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Introduction

Monitoring and automation in agriculture have taken on a crucial role in optimizing
agricultural resources. In a world where sustainability and efficiency are essential, these
technologies allow for more precise and economical use of valuable resources such as
water, energy, and labor.

This article explores how the integration of predictive agronomy and collaboration
between technology companies can revolutionize horticultural production in Spain.
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Predictive Agronomy — A New Approach in the Sector

The collection and analysis of data open the door to more informed and strategic
decisions in agriculture. This approach provides an objective understanding of field
conditions and crop performance, enabling immediate management adjustments and
improving the agricultural operation's overall performance.

Additionally, automation enables predictive capabilities, anticipating field challenges and
allowing proactive technical and financial planning. The growing interest in predictive
agronomy highlights the evolution of agriculture towards more advanced and
technologically demanding approaches. This approach integrates agricultural expertise
with historical data and real-time analytics, leveraging sensor technology to monitor

key variables.

Predictive agronomy emerges as a powerful option to improve efficiency and sustainability
in agricultural production. This aligns with the demands of a constantly changing world
and a growing global population where producing more with less is fundamental.
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An Innovative Synergy in Spain

Leading companies and technology-focused entities such as 'Wiseconn Ibérica' and
data science and agronomic knowledge specialists like 'SISTAGRO by Cortijo La Reina
'are joining forces to develop integrated solutions that enhance the value of predictive
agronomy in Spanish irrigation.

SISTAGRO by CLR, a spin-off of 'Cortijo La Reina, a leading agricultural production
group with over 3000 hectares of various crops in Andalusia and Extremadura, focuses
on economic, social, and environmental sustainability. SISTAGRO specializes in
agri-tech solutions and provides multiple consulting, digitalization, and agricultural
automation services in Spain and Portugal.

On the other hand, WiseConn, a multinational company based in California and a world
leader in monitoring, automation, and irrigation control solutions, has installed over
20,000 devices in 18 years. It has recently introduced its technology in Spain and
Europe, and it is already used in more than 300,000 hectares in various countries
around the world.

The chosen region to promote new solutions was Andalusia. Since 2018, this region has
faced consecutive campaigns of low rainfall and water scarcity, significantly affecting
irrigation availability in most irrigated areas of the Guadalquivir basin. In this
challenging context, marked by low production potentials and a reduction in the
cultivation areas of horticultural and other annual crops, the collaboration between
SISTAGRO-CLR and WiseConn focuses on developing advanced technological tools
that help farmers make decisions to mitigate risks and adapt agricultural operations
amid resource scarcity.
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Project Objectives and Methodology

—

The main objective of this collaborative project is to develop technological solutions that
accurately measure water consumption, evaluate crop development, and predict yield at
the plot and farm level.

These three aspects of the project measure, evaluate, and predict, aligning with a
technical and financial vision of integrated management. This initiative is profoundly
innovative because it integrates data and economic analysis with a solid technical and
applied vision, achieved through the complementarity of companies with different
profiles and levels of expertise, such as Cortijo La Reina, SISTAGRO-CLR, and WiseConn.

Field trials have been conducted on horticultural crops like spinach and potatoes at La
Reina farm in Cordoba. The approach is based on a very important concept in plant
science and is applied to water-scarce environments where available water is the main
limiting factor for crop development.
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By accurately measuring crop water consumption, we can estimate its production in
real-time. It is important to highlight that the potential of this concept is very high for
horticultural or forage crops, where the relationship between biomass produced and
marketable products is quite direct.

The trials were conducted on commercial-sized plots with mobile sprinkler irrigation
using a central pivot. The classic water balance model was used to calculate the crops'
water needs and design the respective irrigation plan, considering crop coefficients
according to the crop development stage.

Water application was monitored through WiseConn's commercial solution known as
DropControl, which includes a solar-powered telemetry system, a wireless Davis
station, and a Sentek capacitance probe inserted up to 60 cm deep to monitor crop
root activity and soil moisture profile evolution.
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Additionally, two pressure sensors were installed at the inlet and outlet of the irrigation
system filter to control water application. A digital rain gauge was also used to monitor
sprinkler irrigation and rainfall.

All collected data were sent and stored directly in the cloud via an electronic device
called RF-X1 Node. This device can connect to any agronomic or agro-industrial
instrument or sensor available on the market, provided it has an open protocol.

Moreover, the RF-X1 Node can execute irrigation instructions, such as activating valves,
controlling pumps, and other standard agricultural actuators. This technology is based
on solar-powered Nodes (Hardware) installed in the field and adapted to the reality and
needs of any farm. It is complemented by a platform (Software) that allows access to
real-time data from any mobile device or through other integrated developments via
API, as in the case of SISTAGRO.

Data accessibility was ensured through an API (Application Programming Interface),
facilitating the creation of a customized solution that is easy to implement and adapt to
the specific context of each farm and client.
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Throughout the growing season, destructive leaf samples were taken every 10 days,
which were dried to estimate fresh and dry matter production. The sampling plan and
sensor placement were based on a solution developed by SISTAGCRO-CLR,
commercially available as "Map2Sample".

This product includes a pre-installation analysis using historical satellite images, maps
of various terrain geomorphological properties, and initial visits to the plots to collect
soil samples.

This analysis follows a geo-statistical algorithm that allows for high-precision
delimitation of the most representative points of the plots for the installation of each
WiseConn sensor unit. For large-scale solutions, defining the optimal equipment
locations to maximize information representativeness is crucial.
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Results and Future Perspectives

Preliminary trial results have been promising, demonstrating high accuracy in crop yield
estimates. In particular, we highlight the case of spinach (var. Baboon), where the
developed product has been able to estimate real-time accumulated biomass with an
error rate of less than 5% (see Figure 1).

The system performs daily information updates to calculate accumulated biomass
based on water consumed by the roots and other plant indicators that relate water
consumption, daily temperature, and crop status to daily biomass production. This
calculation model includes three fertilization levels to adjust to the crop's nutritional
status, which is especially relevant in horticultural and forage crops.
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FIG 1. The main results obtained in a plot of Baboon Spinach are as follows: Green represents the estimated yield levels by the
"CropCloudAnalytics" solution. At the same time, red indicates the field-measured production levels for validation purposes.
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Nitrogen monitoring throughout the cycle is crucial as it directly affects water
productivity, i.e., the amount of biomass produced per unit of water consumed. It has
been observed that this relationship varies during the cycle, mainly influenced by crop
cutting (harvest) events, which result in significant biomass and nutrient extractions. The
developed solution is prepared to consider these adjustments.

It is important to mention that the developed solution has been integrated with an
accounting traceability system that links all technical indicators with financial aspects,
such as the accumulated expenditure level on each crop day, expenditure distribution by
labor groups, input consumption, income forecasting, and the respective expected profit
margin of the crop.

On a second level, the harvest forecasts obtained in the monitored points were linked to
high temporal resolution satellite images. This process allowed us to scale the solution to
the plot scale, indicating a clear map yield. This presents a unique opportunity to plan
decisive operations such as fertilization or harvest. This solution is highly relevant for
precision agriculture systems, such as variable rate irrigation or fertilization. The ability to
obtain accurate crop yield estimates at the plot level improves crop productivity and
guality. It contributes to sustainability by reducing excessive resource use in some regions
of the same plot, such as water and fertilizers.

This project has led to creating the "CropCloudAnalytics" product, thanks to field trials.
This innovative digital and agronomic advisory service includes pre-established visits to
each plot during a productive campaign, complemented by a fascinating analysis and
reporting solution.

During the visits, crop samples are collected, and the model parameters are monitored
and recalibrated. A web development technology control panel is generated and updated
daily and automatically through API solutions, providing crop monitoring, real-time yield
estimation, and spatial variability mapping. An accounting expense traceability package
is added that links the agronomic part with the financial component.
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Additionally, a very dynamic cloud reporting solution is offered, updated weekly. The
client or end user of this information has complete freedom to consult it whenever and
wherever is most convenient, staying updated on the status of their plots. These digital
components are complemented by on-site irrigation, fertilization, and treatment advice.
This differentiates because technology is understood as complementary to experience
and presence in the field, not as a substitute.

This comprehensive solution allows for precise monitoring of agricultural operations,
visualizing key crop performance indicators, and accessing specialized advice under a
completely innovative, flexible, and tailored format for each client. This system does not
offer a closed commercial package solution but invites the client to be part of the
solution's development in a way that best fits their productive and management context.

These solutions are expected to benefit the evaluated crops and other important
horticultural and forage crops in Andalusia and various other regions of Spain. Collecting
and analyzing data automatically and predicting short-term scenarios offers an
unprecedented competitive advantage in the agro-industry, opening new opportunities
to improve the sustainability and profitability of agricultural operations.
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Conclusion

The collaboration between SISTAGRO and WiseConn represents a milestone in the
search for innovative solutions for contemyporary agricultural challenges. This project lays
the foundation for more efficient, sustainable, and profitable agriculture, leveraging
advanced technology and agronomic knowledge to drive productivity and resilience in a
changing environment. Interested companies are invited to join this exciting project.

This project was co-financed in its first phase by CLR, WiseConn, and the Ministry of
Science, through the I+D financing line known as 'Ayudas Torres Quevedo'.

Tomds Roquette Tenreiro, Dr. Ing. Agronomo (SISTAGRO-CLR) [https:/sistagro.eu/]
José Maria Cabrera, Ing. Industrial (SISTAGRO-CLR) [https./sistagro.eu/]
Cristian Duschner, Regional Manager (WiseConn Iberica) [https./wiseconn.com/]
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