Nutri2Cycle

Transition towards a more carbon and nutrient
efficient agriculture in Europe

Comparison of different precision
technologies used in plant cropping systems,
having in focus the sensor technologies,
(Sensor technology to assess crop N status,

LL13) SOLTUB Ltd. www.soltub.hu

This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under
grant agreement No 773682.




5 4
Sensor demo description

Objective: assessing the environmental and technological benefits of different
precision technologies in different plant cropping systems in order to increase the
nutrient uptake and reduce nutrient losses,

Demonstration trial: since 2019 we assess the nutrients (N) uptake of crops under
different soil conditions by using tractor mounted sensor technology (Yara and
Green Seeker) at 3 HU farmes,

New: since 2020 a demonstration UAV/drones (experiment)

Other available, but not included yet in the demonstration e.g. AGROSENSE: a
wireless network of small meteorological stations and measuring equipments based
on internet of thinks (loT) solutions having electronics that enable data collection
and aggregation, AGROCARES : smartphone and tablet applications based on NIR
technology including the camera, GPS and other tools which are easily portable and
have a high computing power,
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Tractor mounted sensors general advantages

Technology: more uniform application of fertilizers (at right place and right
amount), reducing soil nutrient potential diversity (more uniform nutrient
provision), multiple utilisation of maps e.g. using for pesticides spraying and
variable rate of seeding (emerging)

Environment: reduced nutrient leakeges and run off, after several years the soil
nutrients provision heterogeneity is reduced,

Economic: chemical fertilizers cost savings (positive), investment cost of the sensor
(negative),

Other: LCA was performed for the sensor technologies establishing a non
semnificative difference between the sensor and basic (no sensor) technology.



How the tractor mounted sensor works?

1.Field scanning: Yara and Green Seeker use NDVI (normalized difference
vegetation index) to record the difference between the infrared and absorbed red
light reflected by the plants (NDVI = NIR-red light / NIR + red light). NDVI values are
ranging from -1 to +1, which means that the near-1 range there is less reflected
light, less chlorophyll, less vegetation. Values close to the +1 indicate a high
chlorophyll range . Healthy plants with high levels of chlorophyll reflect more
infrared and green light, while absorbing more red and blue light.

2. Data processing: the differences within the field require different nutrient (plant
protection) applications, so based on the plot level informations the nutrients
management technologies can already be designed in the office.

3. Fertilisation maps: based on the NDVI maps, a field-level spreading map is
created,

4. Fertilizer spreader: can control the chemical fertilizer spreading rate,

Green Seeker: compatible with all ISOBUS monitors and the sensor heads can be
changed (2, 4 or 6).



Tractor sensor tools (1)
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Tractor sensor tools (2)
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Crops NDVI and fertilisation
maps
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Crops NDVI and harvest maps
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Tractor sensors versus UAV/drones?

Similarity: both technologies use NDVI or similar measurements,
Differences:

1.tractor: - recordings communicates directly with the fertilizer spreader
control unit, while for drone recordings data must be pre-processed, - the
tractor calibration min. and max. values are performed in advance, - double
rout (data recording and fertilisation), which is time and fuel cost, and induce
soil compaction.

2. drones: larger areas (100s/ha/day) can be surveyed, and the min. and
max. NDVI can be seen immediately, - is more complicated as the area has
to be flown with a drone, the data need to be processed and only then can
the fertilizer machine be fixed - provide a real state of the plots as they use
multi-spectral and thermal camera pictures.- for the same plant species, the
color of the different varieties may give different image colour,



Drones advantages in general

Market: the drone market is expanding, and softwares for data processing are
available in large numbers, e.g. user-friendly solutions where we can create ready-
made fertilizer spreding maps from the raw input data in a few steps.

Weather: they can be used even in cloudy or changing weather conditions if they
are below the flight requirements, while the drone are not orbital driven can adapt
to spatial conditions and provides real-time information at a relatively low cost.
Resolution: few centimeters as opposed to several meters of satellite pictures.
Plantation-type crops: e.g. vineyards and orchards for individual-level monitoring.
Innovation potential: drone and tractor communication is possible in a full
automatic system, especially if the decision support system will operate in a
network,
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Drones equipments

Multi spectral cameras: operate in four or more color bands, the most common
being the four-channel system, which captures in the blue, green, red, and near-
infrared (NIR) ranges at 4608 x 3456 or 1280 x 960 pixels.

Thermal cameras: operate at a resolution of 640 x 480 or 640 x 512 pixels and in a
spectrum of 7 to 14 um or 0.9 to 1.7 um. The measuring accuracy of the camera is +
1C.

Softwares: 1.from the taken image recordings corrections are made (orthophotos)
which are processed with the same software that took the photo, e.g. Dronedeploy,
Pix4D, AgiSoft, MetaShape. 2. orthophotos data are clustered by the software using
a chosen method, 3. vector file is created, 4. the specialist can fix the fertilizer
guantity.

Types: 90% Chinese DJI Phantom 4 RTK, DJI 16, DJI T20, other Yuneec,
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New demo: validation of DJI
Matrice 600 procedure with
EDDY covariance on ET
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Eddy covariance procedure

Measure vertical turbulent heat fluxes e.g. wind
spead and orientation, radiation, gas
concentration, temperature,

Input data: soil and plant temperature, soill
evaporation, plants transpiration (together ET)

Based on CO, flux the Net Ecosystem
Exchange, (NEE)

Output data: Ecosystem Respiration, (Reco)
Gross Primary Production, (GPP)
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Advantages of drones versus stationar measuring
units

As there is a strong correlation between the gross primary production (GPP) and
evapo-transpiration (ET) rate the energy balance can be modelled.

ET modelling (mm) results correlate with (R=0,9098) with measured ET (mm). So ET
maps by conversion can be used for:

Plot level CO2 balance evaluation including plant nutrition,
Variable rate fertiliser application maps (VRMs),

Plant protection,

Irrigation planning,

Plant variety testings,
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Demonstration and
communication

Video film on the tractor mounted sensor
technology , available at the Nutry2Cycle
project website
https://youtu.be/01ZWuf3ntYI

Article on the drone technology in the
Agroforum HU agronomic journal was
published 2022/2

Second video with drone technology
using for ET measurements,
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Hajdu Zoltdn
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Dronok a szantofdldi novénytermesztéshen

Discovery Center Neaprofit Kft., Goadlié

A preciziés gazdilkodis teriiletén egyre inkibb terjeddben va

U mintavére

p
rajta levé novényzel egészségi dllapotarol, iy
hatobb, részletesebb képet kapunk az adott tertiletrl, amely nagymértékben segiti a g

cifikus dontéshozasban.

A H2020 Nutri2Cycle (Aumenet
egy hatékonyabb szén- és t nyag-
hasznosité eurépai mezGga
ra, 2018-2022) projekt keretében
felmérésre < a leggyakrabban
ha ilt ha 5s 1d

mogaté techno-
logidk, mint a traktorra szerelt szen-
zortechnolégidak pl. Yara és Green
Secker. valamint 2 nagy perspektiva-

mint a Green Se
tibla felvételezésche:
malised Difference Vegetation In-
dex) mutatét alkalmazza, amelynek
alapja a novények dltal v inf-
ravores €s az elnyelt voros fény ko-
zoui kulénbség (NDVI = NIR - voros

fény/NIR + vords fény). Az NDVI ér-
1ékek -1 és +1 kozotti tartomdnyban

nnak azok a technologidk, amelyck a koridbbi
| szemben tivérzékelésen alapulé eljarasok dltal szereznek informicior a talaj ésa

0L, A tivérzékel

vag- €s vi

mozognak, ami azt jelenti, hogy =
kozeli tartoms
szavert fény
voros szinnel jelolik), tehat kevesebb
a fotoszintetizdlé novényzet, illetve
kisebb a klorofilltartomany, ezzel
szemben a =1 tartomdnyhoz kozeli
értékek magas klorofilltartomanyra
utalnak (a térképen ezt példaul zold
nel jelolik) (1. kép).

Lehetoségek a tapanyag-
gazdalkodasban ...

Az NDVI térképek tehdt ezeket az
értékeker tikrozik vissza. Az egeész:

ges, nagy menn! klorofillal ren-
delkezo novények obb infravoros
és zold fényt vernek vi
kor tobb voros ¢s ké

1, ke Szanttoldral készitett NOVI térkép

RS

-

i rendszerekkel megbiz-
dkat a gyors €s helyspe-

tipanyag:

és novényvédelmet igér
4aciok birtok:

vényterme: technologidk
laszinten 7 1z iroddban megtes
vezhetok. Az NDVI térképel 1
készil el a tablaszintd sz6
amely alapjin a mutragy
balyozni tudja a kiszGrt mennyise-
ge >lin beliili heterogenitas
felhasznalhatd kukoricandl példaut
a viltozé toszami vetéshez i 7}

permetez
tibilis mindes
ISOBUS monitorral és a szenzoris
jek szama viltoztathato (2, 4 v 6
A uipany
mazott dréntechnolégidk ugyancssss
az NDVI vagy ahhoz hasonlé mes
résen alapulnak, illetve egyidobes
whb eljards kombindciojat is pl &
helymeghatdrozdst, a multispeiss
rilis és hokamerds felvételezess &
zhetik. A traktorra  szessl
§ srtechnologidk és a dronteds
nolégia kozoui alkalmazisban 2=
kulonbség, hogy a traktor sz
entl kommunikal
raszord  vezérlGegysegs
mig a dronfelvételek esetében e
fel kell dolgozni az adatokat, m=
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https://youtu.be/01ZWuf3ntYI

Nutri2Cycle

Nurturing the Circular Economy

www.hutri2cycle.eu Twitter: #Nutri2Cycle
www.soltub.hu
soltub@soltub.hu



