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Abstract: Family farming is an important pillar of the global primary food sector and is characterized
by a significant local and regional impact. The sustainability of these businesses depends greatly
on the use of effective management practices in family farming and smallholder farmer’s activities.
However, there is a lack of methodologies to support decision making in this sector related to the
recognition of all aspects involved in the acquisition of inputs. Commonly, the existing approaches
are focused on cost as the major criterion, which might impact on the agribusiness sustainability in
the short or long term. Furthermore, traditional cost-focused approaches should be complemented
with multi-criteria aspects within comprehensive and practical methodologies. This paper presents a
Cost Management Model (CMM) integrating the concepts of Total Cost of Ownership (TCO) and
Multiple Criteria Decision Analysis (MCDA), which includes both monetary and non-monetary
attributes. The use of TCO was mostly focused on industrial applications and studies on costs in
agribusiness are still scarce and incomplete. The model was applied to a set of agribusiness families
in Southern Brazil to support the supplier selection process of the three main inputs (i.e., fertilizer,
fungicide, and soybeans). A significant cost reduction of approximately 13% for fertilizers, 7% for
fungicides, and 3% for soybeans can be achieved. The CMM can be applied by smallholder farmers
in any region of the world, and its flexibility allows changes in weights and criteria at any time by the
decision maker. Buyers are more prepared to select the best supplier for each input and the later can
recognize how they are more or less competitive when all costs and relevant criteria are taken into
consideration. It can be also applied from an industry-level perspective to highlight the industry’s
cost structure and value chain, supporting more focused and effective public policies namely the
design of subsidies that mitigate relevant context costs and the investment in infrastructures. Both,
subsidies and public investment, are of major importance in rural areas of developing countries.

Keywords: total cost of ownership; multi-criteria analysis; family farming

1. Introduction

Small farmers have a significant share of the global primary food sector and a signifi-
cant local and regional impact. Management practices, in general, and cost management,
in particular, need to be improved significantly in small agribusiness companies. Nev-
ertheless, to be effective, these practices need to balance adequately comprehensiveness,
theoretical and technical robustness and practical effectiveness, recognizing the needs and
limitations of these companies. A proper management of costs is an important issue in the
agenda for the improvement of the agriculture economy, in general, and specifically, in the
context of family farming. The increasing global demand pressure and consumer aware-
ness combined with more rigorous legislation pushes simultaneously price reductions and
higher quality.

A true effective and efficient costs reducing program in agribusiness starts and should
be mainly leveraged with actions to support small businesses. However, as stated by
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Fisher [1], Sharma [2] and Sharafat [3], the lack of efficient cost management methods in
many sectors might do the agribusiness less competitive. Traditionally, cost management in
small farms is usually only focused on direct costs and those related to operational activities,
not supporting adequately decision making, thus, compromising business sustainability.
In this context, we should highlight the supplier selection process because it compromises
a significant amount of recurrent costs and ineffective decisions will impact in the short
and long term households’ financial sustainability [2].

Globally, family farming activities represent around 80% of the worldwide food
production, involving approximately 570 million workers [4]. Thus, there are economic
and social impacts from both a global and a local perspective which should be highlighted.
The efforts made towards high levels of efficiency and cost reductions in this sector can
be found worldwide. European Union countries, for instance, reduced spending on
agricultural activities from approximately 70% in 1970 to 38% in 2018, motivated by
the use of modern agricultural management techniques [5] that significantly improved
productivity. An important driver of this change was the implementation of the Common
Agricultural Policy (CAP), which was based on protectionist policies. This policy has
led to overproduction in the European Union since the 1980s, increasing the European
budget through the provision of subsidies. Foreign producers protested against the strong
protectionism of the EU, and this motivated internal and external pressures to reform the
CAP [6]. In 1988, due to the high cost with agriculture subsidies, the EU reached its budget
peak, almost reaching the financial breakthrough. This problem was solved by reducing
agricultural subsidies but also costs in order to keep European agribusiness sustainable [7].
The result was the “Delors Package”, which provided for further reductions in prices
guaranteed by the CAP and a quota system to prevent overproduction [8].

Thus, cost management is fundamental in such a globalized sector. Studies like
Seldon and Groenewald [9], among others, have proposed methodologies to calculate costs
and profits in large-scale agricultural activities. However, these methodologies present
limitations regarding their application to small and medium-sized agribusinesses. Large-
scale agribusiness companies commonly use expensive and sophisticated information and
management systems [10] for planning strategic and operational goals. In many cases,
production processes can be monitored through specific production software that provides
individualized information by activity, area, crop and period, allowing the farm manager to
know accurately products’ costs and margins, and costs and profitability by other relevant
cost objects (e.g., distribution channel) [10].

There is needed a very particular expertise, knowledge and practice for a good man-
agement of agribusinesses [11], nevertheless, these competencies are more developed
in larger firms. In small agribusinesses, the analysis of performance and profitability is
often based on empirical perceptions, without using management tools, software or any
technology for data collection and/or to perform specialized analysis [12]. In general,
small farms have not information and management systems and have not a good control
of costs and revenues, depending on basic, ad-hoc and unstructured cost information
and simplistic estimations, simple cost allocation procedures and subjective assumptions.
However, owners’ perceptions and expertise are valuable and constitute a good basis for
the design of effective multi-criteria decision models tailored to these specific companies [2].
Such perceptions can be combined with the use of cost control methods and reliable and
timely cost information which are also essential to support decision making for opera-
tional and strategic purposes [13], within more sophisticated decision-making systems [14].
Nowadays, the importance and feasibility of cost management is related to the quality of
information and the access to cheaper technology to get, analyze and present the data. This
leads to a better decision making and consequently, an effective and sustainable reduction
in production costs.

In the literature, it is highlighted that family faming have, in general, a poor un-
derstanding about costs involved in the processes of raw materials acquisition, logistics,
maintenance and storage [2,14]. In this context, the development of appropriate manage-
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ment cost models represents an important opportunity to improve the decision-making
in agribusiness towards the financial sustainability of the company and also from a triple-
bottom perspective. Indeed, family farming has a significant economic but also social and
environmental relevance locally, regionally and globally [15,16].

Furthermore, there are several aspects on cost management related to family farming,
such as the use of specific assets, seasonality of production, perishable products, variability
in the production quality, small productive scale, and risks of agroindustry’s monopolies
and bargaining power that must be taken into account [17,18]. Commonly, these aspects
are not fully considered in traditional costing methods used in agribusiness cost analy-
sis. Furthermore, there are differences related to acquisition, reception, ownership, use,
purchasing behavior, and disposal costs. Thus, it is necessary to design and use specific
decision support tools which consider these specificities. This is particularly evident in the
context of agriculture supply chain management and supplier selection process [19].

According to Degraeve et al. [20], supplier selection models are commonly simplistic,
subjective and incomplete. Most of them focus on a weighted mean or use linear pro-
gramming techniques—e.g., the Analytical Hierarchy Process (AHP) or Data Envelopment
Analysis (DEA) methods, which consider only the compensatory aspect of the problem,
and do not explore other related criteria. Moreover, these models are basically focused
on the ranking of suppliers considering only acquisition costs [20–27]. However, these
methods, such as AHP, must be better structured to establish correctly the preferences and
the ranking of the alternatives considering the specificities of agribusiness, in general, and
agribusiness and small farms, in particular.

According to Bronson et al. [12], profit margins of smallholder farmers have been
decreasing over the years, and Bjorkhaug and Blekesaune [28] reported that the factors
that contribute to the decrease in these margins are the saturation of arable areas, the
increase in competition, the fall in product prices, the increasing in input costs and the
decrease in agricultural subsidies. Furthermore, family farming generates low value-added
production, whose price is low and stagnant, while input prices are gradually higher [29].
Moreover, Piedra-Muñoz et al. [30] demonstrated that the economic performance of family
farming can be linked to socioeconomic and environmental innovation, but not yet closed
to high levels of innovation, what can explain poor financial results and low products’
margins. This has been contributing to the exodus to larger cities and more industrialized
regions and countries, with social, economic and environmental consequences to local
communities and regions [12,28]. Such changes contribute negatively to the quality and
sustainability of agricultural products and generate social and economic inequalities that
must be reverted.

Cost management is important for these companies and, according to Lips [31] and
Degraeve and Roodhooft [21], inputs which are supplied recurrently represent the main
expenses in the agribusiness sector. Nevertheless, some costs related to the acquisition of
such inputs are mostly ignored, hidden or not easy to measure. In this context, the Total
Cost of Ownership (TCO) concept allow to know better the full and real costs related to the
acquisition of a particular good or service [22]. The use of TCO provides the understanding
and recognition of all costs involved in the acquisition of raw materials and other inputs,
namely, product transportation and storage, use and disposal, among others, including
“hidden costs”, not often recognized.

The lack of information certainly affects the efficient application of TCO, but it can be
mitigated through farmers’ experience captured by a multi-criteria approach. Therefore,
the objective of this research is to fill the gap related to the design and application of cost
management methodologies in family farming, aiming to increase assertiveness in decision
making related to suppliers’ selection and purchasing costs, through the use of a Total Cost
of Ownership—Multiple Criteria Decision Analysis (TCO-MCDA) model, which combines
the perspectives of TCO and multi-criteria analysis. The use of this model might provide
significant financial benefits to smallholder farmers.
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2. State of the Art
2.1. Cost Management and TCO in Family Farming

Cost management is focused on acquisition of relevant information to assist stakehold-
ers in management and decision making [32,33]. A good understanding of the behavior of
materials and labor costs are particularly important in the implementation of a coherent
cost management system in agriculture [34]. Cost management contributes to achieve
higher levels of efficiency in two ways: (1) performing internal control, through monitor-
ing of planned and realized costs; (2) assisting decision making through the analysis of
production and accounting information considering the short and long-term [2,32].

TCO is very important in this context. TCO has been studied since the 1990s, mainly
providing the identification of different costs related to the supplier selection process in
the acquisition of inputs [21–23,35]. Thus, TCO can be categorized in dimensions like
acquisition, services, commissioning, process, maintenance and disposal of a product or
system [27,36]. In practice, TCO can be considered as the sum of actual and expected
costs for supply, acquisition, transport, installation, ownership, use, maintenance, and
disposal of the product, [26,37]. In this context, TCO is a relevant tool to help strategic cost
management, providing efficiency in supplier assessment, and enabling a more efficient
choice of supplies and services, going beyond the simplistic use of the purchase price as an
absolute factor in decision making.

The use of TCO leads to a more complete costing approach, which considers the entire
product life cycle, recognizing hidden costs, not always considered in traditional practices.
Basically, TCO represents a monetary estimation of all related costs, direct and indirect [23].
The TCO is used in the purchasing process of manufacturing components [21,23], as well as
to contract services in industrial environments [38,39]. TCO has been also used to analyze
investment decisions and equipment alternatives considering all costs which are relevant,
namely, those related to acquisition, operation and maintenance [40,41]. This use does not
recognize returns, but rather, evaluates outputs in a more comprehensive and complete way,
which is necessary for a more assertive investment analysis in agribusiness [42]. A TCO
disadvantage is that it is not standardized. This fact means that TCO calculations cannot
be compared. The same procedure and the same cost items would have to be considered
to turn it possible. It is not even specified which cost items need to be included in the
analysis. Commonly, cost items are selected according to the opinion of the experts involved
in the analysis. Certain costs can be excluded from some analyses being considered
unimportant items, while in another situation the same item may be considered very
significant for the computation of the total cost. This variability and heterogeneity do
not help the dissemination of TCO across companies and industries, spite its potential
relevance and usefulness.

Table 1 presents the different applications of TCO, which can be extended for applica-
tion in the agribusiness.

Table 1. TCO Applications.

Categories Authors

Suppliers and Components [20–27,43,44]
Services [38,39]
Equipment and Processes [31,36,37,40,45,46]

According to Scott et al. [47], TCO is the most comprehensive tool to obtain the total
cost of inputs and services, in which all aspects related to the life cycle and maintenance
costs are considered. Indeed, some authors claim that TCO has proven to be an efficient
methodology to recognize all costs considering the entire company’s value chain [23].

Often, TCO concepts are based on a strategy tripod: (1) improving supplier selection
and acquisition processes; (2) identifying hidden costs, and (3) improving the management
of products, equipment and internal processes. In agribusiness, cost management is essen-
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tially related to a better allocation of financial resources in animal and plant production,
contributing to increased efficiency and competitiveness [2]. In this context, it can be
influenced by external factors, such as climate and market [15].

Sharafat [3] concluded that there is an increasing need for the development of agricul-
tural accounting in a more suitable way to control the farm activities, since agricultural
management accounting provides important information for decision making. Neverthe-
less, Sharma [2] stated that management accounting in smallholder farmers has been not
adequately developed and this fact can be one of the main reasons for the low productivity
of such properties.

The use of TCO was mostly focused on industrial applications [38] and studies on
costs in agribusiness are still scarce and incomplete [48]. Lips [31] proposed the use of TCO
to evaluate the life cycle costs of tractors in Switzerland. Mochnacz et al. [44] also used
TCO in the agribusiness environment by developing a TCO model that aimed to provide
significant cost savings by assessing all costs incurred in the acquisition of inputs and
services. Regarding the assessment of all life cycle costs, Hofman-Caris et al. [49] analyzed
the TCO in a rainwater harvesting system for rural properties.

Shabani et al. [43] developed a Data Envelopment Analysis (DEA) methodology based
on the TCO, to try to reduce data and traditional models’ inaccuracy, which prevent the
small farmers from reaching significant savings.

2.2. Multi-Criteria Methods Applied in Agribusiness

Multi-criteria analysis is a widely used methodology which evaluates alternatives and
criteria for different stakeholder groups [50]. The main advantage of this methodology is
the recognition of qualitative criteria, which are not easily measured. It also provides the
integration among diverse areas, considers alternatives that may be ranked, selected or
sorted, in order to optimize the decision-making process [51,52].

Usually, multi-criteria methods incorporate three distinct aspects related to the de-
cision makers’ preferences [53]. First, they allow considering several points of view ag-
gregated in a single analysis. Second, they turn possible to solve problems with multiple
objectives, which require a systematized procedure. Third, results are presented into a set
of alternatives arising from paired comparisons between multiple alternatives [53,54].

According to Tsoukiás [51] and Komeleh et al. [55], the multi-criteria methodologies
are totally adherent to the applications in the agricultural sector, and are particularly ap-
propriated to assist family farming [56]. Some of these studies have a focus on prioritizing
production activities, energy efficiency and reusing of resources [55]. Decision models with
various criteria can be used for various purposes. For example, allocating agricultural areas
for planting as presented by Kaim et al. [56], and for optimizing fuel economy in heavy
trucks, using TCO as one of the criteria, as Fries et al. [57].

Some authors integrate environmental aspects in multi-criteria models, like
Fagioli et al. [58]. They present an aggregate methodology to assess the olive oil food
value chain, using the ELECTRE III multi-criteria method. Louwagie et al. [59] evaluated
the environmental footprint in the production of pastures for dairy and beef cattle us-
ing multi-criteria methods. García et al. [60] used the AHP (Analytic Hierarchy Process)
method to evaluate optimal locations of agro-food warehouses through a case study of a
banana distribution warehouse.

Oliveira et al. [61] also used the AHP method to hierarchize milk production systems
regarding their sustainability, through a cluster analysis, considering 92 milk producers.
Castro Silva et al. [54] proposed a decision-making model based on the PROMETHEE II
method to provide feasible alternatives to improve organizational management in produc-
tion and marketing of fruit cultivation.

Hall et al. [62] applied the AHP method to evaluate the evidence of public policies
in the agriculture sector, recognized by the population. Depending on the complexity
presented by the problem, a hybrid combination of methods, involving multi-criteria
analysis can contribute significantly to improve the decision-making process [63].
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3. Materials and Methods

The methodological foundations of the proposed model are organized in seven phases
describing a combined TCO and Multi-Criteria Decision Model (TCO-MCDM), as illus-
trated in Figure 1.
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Figure 1. TCO-MCDM Model.

This model presents a methodology to select suppliers for smallholder farmers, consid-
ering the TCO criteria selected from the literature and suitable to each application, through
an appropriate acquisition data procedure in smallholder farmers.

Although the model uses complex cost management and multi-criteria concepts,
it could be presented in a computational application to the users (e.g., smallholder farmers),
and this complexity bypassed through a user-friendly software. Next, the seven phases of
the model are explained in detail.
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Phase 1 encompasses the identification of the characteristics and most relevant features,
monetary limitations, available areas, and long-term objectives. In Phase 2, it is necessary
to identify the objectives to be achieved. For example, if owners are interested in increasing
their market share or investing in the farm.

The definition of the global criteria is performed in the third stage, based on scientific
information. The results obtained in this case were 31 criteria commonly used in the
agribusiness context.

In Phase 4, a questionnaire is applied to the decision makers, in order to define the
priority criteria, considering the five evaluation steps proposed by Degraeve, et al. [20],
namely, “cash” versus “non-cash” criteria, which we call here “monetary” and “non-
monetary”, respectively. In Phase 5, the potential suppliers are listed as alternatives.
In Phase 6, the alternatives are compared (1) from a TCO approach, in which the best
supplier is the one that has the lowest (complete) cost; (2) from a multi-criteria approach,
where non-monetary characteristics and respective weights are considered, and in which
not necessarily the supplier with the lowest total cost are the best choice; and (3) considering
a combined TCO+MCDA approach.

The multi-criteria MABAC (Multi-Attributive Border Approximation area Compar-
ison) method is used to perform the ranking of the alternatives in this phase. Finally,
in Phase 7, the results of the different approaches are compared, in order to drive coher-
ently decision-making for family farming.

4. Analysis of Results

The model was applied to the case of soybean production, in which three inputs
represent approximately two thirds of the production costs: seeds, chemical fertilizers and
fungicides. The data was collected in 33 smallholder farmers properties in a region located
in the West of the Santa Catarina State, Brazil. This region has an important concentration
of household properties, which indirectly supplies the national food market in Brazil [64].
To simplify the presentation of the Tables just one input is illustrated. The calculations
performed for the other inputs are presented in the attached supplementary document
(Tables S1–S19). Considering the different characteristics of the three inputs, the proposed
model helps to minimize the variability of the data.

4.1. Phases 1 to 4—Defining preferences, objectives and constraints, and evaluation criteria

A questionnaire was applied to the owners of the small farmers in order to define
their preferences, objectives and constraints.

The questionnaire was sent to 58 household properties and 33 answers were returned.
These questionnaires asked the farmers’ opinion about 33 criteria (shown in column 2 of
Table 2). All the properties that were surveyed are managed by farmers and their families,
being categorized as family farming by IBGE [64].

The data collection considered 11 suppliers of the three types of inputs (seeds, fertiliz-
ers and fungicides). These suppliers were selected because all of them provided the three
inputs surveyed, in order to avoid the limitation of the exclusivity of supplying certain
types of inputs. Soybean is particularly important because it is one of the main crops
produced in the world, and Brazil is the second largest producer of this grain [65]. From
these 11 suppliers, information regarding the 33 criteria in Table 2 was obtained, only for
the 3 products surveyed (seeds, fertilizers and fungicides).

The global criteria were defined from the literature review on TCO presented in
Table 2 (the weights for the different criteria are presented in the supplementary document
(Tables S1–S19)). For the selection of the specific criteria, the answers to the questionnaire
were considered along with six dimensions of analysis, five of them following those
proposed by Degraeve et al. [20], i.e., Acquisition, Reception, Ownership, Utilization,
Disposal and an additional one to represent the purchasing behavior. The dimensions and
criteria were compared in pairs, where the farmer should assign a score of importance for
the different costs from 1 to 5, ranging from equally important to absolutely more important,
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respectively, according to an adapted Saaty’s scale: (1) Equally important; (2) It is just a little
more important; (3) It is more important; (4) Strongly more important; and (5) Absolutely
more important. After the acquisition of the individual answers, the criteria weights were
composed computing the median of the responses from the 33 farms studied. From that,
a ranking of importance (weights) for the six dimensions was elaborated. It should be
noted that only operating costs were considered. Investment costs were not included into
the analysis. The main criteria often used in agribusiness assessments, according to the
TCO approach are presented in Table 2.

Table 2. Weights for TCO-Criteria (based on the literature).

Rank Criteria Dimension Characteristic Weight

1 Product Price Acquisition Monetary 4.34%
2 Discounts Acquisition Monetary 4.01%
3 Efficiency Utilization Monetary 3.84%
4 Durability Utilization Monetary 3.81%
5 Transportation Reception Monetary 3.68%
6 Price Evolution Acquisition Monetary 3.58%
7 Interest of Purchase Buying behaviour Monetary 3.43%
8 Unloading Reception Monetary 3.35%
9 Taxes Acquisition Monetary 3.33%
10 Failures Utilization Non-Monetary 3.14%
11 Replacement Utilization Monetary 3.13%
12 Failures Utilization Non-Monetary 3.12%
13 Reception Reception Non-Monetary 3.05%
14 Quotation Acquisition Non-Monetary 3,00%
15 Contract Acquisition Non-Monetary 2.89%
16 Billing Reception Non-Monetary 2.89%
17 Maintain stock Ownership Monetary 2.85%
18 Time Ownership Non-Monetary 2.85%
19 Checking Reception Monetary 2.82%
20 Adaptations Utilization Non-Monetary 2.78%
21 Price small quantities Buying behaviour Monetary 2.76%
22 Accompaniment Acquisition Non-Monetary 2.75%
23 Quality tests Reception Monetary 2.75%
24 Waste recovery Disposal Monetary 2.73%
25 Maintenance Utilization Non-Monetary 2.70%
26 Litigation Reception Non-Monetary 2.67%
27 Discards Disposal Monetary 2.65%
28 Installation Utilization Monetary 2.65%
29 Large Quantities Buying behaviour Monetary 2.64%
30 Interest Acquisition Monetary 2.53%
31 Training Utilization Non-Monetary 2.46%
32 Quality Utilization Monetary 2.43%
33 Tech. assistance by supplier Buying behaviour Non-Monetary 2.39%

100.00%
Source: Adapted from Degraeve; Roodhooft; Doveren [25].

An individual data collection for each farm was carried out, in order to adjust the
criteria to the context, taking into account the activities performed in each case, also helping
to determine the particular criteria detailed in Table 3. Furthermore, Table 4 presents the
input matrix for the acquisition of the Chemical Fertilizer, as an example. To do this, we
considered the principles stated by Degraeve et al. [20], which presented a hierarchical
matrix for the management of manufacturing, marketing, and research and development
costs. From the six dimensions of analysis related to the 33 criteria of the model, only
three are in the ranking of the 15 most relevant criteria, which are: Acquisition, Use and
Reception. Furthermore, there are specific criteria that represent farmers’ preferences,
allowing the prioritization of issues in the evaluation process. Moreover, the six top criteria
in this ranking are non-monetary, justifying the adoption of a Multi-criteria Decision
Analysis model (MCDA). These criteria are described in detail in Table 3.
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Table 3. Selection of specific Criteria.

Criteria Abbreviation Characteristic Description Unit of
Measurement Example

1. Product Price PPR Monetary Price of the product, informed by suppliers Value (USD) Monetary value (USD)

2. Discount DIS Monetary Reduction on the price, offered as a differential
for sales Value (USD) Percentage (%) based on quantity purchased

3. Efficiency EFF Monetary Cost necessary to maintain efficiency
of operations Cost Value (USD) Training and stocking costs

4. Durability DUR Monetary Cost to guarantee the durability of the products Cost Value (USD) Storage and setting costs

5. Transportation TRC Monetary Sum of transportation costs of products Value (USD/per un.) Fuel, maintenance and time costs

6. Price Evolution PEV Monetary Difference of product price in a period of time Value (USD) in 30 days Periodic increasing of prices, taxes, or fees

7. Production Fails CPRF Non-Monetary Score of relevance for costs related to
production failure

Intensity
(Saaty scale) Failure that causes production losses

8. Failures CPF Non-Monetary Score of relevance for costs related to
product failure

Intensity
(Saaty scale) Failure that causes monetary losses

9. Reception COR Non-Monetary Score of relevance for costs related to activities
related to the reception of products

Intensity
(Saaty scale) Special place to storage the products

10. Quotation CQO Non-Monetary Score of relevance for costs related to price
quotation activities

Intensity
(Saaty scale) People assigned to realize quotation activities

11. Contract CCO Non-Monetary Score of relevance for costs related to contracts
management activities Intensity of risk (Saaty scale) People assigned to realize contracts

management activities

12. Technical Assistance
Offered by the Supplier TAS Non-Monetary Existence or absence of free technical assistance

offered by the supplier
Existent or
Not Existent Free training on the use of the product
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Table 4. Input Matrix for Product Chemical Fertilizer.

Criteria/
Alternatives Product Price Discount Efficiency Durability Transportation Price Evolution Production Fails Failures Reception Quotation Contract Technical

Assistance

Abbreviation PPR DISC EFF DUR TRC PEV CPRF CPF COR CQO CCO TAS
Unit USD USD USD USD USD USD score score score score score Y/N

S-1 20.0 0.00 1.22 0.50 0.00 0.40 3 1 3 1 3 1
S-2 21.3 0.21 1.30 0.53 0.10 0.25 3 3 3 1 3 1
S-3 20.4 0.20 1.24 0.51 0.00 0.20 3 3 3 1 3 0
S-4 21.0 0.31 1.28 0.53 0.00 0.00 7 5 3 1 5 0
S-5 20.3 0.00 1.24 0.51 0.40 0.20 5 5 3 5 3 1
S-6 20.0 0.00 1.22 0.50 0.50 0.00 5 5 3 3 3 1
S-7 20.5 0.00 1.25 0.51 0.50 0.25 7 5 5 3 3 0
S-8 20.8 0.00 1.27 0.52 0.50 0.42 5 3 5 3 3 0
S-9 19.5 0.19 1.19 0.49 0.50 0.00 3 3 3 5 1 1

S-10 20.4 0.20 1.24 0.51 0.00 0.00 3 3 3 5 3 1
S-11 20.0 0.00 1.22 0.50 0.30 0.00 3 1 3 3 3 1
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The evaluation of non-monetary criteria was based on the Saaty’ Scale with 5 categories
and their respective scores of relevance, which are: (a) Non-relevant cost (score 1); (b) Cost
with small relevance (score 3); (c) Cost with medium relevance (score 5); (d) Cost with high
relevance (score 7); and (e) Cost with absolute relevance (score 9). For the non-monetary
criterion “Technical assistance offered by supplier” it was used a binary scale; i.e., “0”
when the supplier does not offer free technical assistance and “1” when such assistance
is provided.

After collecting the non-monetary data, the weights were listed using the AHP method,
to define the most relevant weights according to the opinion of the farmers.

The data from different scales were normalized, but it was not possible to calculate
the consistency ratio from AHP formulations because the weights were calculated by the
difference between the sum of the values in rows and columns (shown in next section).
It is obtained more accuracy on the weight determination when the difference between the
intensity of victories and defeats from pairwise comparisons is considered; instead of the
traditional procedure used in the AHP method, which only considers the rows (victories)
to calculate the weights and columns to calculate the consistency ratio.

4.2. Phase 5—TCO-based and Multi-criteria Decision Model

The potential alternatives (i.e., suppliers) were evaluated in each of the 12 specific
criteria. Table 4 presents the data collected for the 12 criteria and the 11 suppliers related to
the chemical fertilizer; the information on the other inputs is presented in a supplementary
document.

Two different rankings (Tables 5 and 6) were produced considering separately the 6
monetary and the 6 non-monetary criteria which were aggregated by average in Table 7.

Table 5. Evaluation of Monetary Criteria for Chemical Fertilizer.

Criteria/
Alternatives Product Price Discount Efficiency Durability Transportation Price Evolution SUM

n
∑
i=1

vi

Ranking

Rank=min
(

n
∑
i=1

vi

)
Abbreviation PPR DISC EFF DUR TRC PEV
Unit USD USD USD USD USD USD USD

S-1 20.00 0.00 1.22 0.50 0.00 0.40 22.12 4th
S-2 21.30 −0.21 1.30 0.53 0.10 0.25 23.27 10th
S-3 20.40 −0.20 1.24 0.51 0.00 0.20 22.15 5th
S-4 21.00 −0.31 1.28 0.53 0.00 0.00 22.50 7th
S-5 20.30 0.00 1.24 0.51 0.40 0.20 22.65 8th
S-6 20.00 0.00 1.22 0.50 0.50 0.00 22.22 6th
S-7 20.50 0.00 1.25 0.51 0.50 0.25 23.01 9th
S-8 20.80 0.00 1.27 0.52 0.50 0.42 23.51 11th
S-9 19.50 −0.19 1.19 0.49 0.50 0.00 21.49 1st
S-10 20.40 −0.20 1.24 0.51 0.00 0.00 21.95 2nd
S-11 20.00 0.00 1.22 0.50 0.30 0.00 22.02 3rd

Table 6. Evaluation of Non-Monetary Criteria for Chemical Fertilizer.

Criteria/
Alternatives Production Fails Failures Reception Quotation Contract Technical Assistance

Ranking

RK=min
(

n
∑
i=1

wj∗vij

)
Abbreviation CPRF CPF COR CQO CCO TAS
Weight

(
wj) 16.66% 16.67% 16.67% 16.67% 16.67% 16.66%

Unit Score Score Score Score Score Y/N

S-1 3 1 3 1 3 1 1st
S-2 3 3 3 1 3 1 2nd
S-3 3 3 3 1 3 0 3rd
S-4 7 5 3 1 5 0 10th
S-5 5 5 3 5 3 1 9th
S-6 5 5 3 3 3 1 7th
S-7 7 5 5 3 3 0 11th
S-8 5 3 5 3 3 0 8th
S-9 3 3 3 5 1 1 5th
S-10 3 3 3 5 3 1 6th
S-11 3 1 3 3 3 1 4th
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Table 7. Aggregated Ranking for Chemical Fertilizer.

Alternatives Ranking Monetary (RM) Ranking
Non-Monetary (RE)

Final Ranking by
Average RM and RE

S-1 4th 1st 1st
S-2 10th 2nd 6th
S-3 5th 3rd 5th
S-4 7th 10th 8th
S-5 8th 9th 9th
S-6 6th 7th 7th
S-7 9th 11th 11th
S-8 11th 8th 10th
S-9 1st 5th 2nd

S-10 2nd 6th 4th
S-11 3rd 4th 3rd

Table 6 presents the MCDM procedure for ranking alternatives with the non-
monetary criteria.

Furthermore, the weights for the 12 specific criteria were calculated. Just eight criteria
are presented as an example in Table 8. The difference between columns and rows was
considered after the sum of the scores given by the decision makers, based on the Saaty’s
scale. This procedure was also adopted for the calculation of the weights of the dimensions,
shown in Table 9.

4.3. Phase 6—Ranking of the Suppliers Using the Multi-Criteria MABAC Method

The basis of the MABAC method is seen in the definition of the distance of the criterion
function of each alternative from the border approximation area. This method was applied
considering the 6 steps proposed by Pamucar and Cirovic [66].

MABAC-Step 1: definition of the evaluation decision matrix (X).
The data collected through interviews with farmers were tabulated, forming the

evaluation matrix for Chemical Fertilizer. Table 10 shows the averages of all respondents
(values in USD and Saaty scores).

MABAC-Step 2: Normalization of the elements in the global evaluation matrix (X),
by the max/min linear normalization.

Benefit = nij =
xij − x−ij
x+ij − x−ij

; Cost = nij =
xij − x+ij
x−ij − x+ij

(1)

MABAC-Step 3: Calculation of weighted matrix elements (V). The elements from the
weighted matrix (V) are calculated based on Equation (2).

Vij = wi ∗
(
nij + 1

)
(2)

MABAC-Step 4: Determination of the border approximation area matrix (G). The
border approximation area for each criterion is determined according to Equation (3).

Gi =

(
m

∏
j=1

vij

) 1
m

(3)

MABAC-Steps 5 and 6: Calculation of the distance of each alternative from the border
matrix elements (Q) and Ranking of alternatives.

Q = V − G (4)

The Calculation of matrix Q and Final Ranking are presented in Table 11.
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Table 8. Global Criteria Weight Evaluation (scale 1 to 5).

ATTRIBUTES OF DIMENSION ACQUISITION

Product Price Discount Price Evolution Interest of Purchase Taxes Quotation Contract Accompaniment
SRows Score Weights

wj =
Yi

∑n
i=1 vi

n
∑

i=1
vi Yi = wj * (100 + Z)

Product Price 1.00 4.00 4.00 4.00 4.00 4.00 4.00 5.00 30.00 24.74 15.91%
Discount 0.25 1.00 3.00 4.00 4.00 4.00 4.00 4.00 24.25 22.86 14.71%
Price Evolution 0.25 0.33 1.00 2.00 2.00 3.00 3.00 3.00 14.58 20.32 13.07%
Interest of Purchase 0.25 0.25 0.50 1.00 2.00 3.00 3.00 3.00 13.00 19.53 12.56%
Taxes 0.25 0.25 0.50 0.50 1.00 3.00 3.00 3.00 11.50 18.94 12.19%
Quotation 0.25 0.25 0.33 0.33 0.33 1.00 2.00 2.00 6.50 17.00 10.94%
Contract 0.25 0.25 0.33 0.33 0.33 0.50 1.00 2.00 5.00 16.42 10.56%
Monitoring 0.20 0.25 0.33 0.33 0.33 0.50 0.50 1.00 3.45 15.63 10.06%

SColumns 2.70 6.58 10.00 12.50 14.00 19.00 20.50 23.00 155.44 100.00%

Z = SRows − SColumns 27.30 17.67 4.58 0.50 −2.50 −12.50 −15.50 −19.55

Table 9. Weights of the Dimensions (scale 1 to 5).

GLOBAL DIMENSIONS

Acquisition Reception Ownership Utilization Disposal Buying Behaviour
SRows

n
∑

i=1
vi

Score
Yi = 100 + Z

Weights
wj =

Yi
∑n

i=1 vi

Acquisition 1.00 4.00 3.00 3.00 4.00 4.00 19.00 116.58 19.43%
Reception 0.25 1.00 2.00 2.00 2.00 3.00 10.25 103.42 17.24%
Ownership 0.33 0.50 1.00 0.50 2.00 2.00 6.33 97.33 16.22%
Utilization 0.33 0.50 2.00 1.00 3.00 3.00 9.83 102.67 17.11%
Disposal 0.25 0.50 0.50 0.33 1.00 2.00 4.58 92.08 15.35%
Buying behaviour 0.25 0.33 0.50 0.33 0.50 1.00 2.92 87.92 14.65%

SColumns 2.42 6.83 9.00 7.17 12.50 15.00 600.00 100.00%

Z = SRows − SColumns 16.58 3.42 −2.67 2.67 −7.92 −12.08
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Table 10. Global Evaluation Matrix (X) for Chemical Fertilizer.

Criteria/Alternatives Product Price Discount Efficiency Durability Transportation Price Evolution Production Fail Failures Reception Quotation Contract Technical Assistance

Weight (%) 10.65 9.84 9.42 9.34 9.00 8.75 7.7 7.64 7.47 7.32 7.07 5.8

Abbreviation PPR DISC EFF DUR TRC PEV CPRF CPF COR CQO CCO TAS

Unit USD USD USD USD USD USD score score score score score Y/N

Direction Bnf. Cost Bnf. Bnf. Bnf. Bnf. Bnf. Bnf. Bnf. Bnf. Bnf. Cost

S-1 20.00 0.00 1.22 0.50 0.00 0.40 3 1 3 1 3 1
S-2 21.30 0.21 1.30 0.53 0.10 0.25 3 3 3 1 3 1
S-3 20.40 0.20 1.24 0.51 0.00 0.20 3 3 3 1 3 0
S-4 21.00 0.31 1.28 0.53 0.00 0.00 7 5 3 1 5 0
S-5 20.30 0.00 1.24 0.51 0.40 0.20 5 5 3 5 3 1
S-6 20.00 0.00 1.22 0.50 0.50 0.00 5 5 3 3 3 1
S-7 20.50 0.00 1.25 0.51 0.50 0.25 7 5 5 3 3 0
S-8 20.80 0.00 1.27 0.52 0.50 0.42 5 3 5 3 3 0
S-9 19.50 0.19 1.19 0.49 0.50 0.00 3 3 3 5 1 1
S-10 20.40 0.20 1.24 0.51 0.00 0.00 3 3 3 5 3 1
S-11 20.00 0.00 1.22 0.50 0.30 0.00 3 1 3 3 3 1

Table 11. Calculation of matrix Q and Final Ranking.

Cr/Alt. Product Price Discount Efficiency Durability Transportation Price Evolution Production Fail Failures Reception Quotation Contract Technical Assistance ∑Si Ranking

S-1 0.03 −0.03 0.02 0.03 0.05 −0.05 0.03 0.05 0.02 0.04 0.00 0.02 0.20 4th
S-2 −0.05 0.04 −0.05 −0.04 0.03 −0.02 0.03 0.01 0.02 0.04 0.00 0.02 0.03 7th
S-3 0.00 0.04 0.00 0.00 0.05 0.00 0.03 0.01 0.02 0.04 0.00 0.02 0.21 2nd
S-4 −0.03 0.07 −0.03 −0.04 0.05 0.04 −0.05 −0.03 0.02 0.04 −0.03 −0.04 −0.04 8th
S-5 0.01 −0.03 0.00 0.00 −0.02 0.00 −0.01 −0.03 0.02 −0.04 0.00 0.02 −0.07 9th
S-6 0.03 −0.03 0.02 0.03 −0.04 0.04 −0.01 −0.03 0.02 0.00 0.00 0.02 0.05 6th
S-7 0.00 −0.03 0.00 0.00 −0.04 −0.02 −0.05 −0.03 −0.06 0.00 0.00 −0.04 −0.26 10th
S-8 −0.02 −0.03 −0.02 −0.02 −0.04 −0.05 −0.01 0.01 −0.06 0.00 0.00 −0.04 −0.27 11th
S-9 0.05 0.03 0.05 0.05 −0.04 0.04 0.03 0.01 0.02 −0.04 0.04 0.02 0.26 1st
S-10 0.00 0.04 0.00 0.00 0.05 0.04 0.03 0.01 0.02 −0.04 0.00 0.02 0.18 5th
S-11 0.03 −0.03 0.02 0.03 0.00 0.04 0.03 0.05 0.02 0.00 0.00 0.02 0.20 3rd
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The 12 criteria presented in Table 3 are measured according to the preferences of the
decision makers, which are specific to small farms. The criteria and their measurement for
the case of the chemical fertilizer were presented in Table 4.

Table 4 also shows the characteristics of the selected criteria, as well as the measure-
ment methods for choosing suppliers. Therefore, it is clear that the criteria should not be
chosen based only on the literature, but also on the context and the characteristics of the
decision makers involved in the process.

5. Discussion

The model was applied in a supplier selection process considering the three most
relevant inputs for soybean cultivation (Fertilizers, Soybean Seed and Fungicide). The tables
and calculations for the complete application are detailed in the supplementary document.
The results were summarized in Table 12, illustrating the rankings found for suppliers
in each approach considered (TCO & MCDM and TCO + MCDM). These approaches
encompass different concepts and cost management applications. The pure application of
TCO determines that the best result for the decision maker is the option that has the lowest
total cost, recommending that we should focus on minimizing costs.

Table 12. Summary of Rankings (TCO & MCDM and TCO + MCDM).

Alternatives
Ranking Fertilizer Ranking Soybean Seed Ranking Fungicide

TCO & MCDM TCO + MCDM Avg TCO & MCDM TCO + MCDM Avg TCO & MCDM TCO + MCDM Avg

S-1 1st 4th 2nd 1st 1st 1st 1st 1st 1st
S-2 6th 7th 6th 5th 3rd 4th 5th 6th 6th
S-3 5th 2nd 4th 2nd 2nd 2nd 2nd 2nd 2nd
S-4 8th 8th 8th 10th 9th 9th 10th 10th 10th
S-5 9th 9th 9th 7th 6th 6th 8th 7th 8th
S-6 7th 6th 7th 6th 8th 7th 3th 5th 4th
S-7 11th 10th 11th 11th 11th 11th 11th 11th 11th
S-8 10th 11th 10th 9th 10th 10th 7th 8th 7th
S-9 2nd 1st 1st 8th 7th 8th 9th 9th 9th
S-10 4th 5th 5th 3rd 4th 3rd 6th 3rd 5th
S-11 3rd 3rd 3rd 4th 5th 5th 4rd 4th 3rd

The approach using the multi-criteria, where the criteria weights are defined previ-
ously by the decision makers, provides results that combine the best alternatives defined by
the decision makers and the TCO, which is not necessarily the less expensive alternative.

This new vision allows family farming to make a more assertive decision, according
to their most relevant preferences. It should be noted that if the farmer wants to redefine
the criteria weights, e.g., according to the needs of the activities in their farms, that can be
carried out easily at any time, thus customizing the decision according to the context and
the environment of each household farm and decision moment.

Table 12 shows the results of the rankings composed by the three inputs surveyed
(Fertilizers, Soybean Seed and Fungicide) using the cost minimization (TCO & MCDM)
approach, and the weighted criteria and cost minimization (TCO + MCDM). In each
column, the average composed by the two approaches is also presented, showing the
ranking of the best suppliers taking into account all the stipulated criteria.

The column with the evaluation of the Fertilizer shows that the best solution consider-
ing TCO & MCDM is “Supplier 1” (S-1) followed by “Supplier 9” (S-9). But, considering the
weighted criteria specified by the decision makers, i.e., TCO + MCDM, “Supplier 9” (S-9)
results the best option and “Supplier 3” (S-3) the second one. Considering the average of the
two evaluations (TCO & MCDM and TCO + MCDM) we have a similar situation, recogniz-
ing “Supplier 9” as the best option and “Supplier 1” as the second-best option. Therefore, it
appears that for the acquisition of fertilizers, the best option, recognizing the minimization
of TCO and the criteria which are relevant for the decision makers, is “Supplier 9” (S-9)
and such option can provide substantial financial savings to the farmer.

Considering both TCO & MCDM and TCO + MCDM approaches for the analysis
of the three studied inputs (Fertilizers, Soybean Seed and Fungicide), “Supplier 1” (S-1)
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was the second-best option in the ranking for Fertilizer, and the best one for the other two
inputs. The analysis of the other inputs can be found in the supplementary document.

The results reveal substantial opportunities for savings in the acquisition of the inputs
of the soy culture, and corroborate the studies on TCO as Degraeve, et al. [38] which
indicates that TCO helps purchasing managers to face competitive environments.

These savings reached approximately 13% for fertilizers, 7% for fungicide and 3% for
soybean acquisition. The savings were calculated by comparing the best result obtained in
the final ranking with the average of the other options that the decision-maker could find
in the same scenario.

The results obtained show the relevance of the combined use of TCO and multi-criteria
analysis to highlight a comprehensive set of relevant criteria, hidden costs, weights and
decision maker’s opinion. The demonstrated practical feasibility of the model is also an
important aspect to be taken into consideration.

The proposed model and methodology are aligned with the claims of the literature.
Indeed, TCO is presented as the most comprehensive and an efficient methodology to
recognize all costs of the product highlighting the entire value chain [23,47]. The application
of TCO in the agribusiness context has several examples which highlight its life cycle
perspective, focus on the acquisition of inputs, and investment projects [31,44], respectively.

However, when we consider only the TCO perspective, focused on monetary costs,
we might disregard important aspects related to the agribusiness activity, like quality,
adaptations, failures, technical assistance, among others. Thus, the CMM includes the
multi-criteria approach which has been widely used in the agribusiness and agricultural
context, in general, and also to assist family farming [51,55].

There is a very wider use of MCDA in the agribusiness context namely, for optimizing
energy and the reuse of resources [55], optimization of planting [56], and for optimizing
fuel consumption in heavy trucks [57]. However, in all these cases, costs are not considered
comprehensively and significant indirect and hidden costs could be ignored resulting in a
biased decision making asking for the use of TCO.

Thus, combining TCO and MCDA can be important to mitigate the limitations of the
alternative use of each one to support decision making. Spite a few attempts, there is still a
need for models which include both approaches. For example, Shabani et al. [43] combined
Data Envelopment Analysis (DEA) and TCO, to reduce data inaccuracy and flaws of the
traditional models which do not provide significant savings. However, this TCO-based
DEA proved to be limited due to managers had difficulty to understand and accept the
weighting schemes of DEA models, for the reason that traditional TCO requires a common
set of weights. Moreover, the TCO-based DEA model is designed to use accurate data,
while in practice we face often inaccurate data and conflicting aspects.

6. Conclusions

The difficulty in choosing the most appropriate purchasing alternatives in agribusiness
becomes a limiting factor in the decision-making process and in the competitiveness of these
businesses. Therefore, this study presents a model for cost management that integrates TCO
and multi-criteria approaches named TCO-MCDM. This model can be applied in small
farms in any region of the world, and its flexibility allows changes in weights and criteria
at any time by the decision maker. The combination of TCO with MCDA contributes to
increase the application of both approaches in practice and within more complex scenarios
as recommended by Degraeve et al. [21,22].

The existing methodologies are not good enough for the definition of the best suppliers,
and to provide an in-depth analysis of the costs related to each input and supplier. The
proposed model provides an overview of the relevant costs, explicit and hidden, direct
and indirect, as well as non-monetary criteria that traditionally cost models and MCDA do
not consider. Because its simplicity and flexibility, it can be particularly useful to support
decision making in family farming, contributing to the development of management
practices in such context.
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Furthermore, this study improves also the understanding about the use of TCO and
agricultural cost management, using the ranking procedure that allows the selection of
inputs and suppliers, and also contributes to the scientific literature and the industry to
disseminate the discussion and knowledge on the use of TCO in smallholder farmers,
in addition to being a practical method to improve cost management.

The practical implications are related to the support that this model can give for
decision making. Household farmers need to recognize all relevant costs, and to manage
them in the most efficient way. There are also social implications which must be highlighted
because more competitive farmers represent also improving of life quality in rural areas.
The sustainability of these businesses contributes also positively to a higher the quality
of agricultural products. From the financial point of view, the savings generated by
better purchasing decisions may be used to support additional investments, increasing the
financial sustainability in the long term, which consequently provides more income and
improved quality of life and better products, as highlighted by Sharma [2].

The theoretical implications are related to the new approach proposed to manage
costs, which considers TCO and multi-criteria analysis concomitantly. In family farming,
the inclusion of MCDA provides a customization of the TCO adapting it to the reality
of each rural farm. Furthermore, it highlights important factors for decision making
such as those related to climate, exchange rate policies and future market outlook for the
activities developed by farmers. All these aspects will be neglected if only costs were taken
into account.

One of the limitations of this study is the fact that its application is restricted to the
criteria defined by the smallholder farmers surveyed in a specific region and for a specific
product. So, for its application in other environments, adaptations are needed in order to
consider the characteristics and particularities of each situation.

As a future research opportunity, it may be highlighted the definition of criteria
and their respective weights for agribusiness in a large number of different regions and
contexts, in order to recognize the criteria and weights which characterize each region
and also at the global level. Another opportunity that stands out is the application of the
model to other agricultural businesses, with the aim of verifying the model’s adherence to
different contexts.
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472/11/2/139/s1. Table S1. Evaluation Matrix for Soybean Seed; Table S2. Monetary Criteria for
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Soybean Seed – TCO & Multi-criteria; Table S5. Normalized (min/max) Matrix for Soybean Seed;
Table S6. Normalized Weighted (V) Matrix for Soybean Seed; Table S7. Border Line Matrix (G);
Table S8. Calculation of matrix Q and Ranking for Soybean Seed – TCO + MC; Table S9. Evaluation
Matrix for Fungicide; Table S10. Monetary Criteria for Fungicide; Table S11. Estimated Criteria
for Fungicide; Table S12. Aggregated Ranking for Fungicide – TCO & Multi-criteria. Table S13.
Normalized (min/max) Matrix for Fungicide; Table S14. Normalized Weighted (V) Matrix for
Fungicide; Table S15. Border Line Matrix (G); Table S16. Calculation of matrix Q and Ranking for
Fungicide – TCO + MC; Table S17. Normalized (min/max) Matrix for Chemical Fertilizer; Table S18.
Normalized Weighted (V) Matrix for Chemical Fertilizer; Table S19. Border Line Matrix (G).
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