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Abstract Facing increasingly competitive market

demands, producers must act as managers of their

property, knowing the strengths and bottlenecks in

production systems. In this perspective, there is a

methodology activity-based costing system (ABC), a

cost management tool, used when there is a mix of

products, to determine the unit costs of production.

This work aimed to apply the activity-based costing

system to activities in a successional agroforestry

system, that produces nine products. The methodology

was applied to the indirect costs of the system. When

applying the methodology, it was found that maize and

okra products presented negative contribution mar-

gins, showing that the respective production costs

exceed the sale value of the product. The other

products had positive contribution margins, with

emphasis on yam and strawberry. The ABC system

is efficient for management and administration of

agroforestry enterprises.

Keywords Activity based costing � Costs �
Agroforestry system

Introduction

Increasing the productivity of food production while

minimizing dependence on fossil fuels, protecting

biodiversity and increasing the quality of the environ-

ment are major challenges for today’s society. There-

fore, alternative production models with positive

externalities and capable of providing multiple envi-

ronmental services are defended (Souza et al. 2012).

There is a national trend towards new productive and

economic processes that reconcile economic develop-

ment with poverty reduction and environmental con-

servation strategies (ICRAF 2011).

In this perspective, there are agroforestry practices

where, according to the Association of Agroforestry

Systems in Temperate Regions (AFTA), management

practices and intensive use of the soil seek to optimize

the benefits generated by the interaction between trees

and/or shrubs with agricultural crops and/or animals

(AFTA 2016), using special and temporal arrange-

ment. In this scenario, successional agroforestry
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systems are interesting because they aim to simulate

the ecological dynamics of natural forests.

Therefore, agroforestry systems increase the func-

tionality of agriculture, supporting not only the

process of food and productive sovereignty, but also

the community economy and protection of biodiver-

sity (Altieri and Nicholls 2011). Although ecological

advantages are obtained by the use of agroforestry

systems, this activity is still complex and presents

uncertainties from an economic point of view, as well

as other more traditional agricultural and forestry

activities (Bentes Gama et al. 2005).

According to Bentes Gama (2003), gathering a set

of agricultural and forestry activities to conduct

planting and to manage the species that make up the

system is why the agroforestry activity becomes

complex. Since it combines several technical vari-

ables and has a great range of costs, the use of

methodologies that investigate them is justified.

Facing a globalized and competitive world, there is a

need for the market to transform and overcome the

impacts of technological innovations and consumer

demand. The same reality exists in the rural environ-

ment, thus requiring the producer to have a rural

managerial attitude, prioritizing the development and

implementation of management techniques and con-

solidating information and property results (Sampaio

et al. 2011).

In this way, an important aspect to be analyzed by

the managers is the expense incurred in order to keep

an activity in operation and guarantee production in

order to meet market demands (Wernke 2005).

Financial analysis can be significantly optimized

using specific and detailed data provided by alterna-

tive methodologies. To that end, such data must be

processed in a way that can provide important

information for the decision-making process. In this

perspective, accounting tools can be used to improve

the analysis of costs and variables of interest (Carli and

Canavari 2013).

Accounting makes use of costing systems to solve

problems related to cost measurement and aims to

improve the productive process, these systems are able

to determine the unit cost of each product or service

performed (Roschel et al. 2013). To meet this need,

activity-based costing (ABC) is shown as a tool

capable of improving the financial management of an

enterprise, since it makes it possible to understand how

the costs of an activity are related to the generation of

revenue (Wernke 2005). It is able to provide primary

information on variability of the production process as

well as resource utilization (Anzai et al. 2017).

The ABC costing system was born due to the need

for a clearer calculation of product costs and to show

the consumption of direct and indirect resour-

ces. Thus, it helps in the process of price formation

of the product, so that it is compatible with the market

in which the product is inserted (Silvestre 2002). The

correct use of the costing system is important, since

the incorrect division of costs can cause uncertainties

in the determination of profit for each product and thus

jeopardize decision-making process (Cremonese et al.

2016).

The ABC is a cost management tool used in the

decision-making process when there is a production of

a mix of products (Cremonese et al. 2016). Direct and

indirect costs are the consequence of the execution of

activities, which consume resources when they are

carried out. Therefore, ABC provides more accurate

product costs than other accounting methodologies

(Diehl and Souza 2008; Garrinson et al. 2013). In

addition, ABC tracks the cause of costs and thus

allocates costs to objects, while other costing methods

do so via apportionment. The use of this methodology

is recommended for enterprises that have a diversity of

products (Diehl and Souza 2008).

By using the ABC costing system, therefore, it is

possible to see how effectively the resources are being

used and how all activities contribute to the final cost

of each product. However, the level of detail required

for the data may be a difficulty that justifies its non-

use, especially for family farmers and medium-sized

producers (Suthummanon et al. 2011). Under this

perspective, the objective of this work was to perform

cost analysis of a successional agroforestry system

applying the activity-based costing methodology

(ABC).

Materials and methods

The agroforestry system under study is located in

Brası́lia–Federal District, Brazil. And, for this study,

data were collected from three plots and four wind

breaks, totaling an area of 0.0264 ha (Fig. 1). The data

used were collected daily from the producer, referring

to the costs, inputs, productivities, revenues and time

of accomplishment of the activities necessary to
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produce the products of the studied agroforestry

system. It covers a period of 4 years, encompassing

data from the general preparation, implantation,

handling and harvesting of the products of the system.

Plots and wind breaks were composed of agricul-

tural and forest species (Table 1) within a spatial and

temporal arrangement. The species used were arugula,

lettuce, broccoli, maize, yam, cherry tomato, straw-

berry, okra, banana, coffee and eucalyptus.

The methodology used in the study was based

mainly on Martins (2010) and Padoveze and Takakura

Junior (2013). The sets of tasks performed in the

system, was identified as necessary to achieve the

productive process. First, it is necessary to list all the

activities carried out, in order to effectively charac-

terize their operation and performance.

For application of this methodology, the production

costs of the crops were divided into direct and indirect

costs. The ABC method was applied to indirect

production costs. Direct costs were also processed to

determine unit direct costs, total unit costs, and the

marginal contribution of each product.

Next, the data were assigned directly to the

activities performed by the producer, according to

the time spent to perform the activity and the cost

generated for realization. This procedure was used for

all the activities of the system: general preparation,

planting, maintenance and harvesting. The inputs used

to carry out the activities and quantity produced by the

crops were also annotated in the field records.

Subsequently, the activities were assigned costs and

the sum of resources used periodically to perform the

selected tasks was quantified. Thus, it was possible to

identify and select the resource drivers (factors that

determine the cost of a given activity, expenses that

have a direct relation with the activities performed), as

shown at the Fig. 2. And finally, the costs of the

activities were attributed to the products, and the

product was evaluated with the use of Eqs. (1), (2) and

(3):

Cd ¼ Ca

Ntd
ð1Þ

Cap ¼ Cd x Nd ð2Þ

Agroforestry bed

Agroforestry bed

Agroforestry bed

Agroforestry bed

16.5 meters
0.8 m 0.8 m 0.8 m0.3 m 0.3 m 0.3 m 0.3 m

16 m
eters

1.425 m

Fig. 1 Study area sketch

representing the devices and

wind breaks (Source:

Brazilian Agricultural

Research Corporation—

Embrapa)

Table 1 Species (scientific and common name) used in the

analyzed agroforestry system, with the respective densities in

the area

Species Density

Scientific name Common name (Plants/total area)

Eruca sativa Arugula 960

Lactuca sativa Lettuce 720

Brassica oleracea Broccoli 384

Zea mays Maize 96

Colocasia esculenta Yam 48

Solanum lycopersicum Cherry tomato 24

Fragaria vesca Strawberry 240

Abelmoscus esculentus Okra 24

Musa sp Banana 16

Coffea arabica Coffee 32

Eucalyptus grandis Eucalyptus 16
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Caup ¼ Cap

Q
ð3Þ

where Cd is the unit cost of the driver; Ca is the cost of

the activity; Ntd is the total number of drivers; Cap

the cost of activity per product; Nd the number of

drivers; Caup the cost of activity per unit of product;

and Q is the quantity produced.

Results and discussion

The analyzed agroforestry system presents the fol-

lowing cost-generating activities: general preparation,

planting, maintenance (bed and windbreak) and crop

harvesting, as shown in Table 2. In addition, we also

have the inputs responsible for supplying material to

carry out the activities.

The inputs were the cost generators with the

greatest influence on the total cost of the agroforestry

system, with 36.09%. Rezende et al. (2009), found

that in the consortia of lettuce, cabbage, arugula and

radish with pepper the values were, respectively:

49.6%, 63%, 57.2% and 65.2%.

Based on the concepts of costs, where direct costs

are those that have a clear and quantifiable relationship

with the final product and indirect costs are not so

easily quantifiable, costs have been divided into direct

and indirect costs (Table 3). Subsequently, the pro-

posed methodology was applied and the unit costs

were determined.

Fig. 2 Methodological

framework using ABC

Table 2 Total costs (R$/ha) related to the activities carried

out in the analyzed agroforestry system

Cost-generating activities Total cost %

General preparation 47,977.27 14.25

Bed fertilizing 8363.64 2.48

Bed planting 44,000.00 13.07

Bed maintenance 45,000.00 13.37

Maintenance of the agroforestry bed 9547.35 2.84

Crop harvest 60,272.73 17.90

Inputs 121,479.77 36.09

Total 336,640.76 100

1 US$ = R$ 3.20 in June, 2017

Table 3 Definition of direct and indirect costs related to

production in the analyzed agroforestry system

Cost-generating activities Cost type

General preparation Indirect

Bed fertilizing Direct (*)

Bed planting Indirect

Bed maintenance Direct

Maintenance of the agroforestry bed Direct

Crop harvest Indirect

Inputs Direct (*)

(*) Part of these activities are also included in general

preparations and, therefore, some of these costs were

considered indirect for the calculations
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Direct costs were attributed to the products,

according to the respective quantities produced, based

on the amount of resources consumed to carry out the

activities, as shown in Tables 4 and 5. Where it can be

seen that the harvest-related activity represents

38.24% of the direct costs related to the activities of

the system, followed by maintenance of plantation

(28.55%), planting (27.91%) and fertilizing (5.3%).

Moraes (2013), in a study on agroforestry system

costs, found that manual harvesting represented more

than 57% of total costs. It is important to note that

eucalyptus pruning operations will represent a signif-

icant increase in labor costs after 4 years (analysis

‘period of this case study).

Thus, the direct costs used to produce the agro-

forestry products of the site are shown in Table 6. It

can be seen that coffee and okra are the products that

consume the greatest amount of direct resources for

production, since they are products with lower

productivities and, therefore, direct costs are less

diluted in production. But it�s necessary to considerate

that coffee production still did not reach the apex of

production after 4 years. The coffee begins its full

production from 5 years of planting and its minimum

exploitation can last 25 years.

The methodology was applied, therefore, to the

indirect costs of the agroforestry system and, thus,

determined the drivers of costs related to the products

(Table 7). Subsequently it was possible, therefore, to

attribute the costs to the activities and to carry out the

costing of the agroforestry products (Tables 8 and 9),

according to the proposed methodology.

The activity with higher costs was the use of the

rotary brush cutter to prepare the area prior to planting

of the beds, just as it did for the direct costs. It is

therefore inferred that identifying the costs of the

activities as well as the costly activities allows the

producer to identify the main cost centers and provides

subsidies for a possible performance evaluation or

establishment of management plans capable of opti-

mizing the use of resources (Pimenta et al. 2007).

In consortium systems, when compared to conven-

tional systems of single crop or planting of a particular

species, there is a reduction in the cost of production

due to the smaller numbers of manual and mechanized

activities, as well as smaller quantities of necessary

inputs per product. The integrated plantation pro-

motes cost reduction by agricultural species, since

there is a full use of inputs. The activities carried out

for a given culture influence the surrounding cul-

tures. In addition, due to the ecological dynamics

established in the intercropping systems, phytosani-

tary treatments are also minimized because there is an

optimization of the soil cover (Rezende et al.

Table 4 Direct costs (R$/ha) of the inputs used to produce the agroforestry products of the system

Product Quantity produced (kg/ha) Inputs Cost Direct unit cost Partial direct unit cost

Arugula 41,212.12 Chicken manure (kg) 2727.27 0.07 0.26

Seedling (un) 8181.82 0.20

Lettuce 36,363.64 Seedling (un) 6136.36 0.17 0.17

Broccoli 23,333.33 Chicken manure (kg) 681.82 0.03 0.28

Seedling (un) 5965.91 0.26

Maize 4545.45 Chicken manure (kg) 2727.27 0.60 0.78

Seedling (un) 814.55 0.18

Yam 18,181.82 Seedling (un) 1818.18 0.10 0.10

Cherry tomato 18,181.82 Chicken manure (kg) 2727.27 0.15 0.33

Seedling (un) 3272.73 0.18

Strawberry 36,363.64 Chicken manure (kg) 779.17 0.02 0.37

Seedling (un) 12,727.27 0.35

Okra 1818.18 Seedling (un) 426.14 0.23 0.23

Coffee 751.52 Seedling (un) 1212.12 1.61 1.61

1 US$ = R$ 3.20 in June, 2017
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2009). This explains the low indirect unit costs of

maintenance, fertilization and inputs.

It was then possible to determine the total indirect

costs per product unit of the system (Table 10). As

with direct costs, coffee has shown higher unit indirect

cost due to the smaller amount produced and, there-

fore, the costs are passed on in greater proportion to

the unit produced of this product. Coffee is the

agroforestry product with the highest costs of produc-

tion, while the yam is the product of lower cost of

production. However, the system is still in

development and therefore these products are in

different stages of development (where coffee is still

in development and the vegetables are in the produc-

tion phase). Therefore, costs behave differently for

each product, where coffee behaves as an investment

opportunity for future crops, while vegetables as cost-

generators.

Therefore, the ABC methodology when applied to

crop integration systems should be analyzed consid-

ering the design of the system and the management

carried out in the area, together with the accounting

Table 5 Direct unit costs (R$/ha) of the activities carried out to produce the agroforestry products of the system

Product Quantity produced (kg/ha) Activity Cost Direct unit cost Partial direct unit cost

Arugula 41,212.12 Bed planting 13,636.36 0.33 0.66

Crop harvest 13,727.27 0.33

Lettuce 36,363.64 Bed planting 13,454.55 0.37 0.62

Bed maintenance 4363.64 0.12

Crop harvest 4818.18 0.13

Broccoli 23,333.33 Bed fertilizing 2272.73 0.10 0.92

Bed planting 8090.91 0.35

Bed maintenance 6545.45 0.28

Crop harvest 4636.36 0.20

Maize 4545.45 Bed fertilizing 2272.73 0.50 1.12

Bed planting 909.09 0.20

Bed maintenance 1272.73 0.28

Crop harvest 636.36 0.14

Yam 18,181.82 Bed planting 1181.82 0.07 0.36

Bed maintenance 4000.00 0.22

Crop harvest 1363.64 0.08

Cherry tomato 18,181.82 Bed fertilizing 2272.73 0.13 1.82

Bed planting 1181.82 0.07

Bed maintenance 19,818.18 1.09

Crop harvest 9818.18 0.54

Strawberry 36,363.64 Bed fertilizing 1545.45 0.04 0.72

Bed planting 4545.45 0.13

Bed maintenance 4909.09 0.14

Crop harvest 15,272.73 0.42

Okra 1818.18 Bed planting 909.09 0.50 3.60

Bed maintenance 2454.55 1.35

Crop harvest 3181.82 1.75

Coffee 751.52 Bed planting 90.91 0.12 11.37

Bed maintenance 1636.36 2.18

Crop harvest 6818.18 9.07

1 US$ = R$ 3.20 in June, 2017
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results. By means of the information obtained, it was

possible to determine the marginal contribution

(Table 11), which represents the unit variable profit,

that is, how much the producer will profit from each

unit sold (Padoveze 2010).

Maize and okra had negative marginal contribution,

showing that the respective production costs exceed

the sales value of the product. And thus the products

are not so attractive financially. The maize and okra

marginal contribution results are related to the crop

failure during the period analyzed for the study, which

is responsible for influencing the costs demanded for

production, impacting the financial attractiveness of

the products.

It is important to register that the maize negative

marginal contribution may be related to problems that

Table 6 Total direct costs (R$/ha) for each product of the

analyzed agroforestry system

Product Total direct unit cost

Arugula 0.93

Lettuce 0.79

Broccoli 1.21

Maize 1.90

Yam 0.46

Cherry tomato 2.15

Strawberry 1.09

Okra 3.83

Coffee 12.98

1 US$ = R$ 3.20 in June, 2017

Table 7 Cost drivers used

to apply the methodology

1 US$ = R$ 3.20 in June,

2017

Activity Cost driver (R$/ha) Cost driver unit

Rotary brush cutter use 13,636.36 Hour/machine

Bed fertilizing 2931.82 Man/day

Mulching (application) 5772.73 Man/day

Bed maintenance 25,636.36 Man/day

Maintenance of the agroforestry bed 9547.35 Man/day

Cattle manure 47,652.35 kg

Mulching 5629.55 kg

Irrigation (depreciation) 6000.00 Unit

Electric energy 12,000.00 Unit

Total 81,154.17

Table 8 Indirect costs (R$/ha) of the activity per unit of product of the agroforestry system

System activities

Products Rotary brush cutter

use

Bed

fertilizing

Mulching

(application)

Bed

maintenance

Maintenance of the agroforestry

bed

Arugula 1.33 0.005 0.005 0.005 0.007

Lettuce 1.12 0.007 0.007 0.007 0.011

Broccoli 1.85 0.010 0.010 0.010 0.016

Maize 2.24 0.223 0.223 0.223 0.350

Yam 0.72 0.043 0.043 0.043 0.068

Cherry

tomato

3.64 0.009 0.009 0.009 0.013

Strawberry 1.45 0.005 0.005 0.005 0.008

Okra 7.20 0.434 0.434 0.434 0.680

Coffee 16.69 1.096 1.096 1.096 1.718

Total 36.23 1.83 1.83 1.83 2.87

1 US$ = R$ 3.20 in June, 2017
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the producer had during the seeds selection in relation

to the management objectives. This situation may had

influence the seed quality, that had problems during

the germination (the seeds used in the analyzed system

were from 2007). Therefore, it can be concluded that

these were a circumstantial problem, and not problem

of culture in agroforestry systems with this design

profile. In the case of okra, the agricultural spacing

utilized was lower than the standard in monoculture,

but its densification may cause excessive shading to

other vegetables, which demonstrates its non-viability.

But Mattos (2015) remembers that it is necessary to be

careful in these interpretations, since the farmers

declare that there are fundamental products to attract

consumers in the street markets, like lettuce, tomato

and carrot (basic Brazilian salad). Even though some

products represent financial losses, they are strategic

to attract the consumption of others profitable prod-

ucts. But it is not the case with okra in this case study.

The other products have positive marginal contri-

butions, highlighting yam and strawberry. In this

analysis, the strawberries may represent a positive

scenario for the producer and an investment possibil-

ity, since this product has the highest marginal

Table 9 Indirect costs (R$/

ha) of inputs related to

activities per unit of output

1 US$ = R$ 3.20 in June,

2017

Inputs related to activities

Products Cattle manure Mulching Irrigation (depreciation) Electric energy

Arugula 0.000020 0.000005 0.003023 0.001

Lettuce 0.000030 0.000008 0.004604 0.001

Broccoli 0.000044 0.000012 0.006781 0.001

Maize 0.000957 0.000260 0.147321 0.025

Yam 0.000186 0.000051 0.028646 0.005

Cherry tomato 0.000037 0.000010 0.005666 0.001

Strawberry 0.000023 0.000006 0.003568 0.001

Okra 0.001860 0.000506 0.286458 0.048

Coffee 0.004696 0.001278 0.723177 0.121

Total 0.0079 0.0021 1.2092 0.2015

Table 10 Total indirect costs (R$/ha) per product of the

agroforestry system

Products Product total indirect unit cost

Arugula 1.35

Lettuce 1.16

Broccoli 1.90

Maize 3.43

Yam 0.95

Cherry tomato 3.69

Strawberry 1.47

Okra 9.52

Coffee 22.55

1 US$ = R$ 3.20 in June, 2017

Table 11 Unit costs of

production (R$/ha), sale

price (R$) and product

marginal contribution (%)

1 US$ = R$ 3.20 in June,

2017

Products Direct costs Indirect costs Total costs Sale price Contribution margin

Arugula 0.93 1.35 2.28 10.00 77.19

Lettuce 0.79 1.16 1.95 9.00 78.35

Broccoli 1.21 1.90 3.11 10.00 68.90

Maize 1.90 3.43 5.33 4.50 - 18.48

Yam 0.46 0.95 1.41 8.00 82.35

Cherry tomato 2.15 3.69 5.84 13.50 56.77

Strawberry 1.09 1.47 2.57 18.00 85.73

Okra 3.83 9.52 13.35 11.00 - 21.39

Coffee 12.98 22.55 35.53 60.00 40,.78
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contribution and the highest selling price, representing

a potential higher financial return to the producer.

Despite the lower selling price of the yam, this

product also represents a positive potential for the

producer, since its production costs, both direct and

indirect, are low and, therefore, represents low

demand by resource for its production. In addition,

strawberries and yams are products with a long harvest

period, thus ensuring that the producer’s financial

returns occur over a longer period. The strawberry had

problems of losses of harvests in some years, but

nevertheless it is excellent alternative of financial

gains. And the recent results of national research on

the nutritional benefits of yams have raised the

consumption of the product by Brazilians.

Conclusions

Once the agroforestry system has been financed, it is

concluded that the products are profitable to the

producer, with the exception of occasional results of

maize and okra in this case study. But the total

profitability of the agroforestry system covers the

losses proportionated by this occasional maize result.

Therefore, determining the unit costs of production and

knowing the contribution margin of the products of a

production system, together with a market analysis,

allows the production of certain products to be

prioritized in the next harvest and, consequently, the

producer has the possibility of greater financial returns.

The application of the ABC costing methodology is

efficient for the management and administration of

agroforestry projects, allowing the producer to know

the flow of resources invested in production. It makes

it possible to identify the way in which the mix of

products in the system relate to their respective

production costs. In this way, it is possible that new

production strategies will be traced to the next

harvests, in order to optimize the production of the

system.
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obra, serviços em geral. Atlas, São Paulo

Pimenta ML, Rocha MP, Lemes S (2007) Aplicação do método

ABC no cultivo de hotaliças na região do Alto Paranaı́ba.

Custos e @gronegócio 3(2):2–21
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