
show a near-infrared view as well
as a visual spectrum view. 
The combination shows the farmer
the differences between healthy
and unhealthy plants, a difference
not always clearly visible to the
naked eye. Thus, these views can
assist in assessing crop growth and
production
According to MarketWatch, the
agriculture drone market, valued at
approximately US$434 million in
2016, is anticipated to grow with a
healthy growth rate of more than
38 percent between 2017 and
2025.
To many, agriculture drones offer
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Rapid commercialization of agriculture is a key factor
which is encouraging the adoption of advanced 

technologies in agriculture such as the use of
unmanned aerial vehicles, or drones. 

Agronomists, agricultural engineers and farmers are
adopting drones to gain more efficient crop insights

and to more accurately plan and manage their 
operations. Since the early introduction of drones in

agriculture, drones have come a long way and are 
offering remarkable aid to the farmers. 

Editor Janet Kanters looks at the evolution 
of this technology.

THE DIGITAL REVOLUTION IN
AGRICULTURE is seeing optimum
adoption of agricultural technolo-
gy, such as the use of unmanned
aerial vehicles (UAV), or drones.
Factors such as growing popula-
tion and rapidly shrinking arable
land area are encouraging the
adoption of these new tools that
can unlock multiple benefits for
the farmer.
Agricultural drones let farmers see
their fields from the sky. This bird’s-
eye view can reveal many issues
such as irrigation problems, soil
variation, and pest and fungal
infestations. Multispectral images

Game of drones
Where next for this technology?
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clear advantages over other crop
monitoring methods including
satellite imaging, manned scouting
and manned aircraft. These advan-
tages include:
•  Cheaper imaging: for fields less

than 50 hectares in size, drones
are considerably less expensive
than satellites or manned air-
craft surveillance.

•  Greater precision: drone cam-
eras take centimetre-level
images that reveal much more
detail about a crop’s condition.

•  Earlier detection of problems:
because drones survey more 
frequently, weeds, pests and

other abnormalities are detected
earlier.

•  Total-field scouting: instead of
walking or riding an ATV around
the perimeter to scout perhaps
five percent of a field, now every
field can be scouted 100 percent
using drones.

•  3D/volumetric data: drone
images can be used to calculate
the volume of piles, holes, hills
and patches. These can be com-
pared to Infrared images to
detect density issues like hot
spots in a crowded beet field, or
to identify contour problems
such as north slope shade
issues.

•  More frequent index reporting:
drones offer a cost-effective way
to monitor crops more frequent-
ly for key indices like CCCI
(canopy chlorophyl content
index), CWSI (crop water stress
index) and NDVI (normalized
difference vegetation index).

In day-to-day operations, these
advantages help farmers catch
problems faster and react more
quickly, which can save thousands
of dollars in crop losses per field.
Long-term, the data generated by
drones help farmers gain a more
accurate and detailed picture of
how their crops are reacting to
their management strategies,
which can lead to more effective
use of limited resources.

CROP SPRAYING – IS IT VIABLE?
Drones can do more than take
photos and provide data. In Asia
and some countries in Europe, they
tend to the fields, including spray-
ing pesticides and fertilizers.
In particular, drones are making
rapid progress in China, Japan and
South Korea. Thousands of
unmanned helicopters, multi-rotor
drones and fixed-wing unmanned
aerial vehicles are in use to spray
plant production products at low
altitudes above farmers’ fields.
Estimates from South Korea sug-
gest about 30 per cent of their ag

area being sprayed by drone. It’s in
the US, too. The Yamaha RMax and
Fazer helicopters, which pioneered
drone spraying in Japan back in
the mid-1990s, have been
approved for use in California since
2015. Chinese company DJI, the
world’s largest drone manufactur-
er, introduced their ag model, the
Agras MG-1, to North America in
2016. The Ukrainian Kray drone
operates at 70 m.p.h. and is for
sale in Canada. Other drones are
available or in development.
According to Jack Wrangham, a
co-founder of the British agricultur-
al drone company Drone AG, “in
China, they’re [drones] very popu-
lar, because they can access areas
that are difficult for larger tractors
to access, like steep slopes, rice
crops, things like that.” He adds
that using spraying drones means
that “a job that previously took
many hours now only takes a few
minutes.”
Spraying with drones isn’t currently
legal in the UK, but Wrangham
says he hopes that will change
soon.
According to an article at dw.com,
last year alone DJI sold 20,000
spraying drones to domestic farm-
ers, and about 2,000 in Japan and
South Korea. Meanwhile, they’re
also being used in countries like
Switzerland and El Salvador.
Tom Wolf, PhD, is a former research
scientist with Agriculture and Agri-
Food Canada and now specializes
in agricultural research focusing on
spray drift, pesticide efficacy and
spray tank cleanout. In an article
on his website (sprayers101.com),
Wolf says he is “nervous about the
prospect of pesticide application
with drones. My primary concern is
around – you guessed it – spray
drift.”
“Because a drone payload is rela-
tively small (about 15 kg for the
Kray, about 10 kg for the Agras
MG-1, and 16 or 24 kg for the
RMax and Fazer, respectively),
application volumes will need to

be low to have any sort of produc-
tivity.”
How low? “For manned aircraft
with a 200- to 600-gallon hopper,
two to four US gpa (18 to 36 L/ha)
are the lowest commonplace vol-
umes,” says Wolf. “The lower vol-
umes require a medium spray
quality to achieve the required
coverage. Drift control with coars-
er sprays requires higher vol-
umes.”
Wolf contends at those volumes a
drone would be able to do per-
haps one acre per load. While OK
for spot spraying, it represents a
serious productivity constraint for
anything larger.
“There will be a push toward
lower volumes, perhaps 0.5 to one
gpa (five to 10 L/ha). When we
need to spray less volume over the
same area and still achieve a cer-
tain droplet density, or coverage,
the only way to achieve that is
with finer sprays,” he says.
“Drones are therefore likely to
apply their payloads in fine to very
fine sprays, as defined, for
instance, by the American Society
of Agricultural and Biological
Engineers (ASABE). Finer sprays
will increase off-target movement
and evaporation. These fine
droplets are also more prone to
the aerodynamic eccentricities of
aircraft and can result in less uni-
form deposition.”
Wolf suggest before drone spray-
ing becomes commonplace, two
important things need to happen:
1. Federal laws need to be updat-
ed to accommodate the unique
features of UAVs or unmanned
aerial systems (UAS). Current laws
(at least in the US and Canada)
make many assumptions unique
to manned ships, and the process
to correct that will require some
focused efforts.
2. Federal pesticide labels need to
permit the use of drones for appli-
cation. As of February 2019,
Canadian labels, for instance, have
no such registered use.
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Yet drone use for spray application
technology is now being embraced
by some prominent players among
drone companies and crop protec-
tion manufacturers. For example,
the March 2019 announcement
that global crop protection compa-
ny ADAMA Ltd. has partnered with
Tactical Robotics Ltd., an Israeli
aerospace company, in a joint fea-
sibility study for a high-payload
UAV for aerial spraying.
Tactical Robotics developed the
Cormorant, a multi-role, compact,
high payload, unmanned vertical-
take-off-and-landing (VTOL) air-
craft with unique capabilities. As
part of the collaboration, ADAMA
and Tactical Robotics will work
together to develop the Ag-
Cormorant, a solution for aerial
spraying. The Ag-Cormorant
unmanned operation and design
eliminates the risks of pilot injuries
and exposed rotor accidents. With
a relatively low acoustic signature
and 24/7 flying capabilities, it can
increase the available window for
application. It also has the ability
to adjust flight height and speed,
enabling better canopy penetra-
tion, drift reduction and variable
rate application capabilities.
Meanwhile, Bayer is conducting
research and development efforts
toward applying crop protection
products via drone in China and
Japan. The company is targeting

smallholder farms, where currently
a lot of product is applied via
workers with backpack sprayers
due to the small, irregularly shaped
fields that comprise production
farming in those countries.
XAG, a Chinese agri-tech pioneer,
has developed patented technolo-

gies including drones, precision
spraying, remote sensing, agricul-
ture AI and Internet of Things (IoT).
In 2018, XAG signed an exclusive
strategic cooperation agreement
with Bayer CropScience K.K. to
jointly promote the local applica-
tion of agriculture UASs and pro-

vide customized plant protection
service to over 1.37 million farmers
in Japan.
While continuously conducting
research on UAS-specialized pesti-
cides and spraying prescriptions for
plant protection, the two compa-
nies will leverage their own
strengths to build a digital agricul-
ture platform. For instance, XAG’s
survey UAS XMission, equipped
with a high-definition imaging
camera or multi-spectrum camera,
can precisely conduct aerial opera-
tion in different scenarios ranging
from field mapping, remote sens-
ing monitoring to collecting infor-
mation on crop growth. 
Most recently, in the US, Iowa-
based Rantizo, which already
offers spraying via drone in Iowa,
recently became the first company
approved for agricultural drone
spraying in the state of Wisconsin.
According to Michael Ott, Rantizo
CEO, the company has received
requests for cover crop seeding,

In April 2019, Nippon Telegraph
and Telephone Corp. (NTT)
launched a trial for a farming
support service using drones
and artificial intelligence tech-
nology, with a goal of commer-
cializing the service in Japan
and other Asian countries.
The new system, which con-

nects drones with GPS satel-
lites, is anticipated to help the
farm industry in the nation
amid a serious labour shortage.
NTT aims to raise crop output
by up to 30 percent through the
new service.
The telecommunications giant
is conducting the trial service

NTT to launch trial of farming support service 
with drones and AI tech

on eight hectares of a rice field
in Fukushima Prefecture from
late April 2019 to March 2021.
It aims to launch the service on
a commercial basis in Japan in
two years.
Four camera-equipped drones
linked with Michibiki quasi-
zenith satellites will fly over the
farmland to take images of rice
plants. The system will then use
AI to analyze the images
together with other data,
including temperatures, to sug-
gest the best time to add fertil-
izer.
While the drones will also spray
pesticides more effectively by
detecting insects with the cam-
eras, NTT said it is trying to
improve the system so it can
provide information about the
timing for aerial pesticide
spraying.
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fungicide applications, even liquid
copper sulphate spraying to con-
trol moss.
“We’ve had calls with growers in
almost every state in the country at
this point,” says Ott.
With record levels of rainfall this
year resulting in delayed planting
of corn and soy crops, the approval
for Rantizo’s drone based services
comes at a crucial time for mid-

western growers needing fungicide
and insecticide applications.
“Rantizo is able to get into a field
hours after a rain without running
the risk of crop damage or soil
compaction. That’s where we can
really change the game when it
comes to crop spraying and the
resulting yield increases for farm-
ers.”
With their latest approval in
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Gedera area-based (Israel)
Tevel Aerobotics Technologies
is addressing the major 
challenge of orchard agricul-
ture – labour shortage. Their
vision is to transform fruit har-
vesting-thinning-pruning from
a traditional manual process
into a state-of-the-art technol-
ogy for enhancing the farmers’
productivity and provide 
modern service to care for the
orchard.
The company is developing a
fleet of autonomous airborne
robots for fruit harvesting. The
drones will perform picking,
thinning and pruning tasks in
orchards.
The machine uses a gripper-
ended mechanical claw to
quickly take fruits from trees
one by one, and put them in a
bin on the ground. Powered
with an electrical engine, the
drone – either 40 or 80 cen-
timetres in diameter depending

on the model – is totally
autonomous and only needs an
operator for inspection.
Tevel’s prototype is able to rec-
ognize fruit types according to
their size, colour and ripeness,
making it sensitive to the kind
of fruit is picking. So far, it can
detect oranges and many vari-
eties of apples, and will be able
to pick many other kinds of
fruit in the future, including
mangoes and avocados.
Various gripper-models have
been developed for each kind
of fruit and for other specific
tasks, like also pruning and
leaf-thinning tasks in orchards
and greenhouses.
Tevel hopes to commercialize
its first drones in 2020. The plan
is to create a unique service
model that will free growers
from the need to recruit tempo-
rary labour every harvesting
season. 
Source: The Times of Israel

Fruit picking drones
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Wisconsin, Rantizo notes they are
quickly gaining momentum
throughout the Midwest and plan
to continue to expand state by
state with partnerships with neigh-
bouring departments of agricul-
ture. 
“Drone spraying for agriculture has
been touted as ‘the future of agri-
culture’ for a long time. The future
is now, and we are proving that
with every state’s approval we
acquire,” says Ott.

BIOLOGICAL CONTROL 
BY DRONE APPLICATION
Hot on the heals of pesticide and
fertilizer application by drone, com-
panies are now actively looking at
biological control via drone. For
instance, UAV-IQ announced July
24 that it is offering aerial biocon-
trol, a new integrated pest man-
agement (IPM) service that uses
drones to release beneficial biolog-
ical control agents bred by Koppert
Biological Systems.

According to the company, drone-
based aerial biocontrol offers a
new way for conventional and
organic growers to combat pests,
reduce the environmental impact
of pesticide usage and address a
growing labour crunch. Features
and benefits of drone-based aerial
biocontrol include: killing pests
even when they're hiding where
chemicals can't reach; more effi-
cient distribution than traditional
application techniques; meaning-
fully reduce use of chemical 
pesticides.
PATS Indoor Drone Solutions, a
spin-off of the Delft University of
Technology, designs drones that
eliminate flying insects. The drones
automatically maintain balance in
the delicate equilibrium of a green-
house eco-system by selectively
eliminating harmful insects.
The company states its approach
enables sustainable insect control
with applications in all fields of
horticulture. Moreover, it contends

the use of its drones can reduce
costs involved with insect control
practices.
By means of a pilot project focused
on the control of golden twin-spot
moth (Chrysodeixis chalcites), sev-
eral Dutch innovative Gerbera
growers tested the drones continu-
ously for 10 weeks in a test green-
house at the World Horti Center.
The drones act as an early warning
system, continuously monitoring
the environment for harmful
insects. Inspired by bats hunting
insects in flight, elimination is per-
formed by micro-drones that elimi-
nate the insects.
“The objective of the pilot is not
only to measure effectiveness, 
but also to improve technology,”
says Sjoerd Tijmons from PATS. 
The drones are taught specific
flight behaviour similar to the agile

flight behaviour of the moth.
"You can best compare our drones
with bats, a natural enemy of flying
insects," says Kevin van Hecke, co-
founder of PATS and drone
researcher at TU Delft.
PATS sees its technology not only
as an addition to the current avail-
able set of control solutions. In the
long term the system must also
reduce the application of
(bio)insecticides for specific pests
and it is expected that the grower
will have to spend less time on
pest monitoring and control.
“Our goal is to fully perform the
control of golden twin-spot
moths, and later other flying
insects, with our system, precisely
because of our preventive
approach,” says Bram Tijmons, co-
founder at PATS. “In addition, our
solution does not conflict with the

Most drones fall under the cat-
egories of rotary or fixed wing.
A rotary style drone would be
similar to a helicopter, while a
fixed wing drone looks exactly
like an airplane. A third type of
drone is a hybrid, which has
both rotary and fixed wings.

ROTARY DRONES
A rotary drone is often identi-
fied by the number of rotors
(propellers). An example would
be the quadcopter, which has
four rotors.
A rotary drone is an excellent
scouting tool for field crop
operations. A quadcopter can
take off land vertically, so field
lanes and parking spots
become launching zones.
Rotary drones are easy to
manoeuvre across the field and
can hover over problem areas.
Battery life is an issue with
rotary drones, since power is
drained more quickly due to the
powering of multiple pro-
pellers. Flight times for many
quadcopters range from 10-20
minutes and can be less when

flown during high wind speeds.
As such, rotary drones are use-
ful for smaller fields and scout-
ing operations.

FIXED WING DRONES
Fixed wing drones work just like
airplanes, using lift and drag to
stay aloft; most fixed wing
drones have only one propeller.
As a result, fixed wing drones
have longer battery lives, with
the potential to stay in the air
for 20 minutes or longer.
Fixed wings also can reach
greater speeds than rotary
drone, and when combined
with longer battery life, it
allows fixed wing drones to
cover greater acreage.
However, fixed wings will
require space to land, similar to
an airport runway. They may be
designed to land by skidding
across the ground. The hybrid
version of a fixed wing over-
comes this issue by taking off
and landing like a helicopter
but flying like a fixed wing.
Source: University of Delaware

Cooperative Extension

Types of drones
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biological control of other pests
through targeted control of the
insect itself.” 

AN EYE IN THE SKY
Earlier this year, Tunisia announced
it will use drone technology for agri-
cultural development, specifically,
drones will be used to secure the
national grain harvest after a series
of fires devastated several hectares
of agricultural lands in different
regions of the country.
“For the first time, drones will be
used to secure the harvest and
monitor the culprits suspected to be
at the origin of the fires,” said Samir
Taieb, Tunisian minister of agricul-
ture, water resources and fisheries,
adding that 40 young people have
been trained to handle these
drones. The minister assured that
the field work would be coordinat-
ed with the Ministry of Defense and
the Ministry of the Interior. The plan
is to train a total of 400 young
Tunisians by 2021.

UAV/DRONE USE 
WILL CONTINUE TO GROW
A report in UAS magazine states the
allure of drones used for precision
agriculture continues to grow.
PrecisionHawk Inc., often consid-
ered one of the leading drone ser-
vice providers and innovators in the
space, launched Precision Analytics
Agriculture in April. The system pro-
vides an aerial mapping, modeling
and agronomy platform designed
for agriculture and available to
growers and crop insurers.
According to the company, using
the software, farmers can process
aerial data from multiple drone mis-
sions to identify and correct areas of
concern before a planting season,
during the growing season or
before harvest. Using machine
learning models, the software fea-
tures vegetative health indexing,
plant and livestock counting, and
canopy sizing, all of which can be
tailored for specific crops and use
cases. Farmers can aggregate these

measures into custom zones and
plots before exporting prescription
maps and other data sets into farm
management systems. 
In May, Toronto-based Deveron
Corp. entered into a partnership
with Airinov to provide North
American growers with a system for
managing in-season crop nutrient
applications. Deveron has devel-
oped a network of drone technolo-
gy developers, pilots and soil spe-
cialists across North America that
can work with growers and farming
operations. The new partnership
with Airinov is aimed at helping
cereal and canola crop growers.
Using in-season drone-captured
imagery, the team will be able 
to help drive nitrogen-injection
decisions for wheat, barley, oats
and canola.
Meanwhile, Delair, a drone-based
data solutions provider, has also
expanded its precision agriculture
offerings this year. The company
built a fixed-wing drone specifically
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for ag and forestry surveying and
paired it with an artificial intelli-
gence-based system to provide a
workflow to collect, manage, ana-
lyze and share ag data.
The system is designed to fly up to
370 acres in a single flight using
3G/4G connectivity. Multispectral
sensors capture the plant level of
most crops, RGB (color) images and
other measurements.
As drone use in agriculture contin-
ues to grow in popularity, new rules
and regulations are underway. With
incidents such as drones crashing
into crop dusters, entering airport
space or even urban areas on the
fringe of agricultural holdings, it is
vital for different countries govern-
ments to agree on regulations that
allow the beneficial use of agricul-
tural drones in a safe and efficient
manner. There is a lot of room for
growth with agricultural drones,
and it will be interesting to see
what the future brings with this
tech nology. n
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