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ATTHE CUTTING EDGE- HOW ARTIFICIALINTELLIGENCE WILL
CHANGE OUR PRIMARY SECTOR FOREVER

DR PAUL HENDERSON
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The paper in summary...

Farming is changing. Machine learning and intelligence are driving global changes in the sector. Aotearoa New Zealand
must capitalise on these changes by using sandboxes to develop and implement revolutionary tools, creating farming
trusts, and seeking investment from venture capitalists.

Historically we have been an agricultural innovator, recognised as a leader in the precision farming movements of the
late 20th century, producing more from less. But America, Britain, Holland, Israel, and India are pioneering the use of
Artificial Intelligence (Al) in agriculture, prompting a sea-change in the sector. If we are to stay on the cutting edge, we
must play a significant part in this revolution.

Agriculture accounts for roughly 80% of Aotearoa New Zealand’s exports, providing the country income and helping feed
the world. With the world’s population projected to increase dramatically over the next 30 years, there is an increasing
focus on food production. Current practices cannot guarantee food security, but widespread innovation and adoption of
Al will. Given our history and expertise in agriculture, New Zealand needs to leverage this opportunity.

Unfortunately, several factors slow the adoption of Al in agriculture in our country, including access to fast internet,
information on products, and the technology itself. Then there is cost. Farmers already wrestle with debt due to
increasing interest rates and recession. A strong case must be made before they risk investing in new technology.
Security and privacy are also critical barriers to adoption. Malicious hacking poses risks for farmers not only with ransom
demands and data leakage but also through rogue robots or drones. Further, concerns about liability and employment
slow Al uptake.

Meanwhile, the global demand for food security is coupled with a heightened sense of urgency over land and water care
and biodiversity loss. Legislation has created policy frameworks to respond well to these challenges, but compliance in
agriculture is already complex and onerous and will become more so. Al can help by monitoring water flows and the use
of chemicals and pesticides and automating compliance. It will lift physical burdens from farmers’ shoulders and help
determine the best path for responsible farming.

Adopting more Al will strengthen agriculture. It will help with planning, planting, harvesting, irrigating, and managing
soils. It will assist with monitoring pasture and livestock health, moving livestock, and overseeing the supply chain. It
will create efficiencies, delivering a return on investment and higher profit. It will also assist New Zealand in meeting its
obligations as a signatory to international agreements and accords.

This report makes six recommendations for addressing the barriers and taking hold of the opportunity Al presents to
our agricultural sector.

We need to:

Create demand: Show the advantages that Al brings to the management, production, and distribution of farmed goods
to farmers, business leaders and senior executives working in agriculture, public servants, and MPs. Underscore the
economic, environmental, and social gains Al makes possible.

Promote Cooperative and Farming trusts: Raise capital for innovation and gain access to Al agritech—and,
significantly, data—through partnerships. Allow for clusters of stakeholders with small landholdings to work together
for mutual benefit.
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Seek investment: Encourage and assist agritech start-ups and farming businesses to press into seed funding from
venture capitalists such as Finistere Ventures, etc., to finesse research, development, and innovation and help them
build sustainable and profitable entities.

Ensure the use of “Sandboxes™: To vet emergent Al technology: create “sandboxes”™—open-science arenas that
operate as safe testbeds and cyber-physical spaces. In these spaces, aspects of farming can be brought into relation
with Al before they are released commercially.

Implement a Data Code of Conduct and Guarantee Data Portability: To create and impliment a data code of
conduct which focuses on trust and revolves around data acquisition, access, and quality. To provide a fair governance
framework for the collection, curation, storage, linkage, use, and release of data, not simply relating to personal
attributes (ethnicity, gender, age, address, etc.) but to data used in farming. And to offer a model for standardisation
which would treat data as infrastructure, ensuring interoperability, portability, and future scalability.

Build and Maintain Stable International Partnerships: Find overseas partners and secure supply chains that will
endure despite pandemics, international conflict, and geopolitical tension.

By embracing Al, future farms can be innovative, productive, competitive, and cost-efficient. We can regain our position
as world leaders at the cutting edge of primary industry innovation.
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SECTION ONE

1. Introduction

Most people who have been to Aotearoa New Zealand
do not forget it. The landscape especially imprints itself
on the memory. It is green, rolling, and lush. It is bay-
laden, mountainous, wild, and water fed. It carries a lot
of livestock. Sheep that clog roads and cattle that spot its
paddocks. And then there are vineyards, orchards, lakes,
and braided rivers teaming with trout and salmon.

Land is not only central to New Zealanders” sense of
self, but also their survival. The North Island (Te Ika-a-
Maui), South Island (Te Waipounamu), and other smaller
islands cover a total area of 268,000 square kilometres.
104,000 square kilometres, figuratively speaking, are
under the plough. That is roughly 40%. And agricultural
products, worth NZ$46 billion, account for 80% of
Aotearoa New Zealand’s exports. We eat well but we
also feed others. We enjoy our wines. Thankfully, so do
Americans and Brits.'

This section touches on Aotearoa New Zealand’s
agricultural exports and explains why agriculture will see
an uptake of artificial intelligence (Al). It also introduces
key terms associated with Al.

1.1 Aotearoa New Zealand'’s contribution: the
agricultural sector—productivity and export

Aotearoa New Zealand runs approximately 6.3 million
dairy cattle, 4 million beef, 26 million sheep, and 1.5
million deer.? It has 34,000 hectares in grape, 12,000
hectares in kiwi fruit, and 17,000 hectares in apple,
avocados, stone fruit, and berries. Additionally, 45,000
hectares are set aside for vegetables, with potatoes
taking up 9,500 hectares. Cereal crops (barley, wheat,
oats, etc.) cover a further 124,000 hectares.? Forestry
takes up 1,700,000 hectares.* We also harvest rivers,
inlets, sounds, and the seas surrounding our shores.

1.2 Change to Farming history and machine
intelligence

Since the 1980s Aotearoa New Zealand has been at the
leading edge of precision farming—a set of scientific and
management practices that uses smart technology to
optimise yields. It became so out of necessity. Shorn of
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Figure 1: New Zealand's agricultural contribution
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its most secure market, Britain, which in 1973 joined the
European Economic Community, it gorged on the state’s
teat, becoming dependent on subsidies. Amounting to
40% of farm income, these were eliminated by the 1984
bankruptcy-facing Labour government as unsustainable,
forcing the sector to become responsive to consumer
demand and competitive on pricing. Operating in one
of the most internationally deregulated agricultural
environments, Aotearoa New Zealand farmers were quick
to innovate, find and develop new markets overseas. We
packed more sheep into a paddock than our Australian
counterparts. And the sheep were better fed, better
watered, and better conditioned than those from Spain
or the Sudan—and more profitable. So, too, for 25 years
Californiansin cashmere socks feasted on Canterbury lamb
after a glass or two of Hawke’s Bay Sauvignon Blanc. They
revitalised a moribund Aotearoa New Zealand economy.



Figure 2: The World's Most Populous Nations In 2050
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But things are changing. A new type or degree of
farming is fast emerging that uses machine learning
and intelligence—forms of artificial intelligence. And
it is not only an opportunity but also a threat. The Al
Forum, writing on artificial intelligence for agriculture
in Aotearoa New Zealand, observes: “Al is transforming
industries around the world by augmenting human
labour, automating processes and providing intelligent
analytics.” Holland, the UK, the USA, Israel, and India are
fast embracing Al in agriculture. The Forum’s concern is
that Aotearoa New Zealand, once again, is in danger of
being left out.

Machine learning in agriculture can, among other things,
help farming become far more efficient than it is currently.
But much of the technology is in its early stages and can
be expensive. Moreover, very powerful international
companies are taking a lead in its development, and
equally powerful relations are forming, for example
between Deere & Company and IBM.® Indeed, “markets
such as the USA have the advantage of scale and
corporate / venture investment to drive innovation and
commercialisation in AL” These and other factors act
as barriers for New Zealanders seeking to adopt it (see
Section 3). The catch is if we do not, we will over time
become less competitive—a risk that is amplified by the
soaring cost of transport and shipping to export markets.
If we want to remain competitive, we must adopt machine
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intelligence in farming in Aotearoa New Zealand. But this
has to be done dextrously, especially with regard to,
among other things, privacy and digital security.®

1.3 Global need: food security for the future

A second reason as to why machine learning will become
ubiquitous in agriculture is food security. Itis likely that by
2050 the earth’s human population will near 10 billion.? All
things being equal, India will carry the largest population,
Nigeria the third, with The United States, Indonesia,
Pakistan, Brazil, and Bangladesh following up.’ Feeding
this number of people will require a revolution in farming.
And livestock will need fodder, too. Production levels,
generally, will need to increase by 70%." Widespread
adoption of precision farming techniques will help
farmers reach such levels, but the requirement for timely
analyses of vast data sets and the need to manage
complex planning schedules and logistics will likely
supersede human cognitive ability and skills, and usher
in greater automation and use of machine intelligence.”
By the early 2040s the need to feed people will all but
guarantee the omnipresence of machine learning in
agriculture. Aotearoa New Zealand must play its part in
all this. Its agriculture sector should be an early mover
in the extensive use of machine learning, and it has the
opportunity to shape not only its development but also
its responsible deployment (see 3.2.3-4.).



1.4 Machine intelligence supporting
biodiversity and diminishing environmental
degradation

There is another pressure on agriculture for change,
too: growing demand for responses to environmental
degradation and  biodiversity.  Nationally —and
internationally, legislation and policy are already in play
with each, but it will demand of farmers greater levels
of compliance around land clearance, soil fertilisation,
irrigation, pesticides, fodder, run off and effluent, etc. The
brute fact is that national sentiment and international
pledges for better or for worse will constrain the
agricultural sector. It will be required to sharpen its
practices and meet a raft of targets, particularly with
reference to pesticides and fertilisers.

Machine learning is already being used to predict
population growth, weather patterns, water usage and
land erosion. Critically, it can also work on the other
side of the fence, providing farmers with insights on
how to get the most from their land while also farming
responsibly in terms of sustainability and conservation.
The global push to preserve biodiversity, to slow and
reverse environmental degradation will precipitate the
uptake of machine intelligence by our agriculture sector.™
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Useful terms, and what the future holds

Before looking at what Al and machine learning
and intelligence brings to agriculture and the
threats it also poses, it is helpful to clarify the key
terms and concepts associated with it.

1.5.1 Artificial Intelligence (Al)

An object or a field of research focusing on
miming or recreating human intellectual
abilities.” Al is a loosely used term—a popular,
catch-all term. We will mostly avoid usingitin this
paper, preferring the terms machine intelligence,
machine learning, robotic intelligence, and
artificial general intelligence (AGI). When the
term Al is used it will be as a blanket term
covering one or all of these developments.

1.5.2 Machine Intelligence, machine learning,
narrow Al

Machine intelligence detects, describes, and
analyses patterns in data, reproducing human
abilities in a specific or single area. Machine
intelligence learns from and acts on these
patterns with the goal of refining its capabilities
with the possibility of further action—for
example: distinguishing between ripe or blighted
fruit; a benign or malignant tumour; identifying
people through facial recognition, scent, or gait;
or playing and winning a chess game (or GO)."
Its learning is narrow, specific, and recursive,
continuously leading to gains in know-how and
growth in “intelligence.” The genius of machine
intelligence is prediction.”

1.5.3 Deep Learning

A subset of machine learning that uses artificial
neural networks. These are inspired by studies
of the human brain and mime the way biological
neurons signal to one another. Deep learning
requires a large amount of data and has a
powerfully predicative capability. It is used in
voice recognition, fraud detection, self-driving
cars, and fintech. China, with its “soft” privacy
laws and access to massive amounts of data
through various apps, service providers, and
surveillance technology, is probably leading the




world in areas of deep learning. Deep learning
in agriculture, for instance in India and the USA,
promises not only greatly increased yields but
also “lift from behind the farmgate to include the
whole value chain.””

This paper focuses on the benefits and risks
associated with machine intelligence and
machine learning (1.5.2)."® But it is useful to be
familiar with three further terms: artificial general
intelligence, and superintelligence.

1.5.4 Artificial General Intelligence (AGI)/
Strong Al/Full Al/Human level Al

Unlike machine learning with its narrow,
focused interests, AGI aims at coordinating and
integrating artificial intelligence so that it can
operate with a full or extended range of human
abilities—AGI aims at creating a fully interactive
humanoid/robot/intelligence  that  matches
or surpasses anything humans can do in any
domain.” AGl is the Holy Grail of Al research and
development.

In agriculture this will mean that thick data
from multiple sources on developing weather
patterns, moisture and nitrogen levels in the
soil, plant health, animal condition, etc., will be
simultaneously and instantaneously analysed
and acted on by smart independent machines.
Because of the breadth and depth of the data
analysis their findings and recommendations
will be better than those of their human
“counterparts.” This scenario is maybe 10-30
years away, but its arrival is probable.>

1.5.5 Superintelligence

Though not a pressing near-term concern for this
paper, it is worth mentioning the prospect of a
superintelligence. Experts in the field of machine
learning hold thatif, or more likely when, AGloccurs
it will quickly and vastly outstrip the combined
cognitive capacities of humans. It will become
a superintelligence and be capable of bringing
about revolutionary technological and economic
advances across every sector on timescales much
shorter than those characteristic of contemporary

civilisation and experience.” Farming could
benefit greatly from superintelligence, and food
security could be guaranteed.

But note Irving J. Goods quip (1965): “The first
ultra-intelligent machine is the last invention
that man need ever make, provided that the
machine is docile enough to tell us how to keep
it under control.” And we might add—and
considerate enough to share our values and
support our goals.”
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Figure 3: Al Tree of Life timeline
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Section summary

Aotearoa New Zealand has a strong, resilient, and
innovative agricultural sector. Despite this, it will
increasingly need to adopt machine learning to remain
competitive. It will also prove wise to use machine
intelligence to help preserve and manage Aotearoa New
Zealand’s biodiversity and natural resources: our land,
aquafers, forests, lakes, pastures, wetlands, rivers, and
seas. Ceteris paribus, a third reason to embrace machine
learning is to meet a pending demand for food as the
earth’s population rapidly grows. Machine learning will
enable farmers to generate high yields in ways that do
not deplete their capability for doing so. While major
players are already active in data analysis and application
throughout Aotearoa New Zealand, there are emergent
technologies being used in farms; some will be featured
in this paper.

There are risks around the development and deployment
of machine learning, but Aotearoa New Zealand can be
part of a vanguard to mitigate these.
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2. Issues in farming, and machine
and robotic intelligence solutions

Like other businesses, farmers have to be attentive
to national and international demand for their goods
together with a host of physical realities on which their
livelihoods depend. While they develop strategic plans,
business plans, and workflows for a year or season, they
also must be proactive in preparing for contingencies.
Elastic demand in relation to consumer preference as
well as drought, floods, fires, hot war and trade wars,
a pandemic and more recently supply chain issues are
hazards which must be navigated with wit and resilience.

2.1 Demand and decision-making

Primary questions in agriculture pertain to need.
What commodities are in demand now and/or for the
foreseeable future, and which can be grown or raised
here? Answering these questions requires accurate
information and prompts layers of decision-making
on the availability and readiness of land or paddocks,
researching a seed’s genetic potential, the pH value of

Allflex

Machine intelligence and robotics are easing
labour burdens in farming. Denise Hopper's farm
in Woodlands, Southland has 360 dairy cows and a
few beef cattle. She began using Allflex smart collars
two seasons ago to better identify cows coming into
heat. The collars collect data and the Allflex app’s
algorithms determine which cows are ready for
insemination.
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soils, timetabling for nitrogen and phosphate fertilisers,
weedkilling, sowing, harvesting, monitoring moisture
levels, and managing irrigation. And then there are
decisions made and actions taken in the light of disease,
infestations, pests, and the production of dry matter
for livestock. All the while carefully watching weather
conditions for damaging winds, snow, frosts, or storms.

Moreover, tractors, harvesters, and other machinery
need to be ready at the right moment for ploughing,
harrowing, rolling, spraying, sowing, harvesting, and
transporting. With New Holland, Massey Ferguson,
and John Deere tractors costing between $200,000
and $500,000 a piece new, many farmers do not own
machinery due to expense. Farmers need navigate
relationships and coordinate with those who do.

Farming is complex and requires constant information,
analysis, and right decision-making for success. With so
many variables affecting agriculture, prediction is harder
than in other businesses where threats can be more
easily identified and mitigated.

“It then drafts the cows,” she says. “So, I turn up in
the morning, the cows are already drafted, so there’s
no mucking around with that. Then you're putting
the semen into the cows at the correct time—not too
early, not too late—so you're having better results.
You're not wasting semen. It’s brilliant.”

Depending on the time of year, she visits the milking
shed four hours later than she did before robotic
intelligence took control. The technology puts cups
on the cows, clean their udders, tracks each cow’s
yield, and alerts the Hoppers to signs of mastitis
infections. It has been a lifesaver for them. The
Hoppers are not new to agritech. Four years ago,
they introduced robotics into their milking shed.
Drafting gates and in-shed sensors enable their cows
to go and get milked. “It takes away that needing
someone to put cups on,” Denise said. “We're getting
on now, and we’re sick of getting up at 5 oclock in
the morning.”



2.2 Employment

Another key consideration is the employment of farm
labourers. As it stands, the nature of farming means
there are down times when less labour is required, and
peak times when, for instance, strong and skilled fruit
pickers, often on temporary visas, are in high demand.”
The flux in labour haunts scheduling, especially when
there are short windows for harvesting. And the problem
has intensified with COVID-19 border closures and
vaccination requirements guaranteeing labour shortages
at key dates in the farming calendar. Farm labourers
are scarce.

Farming is also tough. Farmers face isolation, boredom,
and long, irregular working hours. Ploughing late into
the night, for example, is lonely, tedious, and trying on
relationships. Ditto 4:00am call outs during lambing
in bitterly cold and harsh conditions. Not surprisingly,
prospects of regular day jobs and city life appeal to
farmers’ sons and daughters, creating an exodus. Finding
and keeping people to work the land, whether local or
from further afield is hard. Getting and keeping a good
farm manager, harder. Employment in agriculture is a
perennial and pressing issue.

2.3 Storage, processing, and distribution

It is one thing to grow barley and another to store,
process, and distribute it. Some farmers and wine makers
run up the whole value chain. Others say goodbye to
their livestock and grapes when they leave the gate.
Either way, transportation and storage are immediate
concerns for producers post-harvest or at gone-to-
market time. There is an urgency to limit the degradation
of fruit and veggies, or an animal’s condition prior to
sale or slaughter. Furthermore, there is the complexity
of processing produce and then distributing it to market
in a timely manner. The fact that most New Zealanders
choose from a wide range of fresh food and eat and drink
well whenever they wish is no small miracle. Whether
Big Macs or slices of venison grace our plates, they do
so as a result of many complex transactions working
cumulatively and in concert. Food in this sense is actually
hard to come by.

2.4 Compliance

As if the difficulty of cultivating crops, animal husbandry,
processing and distribution was not enough, the
agriculture sector must grapple with shed loads of
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First Fresh NZ

Machine learning is transforming the accuracy of
forecasts in harvesting dates and crop size which
feeds into storage, processing, and distribution.
First Fresh NZ deals with fruit growers
specialising in apples, citrus, persimmons, and
kiwifruit. It markets, packs, and ships fruit here
and overseas. At the beginning of 2021 it teamed
up with Kiwi forecasting company Hectre. First
Fresh Managing Director, lan Albers, sees three
advantages in using Hectre. “We can go out to
a grower and give them instant feedback on
what size they’re picking to,” he says. “And if we
can tell the grower that a certain percentage of
what’s already been picked would be worth more
if it was left on the tree a few weeks longer, the
grower can tell the harvesters to increase their
minimum harvest size.” A second benefit is being
able to tell customers in a timely manner the
size profiles of upcoming deliveries, and then to
allocate fruit to them based on their preferences.
This leads to a third advantage. Pack houses can
prioritise packing the sizes that they have for
existing orders.

lan says that two seasons in he has useful data.
Hectre is delivering accurate estimates for apple
harvest dates and crop size. Its algorithms are
also analysing photos of bins full of picked fruit
and assessing the number and size distribution
of the produce. Forecasting features are not yet
available for citrus farmers. But once citruses
are picked, farmers get the same fast, accurate
estimates as apple growers.

Currently, lan’s focus is on getting as many
images of harvested fruit as he can: “It’s one
of those things, obviously, with Al—the more it
sees, the better it gets.”



legislation and compliance. While this is common
to every sector and necessary, it is also a burden—
especially when it is bloated by additional concerns for
grassland and aquatic ecosystems, and aquifers.

The basic areas of compliance focus on recruitment
and employment; health and safety; animal welfare;
food safety; accounting and taxation. Then there are
building regulations. And environmental ones. There
are regulations for employee contracts, wages, rosters,
timekeeping, disciplinary action, leave, resignation,
restructuring, and toilet breaks. There are proformas for
on-farm risk management, for identifying and controlling
hazards—for safely operating machinery, managing
animals, and dealing with fires, floods, and colleagues
who are struggling. The requirements and guidelines not
only help prevent accidents but also prepare people for
right action should an accident or disaster occur.

Additionally, farmers must meet expectations of the
Animal Welfare Act 1999 (amended 2015). Compliance
covers hunger, thirst, adequate shelter, discomfort, pain,
fear, distress, and freedom for animals to “display normal
behaviour.” These considerations are important and for
moral reasons, but together with Workspace Inspector
visits they add to the tedium and stress of farming.

Dairy farmers are also subject to aspects of the Animal
Products Act 1999—a food safety-based act. Farmers
must operate under a risk management program which
covers the harvesting, filtering, cooling, and storage
activities in the farm dairy. Compliance covers everything
from the design and construction of farm dairies to
the supply and maintenance of equipment and all the
supporting activities at the farm dairy, including the use
of chemicals, detergents, and sanitisers. And then there
is compliance around milk processing and/or the supply
of raw milk products.

Moreover, those planning new buildings or renovation,
expansion, or demolition of old ones must be building
compliant (Building Act 2004). While not unique to
farming, ensuring building compliance adds heavily to
its hours—particularly as all buildings and building work
has to comply with a separate building code whether or
not the work being done requires consent.?

Two further compliance issues loom large in agriculture:
water and effluent management. Section 2.3.2 will
return to these, but we should note that both demand
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continuous consideration and action. They are not
something to check once, tick a box and then leave for
a year. Compliance is ongoing and covers areas such as:
no runoff of milk/effluent from tanker pad; no overflow
of effluent from any holding/concreted or sealed areas;
no effluent getting into waterways, drainage ditches,
out of storm water diversion; no effluent/sand trap
solids on unsealed ground; no ponding of effluent; no
runoff or sediment from winter grazing/forage crops
entering waterways; irrigate only within permitted
areas; no irrigation onto wet soils (i.e., after irrigation
or rainfall), etc.® Freshwater Farm Plans and broader
Farm Environment Plans introduce massive complexity
with compliance right down to individual catchment
areas.”” And in relation to water and leeching, nutrient
management and N-Cap requirements only add to
this complexity.*®

On top of all the compliance requirements so far
mentioned there are fiduciary requirements typical to
any business. While much record keeping, invoicing,
receipt management, wage and payroll keeping,
superannuation, and accountancy is digitised and
automated, it still requires human input and checking. If
farmers are not careful with time management, or if they
get caught up in the now-needed activities of a season,
the bills, payments, and invoices quickly mount—and
the weight of paperwork becomes oppressive.

Regulation and compliance are not unimportant. They
save lives, protect health, and promote transparency,
but can be a horrid burden. Farmers are frustrated and
enervated by an array of regulations—and wearied by
the task of compliance.



Pasture.io

Every two days a satellite takes images of Telford
Farm in South Otago, saving operations manager
John Thornley time with reporting and compliance.
He says that applying fertiliser, spraying, cultivation,
and giving animals antibiotics are all reported in one
place. “When we get audited by Fonterra—these
days you have to prove how much fertiliser you put
on the ground—we can pull those reports and say,
‘This is what we put on the ground, where we put it,
and how much,” he says. “[Compliance] is a huge
part of dairy farms now.”

Using machine intelligence, Pasture.io analyses
and compares the appearance of each paddock in
relation to Telford Farm’s historical grazing data. The
feedback has become an integral part of managing 7
employees and 580 dairy cows on 260 hectares, and
another 550 hectares for sheep. “I've been looking
for years for a decent programme, and | stumbled
across Pasture.io about four years ago,” John says.

With GPS collars tracking just six cows in his two
herds and weather forecasting that is integrated into
Pasture.io, John determines where and when herds

3. Section Summary

Agriculture is complex. Success involves a keen
awareness of the operating environment with its
emerging opportunities and threats, and the resources
and agility to act. Farmers need to be alert, good at
processing information, clever at prediction, pre-emptive
and resilient. They require experience, intelligence,
and supporting networks. Planning a calendar year
successfully is no mean feat. Finding, keeping, and
dealing with labourers, likewise. Then there is the work
of harvesting, storing, processing, and distributing
farm goods. Difficult enough when things are running
smoothly, hard when availability of machinery or supply
chain issues and/or bad weather wreak havoc. Adding to
allthisis the onerous task of compliance. In the large part
necessary, regulations remain time-consuming, costly, at
times ill-fitting, and nearly always oppressive.
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go next. “Its satellite and Al read the grass in the
paddocks and tell us how much grass is available to
feed and where the best place is to send animals.”
He adds, “The more grazings you put in, the more
accurate the programme becomes. | could quite
comfortably say now, after using it for four years,
that the readings are becoming more accurate as
you go.”

The machine learning has improved pasture
management, making feeding and animal
management much more exact. “It’s a valuable tool
for our staff—we can plan out weeks in advance,”
John says. The latest version even has “cloudy days”
modelling, which fills in the gaps of missing data.

While machine learning will not in the near future resolve
every difficulty in agriculture or remove the irritation of
compliance, it will go a long way to make things better.
In this section we have suggested the acceptance of
machine learning and integration of artificial general
intelligence (AGI) into agriculture will occur (1) as a result
of competition, (2) to achieve food security as the world’s
population burgeons, and (3) for environmental reasons.
The section also foresees machine learning’s adoption in
relation to efficiency. Analysis, prediction, organisation of
resources, employment, scheduling, compliance, etc.,
can each be managed quickly, intelligently by machine
intelligences while also reducing the angst of farming.



SECTIONTWO:-
THE OPPORTUNITY

1. Machine intelligence and what it
brings to the paddock, warehouse,
supply chain, and consumer

This section will look at machine intelligence more closely.
The thing to grasp with machine learning is that it aims to
replicate or better human abilities in a specific or single
area of activity. It can operate like an individuated sense,
for example as sight with a mind. Here, it is fed with or
takes in visual data—the more the better—and as an
intelligence analyses it, locating patterns. It “reasons” in
relation to these patterns, draws conclusions, develops
theories, and makes predications based on the most
robust theory—say, on leaf health. It also learns from
subsequent acts and the data these yield with the goal
of refining its capabilities. Figuratively speaking, the
more data it “consumes” over time the more accurate its
prognosis and cure.

Keeping with the example of sight—of visual processing
and recognition—we should note and wrestle with the
implications of two additional phenomenon. Firstly, the
human eye has spectral and focal limitations, responding
to wavelengths from 380 to 750 nanometres. A machine
intelligence need not have the same constraints. Its
visual capability might include input from infrared, X-ray,
and gamma rays. Its focal ability might reach from the
microscopic to the distant horizon.

Secondly, the data accumulated from these
“superpowers” gives machine learning an edge over
humans in this domain. Not only because it has more
information to play with but also because its processing
power surpasses ours. It can process vast amounts of
data far quicker than we can. In fact, humans are simply
not able to handle and synthesise the same quantity of
information. In this one field (with reference to visual
processing and recognition) the opportunities for
agriculture are therefore astonishing.

These opportunities are not limited to an analysis of
plant or fruit health or sighting pests or predators. They
run to multiple specialised areas—to planning, planting,
harvesting, monitoring, identification, safety, tracing,
storage, and the consumer.
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Machine intelligences will improve each of these. They
will better current practices, create efficiencies, and
ease the more tedious, and backbreaking aspects of
agriculture and its related industries.

A further consideration is the probable advent of an
AGlI. If and when this happens the individual capabilities
of machine intelligences will coalesce into a single
entity—a sort of independent intelligent computer/
robot. Decision-making will be greatly enhanced. An AGI
will be able to review simultaneously extensive data from
different inputs, rather than just one (e.g., the visual).
In consequence, it will offer very rich analyses and well-
crafted recommendations. These will likely be better
than those from individual machine intelligences. The
totality of data available to the AGI will enable it to take
into consideration variables not necessarily otherwise
present. Its intelligence and “reasoning” will be more
comprehensive and holistic.

2. How to take advantage of machine
learning and intelligence

Over the next decade, the activities of agriculture
will be enhanced or done alone by machines with
machine intelligence. Where there is a high degree of
interconnectivity between devices (e.g., smart tractors
connected via satellite to cloud-based data on soil
structure), they will be done more effectively. At a
minimum, machine intelligences can assist farmers in
wise decision making.*

And the opportunities are enhanced because Aotearoa
New Zealand enjoys a series of hard-won, underlying
structural advantages. It is a politically stable country; it
consistently ranks as one of the least corrupt nations on
earth (with Singapore, Norway, Finland, and Denmark);3°
it is strong institutionally, with good local government,
schools, universities, etc.; it has widespread and
vigorous transport and communications. Aotearoa
New Zealand is first ranked as a place for ease of doing
business,® and known for its entrepreneurialism, and
investment security. It is ranked 9™ among 35 OECD
countries in readiness for widespread Al adoption.®
If there is a committed focus on machine leaning and
robotic intelligence in agriculture, then it will likely garner
investment and succeed.
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2.1 Planning and prediction

Planning and prediction become especially powerful with
machine learning and connectivity. Data that is collected,
processed, and shared enables farmers to precisely
manage their calendars, livestock, crops, and workflows.*
More data and a greater degree of connectivity between
cloud-based storage and end-users will lead to better
outcomes. For instance, information on the soil quality
of a cluster of farms or individual paddocks sent to the
cloud can be immediately evaluated and returned to a
smart phone for dissemination and action. In contrast,
disconnected data sitting on the hard drive of a desktop
computer running on Windows 7.0 in a farm office is of
limited use.

2.2 Big data, planting, and harvesting

Big data—extremely large data sets—and its use
improves planning and prediction, amounting to a “fourth
technological revolution in agriculture.” Its analysis
by machine intelligence offers guidance on the what,
when, and where of farming. For example, it will aid seed
selection, methods of sowing and the number of seeds
to plant per acre, when to plant or thin flower buds, and
the best fields for planting.®® Or the energy requirements
and costs of a particular farm or aspect of farming.3® A
machine intelligence can also propose “adjustments
in what is produced (e.g., planted, slaughtered) and to
what criteria (e.g., carcass weights, milk composition),
S0 as to best meet demand and minimise wastage.”

Moreover, when it is time for harvesting, machine
intelligence can timetable and manage the use of
machinery, pinpointing the windows of opportunity
for combine harvesters, pickers, shakers, bailers, and
dryers, etc., to be made available. Such calculations are
lifesavers where machinery is shared across farms as
they can take in multiple variables, using, for example,
satellite imagery,® to prioritise which farm or which
paddock should be harvested next.*

2.3 Weather and water

Machine intelligence using big data derived from either
modelling or real-time measurement can also predict
likely weather patterns and how they will affect a particular
topography, either ripening a grape to perfection or
blanching it. Related to the strength of a breeze, to
temperature, to evaporation rate, and to plant and fruit

Maxim Institute Discussion Paper

Fruitometry

“Kiwifruit is a crop where, if you let every flower
bud grow to a fruit, youd be overloaded with
poor-quality fruit that you couldn’t even give
away,” explains Chris Miller, Fruitometry’s Chief
Technical Officer and founder. “On average,
about $10,000 a hectare is spent on having
people go through and reduce the bud, flower
and fruitlet numbers so that they can get their
crop load right.”

Katikati’s Fruitometry uses machine learning and
intelligence to optimise kiwifruit growing. It has
developed an Al that visually identifies and logs
features from a whole kiwifruit canopy. Cameras
on quad bikes driving up and down orchards
catch 5,000 images a hectare. Al then generates
reports for growers describing fruit density.
Traditionally, density estimates have been based
onamanual sampling, but Fruitometry’s readings
are from the entire orchard. The density map
it generates is precise. Reports identify winter
buds, shoots, king flower buds, fruitlets, and fruit.
This allows growers to identify accurately where
workers should thin new growth.

The team at Fruitometry continues to refine its
model training as its collection tops 40 million
images. Chris notes, “Were not throwing

anything away just yet. We are constantly
developing more innovative analytical tools to go
with historical data, you know, for disease and
pests and things like that.” Though kiwifruit has
the highest gate return, Fruitometry is looking at
applying the technology to other crops.




growthisthe structure of soil—and critically irrigation. Soils
require more or less water depending on their profile—
their density and porosity, their relative proportions of clay,
silt, and sand—and what is demanded of them. Producing
one kilogram of wheat requires approximately 9oo litres of
water, much less than the 8,000 litres necessary for one
kilogram of cotton.** So, knowing how much water to use,
how often to irrigate, and how long to water for are key
metrics for success. Sight and touch are one thing, but
soil probes and an analysis of plant health are superior.
Precision farming integrates “knowledge of crop water
needs, soil water holding capacity, irrigation system
capacity, and available water supply.”# And using deep
learning to monitor moisture levels and control irrigation
prevents farmers from over or underwatering. Whether
through drip irrigation, central pivot or continuous-flow
hydroponics, etc., machine intelligence optimises plant
growth and health. Worryingly though, in New Zealand,
“across the primary sector, the lower adoption areas [of Al
enhanced technology] are water/irrigation management,
plant/crop management and effluent management.”#

Dairy Holdings Limited, Fonterra’s single largest milk
supplier, comprises 60 South Island dairy farms. In
December 2019, it began trialing moisture sensing
technology offered by Kiwi company CropX. The
company has key partnerships with organisations
that include MetService and NASA Harvest.

Colin Glass, Dairy Holdings’ chief executive,
notes readings become even more valuable when
combined with satellite imagery, crop models and
field properties.
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2.4 Real-time monitoring: soil and nutrients

In relation to soil and plant health, machine intelligence
also brings an extraordinary real-time analysis,
response, and focus to agriculture. Besides predicting
and monitoring weather patterns and air quality,® it
can examine and moderate nitrogen and phosphate
levels.* This is especially valuable. Nitrogen is unstable,
and tests in paddocks can result in volatile readings of
nitrogen levels over a short period of time. It is most
frequently deficient in soils due to water saturation,
leaching, runoff, and crop removal. But it is also the
nutrient that is perhaps most critical to the production
of proteins and chlorophyll in plants. With phosphorus,
potassium, magnesium, sulphur, and calcium, it ensures
plant vitality. Smart, and at times, remote sensors, real-
time monitoring, rich data, and machine intelligence
make nutrient management easier and more efficient
than currently.*

Machine intelligence uses the combined data to
create management plans which reduce the need for
water, fertiliser, energy, and labour.

In mid-2022, CropX also rolled out the ability to track
key fungal diseases. These new capabilities, which
include advice on when to spray, are designed to
reduce chemical use and protect crops.

“The CropX dashboard reporting system gives us
greater transparency and the ability to benchmark
farm and irrigator moisture levels and performance,”
Colin says. Reducing moisture stress, in particular,
“has had the impact of improving clover production
while at the same time reducing the application of
synthetic nitrogen.”

“Overall, we have been able to meet the new nitrogen
cap of 190 kg per hectare and our water applications
from irrigation have reduced,” he says. “It has also
reduced the Overseer modelled nitrogen losses to
groundwater across the farming group.” This is a
significant saving.



Yara N-Sensor

The Yara N-Sensor allows farmers to measure
real-time a crop’s nitrogen requirement as
a fertiliser spreader passes over a paddock.
Tractor-mounted, it applies the correct fertiliser
at the right rate across each area of the paddock.
Roscoe Taggart, a mixed cropping farmer in
Canterbury says, “We bought the Yara N sensor
for $22,000 and the (fertiliser) savings paid for
the equipment in the first year.” But it is not only
savings on the cost of fertiliser which makes the
technology so appealing, it is also minimisation
of the impact they have on the food chain and
environment.

i T

2.5 Pests

Machine learning also addresses the need for and
exact application of fungicides and pesticides. Drawing
from visual inputs as well as odour and texture, it will
identify leaf disease, fruit degradation or the quantity
and type of pests infesting a crop. It will manage weed
control, identifying the type of threat, and accurately
administering weed Kkiller, or even physically removing
weeds by using farm bots and drones.*®

2.6 Livestock

Deep learning also assists farmers with animals. Machine
intelligence can monitor for signs of sickness in cattle,
sheep, pigs, and deer. It will detect physical duress
linked to disorders such as Johne’s disease, pneumonia,
Bovine TB, footrot, parasites, mineral deficiency (cobalt,
selenium, and copper), and milk fever.#” Additionally, it
is gauging levels of stress in animals brought on by other
factors—by cold, heat, enclosure, isolation, noise, dogs,
insufficient water, or overcrowding.* It is becoming a key
technology to support animal health.
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Smart technology is also directing logistics in stock
identification and movement, tagging animals using
face recognition,* and controlling gate systems to fresh
paddocks and water, moving animals out of fields that
are being depleted for greener pastures. Here, satellite
technology monitoring leaf coverage, and on the ground
sensors are refining best practices.

2.7 Robotics

Machine intelligence and robotics are not only managing
gates, the movement and transport of animals, and
paddock rotations, they are active in all other aspects
of farming. Tractors are to a greater or lesser degree
automated. Smart tractors are being linked with other
machines or pieces of machinery to deliver optimum
results in preparing pastures, sowing, maintaining crops,
and harvesting, etc. Moreover, in an effort to minimise
damage to soils, autonomous lightweight vehicles are
being deployed to work fields and maintain plant health.
These act independently, but via the Internet of Things
(loT—connection between multiple intelligent devices)
are able to communicate and operate, for instance,
drone technology.

Robotics also harvest fruit and vegetables—notably in
cities, in California and Singapore. No fruit is too soft or
delicate to pick.*®> And pieces of fruit are analysed for
bruising, disease, shape, size, and colour, etc. Vegetables
are treated similarly. Robotics then sort, clean, cut
and pack product. In the developing indoor farming
technology market, they manage the entire production
and export of vegetables—from seed selection, through
growth to distribution.® The technology solves the
challenges of labour—of finding, training, and managing
staff. It also removes the problems associated with the
windows of seasonal growth and labour. No hands are
needed for planting, packing, or placement, so product
is available 24x7.5

The technology also reframes the relationship between
food production and safety. As people interact with, drive,
and control less and less machinery, so risk profiles will
change. Regulation will focus thus on data security, and
machine access and maintenance, rather than on risks
of injury and death. Machine intelligence and robotics—
or when they are combined, robotic intelligence—will
lift the burden of compliance from farmers’ shoulders.
Depending on how much autonomy we choose to give to
it in the future, it may even free their hands completely.



OmniEye

Dairy cows are surprisingly active. But walking long
distances, manoeuvring in crowded areas without
being able to see where they are stepping, and
muddy conditions all increase the risk of cows going
lame. “Lameness is painful for them and stressful.
And a costly problem for farmers,” says Benoit
Auvray, Chief Technology Officer of OmniEye. “About
20 percent of Aotearoa New Zealand cattle have an
issue with lameness each year, costing a large farm
around $100,000 a year. If you extrapolate that to
the 11,000 dairy farms in Aotearoa New Zealand,
it's a half a billion-dollar problem annually.” Vet
bills, antibiotics, loss of milk production while
on antibiotics and—in the worst cases—having
to euthanise the cow, all add up. The problem is
exacerbated because Aotearoa New Zealand has
large dairy farms with relatively few staff. Too few
eyes are available to identify lameness early on.

OmniEye is addressing these problems. It uses
cameras, facial recognition, ear tags, and machine
intelligence to record and analyse the movement of
each cowon a farm. The system includes technology

Halter

Farms of the future may be operated without fences
or motorbikes and could be run through a single
app on your phone. A kiwi company—Halter—has
come up with smart collars for cows. Think of it like a
fitbit for the cows. Except instead of simply tracking
movement and monitoring health data with GPS
technology, these smart collars can even control the
movement of the cows. “We move cows around the
farm primarily with just the sound cues in the air,
which is similar to a motorbike going up the left—or
right—hand side,” explains Steve Crowhurst, Halter
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that OmniEye has patented, which creates 3D images
of the cows from 2D shots. The company has also
developed a scorecard for cow body condition as well
as locomotion. It looks for lameness, broken tails,
and when a cow has been overfed or has a metabolic
disease. Farmers are finding additional advantages
to having a visual diary. They are deciding which
animals need their hooves trimmed. And they are
even getting vets to diagnose their cattle remotely.

“It’s very easy to sell,” Benoit says. “There’s obviously
a gap in the market there, and it brings peace of
mind to the farmer.”

Business Manager. “The vibrational cue is similar
to one of us walking up behind the cow asking it to
move forward.”

Each individual cow on the farm can be managed
through the app, and famers can be guided by the
data they collect. Farmers can even select individual
cows or mobs from the herd. This essentially
replaces motorbikes, fences, gates, and dogs with
a subscription fee to Halter. This ability to cater to
each cow means that grazing and movement is far
more efficient, and much safer. Not only can it keep
the animals safe from hazards like floods, but it
can protect the farmers too. “We’re on a farm in Te
Aroha, up in Waikato, and they’ve seen a four-hour
decrease per day in riding motorbikes,” Steve says.
“When we're looking at preventing injuries on farms,
that’s probably the single biggest opportunity we
have to provide some relief there for farmers.”



2.8 Edge technology

One emergent capability is hastening efficiencies in the
Internet of Things. Some of machine learning’s newest
technologies use edge computing, where data is analysed
closer to the point it is created (e.g., nearer the farm)
using servers in telcos. Proximity provides even quicker
feedback to users and does not depend on distant data
storage centres onshore or overseas. The technology
brings sharper focus to real-time monitoring. This is seen
as increasingly critical to horticulture, especially as it
is practiced on an industrial scale indoors. McKinsey &
Company estimate such connectivity in the agricultural
sector will “tack $500 billion in additional value to global
gross domestic product by 2030.7%

2.9 Supply chain and tracing

Another area that is radically changing is transparency.
Machine intelligence working with blockchain is
transforming the visibility of transactions throughout
supply chains across multiple industries. Agriculture
stands to be a major beneficiary of this partnership—not
only in relation to production and purchases but also
land care, water use, and nurturing biodiversity.

Blockchain provides a secure and incorruptible ledger of
transactions. It can describe and guarantee the origins
of the coffee we drink at breakfast, or where the vegies
we eat for lunch were grown and processed (which
soils, what water, which factories?), or the seas and
processing plants that provide the snapper and prawns
we barbecue for dinner. Blockchain also records the
nature of contracts, salaries, and payments pertaining to
products—something which consumers are increasingly
committed to in their pursuit of ethical sustainability.
People care where their food comes from, how animals
are treated, and for fair purchasing arrangements
with growers.>

But it is not only buyers who benefit from blockchain’s
record keeping and transparency. Everyone in the
supply chain does. In prompting payments for services,
providers have surety due to the date stamps and dollar
details encoded on a blockchain contract. It makes
underpayment, cheating, marketing deception, and price
gouging across the supply chain hard. Transparency and
traceability are its trademarks.*
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In addition to verifying data for consumers and suppliers,
blockchain enables the precise tracking and analysis of
other information. Such as carbon footprint data at both
a product and parts level. With machine learning this
record not only makes for a thorough understanding of
the energy, water, and other inputs required to produce
an item (say a litre of milk) but also the associated
makeup, origins, type, and quantity of emissions. Such
information will increasingly aid decision-making as New
Zealanders balance the custodianship of our natural
resources with the demand for agricultural goods.

2.10 Summary: The complete value chain

Machine intelligence, sometimes in the form of robotic
intelligence, will become ubiquitous in agriculture over
the next decade. The continuous desire for good quality
food at a sharp price will drive its adoption. So, too,
will the need for food security—for producing enough
food to sustain humanity. Machine intelligence will lift
much tedium off farmers’ shoulders. Sifting data, it will
recommend efficiencies in timetabling and planning. It
will monitor everything apt to agriculture’s external and
internal operating environments—trends in the market,
seed availability, and weather patterns, etc., as well as
paddock moisture and nutrient levels, pest populations,
fungal growth, and fruit formation. It will watch livestock
health, and move animals form one paddock to another
in a timely manner. It will also operate in all areas of
logistics ranging from harvesting to product delivery to
a consumer. Moreover, it will learn from these activities.
Machine intelligence will change the nature of labour and
our conception of seasons. Increasingly, it will manage
production of things central to our lives—food and
drink—while also guaranteeing their continuance. It
will operate across the complete value chain. Machine
learning is incremental, but increments do add up over
time. Having reviewed the opportunities, we will now
turn to how we can harness them responsibly.



3. To be responsible custodians: What
machine learning and intelligence
brings to custodianship

3.1 Climate

Aotearoa New Zealand is a signatory to the Paris
Agreement and the 2105 climate accords.*® These came
into effect in late 2016 and aim to reduce greenhouse
gas emissions in an effort to hold an increase in global
temperatures below 2°C. They include commitments to
regular stocktakes on emissions reduction.

There is heated discussion about the science of global
warming and the effectiveness of the accords, but
Aotearoa New Zealand is scrutinising its emissions, and
in some areas working to reduce them. Its most recent
report stated that emissions throughout the country
were mainly related to agriculture, with gross methane
emissions at 31 million tonnes, primarily produced by
livestock (88.4 percent)—up 9.0 percent in 2019 from
1990, but down 1.6 percent from 2005. Methane was
produced by cattle and sheep digestion (27.9 percent
and 651 percent respectively).”  Nitrous oxide, a
second emissions villain, mostly came from agriculture
too—from soils (92.8 percent). At least half (50.2
percent) of this was from urine and dung deposited by
grazing animals.®® Overall, nitrous oxide emissions were
up 45.3 percent from 1990 and up 5.9 percent from
2005. They were also up 0.4 percent from 2018. At 7.7
million tonnes, nitrous oxide made up 19.9 percent
of all agriculture emissions in 2019.% A considerable
amount of carbon dioxide (40 million tonnes) is also
produced in agriculture by farm machinery and from
vehicles transporting goods. Stats NZ notes that “New
Zealand’s gross greenhouse gas (GHG) emissions have
shown no obvious sustained reductions compared
with 2005.”%° Countries such as Croatia, Mauritania,
Moldova, and Panama with similar population sizes do
much better. Conversely, countries like China and India
still produce a bewildering amount of greenhouse gas.®
Current projections on the impact of global emissions
are pessimistic, suggesting custodianship of earth’s
natural resources is deeply impaired. Changing weather
patterns attributed to greenhouse gases, experienced
as an increase in droughts, fires, deluges, and floods,
together with a reported overall rise in sea, land, and air
temperatures also threaten biodiversity.
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3.2 Biodiversity, land, and water care

Aswell as being a signatory to various climate agreements
and accords, Aotearoa New Zealand was an early mover
on the preservation and maintenance of biodiversity and
use of genetic modification and resources. We adopted
the Cartagena (2000) and Nagoya (2010) protocols and
have attended the biannual Conference of Parties, which
most recently have focused on reversing biodiversity loss.

Because Aotearoa New Zealand is an island it has rich
biological diversity. Its seas, wetlands, freshwater
rivers, lakes, tussock grasslands, and forests are homes
to a host of local plants, fungi, and creatures—to fish,
insects, birds, mammals, and reptiles. But according to
Oour Land 2018 and Environment Aotearoa 2019, 4000 of
our species are threatened by extinction. This constitutes
the loss of 80 percent of New Zealand’s reptiles, frogs,
bats, and birds.®? Bear in mind we have already hurried
the destruction of 59 bird species, including Haast’s
eagle—the largest eagle ever to take to flight, and native
to the Southern Alps.®

Biodiversity loss is brought on by several factors. Creeping
urbanisation liquidates animal habitats. Noise pollution
drives animals out of an area and inhibits communication
between them. Invasive species, both plant and animal,
also wreak havoc.

Agriculture plays a part in the loss of biodiversity, too.
Historically, farmers have drained wetlands which not
only act as carbon sinks, water purification systems, and
buffers against coastal erosion, but also act as nurseries
for an array of insects, fish, and crustaceans. Wetlands
once drained are soil rich. They are good for dairy farming
and many other forms of agriculture and horticulture.
But wetland areas today are at only 10 percent of their
original coverage and remain in decline.®

Farming has also necessitated wider land clearance.
It is estimated only one-third of our original forestry
landscape remains—and this mainly in mountainous
and hilly regions.® Like the landscapes of many other
nations, our country has been remodelled by agriculture.

Moreover, agricultural practices have degraded our rivers
and lakes. Irrigation has depleted the braids in our rivers
and lowered water levels in lakes, allowing for the spread
of invasive algae and plants, threatening aquatic diversity.
Run-off, animal waste, nitrates, pesticides, and heavy



metals have also clogged and contaminated Aotearoa
New Zealand’s waterways reducing macroinvertebrate
life.®® While water is essential for farming, the balance
between meeting livestock or crop requirements and
maintaining, for instance, the health of a river remains
a live issue. The Waikato River in the North Island is not
what it was; nor is the Selwyn River in the South Island.
The Manuherekia’s condition is heartbreaking.®’

3.3 Machine learning and custodianship

Farmers know the unique value of land and water. They
neither wish nor intend to degrade either. But knowing
how to meet the demands of running a farm and of making
a profit with an eye to managing emissions, land use, and
potential contaminants is exceedingly tricky. Machine
intelligence will help farmers in this. It will monitor and
lower energy consumption through the precise analysis
of planting, growing, irrigation, and harvesting needs.
It will tailor electricity, diesel, and petrol usage, etc.,
accordingly. It will also sharpen the integration and use
of green energy technologies. Machine intelligence will
reduce the sector’s carbon footprint.®® This will be true
in crop farming, dairy farming, olericulture, viticulture,
hydroponics, and aquaculture.®

Machine intelligence will also chart the use of land
through drone and satellite technology. This will detect
human breaches and limit the encroachment of farming
onto land set aside for recovery or conservation. It will
also aid farmers in their application of fertilisers and
with irrigation. Both drone and satellite technologies
can feed data to a machine intelligence that assesses,
for instance, the leaf coverage and health of a paddock.
Working with probes will do the same for the nitrate,
phosphate, and moisture levels.”” Subsequently, it
will make recommendations or robotically automate
the application of nutrients and water with precision,
while also detecting leakage and reducing wastage.”
Furthermore, machine intelligence will record its
operations, making it easier or even bypassing the
need for farmers to show how they meet regulatory
requirements.
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3.4 Summary

Aotearoa New Zealand is a signatory to climate accords,
and it has adopted protocols in protection of its
biodiversity. Many sectors are held to affect our climate,
degrade the country’s natural resources—its wetlands,
waterways, forests, and rivers—and deplete its
biodiversity. And urban pollution exceeds rural pollution.
But agriculture (including horticulture) is one of these
sectors. While we cannot survive or flourish without it,
we must ensure that producing food does not amount
to a Pyrrhic victory. True custodianship necessitates the
scrutiny of the intended and unintended consequences
of our actions, and the best science. It also requires
gathering the best intelligence or data possible, the best
analyses, and then choosing the wisest course of action.
Machine intelligence will assist in this.



4. Section summary

This section has addressed areas in agriculture which
will benefit from investment in machine learning and
intelligence. The architecture of the technology is shifting
and still maturing. However, it is able to bring efficiencies
to farming and simultaneously alleviate laborious and
tedious aspects of it. In a nutshell, machine intelligence
makes for a greater degree of precision farming than
already exists. Its advances might be incremental, but
the sum of them will generate the same amount or more
produce from less. It will limit wastage. If it is engineered
to take into account the fauna and flora we value,
balancing preservation with our need to produce food,
then it will be especially useful. On an immediate level,
machine intelligence will aid in planning, timetabling,
preparation of paddocks, planting, harvesting, irrigation,
mitigating actions in advance of weather threats, and
the real-time monitoring of soils. Moreover, it will detect
and kill pests, monitor the health of animals, vegetables,
cereal crops, and fruit, and in conjunction with robotics
prepare them for storage, transport and distribution
to wholesalers and customers. Connected machine
intelligence will strengthen the entire supply chain. It will
also help tackle high levels of greenhouse gas emissions
and threats to those things we love—from Maui dolphins,
giant wetapunga, kakapo, kiwi, tuis, wood pigeons, and
fantails, to rimu, and totara trees, and our silhouetted
lancewood and cabbage trees, and the insects, animals,
and flora which seize our imagination, enriching our
otherwise ordinary lives.

Finally, should the engineering of an artificial general
intelligence (AGI) occur, agriculture will probably benefit
further. The input, coordination, and analysis of data will
yield high returns, creating the best efficiencies possible.
It will also anticipate opportunities and threats before
they arrive. An AGI willimprove food security while acting
to preserve and enrich those things we value.
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SECTION THREE: WHAT’S
STOPPING US?

1. Obstacles to the widespread
adoption of machine and robotic
intelligence in agriculture

There are a number of factors which slow the adoption
of machine intelligence in agriculture.”” Some are
straightforward. Access to technology and knowing
which technology to buy. The capital and ongoing
costs of smart systems, connectivity, the cloud, and
equipment. Other factors are complex. They reflect
anxieties around the utility of data, data privacy and the
risk of breaches in security from malicious actors. But
generally, “willingness to adopt early [Al] is lower than
outside the primary sector.”” The following outlines
eight reasons that explain resistance to an increase
in use of machine intelligence in agriculture. They are
common to other sectors, also. Where there is interest in
adopting the technology, it relates to efficiency; return on
investment; ease of use; and in simplifying compliance
and regulation.”™

1.1 Access

Aside from continuing frustrations with the internet in
rural areas, access to reliable information on technology
that has a proven record of success, is a key issue for
farmers. Knowing what is out there, what to rent, buy, or
invest in—and knowing whether to focus on standalone
products or to buy into networked smart systems and
machinery—are challenges.” There is insufficient
knowledge in Aotearoa New Zealand about existing
possibilities with machine intelligence and robotics, and
their benefits.”

Not only is there a knowledge gap among potential
users of machine learning and robotics, but also there
are critical legal considerations concerning frameworks
for fair access—i.e., access to information that has
been gathered from farms or agricultural businesses.
Questions linger about ongoing access by farmers to
information they provide, for instance, through cloud
services, to a company that then processes the data and
recommends specific actions in consequence. The issue
is complicated because machine intelligences generally
require large data sets for optimising analyses and
making predications. In some cases, data from different
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parties is aggregated to generate the best result. This
muddies the waters, making questions of who owns what
and access to it complex.

Doubts about ownership and access cause people
to pause. So do issues of trackability, portability,
interoperability, and reusage. If farmers move from one
supplier of machine learning to another will the years
of data collected or generated be reusable or will it
be encrypted in such a way as to make it useless?”
Will farmers have to start again? Are they in danger of
customer lock-in with second-rate systems and at high
cost? The lack of clarity over access to data and its
portability brings hesitation to the adoption of machine
learning and robotic intelligence in agriculture.

Finally, with reference to access, there is the basic
question of data coverage. Will rural areas have
connectivity? Will connections be stable, have low
latency, and be broad enough to make interconnectivity
and technologies operating in the loT workable? Is there a
danger of investing in technology that is made redundant
by poor internet service provision? How robust is internet
access for farmers? Will it employ edge technology?

Figure 4. Farmers rating their levels of knowledge of what
digital technologies are available 7

43%

10%
3%
Very poor Poor Average Good Excellent
1.2 Costs

A second barrier to adoption is cost. They are nearly
50,000 farms across Aotearoa New Zealand with an
average size of 109 hectares.” They are mainly small-
scale operations and often family-run. Purchasing smart
systems is a relatively expensive outlay.®® Then there are
connection costs and subscriptions fees with internet



service providers, cloud storage providers, and the
companies that assimilate farming data.®’ The expenses
add up and farms with a small turnover and slim profits
baulk at the cost.®> Conversely, large monocultural
industrial farms shoulder them and reap the benefits,
effecting a digital divide.®

But note: Despite the hesitation and anxiety over
capital outlay, there is good reason to invest in machine
intelligence, smart systems, and robotics in farming. Not
simply because they provide early warnings of disease
or damaging weather events, etc., but because of their
overall capacity to reduce costs.®* Money that is tightly
managed, well-budgeted and well-spent is quickly
recovered and generates widespread savings.® Section
Four, 1.3 will recommends ways of raising capital.

1.3 Security

Perhaps the most serious challenge to Al and its various
iterations in agriculture is security. Furthermore, security
risks will intensify as machine intelligence usage spreads.
The consensus among analysts is that machine learning
will become indispensable to precision agriculture.®
With its proximate ubiquity, it is probable that large farms
will progressively use a few key technologies. Similar to
the duopoly of Microsoft Corporation and Apple Inc..
Such an eventuality will see huge acreage with complex
operations managed by one or two platforms such as
TensorFlow and PyTorch.” Of special note is that a breach
in cybersecurity or failure in one of these platforms would
cause disproportionate damage. The interconnectivity
of smart systems and robotic intelligences would
lend themselves to a catastrophic, centralised point
of failure. And it is not only the thought of self-driving
tractors or swarms of rogue drones spraying Roundup on
burgeoning crops or ripe fruit, and adding contaminants
to our waterways, that is terrifying. It is the type of
destruction, too, that might visit a farmer’s supply chain
through ransomware or denial-of-service attack.® In
brief, hacking for malevolent ends and system failures
pose serious risks to agriculture. They also dampen
enthusiasm for machine learning, connected robotics
and the IoT.

1.4 Privacy

Another area of concern is data privacy. Aotearoa New
Zealand has a good reputation and record with data. It
garnered approval in relation to the European Union’s
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General Data Protection Regulation (GDPR) 2018, which
strictly regulates the transfer of information between
countries—Aotearoa New Zealand was certified as
“providing adequate protection.” We also have the
Privacy Act 2020, which reinforces a right to privacy and
requires mandatory reporting of any data breaches.®

Despite this, many remain anxious about the data
they share. Social media, in itself a common arena for
data violations, with its parsing of conspiracy theories
reinforces worries about data storage and exploitation.
Then, there are concerns over information leaking to
competitors or traders—who might use it nefariously.®
Moreover, questions of trust linger over governments and
government departments. How will they use “my” data?
Why do they need it? Is it shared? Is it secure? For very
good reason data privacy is of great concern to people,
small businesses, the health sector, etc., and it is a key
issue in agriculture. Doubts around privacy hamper the
uptake of transformative technologies that use machine
intelligence, data analysis, and cloud storage.

1.5 Quality, analytics, size of data sets

Concerns over the quality of analyses and
recommendations they carry relate to those of privacy,
security, and access. Machine learning depends on data.
The richer the data the better its assessments. When
agriculturalists hesitate due to doubts about its utility” or
worries about future access to their data, its security, and
thus the privacy of the information they cede, they stifle
the potential benefits of embracing machine intelligence.

But when it comes to sharing data, it is not only
individuals or entities pausing for consideration which
slows agritech uptake. It is also factors of scale. Many
disparate farmers sparsely located across a region
uploading data do not enjoy the same advantages as a
concentration or aggregation of farms in the same area
feeding data to a machine intelligence—especially with
reference to irrigation, nutrient uptake, and microbiome
amendments. A modest amount of data from a small
landholding yields marginal gains. Poor data quality also
leads to poor prediction. Conversely, thick, accurately
recorded®> data from a group of farms which have
formed a corporation or cooperative can prove most
useful. Not surprisingly, Agritech New Zealand notes
“41% [of farmers] side with not seeing much value in
using digital technology to run their business. This is a
high proportion, though not unexpected considering
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knowledge levels are low, and the value of data sharing is
still to be unlocked.”

1.6 Liability

Fear of legal liability inhibits the adoption of machine
learning in agriculture. For example, if a machine
intelligence recommended a course of action—
increasing the acidity of a soil or over-irrigating—which
was followed and proved disastrous who would be liable?
Or if an autonomous bot injured or killed an animal or
person, or trampled a crop who would be liable? Does
responsibility for malfunction lie with developers,
manufacturers, pay-as-a-service operators, or the
owner?? Who is liable? If a mobile robotic arm is hacked
and goes rogue wheeling madly around in a shed and
then out on the farm does this point to a weakness in
its architecture and flaws in its design? Where does
liability lie? And more futuristically, should machine and
robotic intelligences or algorithms be recognised as
juridical persons (something already done overseas) and
covered by insurance schemes that are underwritten and
guaranteed?® Issues of liability are being addressed but
they remain as serious concerns for farming and slow the
deployment of Al agritech across the sector.®®

1.7 Employment

Like many businesses, farmers have a love-hate
relationship with employment.

While robotic intelligence can take up shortfalls among
labourers or even replace humans altogether, many
employers may feel a moral responsibility to workers.
Recognising the need to put food on a table or house
families, they keep employees, even when they are a
headachetomanage. Theyacknowledge the longstanding
fear of redundancy and of machinery hurrying in the
misery of unemployment. A sense of loyalty, fraternity,
and suspicion stymies the development and use of
machine intelligence and robotics—especially in
traditional industries such as agriculture.

And fears of unemployment are well founded and
well worn, especially in relation to mechanisation and
automation. They go back to the industrial revolution.
Moreover, companies such as Deere and Company
compound these fears by expressly stating their
commitment to the application of machine intelligence
and full automation in farming.’
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But note: Emergent technologies will not disappear,
particularly in agriculture. Environmental concerns and
the need for food security will ensure their evolution.
And ironically, and counterintuitively, it is the same
technologies that might provide the best solutions
to changes in the labour market. This technology will
predict areas of demand and create new theatres for
labour. Furthermore, the disruption of the labour market
in agriculture will not happen overnight. It will be gradual
and in proportion to the uptake of machine and robotic
intelligence. Despite its utility, it will be years before it is
widely adopted and during that time new opportunities
for people will arise.

1.8 Disinterest

On a simpler note, sheer disinterest also factors into
the failure to pick up agritech, generally.?® As a form of
practical wisdom, the sense of “if it ain’t broke don’t fix
it” permeates agriculture. “Proudly traditionalist farmers
and growers are reluctant to change what has worked for
their land for many years.” If a way of doing something
works effectively, why look to something new. Especially,
if there is a cost involved, a time-lag on the return on
investment, and more compliance and paperwork.
Moreover, new ways of doing things introduces risk.*®
As one farmer puts it: “I've been farming for a long time
now and don’t need a computer to tell me if a cow is
overweight or underweight.”'

Such an attitude is not unreasonable, and has even
served us well, but pressures coming to bear on the
sector (mentioned in Section One), and the opportunities
that are emerging in relation to machine and robotic
intelligence (outlined in Section Two) suggest owners
and practitioners need to think again. Time nor tide waits
for no one. And time in the form of an era is passing. The
tide is changing.

The disinterest in new-fangled technologies is augmented
by the widespread conviction and misconception that
Aotearoa New Zealand is already a leader in precision
farming and agritech—it is not—and the matter needs
no further attention—it does.”* Aotearoa New Zealand
has much to offer, but currently the USA, Holland, Israel,
Germany, Britain, and countries like India are leading and
investing heavily in machine learning and intelligence.

21



2. Section summary

This section has outlined inhibitors to the adoption of
machine intelligence in agriculture. These range from
simple concerns about connectivity—will we even be
able to upload data or monitor our livestock today?—
to complex questions around access to aggregated
data, and liability. Ground has been made on legal and
policy matters, together with issues swirling around
privacy and security, but people are still sceptical about
its value and how it will be used. Negative perceptions
about agritech, capital outlay and ongoing costs, access,
tech support, and the overall value proposition of Al in
agriculture dampen farmers’ enthusiasm. A problem
that is only exacerbated when only “24% of farmers/
growers rate their knowledge of technologies that are
available as good or excellent.””* While the sector has
a reputation for innovation in precision farming and
for embracing change, it has been slow to take hold
of emergent technologies in machine learning and
robotic intelligence.
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SECTION FOUR

We offer six recommendations aimed at increasing Al
usage in agriculture while minimising risk.

1. Lifting our game—
recommendations

1.1 Create Demand

There is a need to show farmers, business leaders
and senior executives working in agriculture, public
servants, and MPs the advantages that Al brings to the
management, production, and distribution of farmed
goods. Farms which have successfully trialed and
profitably implemented machine intelligence technology
should act as exemplars, advertising the benefits of
Al in agriculture. These exemplars should highlight its
benefits and aim to dispel myths, misinformation, and
anxieties around its implementation and use. They
should underscore the economic, environmental, and
social gains Al makes possible. Further, they should
emphasise the world-class quality of the research which
Aotearoa New Zealand brings to the technology from
companies such as Zespri Group Limited, and Fonterra;
its universities (Auckland, Massey, Waikato, Lincoln, and
Otago); and its Crown Research Institutes (AgResearch,
Landcare, Plant and Food, etc.). And moreover, its ability
to attract local and international talent in support of Al.

1.2 Promote Cooperatives and Farming Trusts

One way to raise capital for innovation and gain access
to Al agritech—and more importantly data—is through
partnerships. Or, more specifically, via farming trusts
or cooperatives (already a mature feature of Aotearoa
New Zealand’s economy). They allow for clusters of
stakeholders with small landholdings to work together
for mutual benefit. Fonterra and Foodstuffs are examples
of large and successful co-operatives. The unique aspect
of co-operatives is that they operate in accordance with
co-operative principles and values. They concentrate on
member’s needs and enable them to meet economies
of scale. They are also resilient and exhibit long-term
sustainability because surpluses are partially reinvested
in the business. Already a significant portion of the small
and medium-sized enterprise community, the value of
co-operatives should be reiterated and widely promoted
in agriculture especially as a means for incorporating
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machine and robotic intelligence. Platform, and
purchasing or shared services co-operatives precisely
lend themselves to such an enterprise.

1.3 Seek Investment

A second way to raise capital is to seek investment. As
acknowledged earlier, given the strength of Aotearoa
New Zealand’s institutions, its lack of corruption, the
ease of doing business, and entrepreneurial know-
how, agritech start-up and farming businesses should
take the risk and press into seed funding from venture
capitalists such as Finistere Ventures (in conjunction
with Aotearoa New Zealand Growth Capital Partners),
K1W1, or Manawatu Investment Group Angels. The
funding should help finance research, development,
and innovation in the application of machine and robotic
intelligence in agriculture and help build sustainable and
profitable entities.

1.4 Ensure the Use of Sandboxes

Thereisaneed to vet emergent Al technology. This should
be done in “sandboxes’—open-science arenas that
operate as safe testbeds and as cyber-physical spaces
where aspects of farming are brought into relation with
machine and robotic intelligences. This need will become
especially pressing as we draw closer to the emergence
of an artificial general intelligence (AGI)—something that
will be more difficult to contain or restrain. Sandboxes
will enable Crown Research Institutes, researchers,
non-profit institutions, and business owners to carefully
monitor machine intelligences as they tackle pest,
pathogen, soil and irrigation challenges, and the gene
editing of plants and animals. They will also allow for the
development of a regulatory framework that is industry
and sector-based, and which originates collaboratively
from various institutions rather than from a single
entity. Sandboxes will set the parameters for innovative
custodianship.

1.5 Implement a Data Code of Conduct and
Guarantee Data Portability

In addition to data protection and privacy, already
addressed by legislation, we need to see the uptake
of a data code of conduct for business owners and
clients which focuses on trust and revolves around data
acquisition, access, and quality. It should provide a fair
governance framework for the collection, curation,
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storage, linkage, use, and release of data, not simply
relating to personal attributes (ethnicity, gender, age,
address, etc.) but to data used in machine learning.
It should also offer a model for standardisation
which would treat data as infrastructure, ensuring
interoperability, portability, and future scalability,
thereby boosting research and development in machine
intelligence by bringing consistency and transparency to
the sector. Furthermore, it should present a mechanism
for guaranteeing that the acquisition, use, and transfer
of data is traceable, and auditable—and that data trails
are complete and accurate. Finally, an accord should
show how risk profiles relating to data use with machine
learning and robotic intelligence can be articulated in
simple, understandable terms so that their impact can
be evaluated—especially when they pertain to Aotearoa
New Zealand’s people and natural heritage.

1.6 Build and Maintain Stable International
Partnerships

A Pandemic, international conflict between Russia and
the Ukraine, and tensions between China and Taiwan
have illustrated how supply chains can be ruptured.
They have raised questions of where to reliably purchase
technology, machinery, and spare parts from overseas.

The difficulty Aotearoa New Zealand faces is that despite
the comparative health of its farming sector and its
access to capital, it either does not compete with, or is
ultra-small scale in relation to companies like Mahindra
and Mahindra Ltd., Massey Ferguson Ltd., Microsoft
Corporation, or Huawei Cloud. Farms, cooperatives, and
industries will enter into relations with businesses that
are playing pivotal roles in robotic intelligence and cloud-
based data storage and analysis, but which are beyond
its borders. They must ask which pose the least risk and
offer the best security to agriculture.

As shifting geopolitical relations increasingly weigh
on New Zealanders’ decision-making, it is vital that
collaborative  research, business contracts, and
partnerships in Al agritech are assured. Our strongest
allies historically—the UK, Australia, and the USA—
will likely prove, perhaps with India and Canada, to be
the securest providers and partners in the adoption of
machine and robotic intelligence in a sector vital to our
country’s future: agriculture.
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anyone else. There is a low recognition of the value in the data held on farm and a difficulty in unlocking the value of shared data.” AgriTech New Zealand, Baseline
of Digital Adoption, 6.

Thus: “If damage is caused by any action or decision taken by an Al acting autonomously, legal issues may arise in relation to allocation of liability in relation
to that damage. Legal intervention may be required to clarify how liability should be allocated, for example whether the responsible party is an Al developer,
manufacturer, the owner or even the Al itself.” Al Forum of New Zealand, Towards Our Intelligent Future: Te ara m6 tatou atamai o apopd (Auckland, 2019), 142.

And: “One way forward may be to recognise algorithms as juridical persons, which would presumably entail the creation of an insurance scheme enabling
damages to be recovered from them.” Colin Gavaghan et al., Governement Use of Artificial Intelligence in New Zealand, New Zealand Law Foundation (Wellington,
2019), 42.

And note: “Early-adopters should keep this in mind when implementing new Al technology as it will be important to ensure that unwanted liability does not attach
in unexpected ways and that implementations err on the right side of the ethical debate so that the technology does not later become prohibited or require a
costly re-engineering effort to comply.” “Ethics and Liability-Mistakes by Machines,” 2019, accessed August 2022, https://www.russellmcveagh.com/insights/
march-2019/ethics-and-liability-mistakes-by-machines. So, too: “These authors [Russel McVeagh] note that ‘this could carry with it the risk of significant legal
liability, including under the Human Rights Act 1993, where relying on the outputs of an algorithm leads to discriminatory decision-making.” Al Forum of New
Zealand, Towards Our Intelligent Future: Te ara mé tatou atamai o apopo, 117.
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“John Deere’s been heavily-invested in robotics and autonomy for decades. Back in the late 1990s, the company acquired GPS start-up NavCon in hopes of
building satellite-directed guidance systems for tractors. Within a few years, JD was able to develop a system that was accurate to a few centimetres — previous
GPS systems could be off by as much as several meters. The company then partnered with none other than NASA to create the world’s first internet-based GPS
tracking system.

In other words: the path to modern autonomous vehicles was sowed and tilled by John Deer tractors and NASA decades ago. Automation is par for the course

at John Deere. The company has numerous tractors, vehicles, and other smart equipment that offer features ranging from hands-free driver assistance to
autonomous weed identification and eradication. But the recent shift to autonomy has the company positioned to be an important fixture in the Al technology
sector.” “John Deere is Slowly Becoming One of the World’s Most Important Al Companies,” 2022, accessed August 2022, https://thenextweb.com/news/john-
deere-slowly-becoming-one-worlds-most-important-ai-companies. And see: “Nothing Runs Like A Deere™ Autonomously,” 2022, accessed August 2022, https://
ces2022.deere.com/; “John Deere Closes in on Fully Autonomous Farming with its Latest Al Acquisition,” 2022, accessed August 2022, https://thenextweb.com/
news/exclusive-john-deere-closes-in-fully-autonomous-farming-latest-acquisition.

Note: “Uptake of precision agriculture [in Aotearoa New Zealand] was low, with almost 90% of respondents indicating no use of precision agriculture, and 97%
indicating no uptake of automation or robotics.” Ministry of Buisiness, Agritech Industry Transformation Plan, 18.

AgriTech New Zealand, Baseline of Digital Adoption, 6.
Ministry of Buisiness, Agritech Industry Transformation Plan, 19.
AgriTech New Zealand, Baseline of Digital Adoption, 11.

Thus: “There appears to be a common perception among the wider New Zealand population that we are already a world leader in agritech. This is an assumption
which is not borne out by the evidence (e.g., exports, level of investment).” Ministry of Buisiness, Agritech Industry Transformation Plan, 20.

AgriTech New Zealand, Baseline of Digital Adoption, 7.
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