7 SV

Leibniz Centre for

Agricultural Landscape Research &« { ~ 7‘ N
(ZALF) Land Use &

Governance

Potential of autonomous field robots to improve soll health In
diversified cropping systems: a promising tool to boost
sustainable intensification of agriculture?

Kathrin Grahmann

Objective Main differences
Conceptualization: Summary, connection and application of existing
knowledge of soil property impacts by conventional machinery into Factor (Autonomous) Field Conventional (large)
agricultural robotic settings Robots agricultural machinery
Research area examination: Evaluation of the existing knowledge = Lighter weight, small size Higher weight, bigger machines
about effects of autonomous field robots on specific soil properties, Mobility Highly mobile, slower speeds Less agile, fast traction.GPS
such as compaction, soil structural changes and aggregate composition operation
Automation (Fully) autonomous Require human operators
Versatility Higher work rates, modular farm Operator-dependent, modular
E_I\/Iechanical weedipg | Straw residue | mechanization, scalable tractors, large-scale
'involves the repetitive, Erosion Crop yields . _ _ _ .
' direct physical contact management Precision Accurate and targeted operations at the Sub-field scale (with precision
' : : | ‘ lant level; repetitive labour possible farming practices
ofwolswith ol | Soil moisure : : : Jpraciees
N Energy source Often electric/renewable energy and Non-renewable fuel and higher
Sol stress and energy savings energy usage
| |compaction '~ IThrefh()'dS for 'I Purchase costs \Weeding robots: up to € 700k Very capital-intensive for the small
L \f, | erabci\\;\éered =0l Spot spraying robots: max. of € 65k and medium-sized farm
g Ground beetles for Labour Reduced manual _cpntrol Iab_our, Risk o_f monotonous and labour-
) weed seed control iIncreased supervisionintensity intensive tasks
' Data Equipped with sensors for automated Ubiquitous sensing at the meter-
Soil macrofauna: collection estimation of biophysical and scale
earthworms Soil porosity and biochemical properties at the crop -scale
permeability Accessibility  Mostly in industrialized countries, Not restricted
Microbial biomass GPS/RTK signal or internet access
- needed
S?'I |nf||trat||ot|_n, Training Special training required, high affinity Agricultural education and license
Waler percolation with digital technologies and
Nutrient turnover computation
Impact on soil properties and processesthrough field robots in arable Systematization

farming

Roadmap for comprehensive research on soil chemical, structural and

Available studies biological changescausedby field robotics
A ROBOTTI 1500Calleja-Huerta et al., 2023 in Denmark)

A limit the number of passes from lightweight robots to reduce
negative impact on physical soil properties and topsoll
functionality

A Farmdroid FD20 (Brucieneet al., 2022in Lithuania)

A Robotic weeding increased soil bulk density by 0.16 g cn®; but

only marginal increase of penetration resistance in topsoll
A Many review and opinion articles (>17 since 2014) about agricultural

Multifunctional Robotic machines

= % Sma:;itse::grlc; Dots platforms with aggregated with Autonomous
fleld robots without research/field data ég interventi%< rerl;":‘;‘;:zosle corl\:::tt;ornal tractors

QUtIOOk Rokh g g| [| Seeding || Weeding | | Spraying || Irrigation plt\J/lrl:)I(t)lse Tillage Traction
A BMBF funded junior research group SoilRo ig , \

A 1 T O W a r d S h e a | t h y S O | I S b y u S | n g a ” _ﬂ Naio Oz Naio Dino Flarmdroid EcoRoboticx] FarmBot Robotti Etarob VoloDrone Sct:_ln;c;tzer Agxeed Kubota

d | Ver s | f | e d a g r | C u | t ur a | | an d S C a p > [ + Soil data\collection through sensing & monitoring ]

A Start: OCtOber 2023 5’ surface Structure | Soll Barenes Carbon Moisture water Penetration 'girrc;;iiltlei

, 2— quality infiltration resistance pr()ermea%ility

A Duration: 5 years 2

Traditional
systems

Precision
agriculture

Environment
controlled
agriculture

. _ Phytotechnology
A Group size: 5 persons

A Challenge: soitsmart control of unstructured objects(CROPS)n

Ecological co-existence & threshold trade-offs

Sa
unstructured environments(FIELDS) to solve environmental <8
- . Nutrient . . .
, Challenges | | | 7 <SOI| stress eycling sequestration Soil erosion ompactloD
A Aim: strengthen the potential of field robots in newly arranged,
diversified Cropping systems of the future, and thus redefine Conceptualization of different levels of agricultural robot types, their corresponding field
_ _ . _ Intervention and its effects on soil-related properties and processes embedded in progressing
sustainable intensification agricultural production settings
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