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Abstract

This research focused on the use of multi-criteria decision-making
(MCDM) methods in fruit production, which requires the evaluation of
numerous economic, biological, and technological factors. The
complexity of decision-making in fruit production stems from the need
to assess both quantitative and qualitative criteria. To address this, we
applied the IMF SWARA method and the Fuzzy Bonferroni operator to
determine the weight coefficients of key criteria. The research was
conducted in multiple stages, utilizing a combination of different
methods. In the first stage, the research team identified 11 criteria to be
evaluated by various experts. In the second stage, a survey was
developed, and 17 experts in the field of fruit production assessed the
weight of the parameters. Finally, the determination of the criteria
weights, using the IMF SWARA method and the Fuzzy Bonferroni
operator, was based on the previous evaluation provided by four
experts who identified themselves as belonging to the group of
"University Professors"”. Out of a total of eleven criteria, two (C4 and C7)
were identified as the most important.
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1. Introduction

Competitiveness in fruit production depends on a range of factors, including
economic, biological, technological, meteorological, and others. Achieving
favourable economic results requires management and decision-making processes
that acknowledge the existence of multiple factors and criteria, as well as the use of
generally accepted methods of multi-criteria decision-making. On the other hand,
research activities in fruit production and breeding involve the use of a larger
number of criteria (attributes), some of which are quantitative while others are
qualitative in nature. The existence of numerous criteria (attributes) and goals, both
in production practice and in research activities, necessitates their systematization
and the use of appropriate methods of multi-criteria analysis. This approach
contributes to reducing subjectivity during decision-making (ranking), ultimately
having a positive effect on the objectivity of the outcome of the given process. In
recent years, a number of publications have been released in the scientific literature
that deal with the practical application of multi-criteria decision-making methods in
various fields of agriculture, including fruit production (Rozman et al.,, 2017; Vico et
al,, 2017; Bodiroga et al., 2022).

The wide range of application areas for multi-criteria analysis models has led
to the rapid development of methods in this field. Consequently, we now have at our
disposal a powerful set of methods capable of successfully solving most real-world
MCDM problems. A review of numerous literature sources (Polatidis et al., 2006;
Velasquez & Hester, 2013) has established that multi-criteria analysis methods can
be divided into:

Multiple Attribute Decision Making (MADM) is characterized by the need to
select the most acceptable alternative from a set of alternatives presented based on
defined criteria. The common way of representing MADM problems is in matrix
form (performance matrix or decision matrix).

Multiple Objective Decision Making (MODM) is explicitly defined by the
analytical form of each criterion individually. A characteristic of MODM is that,
through certain mathematical analyses, a set of multiple objective functions is
transformed into a single-criterion decision-making problem. This is then solved
using the standard method of single-criterion linear programming, most commonly
the simplex procedure.

Regardless of the applied technique, the procedure will consist of the
following phases: Defining the problem and certain key parameters; Determining
the decision criteria - the model creation phase; Formulating functional
relationships between the established criteria; Generating alternatives - the model
solving phase, and Selecting an action in accordance with the established criteria -
the solution implementation phase.

The aim of this research is to show the method of determining the weighting
coefficients of criteria using the IMF SWARA method and Fuzzy Bonferroni operator.
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2. Methods

The research was conducted in multiple stages, utilizing a combination of
different methods. In the first stage, the research team identified 11 criteria to be
evaluated by various experts. In the second stage, a survey was developed, and 17
experts in the field of fruit production assessed the weight of the parameters. Finally,
in the third stage, the individual criterion weights were determined based on the
evaluations of four experts from the group categorized as "University Professors."

2.1. IMF SWARA method

The IMF SWARA method was proposed by Vrtagi¢ et al. (2021) and it contains
the steps given below (Moslem et al. 2023):
Step 1: Put the criteria in descending order according to their expected importance.
Step 2: Identify a relatively lower importance of the criterion (criterion Cj) in

relation to the previous one (Cj-1), and repeat it for each subsequent criterion. )
represents the comparative importance of an average value.

3.
Step 3: Define the fuzzy coefficient I
— j=1
Ji=9— -
lpjer j>1
N
Step 4: Define the obtained weights :
1 j=1
Nj =18,
U j>1
3.

j
J represents the fuzzy coefficient given in the previous step.
Step 5: Compute the fuzzy weight coefficients:

Nj

i~™n .
DN
=

=

J

where the fuzzy relative weight of the criteria j is denoted by ° , and the number

of criteria is denoted by n.

2.2 Fuzzy Bonferroni operator

For averaging criteria weighs obtained by four decision-makers, a fuzzy
Bonferroni aggregator was used (Ashraf et al. 2022; Nedeljkovi¢ et al. 2021).
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where e is the number of experts participating in the research, and p, ¢ = 0 are a set
of non-negative numbers.

3. Results and discussion

3.1 Expert evaluation of criteria

The implementation of methods for determining weight coefficients was
carried out on 11 selected criteria for ranking combinations of plum
cultivars/rootstocks that are important in biotechnical research processes. Given
that the selection of a combination of cultivars/rootstocks in fruit production is an
extremely demanding process that includes various aspects, the following criteria
are included: C1 - the number of flower buds per 1 m of fruiting twig (number/m);
C2 - the number of flower buds per 1 m of 2-year old twig (number/m); C3 -
germination of pollen (%); C4 final fruit set (%); C5 - trunk cross-sectional area (tree
vigor, cm?); C6 - Cumulative yield efficiency (kg/cm?); C7 - Fruit weight (g); C8 -
Flesh ratio (%); C9 Soluble solids (%); C10 - Total phenolic content in skin of fruit
(mg GAE g1 FW); C11 - radical-scavenging activity (umol TE g1 FW).

According to many authors (Nenadovié-Mratinic et al, 2007; Thurzd et al.,
2008; Milatovic et al., 2014), the density of flower buds is an important parameter
which indicates the potential yield of cultivars. The density of flower buds is
important for determination of the intensity of pruning, because the cultivars with
higher number of flower buds require heavy pruning, while the cultivars with less
number of flower buds require light pruning (Milatovi¢ & Purovi¢, 2010).

The correct choice of the appropriate main cultivar in the orchard, as well as
the selection of the appropriate pollinator, is one of the basic conditions for
successful and profitable production of fruit trees. Pollination and fertilization are
essential for adequate fruit set in plums. The functional ability of pollen, i.e. its
germination and the growth of the pollen tube condition the processes of
fertilization and fruit set.

Fruit set is one of the most significant indicators of fruit trees productivity
(GliSi¢ et al, 2012; Nikoli¢ et al, 2012). Trunk cross-sectional area (TCSA) is
considered as the most important indicator of tree vigor. Using of dwarf or semi-
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dwarf rootstocks enables an increase of the number of trees and higher yield per
unit area (Kosina et al., 2000). One of the most important pomological properties of
cultivar is fruit weight. Fruit weight is a characteristic that is inherited quantitatively
and which determines yield, fruit quality and consumer acceptability (Crisosto et al.,
2004).

According to many authors, the key parameters that determine the quality
and the acceptance of the fruit by consumers are the content of soluble solids and
total acids, as well as ration between them. (Crisosto et al., 2004). Phenolic
compounds are biologically active substances having antioxidant properties and
positive effects on human health (Walkowiak-Tomczak, 2008). The skin contains
about five times more phenolic substances than the flesh (Stacewicz-Sapuntzakis et
al,, 2001). Antioxidant activity of plum fruits is higher in comparison to other pome
and stone fruits, with the exception of sour cherries. In relation to the apple it is two
to four times higher (Kim et al., 2003; Cho et al,, 2007). The antioxidant activity
values are significantly higher in the skin than in the flesh of the fruits, which can be
explained by the higher content of total phenolic compounds and anthocyanins
(Stacewicz-Sapuntzakis et al., 2001). Preliminary results are related to four of 17
experts involved in project research who are university professors. Their
assessment of the criteria is shown in Table 1.

Table 1. Evaluation of criteria by four experts

El £ j E2 £ i E3 £ i E4 £ i
3 C4 c7 3

c4 (0,0,0) s (0,0,0) 8 (0,0,0) c4 (0,0,0)
c7 (0,0,0) 6 (0,0,0) €9  (0.222,0250.286) €2  (0.222,0.25,0.286)
€1 (0.222,0250.286) C7 (0,0,0) C10 (0,0,0) €1 (0.222,0.25,0.286)
c2 (0,0,0) c9 (0,0,0) c11 (0,0,0) 6 (0,0,0)
6 (0,0,0) Cl  (0.222,0.250286) Cl1  (0.222,0.250286) C5  (0.222,0.25,0.286)
c8 (0,0,0) C2 (0,0,0) C2 (0,0,0) c7 (0,0,0)
C5  (0.250.286,0.333) C8  (0.222,0.25,0.286)  C4 (0,0,0) c8 (0,0,0)
C9 (0,0,0) €3 (0.222,0.250286) C3  (0.222,0.250.286) (9 (0,0,0)
C10 (0,0,0) C10  (0.25,0.286,0.333)  C5 (0,0,0) C10 (0,0,0)
c11 (0,0,0) c11 (0,0,0) Ccé (0,0,0) c11 (0,0,0)

3.2 Determining Criteria Weights

After applying all steps of IMF SWARA method and fuzzy Bonferroni operator
preliminary weights have been obtained as follows:

V\__11= (0.083,0.089,0.095), , =(0.089,0.095,0.101)

—(0.087,0.093,0.099), w, =(0.108,0.113,0.118)

—(0.074,0.080,0.087), wg = (0.085,0.090,0.096)

=(0.103,0.107,0.112), wg =(0.085,0.091,0.097)

=(0.084,0.090,0.096), W, = (0.065,0.072,0.079)
w; = (0.065,0.072,0.079)
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Obtained results show that criteria C4 and C7 represent the most important criteria
with crisp values of 0.113, and 0.107 respectively, while C10 and C11 represent
criteria that have less significance with equal value of 0.072.

4. Conclusions

This paper presents the results of research that are part of the project Multi-
Criteria Decision-Making in Fruit Production. Preliminary findings indicate that
MCDM methods can be used to address various problems in agriculture and fruit
production. Based on the previous survey and independent evaluation of criteria by
experts, combined with different mathematical methods, it is possible to obtain the
weighting coefficients for selected criteria. In our research, out of a total of eleven
criteria, two (C4 and C7) were identified as the most important. After determining
the criteria weights, an MCDM method is applied in the next phase, leading to the
final ranking of alternatives—in this specific case, combinations of
cultivar/rootstock.

For broader application of MCDM methods in solving multi-criteria problems
in agriculture, it is necessary to inform researchers and practitioners about the
potential of these methods. Since MCDM methods are not well-known among
experts in agriculture, there is a need to develop a more "user-friendly" approach. A
potential solution could be the creation of specific applications with a simple
interface designed for a wider range of users.
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