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1. Introduction 
 
In recent years, agriculture has become an area with 
an  extensive need for the use of digitalisation tech-
nologies [1]. Several papers have confirmed that such 
technologies improve the efficiency of farm manage-
ment and other agricultural processes [1-4]. The ex-
perience gained in an EU-funded project called 
AgroIT reveals that software companies possess dif-
ferent and unequal knowledge and understanding of 
agricultural processes, the use of precision agriculture 
in agricultural processes, activities within agricultural 
processes, and process metrics. This causes potential 
problems when software products and IoT systems 
need to be integrated. There are many software prod-
ucts and IoT systems on the market today, but each of 
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them covers quite a narrow functional area, and for 
this reason integration is simply a necessity [2]. This 
finding, combined with expertise on COBIT – the 
standard process model for the governance and man-
agement of IT in companies – triggered the idea for 
a standard process model for agriculture. Such a model 
could become a reference for managing farms and per-
forming agricultural processes, and consequently the 
proposed model is called the Reference Standard Pro-
cess Model for Agriculture – RSPMA. 

The objective of this paper is to present RSPMA 
in terms of concepts, the relations between them, and 
some processes. We believe that RSPMA would bring 
benefits for several target groups in agriculture: farm 
managers, professionals on farms, agricultural consult-
ants, and product managers in software companies 
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that develop software or IoT systems for precision ag-
riculture. We also present the results of  a survey in 
which the Delphi technique was used to evaluate 
RSPMA and assess its potential implementation in ag-
riculture. Based on the results of the survey, we present 
plans for further development of  RSPMA.  

The paper is structured as follows. In the second 
section we introduce background and fundamentals 
for RSPMA, and related works. In the third section we 
present RSPMA on a conceptual level and discuss the 
benefits of the use of RSPMA for several target 
groups. In the last section we present the results of the 
survey through which we assessed RSPMA and its po-
tential implementation in agriculture. We also pre-
sent RSPMA’s current state and plans for its further 
development. 
 
2. Material and methods 
 
The idea for RSPMA developed in the course of an 
EU-funded project related to the implementation 
of applications and digitalisation technologies 
in  agriculture, called AgroIT. Several types of appli-
cations and other systems were implemented as part 
of the project. First was the farm ERP system for ag-
riculture to facilitate farm management. This is 
a traditional ERP system for small and medium-
sized enterprises, expanded with additional modules 
for agriculture: livestock, fruit growing, winery, etc. 
[1, 2, 5-8]. Second was a decision support system 
that uses advanced machine learning methods to 
support decision-making processes [20, 25]. Third 
came IoT systems with sensors used to facilitate au-
tomatic data collection about various measure-
ments [4, 9-11]. 

During the analysis phase of the project, it be-
came obvious that software partners had different 
and unequal knowledge and understanding of agri-
cultural processes, the use of precision agriculture 
in  agricultural processes, activities within agricul-
tural processes, and process metrics. In the final phase 
of the project, the idea arose to define a reference 
standard process model for agriculture. The idea 
for  RSPMA is mainly based on expertise on COBIT 
[17, 18, 19], the standard process model for the gov-
ernance and management of IT in companies. 

The construction of RSPMA was based on three 
approaches. First, the concepts of COBIT were di-
rectly transferred to RSPMA unchanged. Second, the 
concepts of COBIT were transformed to a form more 
directly transferred to RSPMA unchanged. Second, 
the concepts of COBIT were transformed to a form 
more suitable for agriculture. It is important to em-
phasise that the mission of RSPMA is broader than 
the the mission of COBIT: COBIT covers the field of 

IT in companies, while RSPMA covers various areas 
of  agriculture. IT is a horizontal category in compa-
nies and other organisations, while the areas of agri-
culture are better viewed as vertical categories. Third, 
other concepts were also added to RSPMA. 

We noted that in healthcare, the concepts of COBIT 
have been used as background to define a standard 
process model. There is a study which reveals that 
COBIT is  used as a background to create a standard-
ised reference process model in healthcare [12]. 

A literature review showed that there is no related 
research on a standard process model for agriculture. 
There are, however, some limited process standardi-
sation initiatives in agriculture, which largely focus 
on technical aspects [15, 16]. 

  
3. RSPMA 
 
3.1. The conceptual model of RSPMA 
 
The concepts of RSPMA and the relationships be-
tween them are presented through a conceptual model. 
The traditional rectangle–arrow technique was se-
lected as a means of presenting the conceptual model. 
RSPMA is presented through conceptual sub-mod-
els for better clarity. In the diagrams below, arrow 
labels show the name of the relationship to under-
stand the meaning of the relationship between two 
concepts. The direction of an arrow indicates the di-
rection in  which the relationship should be read and 
understood. Below we introduce the conceptual 
model through diagrams representing conceptual 
sub-models, where the concepts and relations be-
tween them are explained in text. Here the names of 
concepts and the  relationships between them are 
written in italics. 

The process description conceptual sub-model is 
the first sub-model, shown in Figure 1. Process is 
a core concept of RSPMA. Each process is grouped 
into a process module, where each process module 
belongs to (is assigned to) a particular area of agri-
culture. The grouping of processes is only one view 
serving to explain the need to use modules and mod-
ularity in RSPMA. Another view results from the 
fact that agriculture encompasses several areas: live-
stock breeding, fruit growing, wine making, etc. 
Some process modules are divided into process sub-
modules, because some areas of agriculture contain 
several sub-areas; for example, livestock breeding 
contains cattle breeding, pig breeding, sheep breed-
ing, etc. Domain is a concept that represents the mis-
sion of the process module assigned to a domain and 
the hierarchical level: governance level, management 
level and implementation level. Each process module 
is assigned to one of three domain.  
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Fig. 1. Process description conceptual sub-mode
 
 
It is not the aim of RSPMA to prevail over any ex-

isting standard or source of knowledge for agricul-
ture: textbook, scientific journal, digital library, 
standard, etc. RSPMA is defined and structured to 
have its own content as reference model, but also to 
be open, facilitating reference to any existing source 
of knowledge. In the conceptual model, this is shown 
as follows: process or process activity is additionally 
explained or described by a source of knowledge. 

The process risks, contribution, and efficiency 
conceptual sub-model is the second sub-model, 
shown in Figure 2. The contribution of a process to 
the overall outcome of a farm is reflected in general 
agricultural economic goals and process goals. Each 
process contributes to one or more general agricul-
tural economic goals. A general agricultural economic 
goal is a set of economic goals relevant for agriculture 
and is defined at the level of RSPMA. More than one 
process can contribute to a particular general agricul-
tural economic goal. Each process also contributes to 
one or more general goals defined by the area of agri-
culture. General goals defined by the area of agricul-
ture is a set of goals defined at RSPMA level. Each 
process also has various additional goals defined to 
further describe and explain the process. Process effi-
ciency is covered by the following concepts: key per-
formance indicator, process metrics and benefit cate-
gory. Each process additionally has various key 
performance indicators (KPIs) defined, and each KPI 
is additionally explained or described by a source of 

knowledge. The efficiency of  achieving process goals 
is measured by process metrics.  

Inefficient risk management can significantly 
lower the income of a farm, and for that reason risk 
management is an important issue [21, 22]. Conse-
quently, RSPMA also includes concepts to cover risk 
management and risk assessment. General risk is a set 
of risks relevant for agriculture and is defined at 
RSPMA level. Each process has various general risks 
identified. Further, each process has various specific 
process risks defined. 

3.2. Target groups for RSPMA 
 
RSPMA is designed to be used by several target 
groups. The first target group consists of product 
managers in software companies developing soft-
ware products and IoT systems for precision agricul-
ture. Each process in RSPMA is described by the fol-
lowing components: process goals, process metrics, 
KPIs (Key Performance Indicators), process activi-
ties, links/relations to standards and other sources 
of  knowledge. RSPMA can therefore be a reference 
model for product managers in defining the func-
tionalities of their products [13, 14]. The second tar-
get group is managers and owners of larger farms. 
We are aware that through the further development 
of  RSPMA the list of components will be extended, 
based on further steps of our research on RSPMA, 
which will be introduced later in the paper.  
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Fig. 2. Process risks, contribution, and efficiency conceptual sub-model 
 
 

We believe that any standard process model should 
be tailored to larger institutions (organisations in gen-
eral). Smaller institutions should then use it to  the ex-
tent that they believe is suitable for them. This is consid-
ered in the design of RSPMA. The above-mentioned 
process components can help managers and owners to 
set goals, conduct monitoring and manage risks. The 
third target group is consultants for agriculture, who will 
be able to use RSPMA as  a  knowledge base and a refer-
ence for their work.  
 
3.3. RSPMA domains, process modules  
and processes 
 
There are three domains defined in RSPMA, each also 
having a code assigned: Govern and Monitor (GM), 
Plan and Manage (PM) and Implement and Execute 
(IE). Each domain has at least one process module as-
signed, but in some cases a process module can en-
compass a hierarchy of process sub-modules. Process 
modules and modularity are a necessity for RSPMA 
because agriculture is a large complex area which en-
compasses several sub-areas. Therefore, such a model 

can only be built step-by-step, where in each step 
a single process module representing a particular area 
of agriculture is added. For now, only process mod-
ules for the Livestock agricultural area (with code LS) 
have been defined for the PM and IE domains. 

Each domain has a process module called a Com-
mon module with the code CM. The purpose of this 
process module is to cover processes that are com-
mon to all areas of agriculture and must be per-
formed on any farm, regardless of the areas of agri-
culture in  which the farm operates. The GM domain 
represents the governance level and has only the 
Common module. On the other hand, PM and IE 
domains have Common module and process mod-
ules for different areas of agriculture. The naming 
convention for processes is as follows. First, each 
process has its own unique code, which is a concate-
nation of the domain code, parent’s process module 
codes, and process module code (e.g. IE.LS.CB – 
Cattle Breeding). Second, processes are named using 
imperative phrases that reflect the mission of a pro-
cess, for example: ensure risk governance, manage 
suppliers, etc. 
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Figure 3 shows the relationships between domains, 
the hierarchy of process modules, and some processes. 
The GM domain’s common module has 9 processes de-
fined; some of them are: GM.02 – Ensure profitability, 
GM.03 – Ensure risk governance, GM.04 – Ensure ma-
chinery and equipment governance, GM.05 – Ensure 
IT and innovation governance, GM.06 – Ensure com-
pliance with legislation, GM.07 – Enable external and 
internal control. The common module of the PM do-
main has 28 processes defined, among others: 
PM.CM.02 – Manage budget and costs, PM.CM.03 – 
Manage financials, PM.CM.04 – Manage risks, 
PM.CM.07 – Manage products sales, PM.CM.12 – 
Manage energy consumption, PM.CM.14 – Manage 
agricultural machinery, PM.CM.17 – Manage infor-
mation system, PM.CM.22 – Manage changes based 
on legislation demands. The figure also shows some 
processes for the implement and execute domain.  

As we can see, some plan and manage processes 
have an equivalent process (a subordinate process, 
in  a way) in the implement and execute domain. 

In  general, each plan and manage process has one 
or  more equivalent (subordinate) processes. 

We followed the top-down division into govern-
ance, management and implementation, where each 
of  them is represented by a domain. There are top-
down and bottom-up relations between processes on 
adjacent levels. Top-down and bottom-up relations 
between processes represent a vertical type of relation. 
When viewing relations between processes in a  top-
down direction, a process on a higher level directs one 
or more processes on a lower level. On the other hand, 
when viewing relations between processes in a bottom-
up direction, a process on a lower level contributes to 
one or more processes on a higher level.  

Figure 4 shows an example of relations between 
selected processes from all three domains. Because an 
information system is a tool needed for every process, 
it is not surprising that the relations are quite exten-
sive. As we can see there are also supports/enables re-
lations between processes, that is, relations that are 
not based on hierarchy. 

 
 

Fig. 3. Relationships between domains and the hierarchy of process modules
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Fig. 4. Relations between selected processes
 
 

 

4. The evolution of RSPMA – Further development 
of RSPMA 
 
After creating the first version of RSPMA we de-
cided to evaluate it and assess its potential imple-
mentation in agriculture. As in the first version 
RSPMA is only defined on a conceptual level, we 
were quite limited in terms of the approach to be 
used. We selected the Delphi technique, which is 
used to elicit and refinegroup judgements on a par-
ticular problem or topic to reach a consensus among 
experts through a Delphi consensus process [23, 24]. 
In the first round of the Delphi consensus process we 
used open-ended questions to solicit the opinions of 
panellists. In the second round, through meetings, 
the panellists reached the consensus that RSPMA 
has the potential for implementation and further de-
velopment in agriculture.  
 
4.1. Analysis of the current state 
 
Research on RSPMA has reached the point where we 
have the first version evaluated by experts using the 
Delphi technique. We know that there is space and po-
tential for changes and improvements. For now, only 
a process module for livestock is covered by RSPMA, 
and as modules are added the need for an update of 
the process structure might emerge, and maybe also 
an update of the concepts of RSPMA. We are aware 
that RSPMA can only be properly developed further 

through a large-scale international project involving 
several teams of experts from different areas of  agri-
culture. The development of COBIT, for example, has 
now been ongoing for about 20 years; it  shows that 
such reference standard process models constantly 
evolve based on the coordinated work of  different ex-
pert groups and that changes are based on observa-
tions and experience of the use in practice. 

The presentation of processes as process work-
flows is always an issue in standard process models. 
COBIT, for example, does not include process work-
flows. Discussion with panel members about this is-
sue indicated that process workflows might only con-
fuse farm managers and that in many cases it would 
be very difficult to reach consensus on workflows. 
A group working on the framework for the govern-
ance of healthcare, for example, came to  the same 
conclusion (based on discussions with various experts 
and managers) and the framework thus does not in-
clude process workflows [12]. We believe that existing 
RSPMA process description attributes (goals, activi-
ties, metrics, etc.) are sufficient. 

A website would no doubt be an appropriate tool 
to promote RSPMA and its use. The website should 
be well structured, and have good search features 
and an effective user interface. It would also include 
links to other sources, since RSPMA is not considered 
to prevail over other standards and sources of 
knowledge in agriculture, but to provide structured 
access to them. We are also aware that it is essential 

Ensure profitability
(GM.EP)

Manage budget and 
costs

(PM.CM.BC)

Manage financials
(PM.CM.FI)

Manage product 
sales

(PM.CM.PS)

Manage animal sales
(PM.LS.AS)

Perform animal sales
(IE.LS.AS)

Manage information 
system

(PM.CM.IS)

Supports, enables

Supports, enables

Supports, enables

Supports, enables

Supports, enables



Antimicrobial efficiency of novel active packaging based on iron nanoparticles biosynthesized by oregano leaves extract 
 

Journal of Research and Applications in Agricultural Engineering 69 (1) 2024 55 
 

for the governance and administration of  RSPMA 
not to be co-financed by businesses, so  that it re-
mains independent and is not influenced by the inter-
ests of sponsoring companies. 
 
4.2. Conclusion and further steps 
 
Our research on RSPMA is now at a crossroads, 
where the next steps are being planned. Experience 
of communicating with experts has shown us that, 
despite their expertise, it requires some effort and 
time to explain the mission and the meaning of 
RSPMA if  the structure is defined only on a concep-
tual level. For that reason, the first step will be the 
selection of  10 to 15 processes and provision of con-
tent for process description components: process 
goals, process metrics, KPIs (Key Performance Indi-
cators), process activities, and links/relations to 
standards and other sources of knowledge. We ex-
pect potentially to  identify additional process de-
scription components while providing content. The 
second step will be organising two or three work-
shops with farm managers and product managers 
from software companies which offer software prod-
ucts for agriculture. The aim of the workshops will 
be to obtain feedback through presentations and dis-
cussions. In the course of the workshops, we will also 
make a decision regarding the transition of RSPMA 
from a process orientation to an objective orienta-
tion. This is because the survey and other communi-
cation regarding RSPMA have shown that people 
believe each RSPMA process to be an entirely new 
process which did not exist in  agriculture before. 
This is not the case, of course: RSPMA processes 
merely represent a standardised view of activities 
taking place on farms. On the other hand, an objec-
tive orientation does not suggest the introduction 

of entirely new processes, due to the difference 
in wording: the change from a process called Man-
age Risks to an objective called Managed Risks. We 
will, as mentioned, discuss this with workshop par-
ticipants. Based on analysis of the outcome of the 
workshops, we will decide whether another Delphi 
discussion process is needed. 

Another direction for further research is the in-
troduction of a government level, as shown in Fig-
ure 5. The use of RSPMA in practice would in our 
opinion lead to RSPMA compliant software prod-
ucts for agriculture. RSPMA compliance of a soft-
ware product means that the product contains and 
manages its data according to metrics and KPIs. 
This means that farms could electronically transfer 
carefully chosen data to  the government. The col-
lected data would in this case facilitate the for-
mation of policies for agriculture and the determi-
nation of content for tenders. This triggers the idea 
for the government level and Policy Planning do-
main, which are added to the levels discussed so far 
and presented in Figure 3. It is an open question 
whether or not the government level should be 
a part of RSPMA. In any case, for farms, the levels 
discussed so far are essential.  

We also plan to design and implement a proto-
type of  a website for the use of RSPMA. 

Finally, we will begin forming a consortium of 
partners to work on a project proposal for a large-
scale EU-funded project. The project will have three 
high-level goals. First, process modules and processes 
for various areas of agriculture will be defined and 
provided with extensive content. Second, a website 
for the use of RSPMA will be developed. The third 
goal is the dissemination of information and promo-
tion of the use of RSPMA. 

 
 

 
 

 
 
 
 
 
 
 
 
 

Fig. 5. The introduction of the Government level to RSPMA 
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