user and Paul doesn’t anticipate
using more water than now although there is a icelimit of dryness where it would
be necessary.It's not called the Bay of Plenty for nothing, véeem to get enough
rainfall to get by.”

People are trialling things like reflective cloths is being done by Allan Luckman
(Grower 5) who they're involved with. This sort @fnovation hasn't had a great
uptake because it is very expensive. In termsef-parvest, coolstores built within the
last five years are designed to a higher spedificahan in the early 80s. The industry
is far more conscious of load plans and design.

The last two years for Green have been the wasshgtyears ever. Other factors have
come into that, but there is a certain amount wt fhysiology knowledge that says if
fruit is still growing rapidly at the time of harseit is less likely to store well because
the fruit haven't had the hardening off on the gin€Coming into harvest (April/May)
you want a big diurnal variation in temperaturehwitool nights to harden the fruit.
They haven't been getting this in recent years lamdbelieves that this has contributed
to less robust fruit. After harvest you can akeme things such as the way in which
you cure the fruit and how long you do it for. Fo@ample some are putting Gold into
coolstores in bins before packing. There are otkasons for doing this than for
packing. They'd rather have the fruit coming inl@fC rather than 20°C and it would
store better if it did.

Over the years the industry has gone from veryngite shelter to more open blocks

over time. We've probably reached the limited ledittnow and in some cases some
blocks are too open now. The shift to less shdites been driven by the need for
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balance between warmth and light. The detrimesftatts are shading and competition
for water and nutrient. Ideally you want a lotsbielter in the spring when you want to
heat the orchard up and minimum shelter in the seimnThe ideal would be to have

adjustable shelter so that you could tailor it thfferent requirements through the

growing season. The reason that you want lesseshielsummer is that there is some
evidence of higher dry matter with more open bldosause there is more light and the
wind blowing across has benefits. With air movetibe plants respire more and lose
more water. This past season (2007/08) they'vesha@rm spring and good summer
which have been theoretically good for dry matter.

Water is not an issue in this region. If you'réningl in some period of the year there
will be a catch up. So far there is enough watehé central growing region.

Climate change and adaptation

In the Bay of Plenty there is a safety margin wifte current rainfall amount. The
longest we tend to go without any rainfall at allabout a month. It's not unusual for
all of January or all of February to be withoutraiTo go two months with no rainfall
is unusual and they haven't even had that withré¢lsent dry summer.

It would be a concern if there is an increased ueagy of storm events and north-
easterly weather events.

Increased temperatures will increase reliance ondd@Gome alternative to get the
flower numbers. An extra couple of degrees forrést of the year would be beneficial,
although it would be preferable to be cooling offtlae harvest period. The big
challenges therefore will be lack of chill and keottonditions at harvest time. In terms
of actually growing the fruit an average increase2®C would be good. Kerikeri
currently has warmer conditions and Paul does®'tasgy major problems with growing
the fruit if it becomes that warm in the Bay of ile

“If the average temperature went up 2°C it's notngpto make too much difference to
the industry. We’d use more energy in the coodstdo get the heat out of the fruit. In
terms of growing the fruit | don’t see a problett’s fairly broad brush. There might

be times with that extra 2°C, there may be certaomths, when there’ll be a whole
bunch of effects that we hadn’t foreseen. Posgibbt pressure might be one of those.”

There is some evidence already of pests that ang thetter with warmer weather.

Industry issues and responses

Paul is confident that the innovative capacityraf industry will carry it into the future.
New varieties are very important, which ZESPRI adiy have a huge focus on.
Tolerance of warmer winters would be a desiralilébate in evaluating a new variety.

Transport and fuel costs obviously are of concéiwe haven't been able to develop
too many methods for reducing energy usage, buvision will happen as costs of
energy increase.”

Paul is not particularly concerned about water. saf the orchards they manage only
use water for spraying. If you don’t have it yoontdt use it. Ninety five percent of
orchards that they currently manage don't haveoortcheed irrigation. If you've got
it, as some do, you'll use it. Yields are preseficreasing, not decreasing, in the

85



absence of irrigation. This is being motivated ddgverer growing techniques and
lower payouts per tray.

Paul is not particularly concerned about water am®iut is concerned about water
allocation. If you try to get a water consent tawl water you may not get it. Part of
the problem in an area like Paengaroa is thatdledl put in a massive water scheme
for household use. Where a council needs watdrdosehold use then the orchardist is
going to lose out. This will affect the futurediihood of a kiwifruit orchardist getting
a right to use water. The other thing about wetéhat you can store it above ground,
for example in dams.

There is another branch of all of this around thiesDe. The industry needs to simplify
itself to reduce its C footprint. We have expeaspackaging and other things that
could all be simplified.
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Grower 9: Peter Ombler, Welcome Bay

Background

Peter is a grower and an Innovation Director atZEES The gross size of the property
is 12.1 hectares. They've been there for 21 yaacs pretty much developed the
property from scratch. They have 5.3 canopy hlawiifruit, 2.4 ha of organic Green,
2.1 ha of conventional Green and 0.8 ha of congeatiGold.

They also have some organic plums and avocadog ¢htiee latter have been removed
recently from an approx 1 ha block) and a plantifigifasmanian Blackwood timber
trees. So they have quite a diverse property.

They're making some substantial changes this y&&ost of the avocados have been
removed and they are replanting the avocado bloclGold kiwifruit on a trial
rootstock. They're totally enclosing it in artifid shelter to protect it from frost and
wind. This development will more than double thheaaplanted in Gold. They will
then have about 6.1-6.2 ha of kiwifruit.

It is becoming increasingly difficult to reliablyragv a good crop of organic Green
kiwifruit because of the lack of winter chill. Peter wastemplating taking the organic
Green out of certification for this reason but kexce decided to keep his organic block.

The soil type is a pumaceous sandy loam with goostnsubsoil. It is a fantastic soil,

like potting mix. With kiwifruit it would have te remarkably dry for a very long time
for the vines to be affected. The vines were urédfiin the current dry summer.
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Current climate challenges and responses

Fundamentally things are happening when they shduldt is supposed to be cold in
winter and warm in spring. Increasingly they'reving mild winters with cool spring
periods. This is not a good combination for plaparticularly kiwifruit. Kiwifruit
need proper winter chilling in order to break donmyafor the following spring. If they
don’t get enough chill the plants are confused.ld@eeather in spring further delays
budburst and growth.

They have had to put in frost protection on thedzat a cost of about $30,000. They
have installed overhead sprinklers for this purposhey haven’t been hit by frost yet
but Peter believes that sooner or later it's gdimdhappen. The planned overhead
shelter for the new Gold block is partly for prdten from wind, but also for halil
protection and there may also be benefits in terfiost protection.

There have been more isolated, random weather sypanticularly in the spring and
early summer:We can't honestly say we're safe from frost umtiid November and
from hail who knows.”

Things are happening out of sequence and it's géigenore chaotic. There has been a
general trend in the last decade, but things haea Imore marked in the last five years.
More often in the last five years there has beadéquate chilling to break dormancy
properly. The problems with spring frost go baskearly as 1994 when there was a
substantial event (19 November). A lot of the f@pt protection systems went in as a
response to that.

We've always had wind. There have been less ofrtgcal cyclone events in recent
years. Dealing with wind is part of being in Newafand.

In the new block, it's much cheaper to put in oeexth shelter with a bare paddock, than
once the vines are established. So they're talkingopportunity. You can never say
you'll have a guaranteed crop but in this partidylaituation this block should produce
consistently from year to year. The planned ptigador this block is more a function
of the variety they’re growing and the risks arouhalt, in particular to wind and frost,
than a direct response to the more chaotic weathlawever Peter is mindful of the
more chaotic, random weather events.

As an aside their family goes skiing and they'réingthat there is now less snow in
July than in September. This is paralleling thteiadion they're experiencing with
cooler weather in early spring in the orchard.

Peter doesn’t share the same view as some othgasdneg irrigation and doesn’t
irrigate. Kiwifruit is a deep rooted plant. It ideal to have regular rainfall every 2
weeks, but the mature vines can cope with longpénods. You'd expect fruit quality
and size to be the main casualties of a dry yedryah they have just had one of the
driest summers on record and the biggest fruitilerbie can ever remember this year.
If irrigation is important to grow kiwifruit thenhe two don’t match up based on this
experience. lrrigation is necessary to establ@h vines.

The main thing you can do for dry matter accumatatis to harvest light. So you
manage the canopy to achieve this. You want toagarhe plant to send as much dry
matter as possible to the developing fruit. Warmstlalso a factor so block size and
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location all come into play. Peter doesn’t beligkat in the Bay of Plenty that you
need water.

The challenge is getting the balance between sHeltevind protection and less shelter
to get as much light as possible into the orchaAdth overhead shelter there is some
light loss but increased temperature and anecgdtadippears there is no downside in
terms of dry matter and maybe an upside.

One of the goals with new rootstocks being trialiedetter fruit attributes including
higher dry matter. The kiwifruit industry is miléghind apples in terms of rootstocks.
“Change is usually driven by necessity and mayteetthasn’t been a necessity until
now to have a focus [on rootstock development].”

“We're also living in a world where our markets wdass and less chemical input and
they also want fewer pests. There are conflictingmands constantly from

phytosanitary requirements and chemical residuaiiregnents and so ultimately you
have to think you're on a collision course if yoo mothing. We need to be proactive
with issues like this to ensure we don't collide.”

Climate has a role to play with these issues. é&@mmple, passion vine hopper is a
problem in the industry. They used to have contith synthetic pyrethroids which are
now banned. In warm years like this passion viopper, which enjoys the heat, is
much worse so we're going to have much higher tgjémm sooty mould, which
results from this pest. Another example is cicaddsch are increasing dramatically in
some orchards with no current control. This insesmay well be temperature related.
“Climate change could be affecting our businessarms of insect control and our
ability to respond given the confliction of thiscigasing awareness of chemical
residues on fruit.”
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Different production and management systems workK atedifferent scales. The
McBride biennial bearing system (see Grower 7) i®®gy smart ‘painting by numbers
system’ for a large area. Peter's focus is on d mw@ conventional horticultural
system, with continual fine tuning. Accuracy igoontant for this sort of operation.

Climate change and adaptation

The main threat for kiwifruit is warmer winters, iwh will particularly impact on
Green. Green is increasingly reliant on bud breglihemicals such as HC. At the
moment HC is critically important to a lot of orectasts. As with the situation with
insect control the management tools are there feuinareasingly under pressure and it
is important to be proactive. HC will become leffective with warmer winters. It is
still useful in Kerikeri, but there is still a comlation of HC and some winter chill that
makes the whole plant response better. You camasshat as time goes on Green
production will be more challenging. Gold is lesky in terms of winter chill and will
be less affected because of its natural propetwsitgwer.

The randomness of weather events will always beblem. If you've got early spring
growth and cool weather around that then you'veagptoblem. As it has got warmer
over the last ten years there has been more umtgrtaith the spring weather. The
average spring temperature now is quite differeminften years ago. This has hit the
radar more because of the presence of Gold, whiedikb bud about four to five weeks
earlier.

We can'’t even foresee or predict some of the pestspres. Peter believes it is a matter
of time before a major pest comes in, particuldrtitey develop an international airport
at Tauranga. The big issue with pests is with lmosty with pressures from a more
mobile population and imports of potential threat3hese sorts of pressures and
associated risks will be exacerbated by climatengha

There will be some opportunities:

 ZEPSRI has a substantial plant breeding programmehwmay bring new
varieties and rootstocks that are more suitabla fearmer climate.

» Fruit size is substantially bigger this year thae’we almost ever had in
response to a warm, dry summer

» Dry matter is good this year and we know that &ffected by temperature. So
fruit quality will potentially be better with clinta change.

» There may be opportunities in terms of marketirgg@hfootprint of the industry.

» There are bound to be opportunities for us withranger environmental focus.
They may be very valuable in protecting marketshar

Part of the plant breeding programme is happenmdKerikeri, which could have
benefits in terms of new varieties for a warmemelie in the Bay of Plenty. But it's a
slow process. It may take 20 years for commerelabse.

For the future Peter believes he doesn’t have dn@gd. “You can be a blind man
and still see that Gold has potentially a bettemeoercial future than Green.'He still
has 60-70 percent of his orchard in Green, whigsdtt make commercial sense. Over
time he will probably consider changing from Gréemew varieties that may be more
user friendly in a warmer climate, which may notessarily be Gold. It may be
another five years before a new variety comes in.
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Industry issues and responses

Peter believes there is a need for the industrypdoproactive in looking at risks
associated with climate change. There is a margatpportunity. We need to link
science with marketing. In this sense we neecetodilating data on how good we are
and package the information effectively as a mangebol.

“We need as much information as we can to be bottagiive and able to defend
ourselves when necessary.”

The food miles issue, which has been in the newsntdy, is a great example of why
we need to be proactive.

You need to be able to predict where things araggaind be in front of it. What needs
to happen from this current work is a summary repoith common themes picked out.
From this put together a coherent picture of isdo@s growers and then take it to
ZESPRI to look at risks and opportunities. Thek ‘ahere are we going and where
are you going in terms of your planning to ensurat tthese risks are mitigated and
these opportunities are maximised?’

The key areas are:
« Plant breeding
< Crop protection
« Marketing — risk mitigation and opportunities teiease market share

“We need to, as best we can, maximise the oppaigsnas quickly as possible. The
good thing with the single desk is that we areualiler one roof. We can have a united
approach and make claims as an industry with a dfitsolid science that our
competitors probably can't.”It is very important that there is a united apploac
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Ultimately “Growers do as you pay, not as you sayGrowers by in large won't react
to things unless there is a dollar benefit. Growezsd to see opportunities and dollar
benefits and put their ideas into the melting pih\W@ESPRI to develop a strategy. If
there are opportunities then ZESPRI needs to dpvalpackage deal to incentivise
growers to respond. It's what has been done wighnthtter, pest free status, packing
fruit to export standard, fruit size. The cakeyétting smaller because of the current
exchange rate situation. There are some very caspgrowers at present because of
the exchange rate. People under pressure canimati@nal decisions.

The Government has a critical role in protecting tiwifruit industry. Peter is
concerned at the potential for the ZESPRI singkkde be used as a trading chip at
WTO talks.

“I'm guilty, as | believe most people are, in tHatave a passion for the welfare of the
globe and the welfare of the environment. | dotwhean on my little patch here to
contribute to that but my fundamental driver is coencial success. I'll do what | can
to be as responsible as possible, but I'm not gdingo broke doing it. What that
means in terms of ZESPRI’'s position is that if theyt me to behave in certain way
then they have to send the appropriate commercie¢d to adjust my behaviour.”

ZESPRI have to send the appropriate signals ané treeds to be solid backing from
the Government.

“New Zealand has a great opportunity, because weehthis loose tag of a clean green

image, a lot of which isn’t accurate, but why dow# use it. Why don't we make
ourselves such that we can use. It's a great cpjpdty for us.”
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Grower 10: Allan Dawson, Katikati

Background

Allan graduated from Massey University in 1972 witlBAgSc. He was a MAF farm
advisory officer, predominantly in the Waikato, feome years before coming to the
Bay of Plenty in the late 1970s. They bought ardetbped some bare land into a
kiwifruit orchard in 1979 and subsequently beganettging a post-harvest facility,
primarily for their own use and immediate neightsour

Having been in the industry for 30 years he hastivegad the ups and downs and the
evolution of the industry. Throughout this timehmees continued to develop the orchard
and post-harvest businesses.

L

They own four orchards, with a mix of Green anddsahd a total of 18 canopy ha.
These properties are in the Katikati locale, sprigath Athenree through to Wright
Road. They don’'t encompass the extremes of clittetiethey pack for, tending to be
early to mid harvesting. One is a coastal propartg is quite warm. Another is at
about 80m elevation and has more wind exposure.

The post-harvest business, Aongatete, will be packut a bit over 3.5 million trays of
Green and Gold fruit last year. This busines®iginuing to expand quietly.

Current climate challenges and responses

Autumns are now warmer for longer, winter is ledad springs are more variable and
are subject to later frost. These can affect @oldarticular. This change has become
more noticeable since 2000, particularly over st five to six years. Allan isn’t sure
if this is a short-term phenomenon or not but ia 80s there were much more clearly
defined seasons. This shift in climate to morealde springs and out of season frosts
has prompted more frost protection.
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Orchard

In the early days it was thought that water wassoeably important for vine
establishment but it wasn't considered to be @itior mature kiwifruit. The early
experience from Te Puke was that water was not itapblater on, although the soll
types there are very different from Katikati. Maxft the early irrigation was from
bores, some from surface water, and almost all trisgde irrigation technology.

With the introduction of Gold in the late 90s théwas been more awareness of certain
climate challenges. Budbreak is about a monthegashich makes it more prone to
frost than Green, so growers are more consciotiseofieed for frost control. Gold has
been a spark for the stronger focus on frost ptiotecbut Green has historically been at
risk from frost at both ends of the seasdtin the early 80s | can clearly remember
damage to fruit on the vines in May from frost. Wém’'t see that much now. The
increased awareness of late frost risk has tratskater to Green. There is now a shift
to overhead sprinkler systems for frost controljolhis regarded as the most reliable
form of frost protection.

Overhead sprinklers serve two purposes:

1) Frost protection. Other options for frost protentinclude wind machines and
other possibilities. Frost risk is not just asateid with bud break. They are
getting some damage into November and even Decearb&old. There is a
reasonable supply of water from the ground throbgtes and from surface
water takes in some cases. Some growers arermyildservoirs for storage.

2) lIrrigation. Having a system that can be used fgr sbimmer irrigation is an
added bonus.

They irrigated their orchards over the last sumimer not in the previous summer
because it wasn't needed. You have to look atsthie type and microclimate to
determine whether summer irrigation is needed. eBopposed is the proximity to
ranges, with an almost doubling of rainfall fronethoast to the ranges. Good soil
types, such as in Te Puke, will support maturesv/inghout the need for irrigation. In
the Katikati area the soils are older ash, shaltcamgl there has been contouring. As a
result irrigation is more critical. Local knowleglgnd experience determines need.

When they started growing their biggest fear on tirehards was wind, with
channelling of the wind over the Kaimai Rangesim Katikati area. They went to a lot
of trouble of planting shelter, to the extent afrsficantly over sheltering, mainly using
hybrid willows and some artificial shelter. Theybsequently learnt about the effects of
shading on kiwifruit production. Kiwifruit is vergensitive to shading and temperature,
and so there is a need to get a balance betwekt digd warmth in the orchard.
Subsequently orchards have developed to a situafidess shelter. This has perhaps
partly been a result of modification of the climatethe area (mesoclimate) with more
orchard development (more surface roughness). eTen’'t seem to have been the
storms that they've had in the past. There hastsen a change in growing structures,
from T-bars to the pergola system, which gives mmap protection. All of these
factors have led to less of a problem with frult than in the past.

Postharvest

“My picture of harvesting kiwifruit and packingiit the 80s is that it was quite bitterly
cold then and you had your jerseys on in the pasckbcaand you were rubbing your
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hands at smoko. Now we've got half the time wtigrnoo hot in the tea room for the
workers.”

The packing season for Green used to start on tflaylthen with the introduction of
brix testing (with a 6.2 brix threshold) the seastarted around 7-10 May. Now these
brix levels are being reached earlier and they&ting a significantly longer packing
season through a combination of modified brix stéadsl from the industry and milder
autumns. This has a positive effect for post-hstreperations which are able to spread
the use of their expensive machinery. The postdsrfacility has not had to expand
quite as rapidly as it might have as it has beda @mbcope with the bigger window. It
has made other adaptations such as the introduaficontrolled atmosphere storage so
the fruit doesn’t have to all be packed at oncee Main season for packing is now ten
weeks whereas ten years ago it was five weeksfarSbis season (as of 1 April 2008)
they had already packed 0.25 million trays.

When you look at these changes people look atipescsuch as girdling, which are
aimed at getting high dry matter fruit earlier iretseason. Notwithstanding these sort
of practices that bring harvest forward we're dédily warmer in the autumns over the
last five to ten years and don’t seem to get omtevichilling until later.

Field heat was a problem two seasons ago (in 20@6)very high fruit loss. Certainly
warmer autumn conditions were a factor. There sva®mbination of a lot of crop,
warm temperatures and wet weather leading to highidity. A lot of post-harvest
facilities weren't geared up to deal with such bajumes of fruit either for packing or
going into cool stores and some cool stores wesdiié to cope.

Post harvest you ideally want a period of curifidpis is associated with a slight weight

loss in the fruit at this time and healing of thekjg scar. This period of curing gives
a better storage life. Under a well ventilatedvered, curing system you get a lot of
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effect in the first 24 hours and some effect ohernext couple of days. So a couple of
days of curing are a good compromise. In 2006ethegre situations where the fruit
were taken into curing areas that were inadequaietyilated. Post harvest operators
are now giving more attention to curing areas.

There is also more emphasis on other things sugreantion of damage at picking,

focusing on the quality of the pickers and the tgbepicking bag. Any damage is

exacerbated by the higher temperatures we're dpgrat. Post harvest starts in the
field and goes through all stages to curing arkes to the packhouse. With Early Start
some liberties are taken because of the speedetonirket compared to packing for
longer term storage.

At a slightly higher temperature you get quickevelepment of scar tissue. It's not
critical to have it cold at harvest. The ideakisnoderate temperature for curing, of
about 10-14°C (max daily of about 18 °C). It wasmicommon in the 80s to have 13
°C days at harvest time, which they don’t expegemaw.

Climate change and adaptation

Allan’s understanding is that the Bay of Plenty Wdre as drastically affected as other
parts of New Zealand. He sees both positives aghtives with climate change.
Kiwifruit is a warm temperate to sub-tropical fraihd likes it warm, and Gold likes it
warmer than Green.

Allan expects ZESPRI and HortResearch to develap vagieties that will be adapted
to a warmer climate. A warmer climate with more £C&nd ifwater is unlimited, will
mean higher photosynthesis and higher yields.

On the negative side Green has a definite chilteguirement and HC does have a
limited life. There are some alternatives to H@ttlook moderately promising and we
can take some leads from organic growers. Soaahy HC would not be a complete
disaster although its removal without a reliabldostitute would have immediate
impacts. In Kerikeri they have gone more to Goldol is an indicator of what could
happen over time in the Bay of Plenty.

There will be insect and pest management chang#an’s feeling is that the industry
has taken its eyes off the ball with pest managémdtifteen years ago they had
integrated pest management which was a shock teegsoat the time. He believes the
industry has tended to lean on that for the lastydérs without making significant
improvements. “What we should be doing is moving towards a morganic type
approach because of the market requirements. IHarét keep our market position
we’re not going to be growing kiwifruit anyway.”

There have been bigger crops in the last few yiath total and packed yield). Is this
the result of better management and/or the climaeie you get big crops then size
becomes critical. This didn’t matter so much in plast when you’d be harvesting 5000
trays/ha and the fruit would size up alright. A & tools are being used to increase
fruit size and quality, the most notable being BEENEon Gold and things like girdling
after flowering (cane or trunk), which gives a danresult.
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If rainfall becomes more variable in future and gibly more droughts then irrigation
will become increasingly critical. There are attgancreasing demands for water for
frost protection and irrigation. Sustainabilitywéter is a big issue.

“The water quality and the sustainability of numesasmall bores is a concern. | see
that as something we’re going to have to plan amthage extremely well. This is not
just an orchard, kiwifruit industry, or Bay of Plgnissue, It's actually the whole of
New Zealand. Water is going to be a critical congrin We're going to have to be
very wise and very well planned in our use of it.”

Other issues around water include risks of salewmtitrusion in coastal areas and the
encroachment of the urban population into rurahsréncluding lifestyle people.

Industry issues and responses

There is a need for the industry to focus more owirenmental awareness. Allan
believes that dairying is setting a bad exampleh Witfertiliser use and C mining.
“Nutrient enrichment of all our water sources is argent problem because of the time
taken for nutrients to work their way through thestem. Dairy cows are significant
polluters because (among other reasons) of thes sodbility to retain all the urine
nutrients which are subsequently leached into tioeirgd water, rivers, lakes etc This

is not to ignore, for example, the effects of rdriadm kiwifruit orchards.

We need to be conscious of the need for totalieffey. “If we want to be smart ...
and we have to be smart to sell our kiwifruit atidoar produce to the world, it's got to
be the best so we continue to get the best pfite organic system is a model that we
could be looking at as an example that gets ushéoend point. We need to study
organic and biological systems with a view to evm\sustainable systems. The world
markets are increasingly demanding sustainable austiproducing healthy food.”
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The post-harvest system has become more complexnangl costly. There is a need
simplify things. For example we put labels on theét which is part of our branding.

They have now become an unnecessary expense amaveanmental hazard. If we

had a product that met all of the sustainabilitifecia then we could promote fruit
without labels as the “green way”. Our competitare manufacturing ZESPRI labels
anyway and putting them on lookalike fruit. ZESPRIs done a brilliant job with

branding, but it's time to move forward.

This sort of focus is getting towards a practiggblecation of adaptation within a wider
sustainability picture. In Allan’s view the indugtneeds to develop a wider
sustainability picture. It needs to be in a positio be a price maker by being proactive
with this. Supermarkets are demanding a lot bukéf meet their requirements and
produce the best in the world we can also makeaurdemands!

To get more growers thinking about climate chartigere needs to be leadership from
ZESPRI with things enacted by post harvest opesaiod leading growers. One third
of orchards are leased or managed through posesianperations and another third are
trading pretty marginally. There is quite a snmatbup of growers who are motivated
by dollars who have worked on short-term solutiossch as girdling which has
guestion marks over it.

“We have let slip some of the fundamental researebr example it's all very well to
go out and do some research on girdling but we mpexple to be doing stuff that is ten
years away. ZESPRI has been too much focuseceashtrt term and in reactive mode
which is where we've been for the last decade. ldhger term focus needs to be on
things like crop protection.”

* We have to look after our soil and water. It's wie have that gives us the
comparative advantage to produce our food.

 We need to be putting money into longer-term stiiateesearch. Monitoring
orchards are good when you have some ideas to Be#ise give a good mix of
orchardist ideas but we need some good scienceefls The next step is
“demonstration” orchards rather than just monitgkin

* New Zealand has an opportunity to take the ledterahan be reactive.

*  We're losing sight of basics, such as managemettieiC cycle, recycling of
orchard waste.

* What is the likely climate resource in the future?

* What type of plant and management system is neledespitalise on that?

Future growing systems will need to be developedabonly harvest light efficiently

but also to allow automation of operations (mect@npruning and robotic picking
etc.).
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Grower 11: Bert van Heuckelum, Katikati

Background

Bert came on to the property with ten years expegen the kiwifruit industry as a
packhouse manager. He and his wife have a totlhaf of land, an original 6 ha block
with another 2 ha added. They bought the origpraperty in 1993, which had 1.5
canopy ha of Green kiwifruit (planted in the latésy/ early 80s) and the balance in
timber trees (pines, cypress and some walnut). Kiléruit were partly on T-bars
which they converted to pergola. In 1998 they tgahfall of the kiwifruit to Gold.
However they had problems with a lot of wind damagéd low production. In years
without wind they were getting over 10,000 trays#tsich is good. The property isn’t
irrigated.

The additional 2 ha that they bought in 1999 hanlj@anted in olives. They were
looking for a crop that didn't need as much winelsr and wasn’t dependent on bee
pollination. In 2006 they harvested the lasthafiit Gold kiwifruit because of the wind.
Some of the vines were converted back to Greerdegks) and some of the kiwifruit
area (2 blocks) was converted to olives. Withiyear a further block was converted to
olives. The last three blocks of kiwifruit are dieebe pulled out after the harvest this
year and converted to olives.

The driver away from kiwifruit has been the chaflenof their site along with lower

returns and higher costs with the kiwifruit. OBvare harder to do commercially but
they have invested in an olive press and are facogseproducing and marketing their
own product as well as doing olive and avocadogimgsor others.
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Current climate challenges and responses

Their orchard is in three tiers and falls to thethwest and away from the sun. The
southwest aspect also gives strong exposure td-seedterly winds. The level of

exposure requires a high degree of shelter whieh thrings shading problems with
kiwifruit. There is no irrigation on their propgrt Contouring in the past has left
minimum top soil in one block. With kiwifruit bejna hungry feeder it means that
extended periods of dry weather impacts on prodityti

Overall they are challenged by wind and their &biido capture temperature and light.
With production levels in the industry getting héght is increasingly challenging to
sustain production off a difficult site and micrimchte. You come to a point where
technology can’t help you any more. The situafimnsmaller growers is exacerbated
by the increasing challenges with reliable labodts a 1.5 ha grower in a marginal
situation you can’t make a living from kiwifruit dreffectively become a hobby farmer.
With insufficient income you need a job off the lnaied, as Bert had, and then become a
weekend grower.

The benefits to small growers pulling out of kiwifrare increasingly outweighing the
costs, with significant costs now for:

1) water for frost protection and irrigation

2) wind protection

3) intensive management

4) good labour

5) reflective mulches

6) compliance

On a per ha basis the costs are significant. @ith-evaluation of a small orchard it is
more realistic to consider a shift to an alterrativop, which in their case involves a
shift to olives.

Bert's advice to people in a similar situationasdb your sums. If you're a small
grower with low returns and are relying on capifain with your property then you are
involved in property investment not orcharding. lhédieves that over time there will be
a rationalisation to larger professional operatibesause of the capital investment
required these days. More and more investmeetjgired to deal with the physical
climate to increase performance in a difficult emmic climate. The only option within
the industry to increase income is to focus ongased production and higher returns,
through bigger fruit size, high dry matter, and iaignfor the premium that comes with
Early Start.

He believes that Mr Average won't survive and tiwatindustry would benefit from
losing small growers, particularly in marginal as¢lat are hard-pushed to meet the
requirements. On the other hand the industry efotd to lose too many growers.
The post-harvest industry needs though-put tofsaycially viable and will often
offer to manage orchards rather than see them daaMv® another crop.

For Bert and his wife olives offer lifestyle bensfi This includes the satisfaction of
being linked from planting the tree to the consumko buys the end product. They've
gone from a high pressure situation to a low resittration with a boutique operation
that they can manage.
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Climate change and adaptation

Flowering is under pressure with warmer temperatufé present we're using HC to
counter the effects of warm winters. HC is undesspure and there is a need for an
alternative that is as effective. Girdling is lpimsed as a short-term solution to achieve
higher dry matter, but how long can it be done Efmu impact on the vines ability to
regenerate?

If there were increases in spring rainfall, or mivegjuent wet springs, leading up to and
during flowering it would be serious. At presehe tindustry can spread risks with
flowering through the timing of HC application.

Irrigation is dependent on water out of the hillouand Katikati. Some bores are
striking areas of thermal activity which exist inetarea. We can't take the current
amount of rainfall and the groundwater rechargegfanted.

Katikati is second to Te Puke as a growing ardgherBay of Plenty and so these issues
are critical. Many of the new plantings are happgnn the lowlands of Paengaroa,
Maketu etc. where there is lower rainfall and geeatependence on water. There are
benefits from growing in this area but it is expbge more risks, particularly with
regard to rainfall.

The world markets are wanting fewer and fewer cbhahsprays. Is a warming climate
going to bring in new pests that we haven't dedth wet? Already things like cicadas
are becoming more prevalent. Then he looks atesliand doesn’t see any major
challenges that he might have to deal with.

Bert sees a future with a lot of challenges forifivit.
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“On our property | would say | am not able to vighiight all of the challenges. | can
not justify making the same investments as som@edo in better locations.”

As a small grower he is making a rational decisgigrtonverting to olives. Other small
growers will make their own choices over time, wWiegtto convert to other crops or
land uses or have their properties managed bykhpase.

Corporate growing will probably take over. Thend still be a place for small growers
but location will be very important as will the Bkevel of the grower. The successful
small grower in the future will need to have hidtills levels and have orcharding in
their blood.

Other crops such as avocados will benefit from aterchange.
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Grower 12: Clarrie Head, Katikati

Background

Clarrie bought into kiwifruit in 1992 looking for mew challenge. He was involved in
the KiwiGreen programme as a field officer. Hedslois orchard to his son in 1998 and
then did six years running some orchards in Soutitkhand. All along he was
concerned about the excess use of chemical ferslisnd what they were doing to soils
so he dramatically changed what they were doingh vt shift in focus to soil
management. They got very good results very quiakid then things tailed off a bit
and he realised there was more learning to do.y'V@eyot production levels back now
but have current issues with fruit size due todhesummer.

The home orchard is 8.5 ha. There is another dldek at Waihi and a 2 ha block at

Omokoroa. All produce good quality fruit. Modttbe crop is Green, with 0.75 ha of

Gold at Omokoroa. They're all carrying heavy craps year but they haven't had

enough rain to size the fruit. Clarrie’'s focusois producing a good volume of high

quality fruit. This year they're aiming for abol8,000 trays/ha. It's not the best result
in terms of fruit size because of the dry weatheat lack of irrigation.

They use a biological approach to soil managem#iith this approach you can use
any fertiliser but the bottom line is to feed thuél ®iology and doing what is necessary
to counter any toxic effects. Clarrie has beelo¥ahg this approach for the last decade
with input from US people such as Arden Andersoerahe last four to five years.
They tried girdling last year and had no differeircelry matter content. Dry matter is
only the first step in determining good flavouredif There is a need to look at dry
matter composition. Soil is the foundation for mgimg energy and nutrient flows.
Girdling is a short-term solution that he believ@sinsustainable and is not providing
the answers. They have higher dry matter than imadste industry. The answer is in
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nutrition not in starvation, not in denial of theilsmicrobes. Nutrition will get
everything working properly.

Current climate challenges and responses

They tend to get cold winds in spring which canitiearly leaf growth which affects
energy supply early in the season so they havhdonge some things to cater for that.

In this past dry summer they have had less thantt@lnormal summer rainfall. This

hasn’t impacted on the plants themselves, whictpaling the water from deep down,

but they have lost nutrient flows in the surfacedieg zone which has impacted on fruit
growth.

Temperature has not been a huge issue in thatrkivibve warm temperatures. The

vines love high humidity and moisture as well whibby haven’t had this year. Clarrie

thinks that the winter chilling issue is over-rated/hen the nutrient balances are right
the plant will do what it's supposed to do. Lasaywhen they had a warm winter they
applied low rates of HC and had 60 flowers/n$o he doesn't think chilling is a major

issue if we get the nutrients right. Clarrie bedie that you can go to no HC with good
soil biological management.

His approach is based on Albrecht’'s work with aufon trying to get the ideal balance
of nutrition in the soil. They use targeted inptisget the desired nutrient levels,
always with a focus on feeding the soil biology.ish’t a high input system, with their

inputs now lower than in a conventional orchard.

They have put in sprinklers for frost protectiontla Waihi and home (Kauri Point)
orchards. At Kauri Point there are only certairtpaf the orchard that need protection.
He expects things to get better over time with cedufrost risk as the soil biology
works better and with the replacement of some sheBased on US stories he says you
can warm the soil by up to 2°C with good biologyrhey’re not monitoring soil
temperature to see whether such changes are augownér time. In general they aren’t
monitoring the changes that they’re observing butnbnitor things like their worm
counts, which are high with more than 50&/m

They don’t have any irrigation in any of their oactis but could use it at Waihi in the
future. The function of irrigation is simply to é@ some moisture in the topsoil. That
means giving an 8-10 hour irrigation no more thaneoa week. In a normal season
you might need to do this two to three times.

Councils need to understand the needs for watgredple have a water right they need
to be allowed to use that water the way it can $eduproperly. This doesn’t mean

giving a little bit every day, which is what thewwils usually say. They need to be
educated to the reality of the crop we're growirgrowers also need to be educated to
irrigate properly.

He told the story of a South Auckland grower whetlbis whole crop this season

because the water right to the orchard was cuelrd@ry. He’s now going to cut his

orchard out. There needs to be an understandorg &ll parties. Growers need to

understand how to irrigate and also should be tabtget the water takes that they need
to match the needs of the plant.
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“To mitigate the challenges we have to get morenGhie soil because it holds four
times its weight in water. So we need a systemseguesters carbon."He gave the
example of an Edgecumbe farmer doing 1400 kg df edlids with no N and no maize
sileage and who stayed green during the droughtldéist summer. We can hold more
water with more C and release more water over tsoethat takes care of both the
rainfall issue and the drought issue.

In their situation they'll be putting some shelberck in to warm up some blocks in the
winter. In Clarrie’s view, shelter is not to steyind but to hold warm air. Wind rub

mostly occurs on spur wood above the canopy amebtissuch an issue if you get the
fruit below the canopy. Certainly shelter has gehimpact on Gold, but its important
function is that it holds temperature and humidity.

Climate change and adaptation

By improving soil balances, getting better biologyd increasing soil carbon Clarrie
sees the biological approach being better placad tbnventional growing.

e Y

“I'm not sure there is any one thing that could pet in place in now. It's a
combination of doing a lot of things. It's evobuti if you like. The industry will
evolve.”

He believes that it will still be possible to praguGreen kiwifruit in the Bay of Plenty
with climate change. We will change and adapt agjwvalong. The process he follows
is one of constant fine tuning and adjustment. edlaion is a huge necessity for any
farmer.

“It comes back to soil balances and soil biologly.we've got those things right then

the plant will function fine. Nutrition will getllathe balances right for the plant to
work properly, for the biology to work properly.vérything will work properly with the
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proper nutrition. Nutrition will answer any diseagroblems or anything else. It's all
nutrition related.”

Water will be the biggest issue but it can be madagA well buffered soil system will
help deal with water issues. We'll hold water lflmmger with more C in the soil. Water
is a necessity for good soil biological activity.

Industry issues and responses

Clarrie believes there is a strong movement initideistry towards a more biological
approach, driven primarily by quality. He beliewbis is where the long-term answers
will be, not through the current short-term focumsstbings like trunk girdling. Research
needs to go to basics more, to develop a groundhdprstanding. A lot of time is spent
looking at different problems but they need to Idmdck to the beginning at how the
fruit is grown in the first place.

The biological system is not straightforward. dtjuires an understanding of how the
soil works.
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Grower 13: Eric Hutchinson, Katikati

Background

Eric was born and bred in Mokau, North Taranake Has worked on the land all of his
working life, was a hill country farmer and bougftb kiwifruit in the early 1990s.

They own four orchards in the Katikati area covgrantotal of about 16 canopy ha,
spread from Athenree through to Matahui Road. dklithe orchards are planted in
Green kiwifruit and all have been converted topkegola system.

They have at least doubled the production on theshards, from 5000 trays/ha up to
about 11,000 trays/ha. He uses advice from pegalgijcularly the local Fruit Fed
manager who has had a lot of input, but manageottieards himself. He uses a
contractor for all of the vine work. Over the l&stv years a lot of effort has gone into
the orchards given the lower returns. He’s gowrgbigger fruit with higher dry matter
to meet the ZESPRI requirements. Eric wants tinltbe top ten percent of kiwifruit

growers.

He is having a go at biological management, wiESPRI trial running in one of his
properties using the biological approach that i;mderomoted by Arden Anderson.
Eric is giving it three years. Environmental comseare a driver for him, with concerns
about effects of fertiliser runoff on the harbondaso on.
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Current climate challenges and responses

Localised flooding in the Athenree orchard is aergcissue he has had. Last year it
went under water twice when they about 160 mm ioffall from two separate weather
events within an eight day period.

Very dry periods have become worse in the last f@a&rs and he is using more
irrigation in some of his orchards to keep the fddn a healthy state. So far he has
installed a dual irrigation system, for frost piten and summer irrigation, in two

orchards covering eight canopy hectares. All & thichards have been set up for
summer irrigation. The soil is monitored for more.

“When | first came here the guy that ran my orcleafdr the first year said that the
MAF advice was to pull all of your irrigation ouhd throw it away.” Being a farmer
he decided not to do that. His farming experien@es to keep existing irrigation
systems, not remove them, and has been proven rilylater is making a difference to
production in his orchards. The oldest vines &&@ years old but they have a lot of
feeder roots near the surface.

There are no real problems getting water. On twahards the water comes from
surface takes from nearby rivers, on another iteofmom a bore and on the other it
comes from a council supply which he pays for.

There are a few frost issues in a couple of orchbrd these have been fewer in recent
years and they have them covered with their overlgminkler system. Eric uses
Taupo temperatures, not Tauranga temperatureside 9is frost fighting in the cooler
orchards. He has been very successful in usisginfarmation to anticipate and fight
frosts.

With warmer winters he uses a bit of copper spragdt rid of leaves to enable the
pruners to do the winter pruning.

He doesn't think that winter chill is an issue wHIC. Last year he didn't apply HC
until the end of August, closer to the natural tiofidudburst, and got the best crop he'’s
ever had.

Wwind is a big challenge around Katikati. He ha® archard that is quite badly
hammered. On this orchard he has been steadijypdrg the height of the natural

shelter and is having fewer problems with windhie btrchard as a result. He is now
looking at the possibility of using sub-canopy $felmainly to further reduce wind

damage to the fruit.

Eric takes time to look at what other growers aping to improve and refine his
orchard management and productivity.

Climate change and adaptation

Water is his biggest concern for the future. Siégwf supply from the council is very
important. At present Environment Bay of Plentg anonitoring bores and he is
concerned with the possibility of water restricgoin future. On his orchards he has
proven that he can maintain the crop and vine hedth water use in a dry year.
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Heavy rainfall events in the future would be a peafbin low-lying orchards, but it is
okay if the water drains away within a day or two.

Warmer temperatures are not a concern. It wilpbssible to use HC or a substitute
and he would look to organic or biological systeorssolutions. He is already doing a
bit of artificial pollination which helps fruit la#ing.

“The past season has been very warm. | believettiefruit do well under a warm
climate, particularly after fruit set, so long aswyhave water to keep them going.”
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Grower 14: Glenn Roberts, Katikati

Background

Glenn has been involved in kiwifruit for 20 yearsHe originally trained as a
horticultural cadet in the 1980s. He managed AtetgaOrchards for four years before
coming to work for the Trebilco brothers. He nowmages 36 canopy ha.

The Trebilco brothers own separately or in partmiera number of different properties.

The main orchard is the Riverside orchard, whicB4dscanopy ha with 12 ha on river

flats, 5.2 ha of the property in Gold and the be¢éam Green. There are another two
orchards at Tuapiro (towards Waihi), with a 2.75ohganic Green orchard, and a 14 ha
conventional orchard with 9 canopy ha in convergioBreen and 2.2 canopy ha in

conventional Gold. There is also a 1.1 ha Goldkkt Whakamaramara.

They have been doing 8500-9000 trays/ha from thgaroc block consistently for four
years, which compares favourably with the 8000-Q0,bays/ha that they get from the
conventional blocks. With the Gold they're packiagout 14,000 trays/ha and are
getting very good dry matter. The fruit go thrbodqgur different packhouses.

The organic block requires very careful managemésienn is using trunk girdling at

present but is a bit concerned about the long-&ffatts. This practice is having some
impact on the vines and they're doing less summenipg and getting a thinner

canopy. There'll be some blocks that he rests fimmk girdling next year. His advice

is to be selective with what you do and watch tla@ts carefully.

Current climate challenges and responses

The river flats on the Riverside property are viewy-lying and have night temperatures
comparable to Taupo. The wind and the chillingdaare real problems on this 12 ha
of land. The first year he was there they putdkri of pipes with overhead sprinklers
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for frost protection which have been used in maeent years for irrigation. Because
of the shallow soils on this block you need to kekp surface wet. They have
introduced irrigation this year to the Gold bloethich is on the mid-plateau of the
Riverside property. The other blocks aren't frdst@d don't need irrigation.

wind is an extreme problem at Riverside. They hlbgen changing the varieties of
shelter used and are using quite a lot of sub-gasbplter for warmth and it's better for
flowering. There has been removal of shelter avere to get more light. The

challenge is to get the right balance between wirdection, light and warmth. Glenn
has some concerns with the possibility of moretistproblems if they continue using
sub-canopy shelter, but mostly sees it as providibgnus with the extra warmth.

HC application is made with the assistance of wiotelling monitors. HC should be

applied 40 days before natural bud break. He alss the organic block to help
monitor the timing for HC application. HC is veimportant in a conventional orchard
management system. On one block at Tuapiro tlegypet applying HC because of the
neighbouring Marae and experienced a halving af firoduction and chronic shape
problems. He's interested to see how this bloake® back this year, which they're
now converting to organics.

They've been putting in extra drainage for watefhey need to be conscious of
flooding problems with their orchard locations, alhiare next to rivers.

Climate change and adaptation

He wouldn’t be so concerned with a warmer climéteei was an avocado grower. For
kiwifruit it is a real concern, particularly withr&en which needs a certain amount of
chilling and HC to get good bud break. If you appIC before you get a minimum
level of chilling then you risk having patchy budbk. Gold may not be such a
problem.
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You would normally say that you ought to have a thogap between flowering in
conventional and organic orchards. What he is rebsgis that the organic orchard is
getting closer to conventional regarding the timifidlowering. He’'s not sure why this
is happening. Organics would be harder to do witlvarmer climate because of the
lack of winter chill. He agrees that biologicalilsmanagement could have some
benefits but doesn’t believe that it can do what dt@s. He believes that lack of HC
would be a major issue. Based on his observatimglsexperience you get increased
variability of production and all sorts of problemighout HC.

“By not using HC you're increasing the variabiligf your orchard. Here we have
ZESPRI saying we want less variability, we want ttrap to be as level as we can.
We're faced with a major problem if we don’t havé bir a suitable substitute.”

A major problem would be to give more consistentypmduction to ZESPRI with a
warmer climate. Glenn would like to think thateaftatives to HC can be found but he
hasn’'t seen anything over the years that wouldclgete to it. He thinks that variety
changes are a more viable option than looking at HBere is a need to look more at
other options.

On the river flats they are already dealing withmelte extremes. If there are more
extremes of wet and dry in the future then irrigatcould become more critical for the
industry.

“As things get tougher we just have to get smadrter.

It used to be that ZESPRI would take whatever wesnvg. Now they want a
consistently good product with no variability ansyhave the growers who are dealing
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with huge variability. This situation will beconeven more challenging in the future
with climate change, particularly if there is aori@ase in variability and/or extremes.

To remove variability in production:
1) HC application compacts flowering.
2) Use pollen collected from the orchard and artifigiapply it.
3) Constant fine tuning of canopy management, whichway from one block to
the next.
4) You also have soil variations to deal with, requgriirrigation in vulnerable
locations.

“It is not going to come on us in one day. It'sigpto come on slowly. We need to do
more investigating about alternatives and keep iy epen mind to it getting warmer.
What are we going to do? It's not going to be toow that it's all changed. The
industry needs to be proactive rather than reactive

Industry issues and responses

“ZESPRI should have more focus groups where yothgetls on growers together to
talk about what they’re seeing and what's happeniitlh our crops. We need to be
investigating things like HC alternatives, diffetestyles of doing your canopy and
looking at results like that. Make sure the infatiman is well publicised and everyone
knows what is going on. We need to push the baigsdaWe need to bring the science
of climate change down and focus it on what exattiyeans for kiwifruit, where it is
taking us and what do we have to do.”

Glenn believes that there is a need for solid méttion from the hands-on growers
from whole orchard observation and experimentatian,just block trials. He has seen
and experienced the limitations of trial work whizdm be very site specific.

Growers need to understand more and be more preantmanaging their crops rather
than be led by packhouses. It is very importantiniderstand the game and play the
rules. There is a real knowledge gap at presahbareed for hands-on managers. The
cadetship has started again which will help additeiss although he has concerns about
the education they're getting with not enough apficeship type learning from people
like himself. The industry is going to need higlaeid higher skill levels as time goes

by.
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Grower 15: Keith Holdom, Katikati

Background

Keith was born in the UK and grew up on a dairyrfghere. He has always had an
affinity with the land. He has been involved ire thiwifruit industry since 1990. He
began with a 1 ha property then bought another. 7Urdil 2000 they were leasing their
orchards and living in Taranaki. In 2002 they safdl moved to Walker Road, for a
better growing climate, better growing conditions ebetter orchards. They bought
three orchards, all within 1 km of each other, @&t 4.5, 2.2 and 3.0 canopy ha in size.
The former two are adjoining properties and thedtis just down the road. They lived
on the 3.0 ha orchard and sold it in October lastry In the time that they had this
orchard they took it from 22,000 to 30,000 trays.

Both of their current properties are Green kiwifrukeith aims for Early Start to get the
premiums and achieved this with all of their orczin 2007. All of their production is
conventional, grown on pergola.

“We are, partly from the global warming side, parfrom the customer demand side
and my own philosophies moving more to a biologigadwing system.” He got

involved in this approach after attending an Ardemerson course two years ago and
it made a lot of sense. This year the fertilisengpamme was a combination of
conventional and biological sprays. Over the cgnieason (2008/2009) the plan is to
move totally into a biological programme but stifing a base mix of conventional
fertiliser. The biggest effect that Keith has mb$e far is the loss of weed pressure.

The biggest crop from the 2 ha property has bee@005to 17,000 trays. This year
they're looking at just over 9,500 trays/ha.
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Current climate challenges and responses

The biggest hurdle here is spring frost. Springs definitely colder and more frosty
now than when he first started in 1990. They mofredh the hills where there was
good air drainage. When they first moved here thay a baptism of fire. They took
over on the 28 September and on"sOctober 2003 they were totally fried by frost.
They're now fully protected with overhead sprinkler Keith has installed bigger
sprinkler heads (less likely to block) that are Iveglaced. The economics are better
with bigger spray heads. They have 90 percengeption and he is prepared to accept a
ten percent loss from the unprotected area.

“The seasonal temperature pattern has shifted byuata month. We don't get the
good winter chilling in July and August. We're rggtting good summer weather now
until after Christmas. Warmer conditions in Autumean that the fruit is taking longer
to cool down after harvest.”

Water is going to be extremely important. They éh@xcavated lakes from former
wetland areas to give water storage for frost ptaia and possibly for irrigation in the

future. They've planted natives around this. ightion is used in small amounts at
times. They discovered that watering kept thet fgpdwing during the summer and it
didn’t accumulate quite as much dry matter. Whetid rain the fruit that had no water
caught up and ended up with higher dry matter thanirrigated fruit. So now they

don't tend to use water for irrigation. In the pdsy summer they irrigated twice (two
applications of 25mm), only doing it when it wasexessity.

“l just keep looking. | try and think outside tequare. | don’'t want to be doing what
everyone else is doing.”

Keith’'s whole approach is to continually work odesithe square and be strategic in his
thinking. He uses an orchard management group tmakt of the day to day running.
In some ways he sees it as his good fortune tdleeta afford this. On the other hand
he has the attitude that he cannot afford to dgtbaing and things like that. It's not a
good use of his time. He does the mowing and vepealying, looking around and a lot
of the thinking. When he mows he has time to labkhe whole orchard in a short
space of time and if anything is wrong he’s seeani can raise it with his manager.
This approach gives him time to do the strategicgdh as well. In his view too many
orchardists are doing basic work such as pruniaggbmeone else could do, rather than
giving themselves time to look outwards.

Climate change and adaptation

He believes that HC, or a suitable substitute, bdtome more significant with climate
change. Spring frosts could become more signifieam so frost protection will be
essential. At the other end of the season, ifateesummer, early autumn temperatures
continue to increase will the fruit naturally beahater maturing because the cooler
temperatures aren’t there to drive the brix levels?

Like most things Keith believes that if ZESPRI thsoenough money at it they will
find a solution to any such problems that mighseri
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Keith expects to see changes in varieties. Hestegd away from Gold. Green has
always been the backbone of the industry and heufavthat. He is hoping for new
varieties that are more robust like Green but witire of the flavour of Gold.

The water that is being stored can be used fayaition in the future if needed. He

doesn’t know if this will be enough for the futurd.ong-term he may have to think

about tapping into ground water, but for now has targe storage ponds. The plants
are reasonably resilient and don’'t need too mudienwva

“My gut feeling is the climate is going to be munlore extreme. We're going to go
from very dry to very wet, very warm to very coldthink we’re going to see more
thunderstorms in the middle of summer.”

“Farming and growing is about the need to be ad&pta No season is the same. Some
years you're going to have losses. People are gend at whinging about things that
they have no control over. If you're in the bussef growing you're very reliant on
the weather. You have no control, you have to faith the weather, not against it.
We will get the extreme weather events and sufégr losses.”

Both Keith and his wife are reasonably flexible eyhaim to increase their asset value
as a way of buffering against bad years. He befiethat some people who are
struggling are their own worst enemies. Luck doagpen but mostly you make luck
happen. “I'm a very firm believer that if you sit back andait for luck to happen
you're going to be waiting for a very long timeouvgo out there, you drive it, you put
things in place that make the best chance for hagipening possible.”
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Grower 16: Terry Newlands, Katikati

Background

Terry originally trained and worked as a mechanieagineer in Auckland. They
purchased their land near the Athenree Gorge i8.19%e land covers a total of 10 ha
and is all river flat, bounded by the Waiau Riv@here were originally 5 ha in peaches
and nectarines at the front of the property and tkiwifruit at the back.

In 1996 ZESPRI were looking for people to grow avneariety they were trialling,
called Tomua, so they pulled out the peaches aey panted 2.5 to 3.0 ha. When
ZESPRI subsequently pulled the plug on Tomua thafted over to Gold. In 1993/94
they converted to organic production. By then thagt a mix of Green and Gold. They
had problems with pests on the Green in particwiléth sooty mould resulting from
passion vine hopper, and were getting 50 percetitedf fruit rejected. So they’'ve now
converted back to conventional production with @ramut the Gold is still in organic
production. They now have 3 ha in Gold in the frolock, 0.5 ha in Gold at the back,
all organic, and 2.5 ha in Green at the back.

They also have shares in a property next door, wisid 65 ha under management with
50 ha in forestry, 35 ha in kiwifruit (23ha Gold df Green), 15 ha in avocados and
some deer, sheep and dairy cattle.

Their soil is a sandy loam with some volcanic agith about 150-200mm of topsoil. It
is not as deep as the good Te Puke soils. They genthe production and trunk size
that is possible on the deeper soils. They needts80mm of rain to saturate the soil.

The oldest vines on the property were planted B81®4 in the back block. In the front
block they have transplanted stumps and new plantglifferent rootstocks, some
Kaimai rootstock which gives earlier flowering, aadmixture of other rootstocks.
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They get more vegetative growth on vines nearéneéaiver and more balanced growth
higher up.

On the home orchard they are now getting 8000 Mnaywith Green and 8500 trays/ha
with Gold. Next door they are getting up to 12,@G%s/ha on Gold. Green is around
7000 to 7500 trays/ha and this year will be up ado@000 trays/ha. With the high
exchange rate at present you're not covering yastscif you get less than 7000
trays/ha. A lot of people will exit the industftiie dollar doesn’t come down.

Current climate challenges and responses

Their local climate is about 1-2°C warmer thanBag of Plenty average. They've had
a rainfall range of 1200 to 1800 mm over the lastes years. Meaningful rainfall

comes from the north-east. They get a wind fumgkffect over the Kaimai Ranges
and through the nearby Athenree Gorge. Sunshioeshare good. There are good
growth rates on the pine trees next door whichatwead of a predictive model. It is
suggested that these superior growth rates areo twith good sunshine hours and
warmth.

There are local challenges with lack of winter IchiThey haven't had a warm winter
for a few years and Terry is dreading a really warimter. Cold air pools in the small
valley where they are located, but up on ridgesfkint can really struggle with lack of
chilling.

On the Green kiwifruit they were getting 5000 tragsbefore using HC, then jumped to
7000 trays/ha with HC. With Gold you can mitig#ies with trunk girdling and canopy
management. The latter tools can be used to pehigher flower numbers. They do
trunk girdling and have been doing this for abawé fyears. Dry matter has increased
as a result. Early girdling gives a lift in frisize and a bit of a dry matter lift, later
girdling gives higher dry matter. Terry believésitt dry matter is rising with warmer
summers.

There are no problems with frost. They've had &most in 13 years that tinged the
leaves on about ten percent of the property.

They harvest early because of the coastal loc#étibaut 4m above sea level) and warm
spring and summer temperatures.

Next door, kiwifruit is being grown on ridges. Thaye using a number of strategies
including conversion of males to better varietied a strip male planting system, trunk
girdling, canopy management to a more open, lowowigsystem and nutrition
management. They've been doing a lot with canopypagement and girdling to get
higher flower numbers. They're using this alongrv@mart use of HC. They've really
been struggling to get flower numbers but have lggting success with this strategy.
A cold winter and HC will give fantastic flower nio@rs.

They are dealing with more rainfall variabilityn the last few years they have been
getting some very dry spells and very wet speltsuph the growing season. This is
providing management challenges.

They had a water consent but let it go, but maydneereapply. There is an old
irrigation system which needs upgrading, but thisidét a priority at present. The tap
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roots of the vines can keep things ticking overthely probably suffer with drying out
of the topsoil. They're not using irrigation atepent. They have a water consent for
the property next door. If it's dry for 2-3 weetken they start looking to water.

This winter, because of flooding problems, theyéaleared 1500m of river bank.
After doing clearing work ten years ago the resds that it deepened the river course
and reduced flood problems. They are talking aldoirig riparian plantings as part of
their local Stream Care group. It's a matter dfigg the species right.

With wind in a bad year they can have 30 percejectdruit with Gold. They have
been putting in some sub-canopy shelter this yednall be doing some more, using a
white wind cloth. Evidence is that it will increatemperatures and be beneficial to dry
matter. They're putting the white cloth parallelfthe rows to get air drainage.

Green management is semi-organic. The only diffegeis use of HC. If HC was
banned then trunk girdling and canopy managemenildvprovide some benefit.
They're looking at a product called Erger-K whishbieing tested.

There have been changes in pests. Latania scaleeltame more of a problem.

Climate change and adaptation

Terry’s neighbour believes that warmer temperatuaesl higher C® could be
beneficial to crop yields.

The leaves are staying on the Gold vines into Juhe/and this could be more of a

problem for organic growers with warmer winterson€entional growers burn them off
with nitrogen sprays.
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If there are more extreme rainfall events they mamage with better drainage and also
manage times of shortage during dry spells by usorgls and dams to store watéf.
you were in Australia they would think you weresrifityou weren'’t storing water.”

To deal with more wind they can increase sub-carsbgjter, which is cheap to do and
looks very promising. From a management pointiefwTerry wants to keep natural
shelter as open as possible. With sub-canopyeshgitu can remove turbulence and
increase light and warmth. The pay back periogeiy quick with much lower reject

rates.

The main management strategies would be to use antifieial shelter to reduce reject
rates and more use of trunk girdling and low vigoanopy management to get higher
fruit numbers. Gold was a diversification to death warmer winters. They could
possibly go to all Gold or to some other varietgatttmay have a low winter chill
requirement. Careful fruit handling and cool stenanagement is very important to
ensure good returns to growers.

Industry issues and responses

The tools that the industry has been introducingpémage dry matter also lift the floral
response and to a degree reduce dependence orSblthese are existing tools in the
toolkit that have been facilitated by the industry.

A shift to new varieties would potentially provideenefits in terms of longer term
adaptation. They've been very open to triallingvnvarieties on their property.

“I think that we’ll be alright short term. Watesithe big one. Wind we can mitigate
with shelter. With temperature we’ll be okay.”
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Grower 17: Brian Carter, Awakeri

Background

Brian’s predominant focus is as a dairy farmers fdither and uncle led the way with
diversification in the Muldoon era, but Brian beks you can be too diverse. He has
previously done maize cropping, run beef and hoasek grown blackcurrants, citrus
and feijoas. These have all been shed now wititasfon just dairying and kiwifruit.

He runs five dairy units supporting 1200 cows, v@@i® ha freehold locally and 500 ha
leased towards Galatea.

With kiwifruit he has 4.5 canopy ha in Green on diteck and recently sold a 3.0
canopy ha block of organic Green to his son andjldi@n-in-law. The 4.5 ha block was
planted in 1984 with a limited water supply thatswass than optimal for irrigation.
Three years ago he put in a 10 inch, 93 metre deep which gives a secure water
supply and enough to provide options for expansidtine area in kiwifruit in future. A
third of the home farm is on what is called sanidge soils, which are well drained,
and the other two thirds is drained peat soil. &arthe farm will probably be below
sea level when the peat fully settles down. Tmelgaidge soils are former sand dunes
which have built up as the plains have formed, veiimdy ridges interspersed with
wetland peat soils out to the coast.

Current climate challenges and responses

The fact that they're planting maize earlier tharthie past is an indicator of warmer
conditions. The amount of winter frost has sigmifitly decreased. His father quoted
100 frosts in a row in the past, more recently st Brian has observed in a year is
30. However it is still a big challenge. Springuwmth followed by late frosts leads
either to aborted buds or disfigured fruit.
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The lack of water has been a key issue on the sadgdg soil. They're now into their
third season with the bore and they're hoping todroduction from 25,000-30,000
trays to 40,000 to 45,000 trays. He's hoping téase yields with more reliable water
and better vine management. This last summer itigyted almost every day in
between rainfall events. They've never had anypleros with flooding or high water
table issues on the sandy ridge soils.

With wind, they followed the early MAF advice fohelter and have subsequently
slowly removed shelter belts to open the orchard Bipan is more prepared to take the
risk with a more open orchard than deal with tlseiés associated with managing a lot
of natural shelter. At present he uses very ldtldicial shelter.

His present focus is on keeping costs down, easyagement and low cost given the
low returns for kiwifruit and high returns from dgaifarming.

He has backed off trunk girdling. They did aboatfhhe orchard as a trial and had
some results that showed benefits. But it is agdiis growing principles and he is not
prepared to risk wrecking the orchard.

His approach is fairly conservative at present.anfl when the returns per hectare
increase he will invest more. Kiwifruit is a ralleoaster industry and it is high risk
with dependency on one crop. You need to be ggttiimgs right all the way through.

Climate change and adaptation

Brian has land suitable for further orchard develept and a bore providing a water
supply that can cope with expansion. There ig aflpressure on water.

In the future he sees opportunities, even if he geime level of inundation of sea water
onto the farm. There could be opportunities faramylture.

Kiwifruit are part of the diversity that Brian gremp with. He has honed in on dairying

and kiwifruit and that's enough for him. His heartmore in animals and dairying is his
primary focus for now because of the high returns.
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Grower 18: Ken Young, Opotiki

Background

Ken’s operation is based on a family farm. Hetsthdairy farming 45 years ago. This
has grown from 130 acres to a larger farm with 86@s, which his son is running. It
remains a family farm and this will continue witks lson taking over more. Ken is
totally focused on the kiwifruit.

He took over the family farm in 1976 and immedigtetarted planting shelter for
growing kiwifruit. He made an initial planting &f5 ha and has progressively planted
more from the income that has been generated. Abtwyhave 20 ha (canopy) in Green
and 2 ha in Gold, 11 ha of the Green is in newtplgs, which are under five years old.
On the original 10ha block they get 5500 to 80@§dtha

The soil is a volcanic sandy loam and is very daeg well drained. The orchard and
farm are all organic. They applied for organictifieation in 1993 and they currently
have both BIOGRO and Demeter certification.

Current climate challenges and responses

“We used to look out the window in the winter aagl 8t's fairly frost free over there,
that's good’, you wouldn't do that today. You'd shgy | hope you got enough frost to

get winter chill’.

“Climate, do you think it has changed over the 1286tyears, in my observation, yes.
There is no winter now. The grass now grows atiteviwhereas in the past it used to
stop growing for about a month, in any one of tleev months.”
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The warmer winter is something that Ken definiteglieves has happened. However,
he doesn't believe that summers are drier, theyiteas bad as were experienced in the
1970s.

He’s now looking at how much winter chill they'retgng. They don’t worry about
how hot the summer will be or how much rain. Thehard production is quite
dependent on natural budbreak. At present theemasigh winter chill to get enough
crop to be a good business.

What are they doing about it? Trunk girdling oftare vines is something they're
going to do more of. However it does not mean ywsrar or twice every year,
although they did do it twice this year. They didecond girdle this year on the mature
Green for dry matter and to try and enhance budtbf@anext year. When they first
started girdling they did one large girdling andsequently had questions about the
results including smaller size, and the crop diditre as well. So they stopped the
next year, doing only one block. This is a work progress, experimenting for
themselves because no one is doing it for them.

They're going to start putting on a bit more fésgl, although they're limited to what
they can do with organics. Being organic and havingood location for growing
kiwifruit they do have high dry matter at presentlimth Green and Gold kiwifruit. The
soil here is beneficial.

It seems to work that in smaller crop years thaythet bigger fruit size and can make
just as much money. The orchard isn't consisteitt way numbers because of the
nature of the growing system which is to live witle natural variability. “We're
farming pretty much to what we’re given.This variability is linked tavarmer winters
and biennial characteristics of the vines. Itastpf his farming philosophy to work in
this way.

Late spring frost is not a problem on their lantijch is elevated. There is one block at
lower elevation where they could start to worry atbearly frosts. Gold has been
planted where there is good air drainage becau#te eérlier flowering and potentially
greater exposure to frost.

They set up a frost protection group from Tabletagtbwers involving five people and
eight orchards and put up the money to boost thervgaipply for frost protection use.
Others who didn’t take up the invitation to joiretscheme at the start and are now
wanting to opt in are having to look after themsslv They'll have to use a pond or
some other system. The original water scheme wawpleted in about 1984 by the
former Ministry of Works. At the time they had nboice but to be part of the scheme,
but were subsequently left to run it themselvésis a surface water take from the local
river. The scheme nearly fell into disuse untibah2000. Since then everything has
gone wild in terms of demand for water.

Ken is taking his chances. He hasn’t opted intostheme.*With my diversity I'm not
so vulnerable.” Ken sees this sort of situation as the openingssinahe coming water
wars and he sees more of this in the futii@.e didn't foresee this frost situation and
can't foresee other things."What he does see is more Green being convert€mlth
and then there will be more demand for water fostfiprotection. There has been an
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evolution in the area from irrigating young platdsnow irrigating mature vines with
sprinklers and using water for frost protection.

The annual rainfall is about 1300mm. Ken'’s ruletluimb is an average rainfall of
100mm per month, except for February. Water fagdtion is available on tap. They
thought they were fine and dandy but were overrtladlocation this year. It is
becoming more fashionable to irrigate. Gold irtiga is more necessary and common
because the vines are higher yielding and the dsomore valuable. Everything
demands more attention with Gold. Ken has subfmamoigation set up with the Gold.
For Gold the majority would say yes you need wéderirrigation, but not in every
year. He irrigates by eye and observation. Hesshweay from over irrigating. A little
water is better than none. If you understand ysmif then you can get it right. His
understanding is that the ones using tensiometersising far too much water. He
agrees with the principle of avoiding over-waterateall costs, don’t worry if you're a
bit under.

This year they were over their water allocation5640 cubic metres on quite a few
days. At the moment if they get several more adhaonverting to Gold then they’ll
be right up to the limit of the water take everaimoderately dry summer. The current
water consent period is for 15 years. To incrahe& take they had to measure river
flows at a low flow period. The council will tejiou that you can’t take more than ten
percent of the low flow.

“Wind is the great enemy of kiwifruit plants andyaplant.” There is a trade off
between shelter and ground for production. Heptested shelter and will put up more
artificial shelter above the canopy on the youngcks. In the old blocks they only
have half the shelter that they used to have. @meEeanopy is properly established it
does shelter itself to an extent. He wouldn’t sayto using more artificial shelter. The
wind that damages the Gold won't do much damagthéoGreen. The Gold block
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didn’t do any good until they put in artificial dtex. He has gathered information and
observed air movement on his land and placed shatteordingly, so tree shelter is
planted part way down the hill. Multiple lower $iees are more effective than tall
shelters.

They don't worry about cooler seasons. Last seamamund Nov/Dec 2006, was very
cool from spring right to Christmas and he’s suraffected the growth and quality of
fruit.

Ken’s vines are late flowering, with the Green fermg this season on 10 December.
Their average from earlier years was 25 Novembhen there was a bad late frost a
number of years ago Ken escaped the damage beotubke later flowering of his
vines. There is some disadvantage with the lateralaflowering, losing 20-30 days
from the potential growing period. As a resultythave habitually been a late harvest
property with Green, harvesting in the latter pdrilay. The maturity of the vines can
affect harvest towards later dates.

Climate change and adaptation

They wouldn’t consider relocating because of thaifjafarm focus. “We will survive
as we are for many years with a progressive warmibges it give me confidence to
plant and develop more? No, it diminishes my demite to do that.”

They have tools to adapt. For a conventional grotvat's HC. We can also grow
Gold.

He can potentially grow as good a crop as a comalt grower. There are also
possibilities for other varieties. There are opsiavith the possibility of other crops
such as avocados, which would do better with higeemperatures. Diversification is
part of their game.

Kiwifruit have to have winter chill, but they likeot summers. Gold like hot summers
and water. This crop could do better under a wacimate.

Ken is looking for answers. He’s aware of thinige Ithe biennial system. If you're
really well organised that's probably the ultimatéen is looking more at other options
such as low vigour pruning. Cool winters can owkrrany management techniques
from the previous season.

The greatest response has always come from theimgueation of growers.

Industry issues and responses

What is needed to support the inherent innovati adaptive behaviour of growers?
He liked Shane Max’s article asking growers to look for ‘sports’ on Gold and telling
them what to do if they do see something. He thotigis was a good idea. Growers
can observe things and feed information back.

Ken evaluates his experiments (eg, with girdlirghis own satisfaction, but it is not
easily translatable for others. How to formulateidment grower experimentation?

ZESPRI is good at the big picture. It isn't aldeget down to the grower level detalil
(eg, knowing the variation between blocks).
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Appendix 2: Present and future climate in the Bay o f Plenty
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Figure Al: Total annual rainfall for six Bay of PI  enty stations. Thin lines show annual

data, while thick lines depict 9 year (centred) mov  ing averages. All stations
show a decrease in annual rainfall over the period of record, although only at
Tauranga is this statistically significant. [Reprod uced from Griffiths et al,
2003]
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Figure A2: Average temperature at six locations in the Bay of Plenty. Gaps in the curves

indicate years with significant amounts of missing data. [Reproduced from
Griffiths et al, 2003]
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NUMBER of FROST DAYS PER YEAR

Figure A3: Frost days at four Bay of Plenty statio
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Figure A5: Present (1971 — 2000) median autumn (Ma
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Map prepared June, 2008, by James Sturman (NIWA).

Data has been sourced from a number of Data Providers including, but not limited to: NIVUA,
Eagle Teshnology Ltd. and Land Information New Zealand (LINZ). Copyright (G). All rights reserved

The Data Providers have prepared these data exercising all reasonable skill and care: Hevertheless,
the Data Providers can give no warranty that the data supplied are frae from errors, omissions or
other inaccuracies. Users of the data will release the Data Providers from all liability whether in
contract. tart (inciuding negligence). eduity. or any other basis for any errors, omissions or
inaccuracies of the data, or from all liability, whether direct. indirect or consequential, arising out of
the provision of the data.

The provisions of the Consumer Guarantees Act 1893 will not apply to this data since it has been
acquired for the purpose of a business,
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Figure A6: Projected median autumn (March — May) a

the 2040s.
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inaccuracies of the data, or from all iabilty, whether direct. indirect or consequential, arising out of
the provision of the data.

The provisions of the Consumer Guarantzes Act 1603 will not apply to this data since it has been
acquired for the purpose of a business
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Figure A7: Projected median autumn (March — May) a

the 2090s.
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the provision of the data.
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acquired for the purpose of a business.
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Figure A8: Median June-July air temperature in Bay

2000) climate.
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the provision of the data.

The provisions of the Consumer Guarantzes Act 1603 will not apply to this data since it has been
acquired for the purpose of a business

132



Figure A9: Projected median June—July air temperat

ure in Bay of Plenty for the 2040s.
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contract, tort (inclucling negligence), equity, or any other basis for any errors, omissions or
inaccuracies of the data, or from all liabity, whether direct. indirect or consequentil, arising out of
the provision of the data.

The provisions of the Consumer Guarantzes Act 1993 will Nt apply to this data since it has been
acquired for the purpose of a business.
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Figure A10: Projected median June—July air tempera

ture in Bay of Plenty for the 2090s.
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Acknowledgement/Disclaimer
Map prepared June, 2008, by James Sturman (NIVVA).

Data has been sourced from a number of Data Providers including, but not limited to) MIWA,
Eagle Technology Ltd. and Land Information New Zealand (LINZ). Copyright {C). All rights reserved.

The Data Providers have prepared these data exercising all rsasonable skill and cate, Nevartheless,

Providers can give no warranty that the data supplied are free from erors, omissions ar
cther inaccuracies. Users of the data wil releass the Data Providers from alllabilty whether in
contract, tort (including negligence). equity, or any other basis for any errors, emissions or
inaccuracies of the data, or from allliabilty. whether direct. indirect o consequential, arising aut of
the provision of the data.

The provisions of the Consumer Guarantees Act 1003 will not apply to this data since it has been
acquired for the purpose of a business.
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Figure A11: Present (1971 — 2000) median spring (S eptember—November) air temperature

in Bay of Plenty.
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Acknowledgement/Disclaimer
Map prepared June, 2008, by James Sturman (NIWA)

Data has been sourced from a number of Data Providers including, but not limited to; NIVA,

Eagle Technology Ltd, and Land Information New Zealand (LINZ}. Copyright (). All rights reserved.

The Data Providers have prepared these data exercising all reasonable skill and care. Hevertheless,

the Data Providers can give no warranty that the data supplied are free from erors, omissions ar
other inaccuracies. Users of the data will release the Data Providers from all liability whether in
contract, tort (inclucling negligence), equity, or any other basis for any errors, omissions or
inaccuracies of the data, or from all liabity, whether direct. indirect or consequentil, arising out of
the provision of the data.

The provisions of the Consumer Guarantzes Act 1993 will not apply to this data since it has been
acquired for the purpose of 2 business.
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Figure A12: Projected median spring (September—Nov

Plenty for the 2040s.
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Acknowledgement/Disclaimer
Map prepated June, 2008, by James Sturman (NIVIA)

Data has been sourced from a number of Data Providers including, but not limited to) MIWA,
Eagle Technolegy Ltd. and Land Information New Zealand (LINZ). Copyright {C). All rights reserved,

The Data Providers have prepared these data exercising all rsasonable skill and cate, Nevartheless,
the Data Providers can give no warranty that the data supplied are free from erors, omissions ar
other inaccuracies. Users of the data will release the Data Providers from all liability whether in
contract, tort (including negligence). equity, or any other basis for any errors, emissions or
inaccuracies of the data, or from all iabilty, whether direct. indirect or consequential, arising out of
the provision of the data.

The provisions of the Consumer Guarantees Act 1003 will not apply to this data since it has been
acquired for the purpose of a business.
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Figure A13: Projected median spring (September—Nov
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Acknowledgement/Disclaimer
Map prepared June, 2008, by James Sturman (NIWA)

Data has been soured from a number of Data Providers including, but not imited to; NIVA,
Eagle Technology Ltd, and Land Information Mew Zealand (LINZ). Copyright (C). All rights reserved.

The Data Providers have prepared these data skercising al reasonable skill and care, Hevertheless,
the Data Providers can give no warranty that the data supplied are free from erars, omissions or
other inaccuracies. Users of the data will releass the Providers from all liabilty whether in
contract, tort (inclucling negligence), equity, or any other basis for any errors, omissions or
inaccuracies of the data, or from all liabity, whether direct. indirect or consequentil, arising out of
the provision of the data.

The provisions of the Consumer Guarantzes Act 1993 will Nt apply to this data since it has been
acquired for the purpose of a business.
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Appendix 3: Challenges for kiwifruit production und er climate
change, prepared by scientists from HortResearch, T e Puke

Short to medium term challenges for kiwifruit pratian related to climate change are
listed below:
1. Breaking winter dormancy as a result of low wirgbilling
2. Impacts of warmer spring and summer temperaturefuinquality and vine
vigour
3. Changes to pest and disease problems such asseadreatablishment of new
insect pests, increased overwintering survivabagteng pests and diseases, and
changes to the distribution and abundance of pestsliseases.
4. Unpredictable climate patterns, such as late sdrivgts, increased winds, and
changes to rainfall patterns
5. Water becoming a limiting factor

Current and past research activity is addressingasraddressed the effects of climate
on budbreak, fruit quality and on some insect peatsl on the effect of water
availability on vine growth.

" { Formatted: Bullets and Numbering

Chilling requirements for kiwifruit production

Currently low fruit yield as a result of insufficie chilling is a common problem
affecting kiwifruit production. The requirement fehilling is expected to become a
critical issue as winter temperatures increaseexigting budbreak enhancer chemicals
such as HiCane are banned. Higher temperaturesafsaydramatically affect vine
vigour increasing management costs.

Opportunities for research: (1) We can screen our large germplasm collecféo
/or selected lines) in Kerikeri (a warm climate)daavaluate this material for low
chilling requirement. (2) Prioritise introductior{awaiting quarantine testing) from
warmer areas in China. (3) Increase and measupenss for low chilling requirements
on our hybrid populations. (4) Develop new vareti®r quite different growing
systems studying/ modifying plant and orchard dechire. (5) Address impact of

changes to flowering phenology on pollination. P&velop alternatives to HiCane.
- ‘[ Formatted: Bullets and Numbering

-«

Fruit quality, in particular dry matter

Increased temperature could detrimentally affeatesdruit quality characteristics such

as dry matter accumulation and vitamin C.

Opportunities for research: (1) Scale up our breeding programme for high DM
cultivars for current/future climate. (2) Contingirwork aimed to understand what

determines fruit DM will suggest new managementhoes that effect DM.

- { Formatted: Bullets and Numbering

<

Changes to insect pests and diseases

Climate change may lead to changes in distribuéind abundance of existing insect
pests and diseases as well as increasing thehlileli that new pests will establish.
Changes to pests and disease incidence threatamiorgnd conventional kiwifruit
production and the ability to export fruit meetiagport market requirements for pest-
and residue-limited fruit.

Opportunities for research: (1) To screen our germplasm collections and selec
parental materials for resistance/tolerance toctssand diseases (2) To develop new
models or modify current models to assess the impacalimate change on pest
abundance and on the establishment of new pestt (Bjitiate genomic studies of
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insect/pathogen resistance (3) To initiate studfeBost-pathogen interaction overseas
to understand and predict population behaviourZn N

Late spring frosts - {

Late spring frost damage reduces productivity arodeiase growing costs. Our current
programmes have mainly focused on flavour and geofaut not on late spring frost
damage.

Opportunities for research: Similar to 1

Limited water and changes to rainfall patterns N {

Most current kiwifruit production in New Zealand st limited by water availability.
Climate change may lead to increasing periods pfwiather that have an impact on
fruit production and quality. Research in Califar@ind Italy has identified some affects
of water stress on fruit development in gold kiwifr Amelioration includes adoption
of irrigation in the short-term and developmentnefv rootstocks and cultivars in the
long-term.

Opportunities for research: (1) Development of rootstocks that are more &ffit
water users. (2) Further research on plant watertaisdentify critical periods for fruit
development.
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