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Abstract: Agricultural ecosystems seek to utilize the naturally occurring interactions, 
patterns and physical phenomena to improve overall system performance and efficiency. 
The design of such systems, however, requires different form of knowledge, rarely 
examined by the modern science and the little captured in the traditional agricultural 
practices is gradually lost with their displacement of industrial monoculture. The goal of 
the open platform for agricultural ecosystems modelling is to provide a forum where the 
knowledge can be collected, examined by scientific methods and further expanded. For this 
purpose the platform will facilitate collaborative data collection and sharing and will 
introduce various forms of automation. Automation will further increase the acquisition 
speed, quality and quantity of the data, which can be analysed and used for simulation and 
modelling of various agricultural ecosystem designs. Careful incremental implementation 
of such system will give business access to knowledge and educated consumers which 
along with growing community support can become one of the main driving forces for 
wide adoption of agricultural ecosystems. 

Keywords: Agricultural ecosystems, Vision document, Open enterprise, Biological 
interactions, Biological ontologies, Semantic web. 
 
 
1. Introduction 
 
Agricultural ecosystems rely on natural principles to organize a multitude of species in self 
supporting networks while still providing in abundance for various human needs. These 
principles have been recognised by the pioneers of permaculture [1, 2] and forest gardening 
[3] and successfully applied in the practice for creating a productive, energy efficient and 
robust to suboptimal weather variations gardens even in the worst soils and climates. Until 
recently [4–6], the design and development of agricultural ecosystems has not been widely 
considered in the scientific community as a valuable alternative to the industrial agriculture. 
The two major challenges that might have lead to this lack of research are availability of 
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commercially feasible ways for large scale maintenance and utilization of such agricultural 
ecosystems, and the lack of quality systematically collected data required for their design.  
Emerging technologies in robotics [7–11] seem capable of addressing the first and partially 
the second challenge by providing feasible solution for all major problems faced in the 
design of autonomous agricultural robots. The goal of the present paper is to outline a new 
integrated platform for collection and sharing of data needed in the design and modelling of 
agricultural ecosystems, hence tackling the second major obstacle delaying the introduction 
of agricultural ecosystems in practice.  
 The design and modelling of agricultural ecosystem requires vast amount of syste-
matically collected data which are extremely multidisciplinary in nature. Covering selected 
topics from broader disciplines like geology, climatology, biology, ecology, chemistry and 
physics to specific fields like plant physiology, genetics, microbiology, soil science, etc. 
this data is currently compartmentalized and separate fragments are kept in variety of 
formats in different locations. There are numerous examples of valuable online databases 
[12–19] that have different level of refinement addressing the needs of their specific fields. 
There are even meta repositories [20–23], which provide common access point for data 
with different origin and even offer common open formats from which data can be 
extracted. These systems however often have a very generic and abstract ways of 
summarizing and presenting the data which also makes them less attractive for specific 
purposes like agricultural ecosystem modelling. Moreover, the vital component needed for 
ecosystem modelling that is missing in all of the examined databases and meta repositories 
is the information about individual organism interactions. Without these data in their 
geospatial, biological, climatic, etc. context, there will be very few rigorous evidences on 
which the design of agricultural ecosystems for specific needs and locations can be based. 
Or, in other words, the ideal platform for ecosystem modelling will require huge amount of 
versatile data with specific integrity and context which might substantially differ from the 
currently available data collected for other purposes. In order to make the transition from 
what is currently available to what is ideally required, the platform needs to allow now 
human, and  later automated agents, to contribute and utilize the information, starting from 
small but unique collection of data and sustainably growing to large comprehensive 
databases that can provide enough evidences for science based design of agricultural 
ecosystems. 
 
 
2. Vision of the Solution 
 
Human creativity and capacity for understanding really excels when small sets of problems 
are considered in abstract isolation. Nature in contrast is best at evolving holistic and 
harmonious solutions that seem to achieve a dynamic balance among multiple and often 
growing number of organisms capable of utilizing most of the available energy in their 
physical environment. The agricultural ecosystems are schools of interaction where we can 
determine the amount and type of exchange we want to have with the system but let natural 
processes invalidate the success of our efforts. If biodiversity is on the rise, healthy and life 
abundant soil is accumulated, local microclimate is moderated, and one gains more utilities 
form the system, doing less and more targeted activities that means that we are on the right 
track and begin to understand better how to reintegrate our existence in the ecosystems we 
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share with the rest of life on Earth. Evolving this knowledge could be very much like 
evolving thriving strategies by the organisms in nature. In order to work the process of 
knowledge evolution requires multiple creative agents perusing various goals taking 
different approaches all rationally understanding and submitting to the bounding natural 
principles, available energy and resources. There is no better media for such global 
collaborative effort than Internet. An integrated Internet platform can be the global 
common repository of such knowledge providing base for any form of ecosystem 
knowledge gathering and exchange: from collaborative to interest and competition based, 
from amateur through professional to scientific, from subjective manual human observ-
ations to completely automated measurements. Diverse and meritocratic such platform has 
the potential to channel the social energy in to actions establishing the agricultural 
ecosystems as important practice of the future.  
 
2.1. Major Features 
 
The backbone of the system is to become immediately useful and provide means for human 
and machine contribution and utilization. An incremental agile approach [24] is considered 
for its development. First goal of the system is to be capable of encoding plant interactions 
in their relevant context. This requires development of features needed to maintain 
individual plant profiles containing enough information to discern plant health and 
performance and record wide base of relevant factors (context). Observed plant interactions 
then can be evaluated by comparing plant performance for plants growing in similar 
context but differing by the absence or presence of a certain plant. For example the simplest 
such case will be a control plant growing in isolation compared to a plant growing under 
the same conditions but with a single neighbouring plant. Provided that enough pairs of 
such plants are observed based on their performance the type and strength of their 
biological interaction can be estimated. This biological interaction can be further straitened 
and understood by making multiple trails with the same plants under different conditions. 
The next step in the development of the system is the implementation of algorithms and 
features needed for automation of the information gathering and analysis processes. The 
first critical step for this automation is the ability for building a model of a plant based on 
loosely calibrated images. Initially these models will be built for plants growing in 
insulation and controlled light conditions later in their natural environment.  The final stage 
of the platform development is envisioned to include features for design, observation, 
management and modelling of “digital” gardens consisting of individual plant models of all 
plants in a given physical or virtual (result of predictive models) location. In parallel to 
those major “mission” features a set of practical and business oriented features are also 
envisioned. These features are multipurpose helping to financially sustain the project 
developers and allow contributors to develop business related to the platform.  
 
2.1.1. Maintaining Individual Plant Profiles 
 
The set of activities needed to create and maintain a plant profile by the users of the system 
are quite trivial and will generally follow the Wikipedia model in which anyone can make 
contributions and participate in discussions while the system is keeping a complete revision 
history of the information entered. The implementation of these activities into features is 
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however less trivial since one of the main goals of the platform is to make the knowledge 
machine interpretable. The solution is envisioned as ontology enhanced controlled natural 
language editors. The internal representation of such architecture is presented at (Fig. 1). 

A plan profile will generally have a template structure with different sections. Each 
section can have domain specific ontology associated with it which helps to convert the 
edited plain text in meaningful semantic constructions aided by the user with clarifying 
questions, hints and predefined paragraph templates. 

Some of the sections considered in the individual plant profile can be formally 
grouped in observational, interventional, modelling and other types of data. A general idea 
what type of content needs to be maintained in these sections is provided below. 

 
Figure 1. Integrated architecture for knowledge representation. Adapted from [25]  

Observational Data 
The observational data encode time referenced plant history of all major natural events in 
the individual plant life during its development. The description also should include enough 
qualitative and quantitative plant characteristics and traits so it becomes possible to eval-
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uate plan’s health and performance. Calibrated photographic material at various wave-
lengths and other relevant measurements are also included. In individual cases the 
observational information can be expanded to include much more diverse information like 
for example: root development (obtained from plant MRI [26, 27] or simple photographic 
material from narrow glass walled containers), genetic sequencing data or subjective 
ratings of taste and beauty.  
 
Interventional data 
Another part of plant profile is the interventional record which contains information about 
all activities performed with the plant like seeding, division, grafting, transplanting, 
pruning, irrigation, harvesting and so on. This record is also time referenced and can be fur-
ther linked to photographic material. 
 
Modelling data 
In later releases plant profile will contain a 4D model (three spatial and one temporal 
dimensions) model of the individual plant usable for its identification, visualisation and 
general modelling. The ultimate goal for this 4D model is to encompass all observational 
data in semantic constructions serving as a bridge between the automatically extracted and 
human defined knowledge.  
 
Geospatial, Weather, Soil and other data 
Individual plant profile is also linked to geospatial, weather and soil data records sampled 
in the closest possible proximity to the investigated plant. Besides these environmental 
records the plant data set contains other links like: source of germplasm (or references to 
parent profiles if available); uses of the plant; medicinal properties; current market value; 
costs; different classifications (like biological taxonomy); generalized interaction with 
beneficial insects, bacteria, algae, fungi and other life forms; relevant general information; 
any additional customizable fields that user community perceives as important. See (Fig. 2) 
for summarized illustration of different types of information plant profile contains.  
 
Plant Profile Management and Use 
Users can control the visibility of their data making it completely private, shared with 
selected friends and groups or keep it entirely public. Public data will be hosted and 
maintained for free while private records will require small subscription based fee. Data 
can be also traded in the system. Large scale data trials can be performed providing a 
mechanism for sponsored or voluntary involvement of wider user community. 

 
2.1.2. Individual Plant Profiles analysis, generalization and utilisation 
 
Definition and use of context (dis)similarity measures  
Once the extensive plant profile information is collected for multiple plants formal 
similarity measures and criteria can be defined for each individual recorded characteristic. 
Composite similarity measures can be used to establish the robustness of controlled trials as 
well as finding plant analogies across all plant profiles. Users of the system should be able 
to see the results of the execution of a default composite measure in the form of a list of 
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links to plant profiles ordered by their similarity to the given (currently open) plant profile. 
The influence of the separate similarity measures in the overall composite metrics should 
be customizable. 
 
Plant health and performance  
Plant health and performance can be evaluated by the users by predefined set of objective 
and subjective criteria based on the data recorded in the plant profile. The same data will be 
used in the future versions to execute automatic evaluation of the majority of the perform-
ance and health criteria.  
 
Biological Interactions 
Performance and health estimates considering the context of the plant development are one 
of the major circumstantial evidences that can be used for evaluation of plant interactions 
[28]. More circumstantial evidences provided under different trail conditions along with the 
type of the observed effects could become one of the major tools for establishing true 
scientific hypothesis of the nature of a biological interaction between two plants. In the 
initial release of the system users should be able to make manual rating estimations of the 
plant mutual effects for ones growing within interaction distance using multiple criteria like 
inhibiting/stimulating growth; increased/decreased flowering, fruiting, nutritional value; 
stronger or weaker  disease, insect, wild life resilience;  better or worse appearance,  flav-
our, taste; and many others.  In later stages of development the objective portion of these 
estimations will be automatically evaluated and provided along with the user observations 
for calibration, comparisons and feedback. 
 
Generalizations and groupings 
Individual plant profiles are extremely important for data collection modelling and res-
earch, but they may contain too many details for the average user. Therefore summary 
information at different abstraction levels is also maintained. For example using the bio-
logical taxonomy the user will have access to variety profile containing common inform-
ation about the variety and referenced to the individual plant profiles from that variety 
stored in the system. On the next level there will be a species profile containing references 
to all varieties, cultivars, forms and subspecies available into the system. Here also some 
general plant care, breeding, propagation, use and so forth type of information is supplied. 
This generalisation hierarchy could be sequentially expanded to the kingdom level contain-
ing more and more general information which still could be of some value. Different 
grouping criteria like soil / climate / habitat requirements and preferences, different types of 
vegetation like bushes trees, grass, climbers, exotic and rare, common, domesticated, heir-
loom, wild, etc. could be user specified. Tools for automatic queries building will be 
provided so the sets of associated plants could be extracted based on their profiles.   

A summarized visual representation of the individual plant profiles, observations, 
different generalizations, various interactions and links is presented at (Fig. 2)  
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Figure 2. General overview of relational knowledge structures for encoding 

individual plant profiles and various generalizations 
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2.1.3. Digital garden libraries 
 
Last to be implemented are the set of features allowing the design and maintenance of 
digital garden profiles or virtual agricultural ecosystems. The garden profiles could be 
private, with controlled access or public. Like the individual plant profiles hosting public 
harden profiles is free encouraging sharing while private and controlled access profiles are 
subject to fee allowing trading and sustainable business development. The garden profiles 
will allow users to build virtual garden model on specific physical location make plant 
development and growth simulations under different scenarios and after design is complete 
monitor the real garden implemented according to the original plan. 

Currently two different visualisation engines are considered as starting point of the 
garden profile editors. The first is based on Google SketchUp (Fig 3.) compatible models 
displayed on Google Earth application which has the advantage of popularity of Google 
Earth application and availability of many other layers of GIS information. Unfortunately, 
both Google Earth and SketchUp are not optimized for displaying detailed plant models 
and rendering becomes prohibitively slow. Both systems are proprietary owned and does 
not provide their source which might limit their applicability to the project. 

 
Figure 3. Google SketchUp mockup vision for integration of plant 

and garden models [34] 



141 

The second considered option is the open source platform Biosphere 3D which is 
optimised for showing plant models and is currently targeted mainly for landscape 
designing purposes [29]. This system has a potential to be ideally suited for the purposes of 
the virtual garden / agricultural ecosystem models. Besides the visual models of the indi-
vidual plants based on their profile the system will also integrate links to weather, soil, 
maintenance and other records. At the final stages of the project when autonomous agricult-
ural robotic systems are available the system will also provide remote real-time observation 
and management.   
 
2.2. Assumptions and Dependencies 
 
There are several major technological assumptions made in the design of the agricultural 
ecosystem modelling platform. First assumption is that ontology enhanced natural language 
structured data entry can be made user friendly enough so it does not harm the user wiliness 
to participate and contribute data into the system. Recent survey [30] of the different 
attempts in this direction draws optimistic conclusion about the application of ontology 
enhanced interfaces in practise. Second assumption is that many activities could be 
automated and this will require 3D scene reconstruction from multiple images and plant 
recognition. There are promising results in solving both problems which make this 
assumption quite plausible. The last assumption is that agricultural robot can be constructed 
and it will be capable of performing all monitoring and some maintenance tasks.  Robots 
capable of navigating through complex environment and such automating simple 
agricultural activities already exist and it is a matter of time for appropriate solutions to be 
developed.  
 The project will also seek partnerships with many related database projects like 
PFAF [12] TRY [31] and technology developers like Linne3D, Blender. The project will 
also utilize and extend where possible existing open source solutions like Drupal, 
POSTGRE, OpenCYC. 
 
 
3. Scope and Limitations 
 
The agricultural ecosystem platform can be considered as part of the global semantic web 
effort [32]. The machine interpretability is limited however to the knowledge domains 
directly related with the agricultural ecosystems like plant physiology, agronomy and so 
forth and will not attempt to be universal and cover all areas of knowledge. The features 
related with the ability of users to sell expertise, data and goods is also not considered to be 
developed as full e-commerce functionality but provide just a sufficient means for making 
simple transactions.  
 
3.1 Scope of Initial Release 
 
As described above the initial release will focus on the features allowing the encoding of 
plant interactions in their relevant context. These features provide unique evidence based 
knowledge that can be directly used for designing diverse, more productive and less labour 
intensive agricultural ecosystems. The initial release will be targeted at amateur and 
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professional organic growers and plant breeders providing a media for systematic docum-
entation of field trials, exchange of design patterns and ideas and sharing related inform-
ation about resources and suppliers. The initial release will be also useful for the broad 
scientific community providing a platform for design and implementation of large scale 
trials. The information collected in the plant profiles will also serve as a training data for 
3D plant reconstruction and recognition algorithms.  
 
3.2. Scope of Subsequent Releases 
 
The second major release will bring the features needed for maintaining private profiles and 
simple trade enabling functions. Algorithms for automatic plant reconstruction and recog-
nition will be developed and gradually integrated into the platform allowing some auto-
mation of the process of data collection. Advanced search capabilities will be introduced in 
the system allowing the identification of compatible and beneficial plants for adding to 
existing plant guilds under specific climate conditions.  

The third major release will be dedicated to introduction of digital garden profiles. 
Provided that autonomous robotic systems are implemented meanwhile the system will 
allow full automation of the data gathering process increasing the quality and quantity of 
the data by a large margin. Trading features will be updated to facilitate easy start-ups and 
growth of responsible business willing to explore the potential of agricultural ecosystems 
and bringing it to the mass consumer. This release will also expand the user base to include 
landscape designers, general food manufacturers and even broader community which are 
conscientious of their environmental footprint and see a lot of practical steps that they can 
make with the help of the systems reflecting their life choices.  

The further development of the system should introduce profiles of individuals and 
groups of other living kingdoms, and models of their behaviour and functions in the agri-
cultural ecosystems, and gradually expand the scope of the project to allow modelling of 
natural ecosystems. At these stages of development the system should be able to provide 
enough information for design and management of a continuum between anthropogenic and 
natural pristine ecosystems and become a tool in the hands of society and policy makers to 
decide under rational estimation of the resources where the balance between human 
dominated and pristine ecosystems should lie.  
 
 
4. Business Context and Requirements 
 
4.1. Background 
 
The main focus of the project is to facilitate a wide adoption of agricultural ecosystem as a 
sustainable alternative to industrial agriculture. The project challenges established agri-
cultural practises and many business interests and might not be able to provide big return 
on investment in the initial stages of development which makes it hard to fund through 
traditional funding channels. The value system is the core of the project and makes it more 
suitable for non-profit or open enterprise business model but the best form is yet to be 
established. Initial funding will be sleeked in a form of grant proposals, crowd funding and 
other non-profit funding models as well as non monetary donations of expertise, time, data 
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and resources. In the later stages of development when well established community is build 
the project will rely on the income from small trading, private hosting fees and advert-
isement form related business.  
 
4.2. Business Opportunity Customer and Market Needs 
 
There is virtually no forum or platform where responsible business related to agricultural 
ecosystems can operate and provide services and goods. At the same time, there is a grow-
ing demand for synthetic chemical free, fresh and nutritious local produce. The classic 
organic methods are still largely based on monoculture principles which provide limited 
scalability, long term sustainability and efficiency. The agricultural ecosystems on the other 
hand can benefit from proven natural principles and reduce cost and labour maximizing 
quality variety and quantity of produce. Community Supported Agriculture (CSA) is espe-
cially suitable form of share based farming and gardening enterprises that can be largely 
facilitated by the agricultural ecosystems platform. Shareholders of such enterprises will be 
able negotiate the kinds of plants they need and then follow their development during the 
growing season. With the further advancement of the platform and introduction of various 
automations, consumers will be able to remotely monitor, tend and harvest their plants 
according to their needs. Farmers and gardeners will be able to use the system to build a 
significant expertise of locally adapted agricultural ecosystem design patterns in which they 
maximize productivity and diversity and quality of the produce while minimizing the needs 
of intervention. Sharing or selling the accumulated expertise will be another main feature of 
the platform. Fees will be gathered when framers choose not to disclose their garden and 
plant profiles which will enable them to trade with the information. Simple search for 
climate – soil analogues can provide a list of new possibilities tried by other users of the 
system. 

Amateur and professional plant breeders will also benefit from the system even in 
the earliest stages of its developments since they can document their trials and even involve 
in distributed trials performed by multiple breeders. Documentation of the traits and 
phenotypic properties of the newly obtained plants when keeping the germplasm can be-
come invaluable tool for acceleration and exchange between plant breeding experiments 
with different goals. Propagation of new varieties will be also facilitated by the compre-
hensive environmental data and growing methods accompany every new variety developed 
in the system. The platform also stimulate the consideration of plants interactions in the 
breeding process and allow the breeding to be targeted for optimal performance in certain 
guilds along with other desired properties.  

One of the goals of the platform is to facilitate the interaction between citizens and 
scientist in both directions. Helping scientist in the collection and analysis of data using 
citizen science model [33] and in the other direction identifying and even crowd funding 
the solution of scientific challenges that can be of substantial value for citizens and in 
particular ecosystem designers. 
 
4.3. Business Context 
 
Business context along with the project business priorities and environment will be a 
subject of future collaborative work.  
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4.4. Stakeholder Profiles 
 
At this stage of the project planning, the major stakeholders were identified to be: 

 Value driven and environmentally couscous food consumers;  

 Plant breeders and growers, farmers and beekeepers; 

 Different scientific communities like ecologists, botanists, computer scientists, 
nutritionists, geneticist, biochemists and many more;  

 Public health researchers and practitioners; 

 Landscaping designers and architects; 

 Agricultural industry including equipment manufacturers, agrochemical companies, 
seed companies, etc; 

 Food and flavouring industries; 

 Food traders and retailer companies; 

 Biotechnological companies; 

 Policy makers; 

 General public. 

Further analysis of their values, attitudes, interests and constraints will be elaborated 
in an open for discussion in the collaborative continuation of this document.  
 
 
5. Conclusion 
 
Agricultural ecosystems employ an evolutionary proven, value driven vision which has the 
potential to become a successful holistic solution for a broad spectrum of global civilization 
problems. The multidisciplinary technical, organizational, data and knowledge implement-
ation challenges can be all addressed with an open collaborative internet platform. Building 
this platform in an equally sustainable process requires goal driven incremental design and 
introduction of features, which will stimulate the growth of community involvement, 
resources and appetite for the next stages of development. Keeping this process merito-
cratic, parallel and open can help to achieve the balance between the short term utility and 
farfetched long-term vision that can stimulate true innovation and creative solutions. 
Empowering business with the technologies and access to large groups of educated 
consumers can become one of the main driving forces for establishing the agricultural 
ecosystem practices as the mainstream model for non-destructive, mutually beneficial 
interaction with nature.  
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