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Dear researchers, horticulturists and gardeners 



 

I am happy to 

announce first 

International Symposium 

on Digital Horticulture 

broadcasting from Bulduri 

Horticulture school. This 

conference is big step 

forward to include Bulduri 

in international society of 

horticulture and 

biotechnology. 

The Bulduri Horticulture school are oldest horticulture training center of 

Latvia with more than 110 years long history. All these years the Bulduri was leader 

of introduction of best praxis and innovations in horticulture. Here was bred new 

varieties and held place trials of vegetables and flowers. Bulduri was cradle of so 

nowadays necessary specialties as garden designer and florist.  

Big goal to this decade in Bulduri is to establish The Plant Biotechnology 

Center from there spread knowledge of innovations and possibilities of horticulture.  

Now digitalisation and clever use of collected information playing crucial role 

in fast development of urban farming, use of biotechnologies, therefore is a hot topic 

on the Europe Agenda and Green Deal. Expectations are high but so are the 

uncertainties about the way they will be deployed. It provides both opportunities and 

challenges to the horticulture. 

 

Have a fruitful day, fulfilled with inspiration, new ideas and contacts! 

 

The Bulduri Horticulture school CEO  

Rafaels Joffe  



 

Plant phenotyping parameters measured with an automated system 

Vincent Jalink*, Henk Jalink, Rob van der Schoor, 

Phenovation B.V. 

 
*vincent.jalink@phenovation.nl 

Keywords: Efficiency of photosynthesis, Colour imaging, Multispectral, robotics, automation  

Most of the plant phenotyping is done by eye and to scale up this process you will need more people 

or you have to switch to digital phenotyping. Currently, we see the trend that researchers want to 

automate processes so data will be digital and more objective. Also, parameters that can not be seen 

by the eye can be seen by a camera system for example efficiency of photosynthesis.  

By applying automated systems like conveyor belts and robotics in combination with high-tech 

cameras and software systems. This process can be automated and scaled up easily if this is necessary 

for the future.  
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Apples are among the most widely grown and economically important fruit species worldwide and 

in the Baltics [1]. In turn, scab disease caused by the ascomycetous fungi Venturia inaequalis (Cooke) 

G. Winter is economically the most significant disease worldwide for apples [2]. To equip Latvian 

gardeners with a digital tool for apple scab detection, our project team developed a prototype (TRL4) 

of a mobile application based on an artificial intelligence solution. 

The goal of the mobile application is to assist different user groups with appropriate functionality to 

overcome the apple scab problem. Currently, the mobile application supports two functions:  

1) apple scab recognition in the advanced stage of development; 2) apple scab detection in the early 

stage of development. 

The function “Apple scab recognition at the advanced stage of development” (see Fig.1c) is 

developed for 1) hobby gardeners, who do not have deep and special knowledge in fruit pathogens; 

2) students, who need assistance in disease identification; 3) senior gardeners with visual 

impairments. 

The function “Apple scab detection at the early stage of development” (see Fig.1d) is developed to 

scan apple leaves for 1) timely identification of a scab infection and its distinction from other diseases 

or leaf defects, 2) localization of infected sites for closer inspection and assessment of infection. 

The apple scab detection at the early stage of development is the novelty of our study. Our research 

showed that apple scab can be detected at an early stage without hyperspectral camera application – 

only a high-resolution camera is required, which can detect scab features invisible or 

indistinguishable for the human eye. 

The developed prototype uses convolution neural networks with MobileNetV2 architecture for image 

analysis. The experiments in the laboratory environment showed the next classification accuracy: a) 

91% for apple scab in the advanced stage of development; b) 94% for apple scab in the early stage 

of development. 

In the future, the classification accuracy will be improved using an extended dataset collected in the 

growing season 2021, then the improved prototype will be tested and demonstrated using LivingLab 

methodology.  



 

Fig. 1. Print screens of the mobile application: a)-b) photo capture; c) apple scab detection in the 

advanced stage of development; d) apple scab detection in the early stage of development 
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In Latvia several activities linked to data-driven horticulture are performed in the frame of Horizon 

2020 project “Agricultural Interoperability and Analysis System” (ATLAS). The overall objective of 

ATLAS is the development of an open digital service platform for agricultural applications and to 

build up a sustainable ecosystem for innovative data-driven agriculture using the platform. The 

platform will allow the flexible combination of agricultural machinery, sensor systems, and data 

analysis tools to overcome the problem of lacking interoperability and to enable farmers to increase 

their productivity in a sustainable way by making use of the most advanced digital technology and 

data. The platform will define a service architecture providing hardware- and software-

interoperability layers that enable the acquisition and sharing of data from a multitude of sensors and 

the analysis of this data using a multitude of dedicated analysis approaches. The benefits of data-

driven agriculture demonstrated using the ATLAS platform within a multitude of pilot studies like in 

Latvia developing so-called "Innovation Hubs". Supervised by Latvian Fruitgrowers Association in 

cooperation with the Institute of Horticulture and Association of Latvian Organic Agriculture the sets 

of meteorological and environment data sensors have been installed in five farms: "Arosa-R” Ltd., 

"Krogzeme" Ltd., “Very Berry” Ltd., farm “Eglāji” and farm “Puteņi”. The data-driven horticulture 

for Latvian fruit and berry growers is a new and complex area. One of its easier-to-understand 

components is local metadata recording and use. This issue is equally important in both organic and 

integrated horticulture. According to ca. 200 survey answers obtained from farmers about their 

expectations on meteorological data, sensors, applications, IT performances, etc. were analyzed. 

From the surveys was concluded that farmers are interested in Learnable Plug and Play type 

equipment that can be installed and maintained themselves; with an easy and understandable data 

overview: the advisory app recommends actions and enables decision-making processes. Therefore, 

opportunities with digital solutions could be used to overcome challenges of detected physiological 

disorders, indicating attention required processes like water availability, as well as decision-making 

solutions related to pest development etc. 
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Application of Remote Sensing for Qualitative Assessment of Orchards 
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In practice, the issues of orchard productivity directly related to the possibilities of influencing the 

quality of their growth processes in both annual development cycles and multi-annual vegetation 

periods, as well as the maintenance and development of orchards within their full life cycles.  

The fact that in the development of orchards quality has a direct impact on the quality of the yields 

and its volume is indicated in many studies and confirmed by long-term practice. In the classic 

version, the quality assessment of orchards is usually based on the results of a face-to-face survey of 

specialists, summarizing the results of the quality assessment of the garden visit and the development 

of the fruit trees in it. The process is efficient but labor-intensive, as a result of which it is not always 

possible to fully identify the health status of a particular orchard in an overview, without subjective 

local effects on the assessment. The evaluation process, the grouping of quality differences by garden 

areas, obtained as a result of evaluating the results of individual fruit trees be evaluated, summing up 

and creating a spatial model of the garden [1]. This quality assessment model has yielded 

recognizable results, but it is a time-consuming and costly measure that is applied seasonally. 

 The process of modern quality development raises the need to increase the frequency of 

orchard evaluation procedures and, at the same time, to ensure the zoning of differences in the quality 

of groups and gardens in the room, together with the evaluation of individual fruit trees. The study 

addressed the possibility of obtaining the necessary garden quality assessments by accelerating the 

possibilities of their implementation. 

The most suitable solution in the study was the selection of remote sensing technologies [2], among 

which special attention where paid to the results of aerial laser scanning works. The available laser 

scanning data of the territory of Latvia (source LGIA, resolution not worse than 4 p.m²) and the 

results of drone laser scanning works for specific gardens in 2020 (with an average resolution of 

about 15 p.m²) were used for the study. 

The study confirmed several assumptions. First, recognizing and counting the number of fruit trees, 

determining their spatial positions, and documenting them for further use in geoinformation data 

formats was of unquestionable quality. Second, the possibility to measure the height (length) of fruit 

trees where provided in about 80% of the LGIA data and in about 95% of the drone laser scan results. 

Thirdly, as a consequence of the first two results, it was possible to zoning garden areas by fruit tree 

heights while identifying different quality growth results for fruit trees and their groups planted at the 

same time according to these different parameters, thus determining garden quality differences. 

Fourth, quickly combine the information obtained from the data with the spatial data of the garden 

area, such as terrain - surface, topsoil, as well as the directions and locations of natural water flows, 

thus enabling specialists to compare the growth effects of specific fruit groups and individual trees. 



Researching the possibilities to increase the determination of possible differences in quality 

indicators by measuring and evaluating the canopy volume parameters of fruit trees was not 

successful. The result indicated that in order to achieve this, it is necessary to increase the density of 

the laser scanning points by at least 10% with respect to the density of the points obtained by the 

drone aircraft. 

Established that the application of remote sensing technologies significantly reduces the workload of 

specialists in garden inspections, on-site. The technology allows for a change in the order of further 

evaluation, starting with the overall evaluation, continuing with the allocation of different quality 

groups (areas), and finally focusing on the evaluation of individual fruit trees as needed. At the same 

time, the result obtained will serve as a tool for determining the origin of quality problems and their 

parameters in each evaluation activity. The implemented changes will significantly increase the 

number of evaluation activities while ensuring more efficient planning of garden quality 

improvement measures and optimally fast monitoring of their implementation results. 

According to project: Rural Support Service project (RSS No.18-00-A01620-000002) “Application 

of remote sensing technologies for orchard evaluation” RSS21 with the aim of the European 

Agricultural Fund for Rural Development Latvian Rural Development Program 2014-2020. Sub-

measure 16.2 of the measure “Cooperation” 
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The use of advanced phenotyping that offers application of automated, high-throughput methods for 

characterization of plant architecture and performance has the potential for improvement of breeding 

process of different important crops, such as e.g. drought-tolerant maize cultivars. 

Conveyor-based PlantScreen Systems developed in PSI s.r.o. are designed to serve as a high-

throughput screening platform for plant phenotyping in various species from Arabidopsis to crop 

plants. PlantScreen is configured for non-destructive measurement and image analysis in automated 

software operated system. The system contains several modules, which are designed for complex 

automated phenotypic analysis including chlorophyll fluorescence imaging, thermal imaging, RGB 

imaging, hyperspectral analysis, and automated weighing and watering system. 

PlantScreen Data Analyser was developed for automated data processing, statistical analysis, and 

export of the measured parameters for individual plants or traits in time. In the acclimatization 

chamber which is part of the PlantScreen system, different light, humidity, and temperature 

conditions can be controlled. This offers an opportunity to perform kinetic measurements under 

various cultivation conditions. 

The aim of the presentation is to summarize the current state of the art of the plant phenotyping 

approaches and to discuss  the potential, pros, and cons of individual imaging sensors application for 

various types of applications relevant for cell biology research. 

  

 

 

  



Robotic platform for plant growing assistance 
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This study aims on the development of core parts of robotic platform for plant growing assistance 

including activities such as general monitoring of plant growth and health, identification of weeds 

and pests, diseases in early stages, damages caused by weather, animals, etc., as well as automation 

and digitization of production processes. Consequently, the capabilities required for the platform are 

good maneuverability; minimum effect on soil; adequate water, dust, direct sunlight, temperature and 

impact protection; options for mounting of different camera systems, mechanisms for position 

cameras relative to robot body for better plant access; options for soil sampling actuators and of 

course possibilities to use localization sensors. 

 

The mechanical part of the platform consists of a chassis and body frame fitted for the planned tasks 

mentioned above. To ensure the required level of maneuverability, a design with two rear drive 

wheels and free moving along vertical axis front wheels was chosen. Two 350W brushed DC motors 

are used to drive the platform. Body frame built upon chassis has water-tight compartments for 

computing equipment and batteries, both are positioned to balance out weights and thus help to 

improve steerability. The frame also features mounting points for conventional and multi-spectral 

cameras, localization sensors, and lighting. It is also possible to use actuators for sensor positioning. 

The electronic part of the platform consists of motor driver electronics, interfaces for sensor actuators, 

and the main control board. The main control board provides an Ethernet interface and UDP 

command system for external higher-level controllers or computers. The developed platform can 

serve as a base for a complete plant growing assistance robotized system. Robot prototype based on 

the developed platform is an integral part of “Autonomous robotic platform Latvian iDārzs - for 

sustainable development of the plant growing sector” project, which is joint work of Bulduri 

Horticultural Secondary School, LU Botanical Garden, RTU and LLU. 
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 Database Perenna was created on Microsoft Access base for literature and survey data collecting and 

storage in 1994-1995 in the Botanical Garden of the University of Latvia. It was used until 2019 for 

the collection of plant research results accumulation. In this period 107000 entries were made for 

3278 taxa. For each taxa was possible to make entries for 155 criteria in 12 groups. There are 

biological, morphological, ecological properties, the possibility of use in plantings, and peculiarities 

of care for every observed taxa. The versatility of the data allows the collected information to be used 

not only for academic purposes but also for a wide range of horticulture companies and enthusiasts. 

The aim of the work was to transfer the obsolete database to a new technological base on servers and 

also to adapt their environment to the requirements of modern perception. 

The new version is based on a PHP server with a MySQL database system that supports the web and 

the release of specific information prepared in tables and the return of recordsets. There are two 

interfaces: for researcher and stakeholders. As target users, there are horticulture students and 

teachers, landscape architects. The information available to a wide range of users will be presented 

in a minimized, non-congested visual environment with the ability to view photographic material that 

will be regularly updated. The examples of ideas on screenshots are discussed.   
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In horticulture lot of processes are strategic to monitor productive factor streams and improve crop 

sustainability. Lack of proper monitoring of the cultivation process can lead to excess costs, waste, 

low input use efficiency, and poor product quality with lower incomings and higher environmental 

problems. 

The most important indicators for monitoring are: 

·     crop management (water quality, salt accumulation, substrate status, technology etc); 

·     input factor (water, agrochemicals, energy, etc); 

·     output factors (plant residues, drainage water, substrates, plastics, etc). 

Lack of monitoring or data analyses of the cultivation process can lead to excess costs, waste, poor 

product quality, and higher environmental intrusion. 4 

More or less monitoring processes is possible in a controlled environment as labs and greenhouses. 

Outdoors these monitoring processes develop slowly, especially ornamental outdoor plant sector 

because of the wide assortment of cultivars and very fragmented nursery specialization. 

 To develop and improve data collections and analyses, worldwide testbeds are organized from 

automotive engineering2 to the control of food quality in the final stages of food chains. 

In the testbed, companies and researchers will be able to develop new technology, new applications, 

system solutions, or completely data-driven innovations that can help the industry become both more 

sustainable and profitable.1 

It was observed that the successful validation of the test-bed in a laboratory environment does not 

ensure the same behavior in real field conditions. In real conditions, various hardware, 

communication link, and embedded software-related issues in the sensor nodes and overall test-bed 

were observed and the same is captured as lessons learned.3 

The Bulduri Horticulture school is the only institution in Latvia with a wide assortment of live 

outdoor ornamental plants collection approved by the methodology of the vocational school study 

curricula. Renovation of this garden gave the possibility to build a test-bed suitable for data collecting 

and analyses on the field. The Bulduri test-bed called ”iGarden” is equipped and arranged to allow 

collect long-term information about plants, environmental conditions, and other indicators. There are 

more than 300 cultivars of annual and perennial plants are planted in mixed beds and repeats, paths 

for easy operation are built, automatic irrigation system, internet, rooters for easy data transfer, and 

electricity for charging of smart devices, robots, sensors, and drones are available in every part of 

test-beds, servers for data storage are installed. The first plant phenotyping robot validation process 

starts. Of course, outdoor fields need continuous monitoring years to get a comprehensive overview 



of processes and environmental changes.  For now, iGarden test-beds are open for researchers and 

industry to improve precise gardening and plant nursery work in the future.  
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The cultivation of various plants is provided by human labor. For successful plant growth, it must be 

fertilized and protected from various diseases. If the supply of nutrients to plants is already 

automated, the onset of the disease is usually visual. When the disease is already visible on the plant, 

it is usually no longer possible to save the plant. The aim of the study is to fix the damage to the plant 

at an early stage to preserve the plant's ability to survive. In order to achieve the set goal - to detect 

the disease at an early stage, a remote multispectral plant photography method[1] was chosen. Remote 

data acquisition is performed with two cameras - a multispectral camera[2] and a visible band RGB 

camera. The data is stored on the field robot computer. Returning to the database, the robot sends the 

stored data to a stationary server. The stationary server systematizes the data and performs image 

analysis. Re-photographing the plants takes place at regular intervals. By comparing the plants 

photographed at different times, it is possible to observe the changes and perform an analysis of them. 

If abnormal changes are observed, a signal is sent to the responsible gardener. By accumulating 

information about plants in several seasons[3], it is possible to analyze plant growth and accumulate 

information about various diseases. With a certain amount of information, it will be possible to detect 

the possible disease at an early stage and adjust the growth of the plant. Within the framework of this 

project, data were obtained from one seasonal plant cycle. Data will continue to be stored. To 

automate data acquisition, the camera system needs to be upgraded with automatic focus. Obtained 

automated plant data acquisition with manual photography. 
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