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Abstract
Raising an orchard is a long-term investment and it is necessary to plan for all possibilities. The choice of the system
of planting, tree distance, selection of varieties and planting materials must be carefully considered to ensure maximum
production. Selection of the appropriate varieties of fruit is the most important problem fruit growers are faced with.
Planting the wrong varieties entails long-term negative consequences. This paper deals with the way in which the model
of decision-making can be used to facilitate decision-making. A hybrid decision-making model based on the method of
multi-criteria analysis and group decision-making was created. By using a fuzzy approach and expert evaluation on the
apples, the ranking of individual apple varieties was performed. Out of the total number of apple varieties, six varieties that
are the most famous in the world were selected for this paper. These are also the varieties that are the most planted ones.
The results of this study showed that the ‘Jonagold’ variety has the best results, while the ‘Gala’ variety showed the worst
results. The application of the decision-making model provides guidelines for improving the decision-making process in
orchards. The model can be used with the necessary corrections in other branches of orchards and serve orchardists to
improve production.
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Introduction

Apples that belong to the rose family (Rosaceae) are the
most produced in the world (Ntakyo et al. 2013). There are
more than 7500 varieties of apples in the world, such as:
‘Red Delicious’, ‘Golden Delicious’, ‘Fuji’ and ‘Jonagold’,
which are the most famous among them (Wu et al. 2016).
Apple is a fruit from which, with various technological pro-
cesses, one can get a wide variety of products such as jam,
sweets, alcoholic drinks, vinegar and others. When select-
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ing varieties of apples for raising orchards, it is necessary to
examine all the aspects of investment and make decision to
select a variety that best meets the goals of set investment
(Maksimović et al. 2017). According to the same authors
(2017), it is necessary to respect all the criteria of modern
orchards such as economic, technological, and ecological
criteria. Rozman et al. (2017) considered that the choice
of varieties as one of the most important decisions when
investing in new orchards. Considering a number of differ-
ent criteria (economic, technical, and ecological), the de-
cision-maker applies the appropriate method on the choice
of varieties and eventually decides on several different al-
ternatives (varieties). It is necessary to emphasize that each
decision is based on a compromise solution, and that no so-
lution satisfies all the goals set in the model. In the situation
where a decision is made between several set alternatives
and where they are evaluated by different criteria, multi-
criteria analysis (MCDA) methods are used. The MCDA
methods need to be adapted to the qualitative nature of the
data.

In previous studies related to agriculture and agribusi-
ness, the Analytical Hierarchical Process (AHP) method
was used. Agha et al. (2012) used the AHP method when
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selecting crops required for planting, while Montazar and
Gaffari (2011) used this method to select crops for irriga-
tion systems. Rozman et al. (2015) used the AHP method
to evaluate 13 apple varieties for new orchard. In addi-
tion, apart from using the AHP method, some authors used
other methods or combinations of several methods. Zen-
geneh et al. (2015) used the Delphi, TOPSIS, and Fuzzy
AHP method to make a choice of locating agricultural ser-
vice centers. Using the fuzzy TOPSIS method and entropy,
Sudha and Jeba (2015) have evaluated five different crops
aiming at obtaining better and more accurate results that
would be used by the decision-maker. The DEX method
of multi-criteria decision-making has also found its appli-
cation in the fruit varieties selection when raising new or-
chards (Rozman et al. 2017; Maksimović et al. 2017).

The aim of this paper is to choose the most suitable apple
variety and also to decide which is the first choice for raising
new orchards in Bosnia and Herzegovina (BiH) by applying
the MCDAmethod. The climatic specifics prevailing in BiH
were considered, and the expert assessment of individual
varieties was used. People familiar with apple variety usage
and with decades of experience in apple production in BiH
were taken as experts.

Using expert decision-making, each apple variety had
to be evaluated according to five main criteria that were
previously set. In addition to the practical importance that
model brings form of guidelines for building a new orchard
according to modern market requirements. The importance
is reflected in the possibilities of applying the new deci-
sion-making model based on the methods of MCDA. The
model application is based on three methods of multi-crite-
ria analysis: FUCOM (Full Consistency Method), a method
used to find the importance of main criteria, CRITIC (Crite-
ria Importance Through Intercriteria Correlation), a method
used to find importance of sub-criteria and fuzzy WASPAS
method (Weighted Aggregated Sum Product Assessment),
used to rank the selected fruit varieties and find the ranking

Fig. 1 Decision model
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using expert ratings. These methods form a hybrid decision
model which was used in this paper.

ResearchMethodology

The methodology used in this paper consisted of three
phases, which are presented in Table 1:

� Phase 1. Initial phases and data collection
� Phase 2. Determining the weight criteria through FUCOM

and CRITIC methods
� Phase 3. Calculation of ranking results and conducting

sensitivity analysis using the fuzzy WASPAS method

The first phase and data collection consisted of seven
steps. The first one was the definition of decision-making
problem, in this case selection of the apple variety for a new
orchard. Based on the decision problem, the research aim
was formed. The problem of decision-making required sub-
jective evaluation by experts, thus it was necessary to form
a group of them. The selected experts are seven professors
from the Department of Fruit Growing at the Universities
of Novi Sad (Serbia), Niš (Serbia), and Bijeljina (BiH). The
experts have years of experience and extensive knowledge
of the fruit and apple varieties used in areas of BiH, Croatia
and Serbia. After the experts had been selected, they chose
the apple varieties that are mostly grown in these areas,
to represent alternatives in this paper. Then, in cooperation
with experts, the criteria were selected according to which
these alternatives were ranked. Based on the selected crite-
ria and alternatives, a decision-making model was formed
(Fig. 1).

Based on the created model, a questionnaire consisting
of two parts was formed. The first part of the questionnaire
consisted of sub-criteria on which experts had to evaluate
apple varieties through linguistic values. The second part of
the questionnaire consisted of determining the importance
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Table 1 Research methodology Phase 1. The initial phase
and data collection

Defining the problem and the aim of the research

Forming an expert group

Defining alternatives and criteria

Forming models and questionnaires

Data collection from experts

Evaluation and input of the collected data

Forming an initial decision matrix
Phase 2. Determining the
weight of the criteria
using the FUCOM and
CRITIC methods

Ranking and comparison of criteria in a pair of main criteria

Defining the constraints of a nonlinear model

Calculating the values of the main criteria

Dephasing and normalization of the initial decision matrix

Calculating the values of standard deviation and correlation

Implementation of the CRITIC method procedure

Calculating the weight of sub-criteria
Phase 3. Calculating the
results and conducting
sensitivity analysis using
the fuzzy WASPAS
method

Normalization of the initial decision matrix

Complicating the normalized decision matrix

Determination of total relative significance by WSM and WPM methods

Determining the cumulative criterion of optimality and ranking alternatives

Scenario formation and sub-criteria weight

Calculate the ranking order alternative for each scenario

Discussion on the obtained results

of the main criteria. Based on the completed questionnaires,
the data were evaluated and imported into the decision-
making model. Then, the initial decision matrix was formed
as the first step in the implementation of MCDA methods.
Ranking alternatives in this decision-making model is prior
to the determination of criteria weights.

Determining the weight of the criteria is the second phase
of the research consisting of seven steps. The first three
steps are related to the FUCOM method and the calculation
of the weight of the main criteria, the other four steps are
related to the CRITIC method and the calculation of the
weight of the sub-criteria. In order to determine the main
weight of the criteria, the experts filled in the second part
of the questionnaire. First, they determined the rank of the
main criteria according to the importance they have for each
expert. They then compared these criteria in pairs and deter-
mined the value of the significance of the criteria in relation
to the most important criterion. After that, the constraints of
the nonlinear model were calculated, and the weights of the
main criteria were formed. The weights of the sub-criteria
were calculated based on the initial decision matrix. First,
the initial decision matrix was defuzzified and normalized.
Then the values of standard deviation and correlation were
calculated, steps of the CRITIC method were used and the
value of the weights of the sub-criteria was formed. Since
the weights for the main criteria and sub-criteria have been
calculated, it was necessary to rank the model alternatives.

Calculating the results and conducting sensitivity analy-
ses consisted of seven steps. The first step was the normal-

ization of the initial decision matrix, which was followed by
the aggravation of the decision matrix. Then, relative sig-
nificance according to the WSM and WPM methods was
used, as well as determining the cumulative optimality cri-
terion and determining the ranking of alternatives. Once the
ranking order of alternatives was formed, it was necessary
to determine the scenarios and the weights of their sub-
criteria. Then, the ranking of alternatives for each scenario
was calculated and the obtained results were discussed.

FUCOMMethod

The FUCOM method represents a new model for deter-
mining the criteria weight in the MCDM environment. It is
based on comparing the criteria in pairs and confirming the
results by deviating from the maximum consistency, devel-
oped by Pamučar et al. (2018). The FUCOM method vali-
dates the model by calculating the error size for the obtained
weight vectors and determining the degree of consistency
(Ibrahimović et al. 2019). There are some advantages to the
FUCOM method compared to other methods such as: fewer
comparisons in a pair of criteria, the ability to evaluate the
results by defining deviations from the maximum consis-
tency and respect for consistency when comparing criteria
in a pair. FUCOM provides the ability to performmodel val-
idation by calculating the error size for the obtained weight
vectors and by determining the degree of consistency. The
application of this method reduces subjectivity in the de-
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cision-making process, since in some methods the weight
coefficients influence the final solutions.

The implementation of the FUCOM method was per-
formed using the following steps (Pamučar et al. 2018):

� Step 1. Ranking of criteria/sub-criteria using expert eval-
uation

� Step 2. Determining the vector of comparative signifi-
cance of the evaluation criteria

� Step 3. Defining the constraints of a nonlinear optimiza-
tion model. The values of weight coefficients should sat-
isfy two conditions:
– Condition 1. The ratio of weight coefficients is equal

to the comparative significance between the observed,
i.e. the condition is met when: wk=wk+1 = 'k=.k+1/

– Condition 2. The final values of the weighting coef-
ficients should satisfy the condition of mathematical
transitivity, i.e. that 'k=.k+1/ ˝ '.k+1/=.k+2/ = 'k=.k+2/

� Step 4. Defining the model for determining the final val-
ues of the weighting coefficients of the evaluation criteria
respecting the following conditions:

min�

s:t:
ˇ
ˇ
ˇ

wj.k/

wj.k+1/
–'k=.k+1/

ˇ
ˇ
ˇ � �,8j

ˇ
ˇ
ˇ

wj.k/

wj.k+2/
–'k=.k+1/ ˝ '.k+1/=.k+2/

ˇ
ˇ
ˇ � �,8j

nX

j=1

wj = 1,

wj � 0,8j

(1)

� Step 5. Solving the model and obtaining the final values
of the evaluation of the criteria/sub-criteria .w1,w2,:::,wn/T

CRITIC Method

In decision-making problems, criteria as a source of infor-
mation have weight that reflects the amount of information
contained in each one of them (Zavadskas et al. 2019). To
determine the weight of the criteria, different methods, di-
vided into subjective and objective, were used. The CRITIC
method is one of the objective methods for determining
the criteria weight. It was developed by Diakoulaki et al.
(1995) and was used to determine objective values of cri-
terion weights that include the intensity of contrast and the
conflict contained in the structure of the decision problem
(Puška et al. 2018a). To determine the contrast of the cri-
teria, the standard deviations of the standardized criterion
values of the variants per column were used, as well as the
correlation coefficients of all pairs of columns. The steps in
implementing the CRITIC method are as follows:

� Step 1. Defuzzification of initial decision matrix. Before
the other steps of the CRITIC method are performed,
fuzzy numbers should be converted to numerical values
(Kiani Mavi et al. 2016). Defuzzification is performed
using the following expression:

P .em/ =
1

6
.m1 + 4xm2 + m3/ (2)

where m1 is the first value of fuzzy number, m2 the sec-
ond value of fuzzy number and m3 the third value of fuzzy
number.

� Step 2. Normalize the defuzzified initial decision matrix
by using the following expressions:

For criteria that need to be maximized:

rij =
xij − x��

r

x�
j − x��

j

(3)

For criteria that need to be minimized:

rij = 1 −
xij − x��

r

x�
j − x��

j

(4)

where x*j—the maximum value of the feature for a given
criterion, x**j—the minimum value of the feature for
a given criterion.

� Step 3. Calculate the values of the standard deviation and
the symmetric linear correlation matrix of all pairs per
column.

� Step 4. Determine the amount of information using the
following expression:

Cj = �j

mX

k=1

�

1 − rjk

�

j = 1; m (5)

where σj is a standard deviation criterion and rjk correlation
coefficient for the criteria.

� Step 5. Calculation of the final value using the following
expression:

wj =
Cj

mX

j=1

Cj

(6)

The CRITIC method assigns more weight to a criterion
that has a higher standard deviation value and that has little
to do with other criteria (Zavadskas et al. 2019). Based
on this, it can be said that in order for the value of the
criteria weight to be higher, it is necessary that the values
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of alternatives by criteria are different and deviate from the
values of other criteria.

FuzzyWASPASMethod

The WASPAS method was developed by Zavadskas et al.
(2012). This method is derived from two methods: the
Weighted Sum Model (WSM) and the Weighted Product
Model (WPM). The result of the alternative by this method
is the sum of the attribute values. The WPM method is
designed to avoid alternatives with poor values. The result
for each alternative was obtained as a product of the scale
assessment of each attribute to strength equal to the impor-
tance of the weight of the attribute (Turskis et al. 2015).
The application of the fuzzy WASPAS method is done by
following these steps.

� Step 1. Forming an initial fuzzy decision matrix
� Step 2. Normalization of the initial decision matrix. It is

performed using the following expressions. For criteria
to be maximized:

rij =
xij

maxi xij

(7)

For criteria that need to be minimized:

rij =
mini xij

xij

(8)

� Step 3. Complicating the normalized decision matrix.
The aggravation is done using the following expression:

vij = wjxrij (9)

� Step 4. Calculating the value of the optimality function:
� a) Calculating the value of the WSM method for each

alternative using the following expression:

Qi =
nX

j=1

xij (10)

Table 2 Defining the main criteria of research

Criteria Definition

Fruit Fruit is the seed-bearing structure formed from the ovary after flowering

Tree Tree is a perennial plant with an elongated stem, or trunk, supporting branches and leaves

Transport and storage The process of fruit transport from producer to customer including the processes of sorting, packaging, and
storage of fruit

Economic criteria It represents an overview of the market and the possibility of selling certain apple varieties

Raising and maintaining orchards It includes activities related to planting fruit, development, and maintenance of orchards

� b) Calculating the value of the WPM method for each
alternative using the following expression:

Pi =
nY

j=1

xij (11)

� Step 5. Defuzzification of WSM and WPM method val-
ues. Dephasing of values is performed using the follow-
ing expressions:

Q .em/ =
1

3
.Q1 + Q2 + Q3/ (12)

P .em/ =
1

3
.P1 + P2 + P3/ (13)

where Q1 is the first value of the fuzzy number, Q2 is the
second value of the fuzzy number, and Q3 is the third value
of the fuzzy number. The same applies for P values.

� Step 6. Determining the final values of the alternatives
using the following expression:

Ki = �

mX

j=1

Qi + .1–�/

mX

j=1

Pi (14)

The highest value of alternatives indicates the best
ranked alternative, while the lowest value reflects the worst
ranked alternative.

Case Study

This research shows the way in which the selection of apple
varieties for raising a new orchard can be made. In addition,
this research offers the integration of FUCOM, CRITIC and
WASPAS methods in a fuzzy environment. During the re-
search, professors from Fruit-growing department from the
Universities of Novi Sad, Niš and Bijeljina were contacted.
Seven professors completed a two-part questionnaire. Based
on the defined criteria, the experts were to evaluate the apple
varieties: ‘Golden Delicious’ (A1), ‘Jonagold’ (A2), ‘Gala’
(A3), ‘Idared’ (A4), ‘Granny Smith’ (A5) and ‘Top Red’
(A6). The reason why these varieties were chosen should
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Table 3 Fuzzy number membership function (Shen et al. 2013)

Linguistic values Fuzzy numbers

Very bad (VB) (0,0,1)

Bad (B) (0,1,3)

Medium bad (MB) (1,3,5)

Medium (M) (3,5,7)

Medium good (MG) (5,7,9)

Good (G) (7,9,10)

Very good (VG) (9,10,10)

be sought in the fact that these varieties are mostly grown
in these areas, and in the world (Wu et al. 2017). The fol-
lowing studies were used to form the criteria for the model:
Farag, et al. (2012), Rozman et al. (2015), Milovanović
and Stojanović (2016), Maksimović et al. (2017), Rozman
et al. (2017), Paunović et al. (2018), Maksimović et al.
(2017), Nedeljković, et al. (2021), Puška et al. (2022) and
Nedeljković, et al. (2022). A preliminary list of criteria was
established based on these studies. Later the experts se-
lected the criteria that, according to them, would best solve
this decision-making problem. The model used to evaluate
apple varieties for orchard uplift consisted of 25 hierarchi-
cal structured criteria (Fig. 1). Five of them represent the
main criteria that are further divided into four secondary
criteria (Table 2).

An equal number of sub-criteria were selected so that
a particular criterion would not be preferred. These criteria
are presented as follows:

1. The criterion “Fruit” (C1) aims to examine the size and
shape of the fruit, the aroma and color of the fruit, the
texture and juiciness of the fruit, and also the ratio of acid
and sugar in the certain varieties of apples.

2. The criterion “Tree” (C2) aims to examine the suscepti-
bility to low temperatures, pests, disease resistance and
longevity of the tree of certain varieties of apples.

Table 4 Criteria evaluation by experts

Expert 1 C4 C1 C3 C5 C2

C4 (the best criterion) 1 2.5 3 6 8

Expert 2 C1 C5 C4 C3 C2

C1 (the best criterion) 1 3 3.5 4 8

Expert 3 C4 C5 C1 C3 C2

C4 (the best criterion) 1 2 4 4.5 7

Expert 4 C4 C5 C3 C1 C2

C4 (the best criterion) 1 3 4.5 5 7.5

Expert 5 C1 C4 C5 C3 C2

C1 (the best criterion) 1 3 4 5.5 8

Expert 6 C1 C4 C3 C5 C2

C1 (the best criterion) 1 2 4 5 7

Expert 7 C5 C4 C1 C3 C2

C5 (the best criterion) 1 3.5 5 6 8

3. The criterion “Transport and storage” (C3) aims to exam-
ine the resistance of the fruit at harvest, the possibility of
fruit storage, the resistance of the fruit to transport and
the longevity of the fruit of certain varieties of apples.

4. The “Economic Criterion” (C4) aims to examine the
price of certain varieties per kilogram, planting costs, the
possibility of sale and the yield of certain varieties of
apples.

5. The criterion “Raising and maintaining orchards” (C5)
aims to examine the possibility of planting a tree, the cost
of raising and maintaining orchards, and the resistance of
fruit seedlings by individual apple varieties when raising
orchards.

When evaluating the sub-criteria, the experts had to
choose a certain linguistic value that corresponds to a par-
ticular apple variety. Linguistic values consisted of seven
degrees of agreement ranging from “very bad” to “very
good”. All linguistic values are presented in Table 3 with
the corresponding fuzzy number membership function.
Affiliation functions were determined based on previous
research conducted by Shen et al. (2013).

Results

When evaluating individual apple varieties, it is necessary
to determine the weights of the main criteria first. Accord-
ingly, the experts completed the second part of the ques-
tionnaire, which related to determining the importance of
the main criteria. They determined which one is the most
important criterion. Then it was assigned a value of one (1).
Furthermore, other criteria were compared with it with ref-
erence to determine their importance. In this way, the order
of the criteria according to the importance was established
and assigned up to the value nine (9). The higher the value
of the criterion, the less important it is. Based on the ob-
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Table 5 Value of weights for each criterion based on expert evaluation

Expert 1 C1 C2 C3 C4 C5

0.2138 0.1298 0.2020 0.3029 0.1515
Expert 2 C1 C2 C3 C4 C5

0.3006 0.1288 0.1804 0.1898 0.2004
Expert 3 C1 C2 C3 C4 C5

0.1774 0.1364 0.1689 0.2956 0.2217
Expert 4 C1 C2 C3 C4 C5

0.169 0.1377 0.1770 0.3098 0.2065
Expert 5 C1 C2 C3 C4 C5

0.3109 0.1332 0.1622 0.2072 0.1865
Expert 6 C1 C2 C3 C4 C5

0.2979 0.1375 0.1787 0.2234 0.1625
Expert 7 C1 C2 C3 C4 C5

0.1756 0.1380 0.1610 0.2034 0.3220

tained expert evaluations, it can be seen that three experts
believe that C1 and C4 are the best criteria, while the sev-
enth expert believes that C5 is the most important criterion
when choosing a variety for raising orchards (Table 4). Hav-
ing performed the steps of the FUCOM method, the values
of the criteria weights were obtained according to the eval-
uation of each expert (Table 5).

A geometric mean is used to match the weight values
given by the experts on the criteria. By conducting a geo-
metric mean, each expert is equally valued, and the opinions
of all experts are equally respected. The results obtained of
the weight of the criteria show that according to the expert,
the most important criterion is C4, while criterion C2 is the
least important criterion in evaluating apple varieties for
raising a new orchard (Table 6).

Once the weights of the main criteria have been deter-
mined, the weights of the sub-criteria requested to be de-
termined. The CRITIC method was used to determine the
weights of the sub-criteria. The first step in determining
weights was to form an initial decision matrix. Since the
fuzzy approach was used in this study, the experts evaluated
apple varieties according to the individual sub-criteria in the
form of linguistic values. The experts evaluated individual
varieties with grades from “very bad” (VB) to “very good”
(VG) and in this way the initial decision-making matrix
with linguistic values was formed (Table 7). In order to do
the calculation, it was mandatory to transform the linguis-
tic values into fuzzy numbers using the defined membership
functions (Table 3). In this a way, a fuzzy initial decision
matrix was formed. Since seven experts gave their grades,
it was essential to sublimate those grades and make one
decision matrix. In that case, the geometric mean was used,
and a common fuzzy decision matrix was formed (Table 8).
It represents the initial decision matrix for the CRITIC and
WASPAS methods.

When implementing the CRITIC method, the first stage
of the common fuzzy decision matrix is required (expres-
sion 2). The value of the standard deviation is then cal-
culated for each sub-criterion. The correlation between the
pairs of sub-criteria within the individual main criteria is
calculated by applying a symmetric linear correlation ma-
trix. Subsequently, a sum of values is formed by the indi-
vidual sub-criteria which is multiplied by the standard de-
viation (expression 5). Afterwards, the value of the weights
of the individual criteria is formed (expression 6). By mul-
tiplying the weights of the main criteria with the weights
of the sub-criteria the final values of the weights of all sub-
criteria are obtained. Table 9 shows all the steps for deter-
mining the final weights of the sub-criteria.

After the calculation of the sub-criteria weights was
done, the alternatives were ranked according to the ex-
perts’ evaluations. The fuzzy WASPAS method was used
in this study. The calculation of values for alternatives be-
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Fig. 3 Results of sensitivity
analysis when performing dif-
ferent methods
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gan with the formation of a common fuzzy decision matrix.
After that, the data was normalized (expression 7). The rea-
son why expression (8) was not used in the normalization
should be found in the fact that it was desirable that all
grades, according to individual sub-criteria, were as high
as possible, so normalization was performed for maximiza-
tion. This was followed by the difficulty of normalizing the
fuzzy decision matrix. The process was done by multiply-
ing the individual values by the corresponding weights for
these criteria. The WSM and WPM values were then calcu-
lated (expressions 10 and 11), defuzzified (expressions 12
and 13) and the final value for individual alternatives was
formed (expression 14). In this case, the same importance
was assigned to theWSM andWPM values to avoid alterna-
tives with bad values, while at the same time obtaining the
result of ranking the alternatives in a simple way (Table 10).

Based on the obtained results, it can be concluded that
the best alternative is A2—‘Jonagold’, followed by alterna-
tive A4—‘Idared’, while the lowest scores on the expert’s
evaluation received alternative A3—‘Gala’. When looking
at the individual values of WSM and WPM, it can be seen
that the cumulative ranking is the same as when applying
these individual methods. In this way, the final ranking of
the apple varieties used can be further confirmed. In order
to obtain more complete results, it is necessary to conduct
a sensitivity analysis that will examine how stable each al-
ternative is when changing the weights of the individual
sub-criteria.

Table 6 Final weight value for criteria

Final C1 C2 C3 C4 C5

Value 0.2316 0.1370 0.1786 0.2473 0.2055

Sensitivity Analysis

The sensitivity analysis was performed in two ways. The
first way was to change the weight of the criteria and ob-
serve how this affected the ranking of alternatives (Puška
et al. 2018b). Another way to conduct sensitivity analysis
was to compare the ranking of alternatives obtained by the
fuzzy WASPAS method with the ranking orders obtained
using other fuzzy methods (Pamučar and Božanić 2019).

In this research, 20 sub-criteria and 21 scenarios based on
them were used. According to the scenario, it was assumed
that an individual sub-criterion had six times higher value
than other sub-criteria and the value of that sub-criterion
was 0.24, while the value of other sub-criteria was 0.04
(Table 11). Scenario 21 was set up so that all sub-criteria
were given the same importance and the same weight value
(0.05) was assigned. In this way, a certain sub-criterion was
more important than the other sub-criteria. By using these
scenarios, it was observed how each individual criterion had
an impact on the ranking of alternatives in the evaluation
of apple varieties when raising a new orchard.

The performed sensitivity analysis showed that alter-
native A2 was insensitive to changes in the value of the
weights of the sub-criteria and that it took the first place
in all scenarios. Alternative A4 showed sensitivity to sce-
nario 17 when this alternative took the third place. On the
other hand, in all other scenarios it took the second place in
the ranking. Alternative A1 took the third place in 10 sce-
narios, the fourth place in 8 scenarios and the fifth place in
two scenarios. The worst results were taken by this alterna-
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Table 8 Fuzzy decision matrix

Criteria C11 C12 C13 C14

m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3

A1 7.08 8.76 9.70 6.13 8.10 9.36 5.84 7.82 9.22 4.88 6.92 8.81

A2 7.43 9.08 9.85 6.43 8.40 9.50 5.50 7.52 9.28 5.91 7.98 9.36

A3 2.19 4.32 6.36 4.88 6.92 8.81 3.88 6.13 8.10 5.12 7.17 8.95

A4 8.38 9.70 10.00 8.28 9.50 9.85 5.84 7.82 9.22 6.67 8.68 9.85

A5 9.00 10.00 10.00 5.00 7.00 9.00 2.17 4.42 6.51 3.11 5.30 7.28

A6 6.67 8.68 9.85 5.00 7.00 9.00 5.00 7.00 9.00 3.64 5.71 7.64
Criteria C21 C22 C23 C24

m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3

A1 2.56 4.65 6.67 3.23 5.25 7.26 3.00 5.00 7.00 5.44 7.37 9.14

A2 6.59 8.50 9.70 4.65 6.67 8.68 5.12 7.17 8.95 6.67 8.68 9.85

A3 1.17 3.23 5.25 3.11 5.30 7.28 4.02 6.06 8.08 5.78 7.80 9.42

A4 6.83 8.63 9.70 4.32 6.36 8.38 3.47 5.50 7.52 7.26 9.14 10.00

A5 4.93 6.94 8.63 3.00 5.00 7.00 2.89 5.06 7.02 2.45 4.81 6.85

A6 1.00 3.00 5.00 1.26 3.39 5.44 3.00 5.00 7.00 5.50 7.52 9.28
Criteria C31 C32 C33 C34

m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3

A1 5.25 7.26 9.14 5.00 7.00 9.00 7.00 9.00 10.00 4.65 6.67 8.68

A2 5.25 7.26 9.14 7.26 9.14 10.00 6.67 8.68 9.85 7.00 9.00 10.00

A3 1.85 4.11 6.21 1.85 4.11 6.21 1.47 3.64 5.71 3.92 5.99 7.91

A4 5.25 7.26 9.14 3.23 5.25 7.26 4.17 6.43 8.40 4.07 6.35 8.23

A5 2.76 4.88 6.92 3.23 5.25 7.26 5.00 7.00 9.00 3.39 5.44 7.37

A6 3.23 5.25 7.26 5.00 7.00 9.00 3.00 5.00 7.00 5.00 7.00 9.00
Criteria C41 C42 C43 C44

m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3

A1 3.00 5.00 7.00 3.00 5.00 7.00 5.00 7.00 9.00 5.00 7.00 9.00

A2 5.00 7.00 9.00 3.39 5.44 7.37 5.99 7.91 9.42 5.00 7.00 9.00

A3 4.65 6.67 8.68 2.66 4.93 6.94 5.57 7.54 9.08 4.65 6.67 8.68

A4 4.02 6.06 8.08 3.00 5.00 7.00 3.23 5.25 7.26 5.78 7.80 9.42

A5 5.25 7.26 9.14 3.97 6.20 8.28 1.26 3.39 5.44 5.06 7.02 8.81

A6 5.00 7.00 9.00 5.00 7.00 9.00 3.00 5.00 7.00 5.71 7.64 9.28
Criteria C51 C52 C53 C54

m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3

A1 3.23 5.25 7.26 1.26 3.39 5.44 1.00 3.00 5.00 3.23 5.25 7.26

A2 5.00 7.00 9.00 3.23 5.25 7.26 3.64 5.71 7.64 3.64 5.71 7.64

A3 3.00 5.00 7.00 3.47 5.50 7.52 5.25 7.26 9.14 2.09 4.47 6.53

A4 1.54 3.78 5.79 4.21 6.28 8.20 4.65 6.67 8.68 3.92 5.99 7.91

A5 7.26 9.14 10.00 5.25 7.26 9.14 3.47 5.50 7.52 5.50 7.52 9.28

A6 5.00 7.00 9.00 1.00 3.00 5.00 1.00 3.00 5.00 1.00 3.00 5.00

tive in scenarios 18 and 19 where this alternative showed the
highest sensitivity to weight changes in these sub-criteria.
Alternative A3 showed the worst results of all alternatives
in 10 scenarios, while alternative A6 showed the worst re-
sults in the other 10 scenarios.

Based on the obtained results and the conducted sensi-
tivity analysis, it can be concluded that alternative A2 is
the best of all alternatives, while alternatives A3 and A6
showed the worst results (Fig. 2).

Another way to perform sensitivity analysis is to test
the rankings obtained by fuzzy WASPAS with the rankings
obtained by implementing the methods: fuzzy MARCOS
(Measurement Alternatives and Ranking according to the
Compromise Solution), fuzzy SAW (Simple Additive
Weighting technique), fuzzy MABAC (Multi-Attributive
Border Approximation area Comparison), fuzzy ARAS
(Additive Ratio Assessment), fuzzy TOPSIS (Technique
for Order Performance by Similarity to Ideal Solution).
By performing these methods, results were obtained which
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Table 10 Calculating the ranking of alternatives using the fuzzy WASPAS method

Alternative WSM Q .em/ WPM P .em/ Ki Rang

A1 0.68 0.77 0.86 0.7688 0.63 0.75 0.84 0.7392 0.7540 3

A2 0.87 0.91 0.95 0.9136 0.86 0.91 0.95 0.9077 0.9106 1

A3 0.58 0.69 0.79 0.6882 0.50 0.66 0.78 0.6458 0.6670 6

A4 0.75 0.82 0.88 0.8202 0.70 0.80 0.87 0.7921 0.8062 2

A5 0.66 0.75 0.83 0.7479 0.58 0.72 0.82 0.7095 0.7287 4

A6 0.58 0.69 0.80 0.6906 0.50 0.66 0.78 0.6501 0.6704 5

Table 11 Scenarios used in sensitivity analysis

Scenarios C11 C12 C13 C14 C21 C22 C23 C24 C31 C32 C33 C34 C41 C42 C43 C44 C51 C52 C53 C54

Scenario 1 0.24 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

Scenario 2 0.04 0.24 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

Scenario 3 0.04 0.04 0.24 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

Scenario 18 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.24 0.04 0.04

Scenario 19 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.24 0.04

Scenario 20 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.24

Scenario 21 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

showed that only with the fuzzy method TOPSIS there was
a different ranking order. There was a change in the ranking
order for alternatives A1 and A3 in the results. Alternative
A1 took the second place using the fuzzy TOPSIS method,
and alternative A3 took the third place. The ranking order
of other alternatives was the same as with other methods
which led to the confirmation of the results obtained using
the fuzzy WASPAS method (Fig. 3).

Conclusion

Nowadays, orchardists are faced with a big dilemma when
choosing an assortment for planting. Traditional individual
parameters prove to be unsuccessful. The decision on which
variety to plant can no longer be made based on one crite-
rion, but it is necessary to apply a multi-criteria approach. In
this paper, a multi-criteria model based on group decision-
making was created, where among the proposed six apple
varieties, the best variety for raising a new apple orchard
was selected. An expert system based on expert evaluations
and group decision-making was applied. Each apple vari-
ety was evaluated according to the five main criteria by the
model applied in the paper.

During the evaluation of individual varieties, the in-
tegration of FUCOM, CRITIC and WASPAS methods
was used, and a hybrid decision-making model based on
group decision-making and fuzzy approach was formed.
The weights of the main criteria were determined by the
FUCOM method, the weights of the sub-criteria were de-
termined by the CRITIC method, while the fuzzy WASPAS
method was used to rank the alternatives. Using the deci-

sion-making model, results were obtained and showed that
the best alternative was A2—‘Jonagold’, followed by the
alternative A4—‘Idared’, while the worst results, accord-
ing to experts, were the alternative A3—‘Gala’. To obtain
more complete results, a sensitivity analysis was conducted
to examine how stable each alternative is when chang-
ing the weights of individual sub-criteria. The conducted
sensitivity analysis confirmed the results of the research.

The model presented through testing has shown a high
degree of flexibility, so it can be used in other branches
of the economy and in other decision-making problems.
When using the model, special attention should be paid to
the selection of experts, since the model is based on expert
knowledge. The biggest advantage of this model is its multi-
ple application. The recommendation for future researchers
in this field is to systematize a “package” of alternatives
depending on the field of research and the methods that can
be used.
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pollinator. Am J Agric Environ Sci 12(7):842–855. https://doi.
org/10.5829/idosi.aejaes.2012.12.07.1803
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Rozman Č, Hühner M, Kolenko M, Tojnko S, Unuk T, Pažek K (2015)
Apple variety assessment with analytical hierarchy process. Er-
werbs-Obstbau 57(2):97–104. https://doi.org/10.1007/s10341-
015-0236-8
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